PATENT APPLI CATION I nventors: John R Hillman 1521 Lake Avenue WI nette,
[1linois 60091 (a citizen of the United States of Anerica) and M chael A.
Zi cko 25A80%puwrmed Court Apex, North Carolina 27502 (aPcirtiszen/osf11% he
United States of America) Assigned to: HC Bridge Conpany, LLC 1521 Lake
Avenue Wlnette, Illinois 60091 (an Illinois limted liability conpany)
for: HYBRI D COVPCSI TE BEAM AND BEAM SYSTEM Di rect all correspondence to:
Mark C. Reichel Attorney Registration No. 53,509 ICE MLLER LLP One

Aneri can Square Suite 2900plngh o § ' 282- 0200 Tel ephone:
(317) 236-5882 Facsimle: O?éngmég?}lﬁi ﬁ)ocket No. : PO1414-WO- 0
1HYBRI D COVPCSI TE BEAM AND BEAM SYSTEM PRI ORI TY Thi s International Patent
Application is related to, and clainms the priority benefit of, U S
Nonprovi si onal Patent Application $gibgiorio. 12/483,156, filed June 11,
2009, which is related to, clains the priority benefit of, and is a

continuation-in-part of, U S m?y@%g:ﬁn%ﬁnal Pat ent Application Serial No.
[

11/ 332,794, filed January 13, 20 MPlsyed as U S. Patent
y 521 Lake Avenue

Wilmette, Illinois 60091
(a citizen of the United States of America)

and

Michael A. Zicko
2579 Spurwood Court
Apex, North Carolina 27502
(a citizen of the United States of America)

Assigned to:

HC Bridge Company, LLC
1521 Lake Avenue
Wilmette, Illinois 60091
(an Illinois limited liability company)

for:

HYBRID COMPOSITE BEAM AND BEAM SYSTEM

Direct all correspondence to: Mark C. Reichel
Attorney Registration No. 53,509

ICE MILLER LLP

One American Square

Suite 2900

Indianapolis, Indiana 46282-0200
Telephone: (317)236-5882
Facsimile:  (317) 592-5453
Attorney Docket No.: P01414-WO0-01



No. 7,562,499 on July 21, 2009. The contents of each of these applications
and the issued patent are hereby incorporated by reference in their
entirety wotolniaaedi scl osure. BACKGROUND Thi s di scl osureTafs2atb@3gunesent
application relates generally to bridge structures and buil ding structures

desi gned for pEdesﬁ‘mﬁlﬁ@“gﬁf(}"?‘ﬁi}f}gP"ﬁ‘rﬁ“t#ﬁbfﬁ%*m@ﬁ&ﬂy include, but is

not limted to, conmercial ria ramne i ng construction and
short to medi um span bridges. Many or nost of the short-span bridge

struct g)r[&s in the United States are constructed of a deck surface on top of
a suppoar '%I’g ructure, nost commonly a framework of steel or prestressed

concrete |- mterﬁgﬁo@f@a@h@Agﬁn&a@iﬁﬁqmaae@ko,tam-c?a%e i w&%y(&ngmt&i span

of 140 feet) could have a three-1nch pavenent-wearing surface’on
seveén- ilhBhNsoproetsional PatbiatbA pflicatom S eniad ééb. dBrSBdLS6, Sleddond &t 20095 whichfis a

fram ng .system consj sti.n f five langitudinal. thirty-six_ inch steel w de
fl angegﬂgéaéo’glalﬂsifée W)?f%?’%ﬁ’@ﬁflﬁéﬁ afr@r1g 99??Waf1%'llfl'?§/%8ﬁ IL((S .A&%pmwsmnaw .
prest r eagadA Qﬂé%ﬁi%]gl%eﬁbfﬁ@f ﬁl-/33ﬁyﬁ)l“4§ fill ] JQfﬁﬁdr?‘l@,dz(}(ﬁ, Qﬁicﬁfi%ug@hgtj@'l"%teg?ed In

the United States for a structural beamfor use in"the framework o
bri dge Nh&t562:490i deduly28aLe09.r &b¢ sorinute of cadorf Uesoapilivridughaidhibe iseedf

pl astic_(incl udi fiber reinforced plastic an hat. can be built not
only aé’a%ng%ﬁ%%ﬁ%? il’illcé)r}i’:%rgrte,g by it egﬁng%g\/ﬁ%’?]ﬁ | lqe@’d]ﬁgoﬂthlfrﬁl? O%He sel f wei ght of
the. structur ers as it relates to transportation and erection costs.
I t??\as ﬁé@éﬁ(ﬁ%gmhat fabri _cati on of structural _ el enents from fi ber
reinforced phastiseRstreD the phdleft AYPiGidH ?elétg@geﬂe?alheﬁ)sbﬁéécﬁﬂfc't&&eaﬂcp
deterioration stemmng from exposure to corrosirve environments. One type of

st r uct Gpading stinétogs Wesigred fog pedestremtdnyg/araxbicalet traff, whichgnashmchidetbuiss on
process.. l.n.this process, unidirectional fibers (typi.call | ass re

U+ ea b it R TEGE Bl abT b baRRe phbdGe EabiBliER and s I be®ip

mul ti dispgchridpeal gl ass fabric and fused together with a thernosetting resin
matri x such as vinyl ester.Although the conposite structural menbers offer
enhanced coPMawi armpesif sheashost-span biridgeustrictiies wn theHanitesh $tates arcadonstinzpesks

utilizi i be have ver ow. el asti.c nodul us conpar ed .t t eel
ond verd LR STdnRl Bl thobfilh SAEEH5bH CoBRNLY S ERERRES sRaCoS
resul t pregitbdsedidestrse Mitatis 2l F ob @RABPEOA SbStdnfiBng ol sphy bAligd [Lkal rsgétuﬂha‘)pr ced

plastic may not be cost effective to design and fabricate to neet e
ser vi cédbhigetkspuidenyieradhiastisch pavemeni-yiganinsgirinee po etspan-ioeh stevdteral daly olent | y

rencet syl SRRIaS ol R, PPl ahy STHEE ARG '
20 thirty-six inch steel wide flange beams or five longitudinal forty-five inch type IV AASHTO
prestressed concrete girders,

There is believed to be a significant need in the United States for a structural beam for
use in the framework of a bridge that provides greater resistance to corrosion through the use
of plastic (including fiber reinforced plastic), and that can be built not only at a competitive

25 cost, but also with a reduction in the self weight of the structural members as it relates to
transportation and erection costs.

It has been known that fabrication of structural elements from fiber reinforced plastics
results in a structure that is less susceptible to deterioration stemming from exposure to
corrosive environments. One type of structural framing member is currently manufactured

30 using the pultrusion process. In this process, unidirectional fibers (typically glass) are pulled
continuously through a metal die where they are encompassed by a multidirectional glass

fabric and fused together with a thermosetting resin matrix such as vinyl ester.



di scl osure, the beam conprises an el ongated shell having a |length and an
interior volune, wherein the elongated shell defining a first aperture. An
exenpl ar ywoansi et on beam further conprises a first ceogaiseomiosdiith t he
interior volume of the elongated shell, the first conduit having a curved
profile ext %moﬁghfa!l@swn_ SO RGLEYAH Aty 668 GihafdedtddsobiBA RsidiMthe it gECON
conduit within the interior volune of the elongated shell, the second
condui twedlx keowii rtbptadtowntiralt sHapess titibzipgrglassriitets hhvee heregy howfelatie mbdidgat ed
shell, wherei,n the first conduit.Land the second,conduit are in
CommuniBRPPSH AR e e B arcrd Cars e 1E hananpgitteck 88AE et i on
beam OEuItH@e@rs@%%Eal%eﬁﬁiso&iﬁ%@ti RRfifcBESf dibkt k&ihfokdcANBIBtROGIAY IR dgoN the
el ongated shell relative to the Tirst "aperture. In various enbodi nents of a

conét r géettore brealesigh andefabriestento dicst s seryiccalilityt requirementduiie. &ivd lsatond
wner ebye BN R HE AR S0 B PeRPRIER st 1 cast
part o j st duit and at |east part of the second conduit to
contri Mﬁ%bm@?ength of the beam An exenplary construction beam of
the present jgi §ClQ§UbRe MBRYmbMEY N@RbSRABE 88 aakoﬂls%ﬁéﬁor?%aﬁpﬁftth@'hﬁ?és%ﬁt

menber, the at | east one consttrai ning nenber positioned wthin the

el ongatisdlostis) heelkeaor nemptisestdneclpingased shetideaving aherzgh and ke isteribeasitmene

R SR R R R R SR
| at er alfyRARempPRigyd Adire dontedt valeh andinfer®@GRNENEBE thedelbhdaddd &RU TRMAGH

coupled to the first lateral nenber at the first end of the first |ateral
nmenber corddt kavieg a wurved droiletretendingpilent & dongiwdfnal diredtigherfghe heambendat t he

second seniolobls Wbt pheSegle TIBE o' s A SARLHTEL ond M.,

constral ni ng ne urtner conprises

rel ati ¢etchding hodd 66 leakiah gfoationmeiigy lenpfieoeitne thagsaed Ghell,| whaeml theefieer i s
coug)l ed at .one_end to the first end nenber and at another end to the second
enéd mefdduil and ghe seroptcondwibags Hr gorapaisatiem Wity ore aoriber ubt pbleaBleann of

the pr . | i.on, t i i [ £l e
compr | SHooUinR, d bl ronttdfin (RN Se Bk RFRAT-SATRN 3P gpdde st oAl

f | ange upasilicicbnedtedahall ralstiviedo tiefist anegated shel | of the beam In various
enmbodi nents, the first flan e@{ urt her Qon*g)frei ses . a structure positioned upon

the second &} d@rIges eREoiMCSES of agustrushan deamel e muesent diglosees el
| east @p&IAPEId WcBnil ToRQMTUR %%d QY Sy dttgqe&?&og%gﬁlg?%woh'refn%l@é}ﬂérﬂ,e r

enbodi nent, the construction beam conprises a secon nge positioned
r eP@t i whetebytsheh fiicosiprdskian geinfunckmdne nelydregatsabnsdelithin atHeass panod tHel fasige

R T O T G TR
flange posi to8&ehplary construction beam of the present disclosure may further comprise at
least one constraining member, the at least one constraining member positioned within the
clongated shell external to the first conduit, wherein the at least one constraining member
25  prohibits substantial deflection of the diameter of the eclongated shell. An exemplary
constraining member may comprise a first lateral member having a first end and a second
end, a first end member coupled to the first lateral member at the first end of the first lateral
member, and a second end member coupled to the first lateral member at the second end of
the first lateral member. In another embodiment, the constraining member further comprises
30  a second lateral member positioned relative to the first lateral member, wherein the second
lateral member is coupled at one end to the first end member and at another end to the second

end member,



relative to the first flange and the el ongated shell, the third flange

si zed and shaped to engage at |least a portion of the elongated shell. In an
exenpl ar ywoerehodi4m@nat of a constructi on beam of the di sclPosarseoiofo3ging
present application, the beam conprises an elongated shell having a | ength

and an i nterj, o0V ol 4G eﬁer&fgﬁﬁf cfifofin® €5t &l ¢ &E%Eﬁ&f‘%aw Bh'tﬁetﬂ}@sent

el ongat ed shel ereint rst core material Is tapered at one end, and
a secompph@nlennﬂteecomtruq:tum béamm edmpiists a ﬁrlsteﬂaaig@nganmubnsgwl first eidatanden t o

Cor o maEPIESa G L 5 At Y ABE B Ve Mo 1 TefENet ot O al

and seqemd GRKE SR ShbMimERL) thE fi @stfﬂahéé fLﬁEPl@fjéBrﬁ 18k %%%&ﬂr@ﬁosltﬁﬁ%& uﬁon
portion of length of the elongated shéll and further define a second

condlui theex¢condisidg 6f the fitse ﬂrangcstandmndhc tﬁrstaﬂmhgﬂ/r@fmem at heastf pmesaperomadui t and
second condui.t .are in ﬁegrmum cati,on %Eee anot,her tn an

ombod: sompnincadh S (60 Fegha il M ngey I PRk on eent i a1

wher ei Rofpfis&es 9dng a8 é’%\)lﬁoﬁb@d R vé Im b &Rl ﬁaﬁ%teﬁfdl @b efdnihideshelefmae t he
second conduit. BRI EF TI ON OF THE DRAW NGS Furt her advantages of the

di scl o§m®doﬁanghesi4@d@érﬁhamsbtq ergagot Wast a pedismeclaipp alengetedpbeallr dadehg t he

f ol | owi det d desgri ti_n 0 ion with th

tr e ngaomE efieofin ety ' Rorshcidh, BRRh UL Pobbllts {358 GRTRE Phfitnga
enbodi nElptivolo the ﬁﬁrdtdﬁﬁg@@mﬁﬂﬁwﬁr@d‘[ed%hﬂg teompddidnge bieadBad geped th digaged t he
present disclosure; FIG 2 shows a typical cross-sectional view of the

bri dgea&ﬁémﬁwlmﬁmiel%é@ﬂéhﬂb to the present disclosure; FIG 3 shows a
side view ofp,a, f&&@élaﬁ@&@bmtn 8F 2o s‘?fﬁ@ﬁgﬁ E?aé?%g@ﬂ Ehsél@ﬁm?%fﬂ% SR in

FIG 1, according e pr esen di sc osur e; rag ary
per speapplmmoﬁ the dboamp eshipeisteangloagtal meﬂgmat/mgtmlen@th@sémh infesict adume, a FI G

5 sho a partial  sectjona wewtakent ou line 1--1 of FIG 3, .

accord \A'Bﬁesﬁ $06° tppacH é@éﬁkonaé e &?eeelong%@ ehéaawser%inﬁa? e cos SRS vi ew

t ah(ﬁn Ay ALoh (Jrferé?ldzal?d Qgeé(:)h@cof% m s'ﬁﬂ)nteﬁ vfdf}f?n B{eeé&géaté!f (éllgél%lﬁ@'e FI G

ows ‘a partial sectional VIeWta roug Ine 3-3 FI G

accor ditemthet forst bare pnaseais yvhelsm ths dirst; ooFé @atBiab holwheaesdmiecore evatarfal do second
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conduit extending at least a portion of length of the elongated shell and further define a
second conduit extending from the first conduit, and wherein the first conduit and second

20 conduit are in communication with one another, In another embodiment, the construction

beam further comprises a third core material, wherein the second core material and third core

material further define the second conduit.

BRIEF DESCRIPTION OF THE DRAWINGS
Further advantages of the disclosure of the present application will become apparent
25 upon reading the following detailed description in conjunction with the accompanying
drawings, in which:
FIG. 1 shows a fragmentary perspective of a first embodiment of a bridge constructed
using composite beams, according to the present disclosure;
FIG. 2 shows a typical cross-sectional view of the bridge shown in FIG. 1, according
30  to the present disclosure;
FIG. 3 shows a side view of a first embodiment of a composite beam of the bridge

shown in FIG. 1, according to the present disclosure;



FIG 9 shows a partial sectional view taken through Iine 4-4 of FIG 8,
according to the present disclosure; FIG 10 shows a side view of a first
enbodi mrerwoabioa4gdsear connecti on devi ce of the beam of PCGUSS)10a8%105 di ng to
the present disclosure; FIG 11 shows a side view of a second enbodi nent of

a shear con rlﬁI@IGIL £ %B&g%: ia\f\ga%%fnj(i)tgﬁi Eg@;g@icﬂ(/e R grgmggﬁfeo Egaln@,g ac%o%rcﬁ@éa RS ent

di scl osure; 0 agram sectron of t beam of
FI G 8,prescobdisilogpre;o t he present disclosure; FIG 13A shows a diagranmatic

vi ew showi n onposi te beans being placed on the, substr re for the
bri dge shom%lf}ng%ﬁ%@”s 2P éFﬁ}%@PYISthﬁ]éerb&%ﬂﬁnﬁi el %ﬁﬁcg;l#?“@fd‘ﬂ%@ shows

a fragnrbRiehtRRCRREGL I ve of a conposite beam according to the present

di scl osure; FIGS. 14A-14C show partial sectional views of various

embddi ment s IG. & sbowp egiattinl sectinnabvicwr tdkangtht@ighHime s ek 1(di3s et asding to FI G
15A Sh(%WS a si ﬂe vi ew of an exenpl ary enbodi nent of a conposite beam
accor ditRgPEEY ABOSESant di scl osure; and FI GS. 15B and 16 show a

per spect i ve pGeWshes arpalixd ¥BdtRmY] eeRadidremtsuelflil Lonpesid.8, headMing to
according to the present disclosure. DETAI LED DESCRI PTI ON Reference wil |

now be thepresend disesersbodi ments illustrated in the drawings and specific

| anguage wi ld;~bg ysed tq. descri the sane. 1t wild  nevertheless b

under st ood tﬁﬁgt %n%hol‘)\fsrﬁ‘ tsg?’i ‘Sﬁwoqeas é%cggaiegneqomrgﬁﬁﬁe%tj tt]}ﬁ PR Y E?El%tof(;]ﬁe of
these enidgelsimnt B GG, decdftiMg toathe iptdseigitdiidsue; enbodi ment of a bridge 10,
The illustrative bridge 10 shown in FIG 1 is constructed using five rows
of conposi t é15edwhows adeinhiseriionat viewralsn heughninefert of HIS. Snacceding &

Centralthegf)r%EenjrgischQﬁ%e conposite beams 11, in an exenplary enbodi nent, may
be spaced at about seven-feet, six-inch intervals transversely in a

symmet ri cal FGr abgbkoent saloutw af adirbtesrhbotmaft «ffa dheer dnndgnldves Shiewwn i n
FIG 2. The %ﬂ}tg out., wi dt h of thg_illustrative bridge 10 is shown as
about PRMPOFIHEE acedingdihepygset GisclRsWer or narrower. For enmbodi ments
whese the brjdge %Qoxklés a%d%e\;ie@rof%?e%m%?b&&lﬁﬁﬁygpﬁrshé%lfr oGMRASH bg ibegrs 11,
and the spacing of the conposite beans W thin the cross-section, nay
vary. Am bdahust IFlgt. i8yaccbrding® the pesomrdisésutaso spans of about seventy feet,

?lnfjug ? f a: :NS g‘[@ﬂ) géllg}vgsog @%ﬁugld}ag@% f(r)ro E\IN éecltign %P thaelbtegi‘rrnnoa}~ I(%?S,earétggr?ilinﬁgttﬁe the
present disclosure;
FIG. 13A shows a diagrammatic view showing composite beams being placed on the
20 substructure for the bridge shown in FIG. 1, according to the present disclosure;
FIG. 13B shows a fragmentary perspective of a composite beam, according to the
present disclosure;
FIGS. 14A-14C show partial sectional views of various embodiments of a composite
beam, according to the present disclosure;
25 FIG. 15A shows a side view of an exemplary embodiment of a composite beam,
according to the present disclosure; and

FIGS. 15B and 16 show a perspective views of an exemplary embodiments of a

composite beam, according to the present disclosure.

DETAILED DESCRIPTION
30 Reference will now be made to the embodiments illustrated in the drawings and
specific language will be used to describe the same. It will nevertheless be understood that

no limitation of scope is intended by the description of these embodiments.



have nore or fewer spans, and the spans could be |onger or shorter. Each
conposite beam 11 in a row may sinply be supported between an abutnent 12
and the cxotali4picer 13. | n anot her enbodi ment, two or ROTAISQIWMBS13S i N one
row coul d be made conti nuous over the supports. For bridges with nore than
two spans, t 0 ite 11 .caul d be s oried-het n.two.adj gcent
piers 13. Ar%Eji E}Xgrrégig g\'rﬁyagl (lalgl%%{s{ﬁ're feé%bé)(aﬁ%%ltiogc ﬁ@(ggedt(ngg?zﬁl us%a Véé\%r\}@%éegfby,
but notshowa s G l1yisr@gstrudietDusia® fiee ablvy ioTGonakitd Bedday EMepinndal bdtive@ne
enbodi nent, the deck slab 2 1 may be a reinforced, concrete deck slab 21

The dedkidgapbymentsnls: andcaves asgrird pigrdder Theps copprsite baams | b infagrexemplary
concre a l.e, i kel ntor; : i T
composi L B Provg B, FHEEP oyl 25n L8 TRHEEE BCRRN oS Raly T o

conpr esginaretiieil afratigeemanhb@it a camdrlmet28ngitha b ddenfloasehowntin BRG. 1. nTlenout-
exenpl ary enbpodi nent, the c osite beam 11 may al sp include a core,

mat er | é@-oahwlf_ﬁlg oS thevifiustis %_Q.Hg%loﬂ,s Sgﬂ‘éfné‘ﬁ ahot dhigy-Trisdeelohsoridbmuids 11
coul d BR rafBlief.alRH hfboRin(éfil SitrcOfhe bl dasi ARAWIRE Rl dEALECoPE
constructed with the wdth and or hei ght” varying over the I'ength of the
conposicbmpbgitnbdains 1h dndethe Ishacing af ithecanbwite heams dfl whkincthepessistsectivmam 11
shown in FIGS. 1-3, the conposite beam 11 has a constant hei ght of
forty-é%%?’e‘_f"f‘r]/'nches and a constant width of sixteen inches. The height of
theoconposi t4 eamELvd bligd 18 R HBEs #Wo ishhddSsr MRM sbvenky BetladBYad M1 T 10
a span to depth ratio of approximately 1811, but could be altered to

provi deoaippsiter kgamssidapertrowd dptan altgrriatise wnbbdingmi,| the flamstrativenioridgict 19 souldhe
scope of the present discl re and th ttached cl ai The beam shel | 30
ot ne Tt SRR ERk s e S BO b Be ReRE e oG b cpBioR ey T

r ei nf orig¢ @drddy n@ilyasitply BerssppitddBdtivied ah abuffled: 0 2 &% fe sdi@aPpldrclizpated
forces in the conposite beam 11. Conposite beam 11 may al so be constructed
usi ng @hefder exapediment, gvaset moresirdeys dt ivae roypwsldbe measiergpntinnoust ousr theypes

of {pl ast J i.aclu t fdan 33 bottom {1 ange
31 % ey, JREo08AT S hore Rl o oDl 8 AR ARG A Ru RSB
beam shbefweed dwoaydjatso piais! 18de An epahplatiodscke smnthdet mad.inéidd AEECklapm jpor t

39, and veq% ports 40 to be used for the conpression reinforcenent 31. The
beam sKeYSCBEYndt Mof tseessily| (FBIIREs FB PV HIEs MEATIAG MAUPMTE Whi ci 8’8 ves

to tr a?ﬁlfbgai plthe Qeélpﬂg@ 21 % £ ROR S oRGRD dtx éﬁ@dzal; gl“l#er C?er?:ﬁfn%[y e

shear forces between the conpression reinforcement enst on

rei nf ocomstrmted3ait dfnmateriebsesthérathyn evipédtet ndncréthesiwhesr for atsips, aEdeum 35
copprises t ertical webs, but may al so include one single or multiple
webs, 8?n?¥%§§xﬁﬁﬁﬁ@P i nterconnecting the top flange 33, bottom flange 34,

conpr essi on mhel fRpGREENan! 13Nchdvi'3h OFId. 81 QY CRERAEL B%eam shell 30, a

compression reinforcement 31, and a tension reinforcement 32. In an exemplary

embodiment, the composite beam 11 may also include a core material 44, as shown in FIGS.

4-7, and elsewhere. The composite beam 11 could be fabricated to a variety of widths and

25  heights, and may also be constructed with the width and or height varying over the length of

the composite beam 11. In the illustrative embodiment of the composite beam 11 shown in

FIGS. 1-3, the composite beam 11 has a constant height of forty-seven inches and a constant

width of sixteen inches. The height of the composite beams 11 in the bridge 10 illustrated in

FIG. 1 may result in a span to depth ratio of approximately 18:1, but could be altered to

30  provide different span to depth ratios while still remaining within the scope of the present
disclosure and the attached claims.

The beam shell 30 of the composite beam 11 may be constructed of a vinyl ester resin

reinforced by glass fibers optimally oriented to resist the anticipated forces in the composite

beam 11. Composite beam 11 may also be constructed using other types of plastic resins,



Al'l of the conponents of the beam shell 30 nay be fabricated nonolithically
using a vacuum assi sted resin transfer nmethod, or using other manufacturing
processeswoAsigidesm in FIG 4, the core material 44 mayPb@/USocatsgiinbove
and bel ow the continuous conduit 38, and/or may surround the continuwous
condui t - . I . he I d i
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| ongi t yeihRRberRerdt320f the conposite beam 11 and the remaining thirty-five
percent of the fibers are oriented with equal anounts in plus or mnus
forty-five degnessmpiratmbodinenththelsbagi tramdfonahediping Soformprases dwpositicel beam

11. The fibers ori.ented .at pl.us, or m.nus forty-five degrees to the
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t o16heasp fIMM@EsS, bbbt Tlahpe 34 VTR FédsRnReRMrddnent e pheasiotBdintifeghediByY. al so
be constructed with nore or fewer |ayers of fiberglass reinforcing and with
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interval s. The dinensions of the vertical stiffeners 36 may be the ‘sane as
t he of fiberglass fabric 41 with a triaxial weave in which sixty-five percent of the fibers are

oriented along the longitudinal axis of the composite beam 11 and the remaining thirty-five
percent of the fibers are oriented with equal amounts in plus or minus forty-five degrees

25  relative to the longitudinal axis of the composite beam 11. The fibers oriented at plus or
minus forty-five degrees to the longitudinal axis may improve both the strength and stiffness
as it relates to shear forces within the composite beam 11, The shear medium 35 may also be
constructed with more or fewer layers of fiberglass reinforcing and with different dimensions,
proportions or orientations of the fibers.

30 The layers of glass reinforcing fabric comprising the shear transfer medium of the
beam shell 30 may extend around the perimetér of the cross section such that they also
become the reinforcement for the top flange 33, bottom flange 34 and vertical end stiffener
37 of the beam shell 30. The perimeter of the beam shell 30 is a rectangle with the corners

rounded on a radius, but could be constructed using a different shape. All longitudinal scams



internal height and width of the beam shell 30. The reinforcing for the
vertical stiffeners 36 nay conprise three |layers of the sane triaxial weave
gl ass fabwocot/ti4assed for the webs conprising the shear PCrarsgdien3smesi um 35,
except with the sixty-five percent |ayer of fibers oriented along a
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concrete. In an exenplary enbodi ment, the conpression reinforcénent 3
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vent ports 40 may prevent air frombeing trapped within the conduit 38
dur i ngaegeappdate thenconafresshan tedrfpreemshodl rasi deberitedenein 3 IThe Toadeid AP meaysi on

r einf or nt . as shown in the e | ary embodj ment shown .in F 6, has
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or smaller dinmensions. The profile 50 of the conpression reinforcenent 3 1

may fofabsik 41 pax Khewiatins it & nBer copduib @Bt pessing through them interrupts the
intermediate stiffeners 36 vertically, where the elevation of the interruption can be a function

of the profile of the compression reinforcement 31. The conduit 38 may also contain an
25 injection port 39 located along one web of the composite beam 11 as depicted in FIG. 5, to be
used for the introduction of the compression reinforcement 31, Vent ports 40 are also located
at the highest and lowest points along the profile of the conduit as shown in the exemplary
embodiment of a composite beam 11 shown in FIG., 6. Again the conduit 38 could be
constructed using reinforcing fabrics with different proportions, orientations or compositions.
30 BEach of the composite beams 11 includes compression reinforcement 31, The
compression reinforcement 31 may comprise portland cement concrete, portland cement
grout, polymer cement concrete or polymer concrete. In an exemplary embodiment, the
compression reinforcement 31 comprises portland cement concrete with a compressive

strength of 6,000 pounds per square inch. The compression reinforcement 31 may be



of the conposite beam 11 at the ends of conposite beam 11 and curves
upwards to the highest point on the profile |located near the center of the
conposi t ewbearwviidge6such that the conduit 38 is tangent POTIUSROWOPSILE ange
33. Inthe illustrative enbodi nent shown in FIG 3 the profile 50 of the
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installation at a | ater date, or by bonding the
dimensions from those indicated. While an exemplary embodiment of a composite beam 11
of the present disclosure assumes introduction of the compression reinforcement 31 after the
beam shell 30 has been erected, it could also be introduced during fabrication of the beam
25 shell 30.

The thrust induced into the compression reinforcement 31 resulting from externally
applied loads on the composite beam 11 is equilibrated by the tension reinforcement 32 of the
composite beam 11. In one embodiment, the tension reinforcement 32 may comprise layers
of unidirectional carbon reinforcing fibers with tensile strength of 160,000 pounds per square

30 inch and an elastic modulus of 16,000,000 pounds per square inch. Although in an
exemplary embodiment of the composite beam 11 utilizes carbon fibers, other fibers could

also be used for the tension reinforcement 32 including glass, aramid, standard mild

reinforcing steel or prestressing strand as is known in the art.



tension reinforcenent 32 to the outside of the beamshell 30 after
fabrication. Again, the quantity, conposition, orientation and positioning
of the fiwensiwm4dshe tension reinforcenent 32 can be vaPCEaS2010/03811% east
one enbodi nent, all of the conposite beans 11 within a span have the sane
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of the conposite beam 11 including the shear connection devi
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FIl & 132%hews variglet ai |l ed view of a second exenpl ary enbodi nent of the shear

connection device 62. FIG 12 shows a |oading diagramshow ng forces in the
conposi t e béar least phe exbedimanbraleef thsncaderdsde e@ns lanwithihe ghaokhast dhe 2 1
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vertical stiffeners 36, as well as various other conponents of an exenplary
conpos heengdhesamne physigad geemstn oy ihechesguphell Hhayhosieveraynayomimmizeniopliied i n
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connecbridgesde¥ iacetbBe bhIIGS ny rdp@sidlst anistxgrpbad Yegiea@dhiyestt diftrent
illustrativepositioning for a plurality of the shear connection devices 62

rel ati PEIEE UiRgorRiBRIstiE bsamm! 1 ithrihe same geomstin it the heaawhele 3@ 20vempiehy ed
e e AR BB L ool A Sl A TR B UL g,
posi ti démersams ofthectonsiectdinfordeetene®h t he conposite beam 11 and the deck
o140 21, enc RSTh BT e¥entlng ooy, Sl PPROR or, dipplacerent o heydeck
devi ce shaviY FIGS! &2 8GN ThaRabRl1IEM vie®r §€fe composite beam 11 including
the shear connection device 62. FIG. 9 shows a cross section view of the composite beam 11
including the shear connection device 62 taken through line 4--4 of FIG. 8. FIG. 10 shows a
detailed view of an exemplary embodiment of the shear connection device 62. FIG. 11
25  shows a detailed view of a second exemplary embodiment of the shear connection device 62.
FIG. 12 shows a loading diagram showing forces in the composite beam 11, the shear
connection devices 62, and the deck slab 21 resulting from an applied load. For clarity, the
optional vertical stiffeners 36 are omitted from FIGS. 8-12, so that the shear connection
devices 62 may be shown more clearly. It should be understood that the vertical stiffeners
30 36, as well as various other components of an exemplary composite beam 11 of the present
disclosure, may or may not be included in the embodiment of the composite beam 11
described in FIGS. 8-12.
As shown in FIGS. 8 and 9, the composite beam 11 may comprise at least one shear

connection device 62. FIGS. 8 and 9 also an exemplary embodiment of illustrative



between the top flange 33 of the conposite beam 11 and the deck slab 21,
thereby allowing the two to act together as a single conposite structural
conponentwoaoreeitas appl i ed | oads. Thus, the shear connecriuseoidessic: 62 may
facilitate corrposi te structural behavi or between the corrposi te beam 11 and
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squar e cphpbsiteseahat ge washer, as descri bed bel ow and shown in FIGS. 10 and
11. O course, this anchoring device could take on nany other forms as
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fills a portion of the interior volume of the beam shell 30, as shown. The shear connection
device 62 may then be anchored into the composite beam 11 by allowing a first end 65 to
extend into the profiled conduit 38 prior to the introduction of the compression reinforcement
31 into the profiled conduit 38. Later, for example at the construction site of the bridge 10,

25  the compression reinforcement 31 may be placed and cured, such that the shear connection
device 62 will be rigidly attached to the composite beam 11, Alternatively, the compression
reinforcement 31 may be placed and cured at a manufacturing site.

A second end 63 of the shear connection device 62 may be allowed to protrude
through the top of the composite beam 11. The shear connection device 62 may also contain

30  an anchoring device near the end 63. For example, the anchoring device may be rigidly
attached to the shear connection device 62 near the end 63. The anchoring device may
comprise a square plate or large washer, as described below and shown in FIGS. 10 and 11.

Of course, this anchoring device could take on many other forms as well, and could be round,

10



For exanple, the body 76 may conprise a threaded rod inserted into the
conposite beam 11, as shown in FIG 11. The threads 78 on the rod may
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bendi ng, through the connection device 6 e conpression
occur with a metallic construction.

As shown in FIG. 10, an exemplary embodiment of a shear connection device 62 may

comprise a body 66 and an end 65 having an expandable appendage 68 that expands as the

25  shear connection device 62 is inserted into the profiled conduit 38, in a similar manner to the
operation of a toggle bolt. The appendage 68 shown in FIG. 10 may allow for further
development of the shear connection device 62 anchorage into the compression
reinforcement 31. The top portion 63 of the embodiment of the shear connection device 62
shown in FIG. 10 may also include an anchoring device comprising a plate 64. For example,

30  the plate 64 may be attached to the body 66 (which may comprise a rod) by bolts, or may be
welded or cast on to the body 66 of the shear connection device 62 near the top portion 63.

The plate 64 and the body 66 may comprise a metal, such as steel, iron, aluminum, nickel,
coppet, or a metallic alloy. The plate 64 and the body 66 may also comprise a composite

material, such as glass, fiberglass, carbon, steel, FRP, or a mixture of these or other materials.

11



reinforcenment 31. In FIG 12, T represents tension force and C represents
conpression force. The tension force introduced into the shear connection
devi ce 62wardioitagss6onpr essi on forces in the deck slab 2pCTarseoieqssiis br at ed
by a vertical force that is directed into the core nmaterial 44 between the

top flange 33 é%folx_a{n@ ﬁ%”@g&'d{ rei?rg%g‘gilé. Nnd, I%ﬁ?8ﬁ%%f%§h@£}1g:r§%/v’i‘%9ro??ﬁ@”t

32. As shown 1 n r corinect1on dev e Installed
on an ahgireondecdppexiterdd & ytrdmfdrhn fénvien dehe eanpilessiay Rir¢esidevelapddonshe
enbodi nent s, t his angl 1y be larger or smaller. The intent i s to angle
the. ShesFk é@hr?elcé%vg Bewite BIouH the dheacamBe iR vdienty (O W BRUPREIPDI nt
in the I e t : SRpidedidnags. The
ef fici éﬁggm%?ﬁ%ﬁg?é%gg?ébloﬁﬁ?erg@ %er?% %@?lgg?%ge ?lﬁ{ ggﬁ%%‘ at'i r%&gg)lrn ces may be
dep&nddiht tamidnt fordehiatradgded inth therehdanadnnentiorOiei¢eét andthofcotpecseivhdaicaent of
t he conpgsite b 11 sho in shown in EIGS., 8- 12 . be auxiliary.

condui F@a}? &Sk gfbent i o 16%}?%3}?&‘@‘?%1 f%&e&wil%éricg%i Futei g Bptetinle
conposilygeReam thl toAhRRUEN oﬂ%qohﬁﬁgit@ﬁ%]ﬁ howahey b&ﬁgﬁ’:sé{&{ bdi&@lcement
orientation in the exenplary enbodinent shown 1n FIG 8, the auxiliary
condui 88. 6 1 nmay be oriented in any direction. The auxiliary conduits 6 1

can later be filled w erjal siml.ar .ta that used f t he

conpr essi on Se%hﬁWBrlﬁﬁ"r[;@Ht gslg’a the ish"}r"‘\rﬁpwcilfﬁn f‘ﬁ@%gﬁﬁw %ﬁﬁnﬂﬁie{f‘h‘)r}t He§i%1 i | ed
conglui fof 3BpiogirhatbllyefbrthOMee dédrbdse howleh@S &n AUNbbd BhbodigRA this Siple GRFY &er Ve
various distinct purposes. In t he exenpl ary enbodi mrent shown in Fl 8, one

or nor darggn phemplen  dibkiinteat ys dondglet the shgarapenngetiamtevics H2ainve difegtiin

oty narerpt R SR B ER S R G el i1 P BTRRRG S O o AWRREF T T

of bealdadg. i Bhesbfwlencgnst 0Rl shehakbénrettidhdeeivt ia2din sqliliBwihg ifedcys afdyd ts 6
1 are shown.) In this exenplary, enbodi nent, once the auxiltary conduits 6 1
are fi dpsrdgrttan it the apele $EingAnt&mf or cement 31, they serve as bearing

stiffeners t I g%t@ I ' ' Q.
Si ;ﬁfl ar auxﬁ]}eaf?%u%ﬁ%%ngg%ﬁgl%g{)%gé g‘ﬁgg e b%%\’?rlcl)glﬁgggglg?{ S %[ﬁq S's%r eet
| ocat i dRsnat beagutihierycanyois e fbeascd inltheFore aagsmial 44 davixipldoastyuctionddithes 6 1

coul d al so he jntraoduc directly under the anchoring devices of the shear
connecEPBROEY P 83 PegloAsicriped pad Sgawﬂiaarrsg g oeisiat origntgtionip Mo be

tranat Sr TR R Al TR arha SR r Y B T SRRRERL,
t ransf direetieai drhe3fixilory téreluite6é camtateritel fillbd. will? Additdriab siadilay to thasudxed i ary
£t 11 H TRy BB S SMBI Pl o EaiiEnEy Ml aPTHE SOHBY 3R er o
is filled. Once filled, these auxiliary conduits 61 can serve various distinct purposes. In the
exemplary embodiment shown in FIG. 8, one or more cylindrical auxiliary conduits 61 are
oriented in a vertical position at the centerlines of bearing of the composite beam 11.
(Because only half of the composite beam 11 is shown in FIG. 8, only one centerline of
25  bearing is shown, and only half of the cylindrical auxiliary conduits 61 are shown.) In this
exemplary embodiment, once the auxiliary conduits 61 are filled with a compression
reinforcement 31, they serve as beafing stiffeners at the ends of the composite beam 11, In
another example, similar auxiliary conduits 61 could also be introduced at other discreet
locations along the composite beam 11. For example, auxiliary conduits 61 could also be
30  introduced directly under the anchoring devices of the shear connection device 62.
Additionally, the auxiliary conduits 61 can also be filled with a compression reinforcement
31 and serve as a load path to transfer the auxiliary component of bearing stress in lieu of the

shear transfer medium 335, or the core material 44,
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vol une of the conposite beam 11. By using the auxiliary conduits 6 1 for
this purpose, it nay possible to inject the conpression reinforcenent 3 1
into a cownpasi4dseam 11 fromthe | owest point on the profiusedoossiduit 38,
while providing a vent at the highest point on the profiled conduit 38, in
order to hel g '

rei nf or cemprir BB, W8kt tlnddhs i RRELYYE ol Mo BRERES B ijection,
t o i nséike ar tubreeadfacilitae pamping thttdongpréseiok, reintfivreémednmpieniyli iteo ehenmeenisr f or

lifting the conposite beam 11 for erection dyring construction of the
bri dge VPOMEghHicceampasitpoepmelle Bixisingathy %ﬁ@m fandyits ﬁlnﬁga ﬂ%lﬁ@u%?ﬁ%dél te

beam 1%11%%91%'1%&)2%{%{ {h%*l%‘rh sfo‘ﬂ' rl:fh‘f‘@rcerﬁéﬂt%rl i 4 &fyrﬁﬁbﬁ?@ Hehm? ICQORYRL L ©

beam 1 ressio e| nf or cenment the au lary conduits 6 1
may5be lcwmtp@mttqn thermvﬁhg candwit d8ewbile tphend;hgarvdnt ah tfeclrighest ipoimt 86 the om

the desir | ocati o tt|n r drilljng the core terial 44. A.baggin
e er o LRl B ¥ i o DBl et i B Rt i g oo dpad

pl aced rbiRfdrb&nsRace ﬂfe%&ﬁﬁry Ebrfdlilﬁs 605y LhR asdtochidhOb EndiRya Bk@ed e
provided in the conposite béam 11 nol d, such t hat the bagging material or

bl adderodan aekiftsredhedk; oulgibh chie photide antearsnir difling éhereainbesienbdahe 11 fei de of

t he m)ld Jbut oent the e on the outside of the nold. As such,
sai d bp&&&gpd\% ﬁor}s ﬁl‘?{l%:)tgogfaga Qﬂ)spherl c pressure during infusion of

t heoconposi trbleaivnl df didsk naixiliey | b6l | @ @he LBRPHER Bedntd 11§ be
conposite beam 11. Vacuum pressure may be applied to the nold that wll

expand agerinplishpd es Jollaves. bRYGT Hyinfutien bl eompigsielfesm ddawith the pemprgssion

mit erl (l:lpﬁf%%énq tdﬁ E&evﬁﬁgﬁ)ﬁg% tn ultef %inngf bé QFea etay rré:fﬁ %}5% rglgvol nele o?’ifié.' from

illing |n ervior urrng i nfusron o ‘te peam

Su bsequkeir tiagsfehgedinbs$ @omothe tiaﬁreaqm@hn;@ chaalrglol llm\mrtghhé dererBgttial 44he
baggi ng materi al or bl adder can sinp rempved resulting in the desired

condU| A baggangyapiariagl opp dlesible blafideér thtchﬁgaYabQ: Ebpisalpd &rost laires Grebeisloaey! a
b §%n H ﬁlekﬂ) CItth Hhﬂ e (gre mtéljl '4Q tg%o éay f!%x' ﬂeﬁ%ld@a Ly ﬁlebcro §1t610 can
e buil y an eans 11

t qU|c ea5| as shown in e conposite
may be beaxracltlenhoiﬂ isach tleat |thx1 b@ggumg\nmftertaher boidecssi exeleinbghceetnle dndl by
pl aci n themw th crane,, a if standard in the art. The conposite beans
gﬁ%% lﬁﬁa%P t

D1” o an THBAEAMPeRRRabls o7 hs mpld. Bironsy to s 3tmosRharapn die Qtsignel
conpr egisd AR eAERIC SR 'Btlad%@r WBE dka nab agﬁbs?)ﬂgrlé g%htﬁﬁng %gdﬂ]éﬂ}smn

rehabilitation, It fmay be possi eto use exls
i nt er meflitlzt eomppasits .bedinel lc dmpue i 1otroahmtmf1@1f tlerenin &tdthmomﬂwne beam 11.

ot e SARHM T Pas5r GBIt ke ane 7 it o SRRTLAnL SHE & 3B PReiNe beam
th?h'm ggaéesrﬂl‘scﬁf%‘lﬁ@%eﬁz anovvﬁﬁﬁ% E&f[ér gﬁg@?ﬂéﬂ 43 ihsiTBYhO @olipo§ifd BEhriSIINGhREEPI NY
preventing the resin from filling this interior volume during infusion of the composite beam
11. Subsequent to the infusion of the composite beam 11 with the resin, the bagging material
or bladder can simply be removed resulting in the desired conduit. The general process for
25  creating a composite structure using a resin are known to those of skill in the art.
An illustrative bridge 10 can be built quickly and easily, as shown in FIG. 13A. The
composite beams 11 may be erected prior to injection of the compression reinforcement 31
by placing them with a crane, as is standard in the art. The composite beams 11 can be self
supporting prior to and during the installation of the compression reinforcement 31. In the
30  case of bridge replacement or rehabilitation, it may be possible to reuse existing abutments
and/or intermediate piers. The compression reinforcement 31 may then be introduced into
the composite beam 11 by, for example, injecting a compression reinforcement material into
the profiled conduit 38 in the beam shell 30. The compression reinforcement 31 may be

injected using pumping techniques, which are known in the art.
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130nce the conposite beans 11 are in place and the conpression

rei nforcenent 31 has been introduced, the deck slab 2 1 may cast in place
on t he t on® 20fo/u@6conposite beans 11. I n one enbodi nenPCTiuse01d@ad1S] ab 2 1
is a seven-inch thick reinforced concrete slab. The deck slab 2 1 can al so
be construct I L 0 L / i ffer ihal An
addi ti onal e@gcr?p%ﬁ%pgmgh%%%e%%tﬁoﬁpgéé%‘%g%@g C(éFen %Sglfgor% lﬂf%e i stgﬁlg%ﬂr e of
t he présentntapiked;ahd decki dats DOWRY dasFinlack3d thdtophofthe icomipbsite Beabs 11.
conposite beam 11 conprises_an_el ongated beam shell 30 having a | ength and
an i nt dRiogf em&péwnn% é@firsl%%li Wiarigven-mch dhick prdpforged %@.@te@g@&p@xet clheam
11, indhy I ﬁm i : d i hhstigconduit 102
Wi t hin St ezsli %’iflgﬂgl%ol%ré\% unegdo]?@%gfa ortlg%&%lg 1%%%1{82 Ije(ﬁ%%ﬁﬂj vﬁeler1 ein the
first conduiAn Additibzd eacroplavednpodimichieof(asnglosite beam Fl Gf thbsAyclextesfdhag

al ong a |l ongitudi nal .difrecti.o f the comosite . Conposi.te beam 11
may {UREHERC BORSEIGR 15 SEEEbIR Tonday 204 TR Ehih T Loe | ePRBRGdHeaMe b ¢ he
el Ongatc%g)fpk)i?ﬁé;‘alﬁ F@M%?% bEde shegond hﬁaﬁgtu qenﬂg%lalﬁefgagﬁﬁﬁ brad ABYe abyrfeASt a

portion o ength of the el ongated beam She erein the first
condui tdefioihgamdirsthepes@oonn 60.c obdmposittOdeaar é1j m tusmewemplaty embwilintengnmay

anot her n exenpl ar 0 Si beam 11, as shqwn i | GS. 14A;14C, y
oo T BHpRe Acthef PARER LG HRG BF sneRoTHoNReid e shpatiedobumshdhy
3010el &0l Whereth B Sirbti doRluiRPET hakrLoukGll prbflcahs YRAEE indNE. EFRPEERIM albhe
first conduit 102 and the second conduit 104 of the conposite beam 11 are

si zed a@nangitrsiyesd directiaaced|the cempesitp beamildn Gosinesie beavehi nBy faghgtvomprise

1.5, AR 08 SRS SIRRRETI SIRARY, SHEAAPASLAF beam

conpr esshdut 164 ekiendiagRidngt ledd0s ipbitymest the 1dtigh af the@ddigaRdl teadf seh&of i r st
conduit 102 and at |east part of the second conduit 104, whereby the
conpr ediessin the iy agnihtl 02 andothe rseenndecondyitt 108 are rie rgprmwticatine wighpesi t e
be 1 e [ r8i r f, +4h resent .

ai 231 odue e AR TR AN TSRS k8 1T, MR oF A4l Pl iR bnprie
port | andficeffemie YPOPbsiti@edyum@n therRinatedhetatsdell 3Ol ¢hEike ¢o e Bise apturd
m xture Qr one or nore of these exenplary conpression reinforcenent 31
materi a8 As shown in the exenpl ary enbodi nrent of a conposite beam 11
shown in FI i SRNP iyt t hat
isin comru%lgg?‘?%gtngﬁv]\f?ﬁb(g(ﬁ%lefslggﬁgr%gﬁ%U| t 120%%\5?}% #‘?@?&é@gﬁﬁ %eo fjltg%

var i ousompbsith beant &) arehsezetliand shdped ngecti6 adoapressionaeinfurcarerd 31 laasigevn
copgui t at | east .one enmhodj nent, .and as shown in FIG 14A, the
Foegy b m@- 3 % I88nt ASGPERT (B ETFHGIIEY LPEPEReoA GOBRYE iheg |
ther eoRnowh " HCIMGS. 1148 and 14C, the composite beam 11 comprises a compression

reinforcement 31 positioned within at least part of the first conduit 102 and at least part of the

second conduit 104, whereby the compression reinforcement 31 contributes to the strength of

the composite beam 11. An exemplary compression reinforcement 31 of the present

25 disclosure may comprise standard concrete, portland cement concrete, portland cement grout,

polymer cement concrete, polymer concrete, or a mixture or one or more of these exemplary
compression reinforcement 31 materials,

As shown in the exemplary embodiment of a composite beam 11 shown in FIG. 14A,

the first flange 106 comprises a flange conduit 108 that is in communication with the second

30 conduit 104 via first aperture 100. In various embodiments, the first flange 106 does not

comprise a flange conduit 108. In at least one embodiment, and as shown in FIG. 14A, the

first flange 106 is configured to support a structure 110 positioned thereon. Structure 110

may comprise any number of construction materials, including, but not limited to, wood,

metal, plastic, pavement material, and/or concrete,
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may conprise any nunber of construction materials, including, but not
limted to, wood, netal, plastic, pavenent material, and/or concrete. 14In
at | east woeomde@dsnment of a conposite beam 11 of the prPresarstoidiossiidsur e,
and as shown in FIG 14A, conposite beam 11 further conprises a second

flange 112 paskiLanss: LERALIE 40y LORIAL TRl AN AR aNduLOGRL aRABLCd

beam shel | € Secon ize 0 en east
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in Fl Gyt 1&5 a bBRICAYMAS efoﬁgQ@@%théwg@ h@!rstc@a%reu%@ aﬁdﬁ)?%@songrf%gémﬂfi

wherein a tfirst portion of "the shear bracket 11 osi ti one hi n
first anaqdmr@\fld@zl,ddannhah\/rwneuml asuppednid pamposta  béant hlel siheladingr addi@genal 16 i s
econd conduit n at lea one enbodi nent, the

ositioned wiithin.the s

Prrot uREwobH e et b aRet SHBTF 10 TG e PR wi ¢ hi n o

comnpr essi on 1hek Naef @&mﬂbocﬁm%nmsa bd eWehhli N th@e idsiht GRS, ad@3s | N
anot her enbodi nent, and as shown in G 14B, the second [i(ortl on of the

shear Ishawrén FiG.6l48s th sasapapite bapn aepytfortherecomprise afsheandeackel | 6aAwheseamp| ar y

Sur ol iorsre SPoPabeA3RRIGE P b bR RbER e PraROAG L2 Rle R i

In at lseesid grgoeobokl siRat bRkk@ 1GNP SkitiondiEdithikhlthefsetdifl @hasEND4. In at
di scl osure, a shear bracket 116 may be used as a shear connection device

62, andeast pae gabediment rth@flaﬁmoglora%thie rheat tagekepll 36 ys Bxesidid cormed within a
constr lé%h{p?éésBﬁaP% fgﬁo ent 3P o%ﬁ oAed hﬁﬁhm‘: ARNEGL Oc% ggy! "‘ﬂ?ra%' ﬂq
I on of e's first

first por car cornection device s posi PiGhed i t Al it
condui temtadimahened as ahseadndrIgor 4iBynhofkedond srgar of ahdehdar dﬁiacfkevll](cl:@ i$ s
positiao within the secaond conduit. In an exenplary enbodi ment of_ a
CONpPOSi %X@g %% tefthg Hest flaagq H&r ansremplaripshear hrackss Jilp anay enrpriss dibss

s hg:ﬂnps'traggdrrg& gagﬁ ga?daﬁ‘l@ﬂu]:r‘lgmtébhee M&F&g% RoRpRTel bedBY1 1f U5sB% u&ﬁgpr' se

positioned wt nthelnterlor vol une o
eI ongatreﬁdrdmeain}mfwhl [80at leher edpy embedifrient of @ot@npediter baain 44 dfsthexpresenal to

L A R SR T A R E N T
| ' m tecFo‘i‘ QxaMBREAN ihf SRARIAY JHBmeR! ¥ SASYAIBLHSm PPN EIAFR a
shear connection device, wherein a first portion of the shear connection device is positioned
within the first conduit, and wherein a second portion of the shear connection device is
positioned within the second conduit,

25 In an exemplary embodiment of a composite beam 11 of the disclosure of the present
application, and as shown in FIGS. 13B and 14A-14C, the composite beam 11 may further
comprise a first core material 44 positioned within the interior volume of the elongated beam
shell 30, whereby the first core material 44 is external to the first conduit 102 and the second
conduit 104. The first core material 44 may comprise any number of suitable materials,

30  including, but not limited to, general low density foam, polyisocyanorate, polyurethane,
polystyrene, starch, wood, synthetic starch, processed starch, and/or various types of fibrous
material.

In at least one embodiment of a composite beam 11 of the present application, and as

shown in FIGS. 14C and 15B, the composite beam 11 further comprises at least one
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pol ystyrene, starch, wood, synthetic starch, processed starch, and/or
various types of fibrous material. In at |east one enbodi nent of a

conposi t ewbearwvilidée6f the present application, and as sheem/useoiBio&sis 14C and
15B, the conposite beam 11 further conprises at Ieast one 15constrai ni ng
menber

or ongatso e offeb 5515, 10E oE RS, 4 TR Bhmhtr) POBL LRI I L, e

const r ailétigagedMsHae shAlL80 exSeridl 0poNthi Mirkd Eﬁduiwmzancrh&% ledss oapebakitanih®
prohi bit substantial deflection of the dianeter of the el ongated beam shel |

30. | n raembsidrp ayshoaippdilGint4C and 1 Ehdi oprinhle &1 Propitaubstarisyl dgfhestion of
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oxt or na® Ea B tihe MihehRaRRmh ShOR 30, Moo Sichpfcf GHRAL AR BEY e 1)
const r ahevanipaseorreconttBining pomben diteth wsttemodlwithin tieelohginghbedn bleahrB@s hel |
30, wherein the | east , on straining nmenber 118 prohihits s nti al
def | ectebEn o f}ﬁet%’iﬁ? SRRcuE! 0§n dgart leasepyLpf Weeé‘féaeron@wengr%lﬁaaw%s shel |
I n TEE&fg 0 Gy ure
100 of @ Ogﬁ ongg){tée( thea)gérﬂnles a%go&gﬁltiﬂég?otat%v lﬁeastﬂe;atp%%?iogﬂh 0 Stlt%ﬁgfl% engt h
of the mémbﬂjatlé?dptrémbtm hdistangal. déffectian ioduthe elitroeliermend/sy theheefimetst ofipbe t ur e
100 of he eI gat %81}2 am shell 30 is in comunication with the second
condui t%NEA | ary enbodi nent of a conposite beam 11 of the

di 3ol osure QB eInh&(e {ﬁﬁ?%&gﬁhé&%ﬂ DPompdste Eb%al%hpl"‘ﬁhé frdtlafSturd ABoaTdhd 5A,

t he conposite beam urther conprises at |east one intermedi ate verti cal
sti f f ereéonga®dpweint shoHed wnitertals rat {dast 4 porsion ot thmlang’él dffthe knghtod pasreghélbam

shel | he at Ieat one, inte a rt| tif r 36 |but|ng
to the%gtréhﬁmo‘ﬁfeql 1@8%0@1 émg ?h%tﬁl a0t I r%eg]g?&ré and
as showdmniurdit£30n widBhaRebohddoddi 1@, exenpl ary conposi te beam 11 of the

present disclosure may further conprise at |east tension reinforcenent 32

posi ti oned vlntam%emn@ry ambedigreny of @uﬁ@nmsmew@ael ldnefdhe displeawre i élhd pragent t he

at kea ndi n a ortion of th
Ienét hsai?‘PH%? a%% Bﬁhbegﬁnﬁgﬁﬁ “%01 ANnd contr SE%EP?%%%E (ggmﬁecglppréseﬁtah of
t he congpsiohe 1hembd4&te eeoql afffene® 3POosdsittnee anBhih 1thefintdfier plo@se of the
di scl osure may have a nunber of other features and/or characteristics. For

exanpl &longaigdihermshelAluihe al bastang inisrmesiats vgeisel diffepepat apwribetingsiothe
R e T
| east @né mmoac;rmn‘ex@ﬁplarycoﬁmpsmte%&eﬁm llbfothetlhesem eﬁ@llttsufh miyoﬁmmer t he
20 comprise at least tension reinforcement 32 positioned within the interior volume of the
elongated beam shell 30, the at least one tension reinforcement 32 extending at least a portion
of the length of the elongated beam shell 30 and contributing to the strength of the composite
beam 11.
Exemplary composite beams 11 of the present disclosure may have a number of other
25  features and/or characteristics. For example, the first conduit 102 may follow a generally
parabolic path. Furthermore, the elongated beam shell 30 may resistant to corrosion by
chloride ions, and may, in at least one embodiment, comprise plastic,
In at least one embodiment of a composite beam 11 of the present disclosure, the
composite beam 11 comprises an elongated beam shell 30 having a length, a diameter, and an
30  interior volume, a first conduit 102 within the interior volume of the elongated beam shell 30,
the first conduit 102 having a curved profile extending along a longitudinal direction of the
composite beam 11, a second conduit 104 within the interior volume of the elongated beam
shell 30, the second conduit 104 extending along at least a portion of the length of the

clongated beam shell 30, wherein the first conduit 102 and the second conduit 104 are in
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conposite beam 11 conpri ses an el ongated beam shell 30 having a length, a
di aneter, and an interior volune, a first conduit 102 within the interior
vol ume ofwoOheleel4essgat ed beam shell 30, the first condui PCTOB20100881g5 a
curved profile extending al ong a longitudinal direction of the conposite

beam 11 d h |y he, el d
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of the conposite bea 11. In at | east one enbodi nent of a conposite beam 11
of the R SRSt F@e{‘ﬁl he present application that conprises at |east one

congt rai ni ng, el oﬂelgmﬁédﬁféﬁﬂ"@f b 'EOI%EE 11611%%m if'%f e clh@@}§§ur9'3? t 2{5&@&5@' hi ng

menber 118 conprises a first lateral nber 0 having a first 122 and
a seco radphcmiom 2t campiisestat deadt mlmmmstrﬂﬁlﬁgcmmibeed 18 @s slhwevif inrlHIG. 1 aBethalat

nb the f t f the fi | | 120, .and
Cocond Gt o TR bstiice d f SSPRESH: ¢ B Tagp} Slehehaay navpedt isha€econd
end 12420fyng raese&srfdse;ndl meaqirstreaabﬁémﬂe%q 261c8uFBRtd 8l MEDRRLBNMmbdr N80 af

| east one constraining nmenber 118 furt her conpri ses a second | ateral nenber

130 podhe fishert 122 @:&ﬁhv dirgt datetabmienbst 120aand alseqpadised nkpther WA ﬁ@mhect uoéhfs econd

andt hor e rRoe RS FhanlR er B oI T GRErdaloah abiBers”

first leaibotahenteiioet: 1340 oak o@ﬁst@mﬂg |3 rifbet oNst fu@ﬂh@i BEmpRIERar sébl;ﬁd rlrayrabe
approxi mat el y 24" in length, and a first end member 12

appr oxinelkeryl 39 pasitigned sefagve Mo, ﬁrrshlaémalenaémbq:ralr%ﬁ) ertiserin ﬁ’éﬁﬁeC@fld éateral
d
ot or aimg IFBESEougid 3 M o (hd Bhet BChAIPIRCG B SR SE I

menber sd@mdnay blema»pprmsu niat &l astdonel sinb@iigicht, aafitht tidteral nibbegNdonEMHer 126

nag be approximately 9" high and 6" deep. In at |east one_ enbodi nent of a
Qt r GEEIPBIATYS gRisEBingRe frEingr ddB Juwr e @proﬁén%fﬁ’]é(s%t inglspethe a0d @ntirst prd

Syst emGomRE 156y CORRRSHLRIFaMich fld FNRel SELATUESREy ERBoRRRREN 2

constraining member 118 having a first lateral member 120 and a second lateral member 130,
the first lateral member 118 and the second lateral member 130 may be approximately 24" in
length, and the first end member 126 may be approximately 9" high and 6" deep.

25 In at least one embodiment of a construction system of the disclosure of the present
application, the system comprises a composite beam 11 of the disclosure of the present
application comprising an elongated beam shell 30, a first conduit 102, and a second conduit
104, each as described or referenced herein, and further comprises a first flange 106
comprising a first side 134 and a second side 136, the first side 134 positioned relative to the

30  elongated beam shell 30 of the composite beam 11.

In an exemplary embodiment of a composite beam 11 of the present disclosure, and as
shown in FIG. 16, the composite beam 11 comprises an elongated beam shell 30, a first core
material 138 positioned within thé elongated beam shell 30, wherein the first core material

138 is tapered at one end, and a second core material 140 positioned within the elongated
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application conprising an el ongated beam shell 30, a first conduit 102, and
a second conduit 104, each as described or referenced herein, and further

conpri seswa 2biwweshl ange 106 conprising a first side l32cans$2@osssiohd si de
136, the first side 134 positioned relative to the el ongated beam shell 30

of the GOMPGRIIY x@%lﬁ% 1 the firsPBork eﬁr1>38eg7ﬁ%%ix{1@@tf%r fce GRIERRS ilB%af?d?am 11

of the present osure, and as shown in e conposite beam 11
conpri gkssaoné Icoregtaamda]bbﬁt(hdts hel ¢ngdfe ome hmathér. daram axetplarplembd8inposithé oned

within the el onga mshe in the fir e material 138 is
ot oo Batad | dha e aad her oAby 4rid Sor trasrcial £ SorBRish BRBHE pe

el ongatigdedAbe@ami et bn@@rrfb%lif?ﬁénl’ &ht Firdth®rd bla®driaf 58 aH@%@édn@' cotSEhatdMaer ei n
the first core material 138 and the second core material 140 do not engage

one5 agdﬂﬂe:leﬁne . st leoaemwl H}%/ngtrbng releast p@tlbn rof tleregth ef theet eongated B&m t hle
140
Tr et rBELE0 B FiriBhar i Sepng Sorplt o iR 38 (ot Dothertutt o

mat er i &rstldhddrf102€al §dcbBd coRMdbi1D4 hA2 i ¥bARRINREALHE WideShe BndiBé! | BNadf
| ength of the el ongated beam shell 30 and further define a second conduit

104 extaédmongl erm ltnh@t, ther @ftmmﬁdubmm Mhi@rtbemcanmsises pdhird epngunaten@2l4@nd
d i h th d |
sevond R0eide 1040 CEN aGRITYIL L b8 R 2308 dRaB o ld o

1420 V\/@@h@mt’ll@éhe second core material 140 and third core naterial 142
further define the second conduit 104. Wil e various enbodi mnents of hybrid
conposi te baXhie uipusearhodimendnal hulvid gwenpsie beampandl besme sysisnesehays bectiiet ai |

her el Ngcliide81h edhaRilste AefilTREGhNne khRGAMAYs W GLLNARLLILE LG PRAP! es

of the diclosure described herein.

var i oudintitiag @gampled ofatle fduscaisumnﬁesaﬁbfedbbermdelt \amdt}ewﬂmwaieemc&mmd thet
substituted for elenents té‘hereof thout d6(£art| ng fromthe scope of the
di scl odareus phnges aagh naodibeaions has} %fmaélénﬁ icflalVAERlFEMay bPegPEFtEH‘@écfoher ein

TR s R BerdRT §iER LEEROR ﬁgﬁ{ét o} AL WELRAREOTOF SARH &y

referenced within the pres sure di scl osur
i nt endedntber bﬁccemimds beams 0t rdferchéadi Herdihenaydope oné ot iercdiesintaasompondts t her

in descrlbl resentatlv odi di sclo ure resented
L ot noh Ao RS i T 1 SR Ab it O Do SREaTe o et I T he
ext ent d‘is!&ﬁisufeh@nd?h&%@e@fo W@&Qés?w@%@%o nak tﬁ@éd()ﬁé’@f ih'é%hs}%?dshfew' ar or der of

steps set forth herein, the method or process should not be limted to the
particul ar @q@em@edcﬂcrlbmgspldwmtwbembomlms $1eqqdne¢iomre afayshzae@preﬂﬁyed)e

Poa e T AR B T R oL LB L B0 Al
addi t i @fbthél SCro&dss Bodh 1R ed1¢én ke Farticular order of steps set forth herein, the method or
process should not be limited to the particular sequence of steps described. Other sequences
of steps may be possible. Therefore, the particular order of the steps disclosed herein should
not be construed as limitations of the present disclosure. In addition, disclosure directed to a
25  method and/or process should not be limited to the performance of their steps in the order
written. Such sequences may be varied and still remain within the scope of the present

disclosure.
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met hod and/ or process should not be limted to the performance of their
steps in the order witten. Such sequences nmay be varied and still remain
wi t hin t wosoemp4@b t he present disclosure. 18CLAIMS: WeCTIUS2Om0/03811A
construction beam the beam conprising: an elongated shell having a |length
and an(hg§ igor vol unme, the elongated shell defining a first aperture; a
first conduit within the interior volune of the elongated shell, the first
condui tWhalsimg a curved profile extending along a |ongitudinal direction of
the beam a secogggcondu%t within the interior volune of the el ongated

shel |, the second®EORYUCHORR5ah FRHRFG SIHRPIS S east a portion of the | ength

of the elongated aﬁ@éﬂgaté@k%&ﬂih@vﬁqg% 1bhgth tang QR AntetioPRSluiB Ethe @EH3dic8 QRSlLI t
are in communi cation wth one another; and a first flange positioned upon

t heSel defaimgd fgkedpertnest ati ve to the first aperture. 2. The construction

beam of claim1, erein.the first conduit and s nd, conduli re sized and
shaped to recei veam@rséoi%fhé%svylgﬁn rté? ﬁ?t8f18]él¥8ﬁ]_tn.le §.F%%18108§%§#.rsﬁ}8ﬁ’i @ﬁ %rg m of
cl ai m Tondwit hdiedg & OuREd piofide ext6RITRS B196E QModg@iubinal GiedBEBh oPBRiteh@ned within
at least part of the first conduit and at Ieastwgtart of the second conduit,

t he conpression raejcadrst eandiaittwidonthe intarion yoluma ofethe eloaagied shill, thresagerdn 4.

The co i . f I . i [ .0 i nf.or.cenent
Compr i SSAMHELLORIRE AR 9 R} TatviiLGT MhehE FAPLRBENER shal MRER TR, |
ceent fearonéiicandbeistand cordmEnire g cathmupizhiereivith ene ahotbanatidt e, and

pol ymer concr et e.aﬁlﬁ The construction beamof claim1, wherein the first

flange conprises %@@P@&H@mq URaR tb%ﬁli%&@té%ﬁh%lﬁ.ewit’%tqmé figd @peréreondui t .
6. Ihe consruct iR DEAM:or bl dn chith | NEAGBHPIHSHAY AndRE e {doafioe

positioned relative to irst flange and the el ongate he second
f | ange cendisthranited hagp dthpbd teerrgeige a adbmbeasivn aeipfordenent.of t he el ongat ed

shell. 7. The construction beamof clajm®6, f rgher conprising a third
fl ange posi tt oned HFeCARIPEteR Ba3m qf; spim gmgfgrt fd CORETENENHat¥BPEHE | t he

this Iol fdiRRYE niint $8siABCE SPRRRE Gt Ieast%afcgﬁh@f}rsk g@@ﬁa&ne%f reiagﬂbaﬂfofttﬁ@seg&mﬂgat ed

shel 8. The construction beamof claim1l, tfurther conprising a shear

br ack etcondutiie thei qenzpréssicgt rejpdorceroentebntribetisy eathe Istrergdte vf the bpasi t i oned wit hin

the first CQlDdUi L['heacno%stvrvll?ﬁfo%i Death Cc?arllr% 3, wherein the compression reinforcement
comprises material selected from the group consisting of concrete, portland cement concrete,
portland cement grout, polymer cement concrete, and polymer concrete.

20 5. The construction beam of claim 1, wherein the first flange comprises a flange
conduit in communication with the second conduit.

6. The construction beam of claim 1, further comprising a second flange
positioned relative to the first flange and the elongated shell, the second flange sized and
shaped to engage at least a portion of the elongated shell.

25 7. The construction beam of claim 6, further comprising a third flange positioned
relative to the first flange and the elongated shell, the third flange sized and shaped to engage
at least a portion of the elongated shell.

8. The construction beam of claim 1, further comprising a shear bracket, wherein
a first portion of the shear bracket is positioned within the first conduit, and wherein a second

30  portion of the shear bracket is positioned within the second conduit.

9. The construction beam of claim 8, wherein the first portion of the shear
bracket is fixedly coupled within a compression reinforcement positioned within the first

conduit.
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portion of the shear bracket is positioned within the second conduit. 9 .
The construction beamof claim8, wherein the first portion of the shear
bracket iwof20xedhes6coupl ed wit hin a conpression rei nfor ®ewarseopo3s1s oned
within the first conduit. 1910. The construction beam of claim8, wherein
t he second ti 0 e r ' ' I ; I ISt
flange. 11. The ggi}]es%?rts%tﬁ ftgcﬂl g%ag%og?c ﬁ?#‘a?’;wgéré@hdégglgg&{ahg&ghlgé}rm erg}}:elr%gt
conpr i sesckiet BeixedBi svfupledad tipl fast flangel2. The constructi on beam of claim1,
further conprising a shear,K connectjon, device, wherein a first partign of
the shear cornectH¥ncaslption, %eagbﬁ tlpiom dW&Plfemmﬂiet gl tpeet Cematiies. 8
wher ei ReR§eGPRdsROr ti on of the shear connection device is positioned
within the secon(} conduit. 13. The construction beamof claim1, further
conpri sing a2ir sthe comstmeti@r badm pafs claino nle duvthethbomphsng rat ghelaocomuictione of

t he el opgated,shell,. the first core material ternal to the first conduit
and ¢ naREREoNESEBnairt borkon $haCuirel Fusier Bt Bedn O et i R it BFN "\ ne
first conguilahe ][Mékeiﬁ arglp&drﬂ%n@omtﬁé isRdar I%@ﬁr%ﬁ@ﬂidéxrimsltﬁa@tigﬁ&wnﬁmm sting

of low density foam polyisocyanorate, polyurethane, polystyrene, starch,
wood, syenmdetongduist ar ch, processed starch, and fibrous material. 15. The
construction,beam.of claim1, further .co i sing at .l.east .one constraining
menber . the 1 ontt oG et o HeRERD s SpBpgER Hurt oot et

el aogatpeditiohed lvithint BE idbridovdliige bF thetel sipathdishell WAE Figt BoteNBatatiall ckBgiial @
constraj ning menber prohibits substantial deflection of the dianmeter of the

el ongatterfigheenduitped thheecepheandyilt i on beam of claim 1, further conprising
at | east Onel4conSfﬂeado'ﬁkt?&ti%?rﬁ%&&&f%{ﬁﬁ??wﬁgrelqeﬁgtﬁr%%gg;esrﬁéﬁe%iglgco rfsgﬁaa? : Oonev

constrai ni ng nmenber 1S positione € el onga Xt erna

the fi msdtedadneeledtedniodt theeasdumpanhsioing e &iw | &asity ofoemg oy isedyahmgterenber
IS positi oneg external to the el ongat ed shell, wherein the at |east one
const r ZORUEH LSRN YSEYIERS: biteishs wosta sy nthsti strde threseserd staecheiandetidiounf t he

el qggatrﬁzegel?ﬂel |. 17. The construction beamof claim1, wherein the first
aperture of the elongated shell extends at |east a portion of the |ength of
t he el ongat dd. shelle, cob8tructioa beanstfrelaimi 1g fudtedcombrisingiatricist onh epeitrirtife
first aperture of the elongated shel] is jp c nication with the second
condui fhember, the at least one constraining member p0s1t10n68 within the elongated shel externaf:
to the first conduit, wherein the at least one constraining member prohibits substantial
deflection of the diameter of the elongated shell.

20 16.  The construction beam of claim 1, further comprising at least one constraining
member, wherein at least part of the at least one constraining member is positioned within the
elongated shell external to the first conduit and at least part of the at least one constraining
member is positioned external to the elongated shell, wherein the at least one constraining
member prohibits substantial deflection of the diameter of the elongated shell.

25 17.  The construction beam of claim 1, wherein the first aperture of the elongated
shell extends at least a portion of the length of the elongated shell.

18.  The construction beam of claim 1, wherein the first aperture of the elongated
shell is in communication with the second conduit.
19.  The construction beam of claim 1, further comprising at least one intermediate

30  vertical stiffener positioned within the interior volume of the elongated shell, the at least one

intermediate vertical stiffener contributing to the strength of the beam.,
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19. The construction beamof claim1, further conprising at |east one
internmedi ate vertical stiffener positioned within the interior volune of
t he el ongaiDedigihedeb, the at | east one internedi ate vertiPcalussaiofobsamer
contributing to the strength of the beam 2020. The constructi on beam of

claim1, furjger ?IS’éTEBﬂrsEﬂ#e@Qm?ﬁoe rif‘ta@ft clORE 1t g&%lkéi’rbo‘irﬁirﬁ Y &teféﬁﬁt oRORhiibpned

within the interior vo 0 e el ongaté e at | east one tension
rei nf orrerieementt @rsdiongd avithie slst 1rmerpm rvollwme of theheohgmet shedlf thehat ledsd ngat ed

shel | nd contr butln to e th of t bea e co

Do of BeyiSH ReiioRoRmeng et Rt 4 EE! domaan OF Hrer ERRhLT e Glaher g ShAEed T
pat h. %ntrmng%%rs%ﬁ%ﬁ%fmﬁ{ claim1l, wherein the el ongat ed shell is
resi stant to corrosion chloride ions. 23. The constructi on beam of claim

1, wherein tHe eIBlnfga:peﬁr@hembe@mmfl deign pll, aghérein 2, fisstcoomsiuitubilions beam
t he constlrrUﬁtl onbb amtﬁorrprl sing: an elongated shell having a length, a
di amet e1°"4nd PARPPRY B¥'Por vol ume; a first conduit within the interior

vol ume of the, el ongat@firaf®n beahh8f tlalnstl, ¢OREM thehavhdiedstelry eshisiRfd | e
extending along a |ongitudinal direction of the beam an second conduit

wi t hi n coResioptarchinridgarnsme of the el ongated shel |, the second conduit
extendi ng alpnhg a’f‘hel ttru@tl(pnoﬁ)%i&lenofoglaltnpell Oeglétp < el a?edor}%ﬁt & q{) 13%!9 !

wherein the T1rst con u tand second ¢on are ni cation with
ond0angilieic, and at | east one constraining nenber, the at Ieast one
constrai ni ng, menber external to the first conduit within the el ongated
shel |, wher el t ha capstiugten %W@tb%ﬁ§§ﬂ8ﬂﬁﬁﬁﬁmﬁeﬁﬁ§ﬂmﬁﬁbh|blts subst anti al

deflection of t heanfdélé‘ﬂ%ﬁe%rshgfl hEr!/Fi‘ﬁ ec'tll tefamfel land 40 intd G \%‘ﬁﬂﬁ% ruction

beam of cl aim 24 er conpri s conpressi’on rei nforcenent’” positioned
within at |east pafirstofontihe Wltlmsttheantmm vahdneat)fltbaetomgafetl skllf e fiscond

beam Z80ORLNBRSCRIES PEITIBESATORE Eo4E A al ARFFUPRS! dic 18Bst one
anda cecond end: s Fy RE SR il HethichBl e SEIR o MBI O Fbnd oy
the fi rogndlahdxt@ﬁdlngetldngr aftledshtaepaatiomefiter Lengthcbfaths ehmngdteérstielﬁ“gew]hmemdhmpl ed
to the tj rlstrcsotndm? hid t%e secoma conéal i it Erré‘?n %gr%%rﬁ(rjnc%{] 10n W1th one another; and
at least one constraining member, the at least one constraining member
external to the first conduit within the elongated shell, wherein the at least one constraining
20  member prohibits substantial deflection of the diameter of the elongated shell.

25.  The construction beam of claim 24, further comprising a compression
reinforcement positioned within at least part of the first conduit and at least part of the second
conduit, the compression reinforcement contributing to the strength of the beam.

26,  The construction beam of claim 24, wherein the at least one constraining

25  member comprises:
a first lateral member having a first end and a second end;
a first end member coupled to the first lateral member at the first end of the
first lateral member; and
a second end member coupled to the first lateral member at the second end of

30  the first lateral member.
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the first lateral nmenber. 2 127. The construction beam of claim 26, wherein
the at | east one constraining nenber further conprises a second | ateral

menber posOthovigdsésel ati ve to the first |ateral nenber, pemareimw/osdies second
| ateral menber is coupled at one end to the first end nmenber and at anot her

end to the spcondpgnd, BNDEL bélin o2 GPAF! LGP IO SRMA ofik BoMifthi
mﬂ po Lfn? V\gl W lg[?hl sﬂ%l |,

further conprising a core ert al sitiohe n the elongate
t he cormembdrefurthbr defprisaaga atconddstergdanembdr pdyétidned stlatondwithe fisstdatetabr ei n

the at | east one c¢onstrainj menber is posjtioned relative to the core
mat er i dNCBBTa LRSI cprd s GRS SBOPISE R ORe 6P ihdns H NG SRRt . 29,

The co ? i f 1 rther conprising a shear bracket,
onsH a? GRS HBRTUR se?&ﬂ@ dRdaftembdt

wherein a first portion of the shear bracket is positioned within the first
condui t, and®8herBien cansectod pont iofrclaf t2ee fettkar chmpikieg 4 soposiatdrmhed

wthin the second.condujt. 30..The construction heam of. K claim 2 erein
the 1 ebTioBEd PORIE AR lonkpied:shitholbEGior S npaLg e oo the T

CoNnpr esh @, MRdNIVER RO Lt RASY 6&%%%%&%%@% i E)Bﬁ%ioﬁém‘é}%ti}ve t3the dRE

construction beam of claim?24, wherein the first conduit foll ows a

gener althatepialsalsa propittitsubgantiafdeflediontof dt finshcdndain of cl ai m 24, wherein

the first apgrturg of the el ongated.shell .ext.ends at | east a.,portion of the

ength of CHE- el olyaeRtrRERT P Ohaarer At REURT rSronsBi ar wBeh bpbed

el qogatvasbré&iRel firsi Sortibn 6O THELAE & rhdkiat W ditioRed $eBANMe ERAddhiuit, 33d wherein

construction systen} t he siften1conpr|5|ng; a beam the beam conprising: an
Q

el ongatdsgeaisendriipmof the shedr dragkpt ia pasitipnddividin she sesprheonduiie el ongat ed shel |
fer s for st e o bt he it o | f
the ol ongat - shelfeblfeudh bLig oty o6, WHbIM R TP br Y8 WG 0

al ong arhdiegis Adedialcodpled@otitisin Dtotpesiedminfors@e@nhosioded tvithird fenfitshe
interior volune of the elongated shell, the second conduit extending al ong
at | ea$Pi@portion of the length of the el ongated shell, wherein the first

coRdui t and 4he 0 | t e 4 N6 nj i it n ;,and a
TSt 11 angd omparsiaoftil kool DAL WABL il PR RIRELL s
posi t i geectallgbatboléc pasht he el ongated shell of the beam 34. The

constructi O%fyStﬁQ c%fnst%llc?{orq] b%gﬁl O\Q[nc?arir%i {Lll, RN?)%rJilil ’Ehsetﬁrfstl gpré?tﬁredc?fr tLQ gl%ngéte(i east
shell extends at least a portion of the length of the elongated shell, and wherein the first
aperture of the elongated shell is in communication with the second conduit.
20 33. A construction system, the system comprising:
a beam, the beam comprising:

an elongated shell having a length and an interior volume, the
elongated shell defining a first aperture;

a first conduit within the interior volume of the elongated shell, the

25  first conduit having a curved profile extending along a longitudinal direction of the beam;

a second conduit within the interior volume of the elongated shell, the
second conduit extending along at least a portion of the length of the elongated shell, wherein
the first conduit and the second conduit are in communication with one another; and

a first flange comprising a first side and a second side, the first side positioned
30  relative to the elongated shell of the beam.
34.  The construction system of claim 33, wherein the first flange defines at least

one aperture in communication with the second conduit.
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one aperture in comunication with the second conduit. 2235. The
construction system of claim 33, further conprising a second fl ange

posi ti oneworeloaiese to the first flange and the el ongat @edTaisedlo/jo3gihe second
fl ange sized and shaped to engage at |east a portion of the el ongated

shel . 36. Hwe congt e&&rs&ﬂue@oﬂfét@rm&fcﬁhﬁiﬁ, %ﬂhéruéérﬁﬁ‘isiﬁé’@pﬁc@hd‘maﬁ%é hird
flange positioned relative to the first flange and the elongated shell, the

t hird frositigeed irddetdveatedthshgetangs ambthgeclengatasiaghtella theosecpih flonge bisedkhethgat ed

shel | . 37. A construction bea he, beam.c rising: an el ongated shell
havi ng Sﬁarl’eélﬁﬁteﬂg%g?cf"{zﬁ?s‘i W%ﬁ?@f@Slem?teg_SEWst core material positioned
within the elgongaried cehxluctionhkiginn of NBaifd B3S! foERe BBhENdidd d shitRpRhgs at
one end; and a second core material positioned within the el ongated shell
rel at i wesitionedeelgtiviede thediret Hanzemndithe ehprgatadrshelhethe thik flange sizadped shapedind

t he se r terl n ne another; wherein the first core
mat er i gggg%% gg%:eggt&lgcogﬁ!én grgtthgrl}oéjggtgggﬁer%g a first conduit extending at |east

a portion of37 engk bosiruttien Bdapngid Bshnsbhprising further define a second
conduit extending fromthe first conduit; wherein the first conduit and
second conduit ard® slopgstsdalial baying A lngihanshan JissoREPIUMSE  The constructi on

beam of claim 37, t Dl 1.8l i enl.al | he
seoond core materl Aot PR pasRthd el G AR, il Btk
conflui tcore3Bateflihleis tcapesddrat ohe omd;lmedm of cl aim 37, further conprising a first

fl ange positioned upon,the el ongated shell. 40. The constrycti on beam of
clai m 37, furtherd CEAHtFUP H&teélagaﬂ%%‘?gi‘@#“? qﬁl@%@mﬁﬁﬁégﬁ“ﬁ%ﬁﬁdgﬂtm n
at | eaghrd@hferiaf, whidfeih HeSfirsCQRE Yidierfldndthd RBSId RRE mabdrial DS ngﬁflﬁgeag%SQ@du' t,

t he conpression reinforcenment contributing to the strength o eam 41.
The consothagti on beam of claim 37, further conprising a shear bracket,

wherein a first paorti.on of. the shear. bracket js positioned within the first
condui t, and mher‘(’gﬁ‘%elﬁqg%tgﬁsﬁﬁoﬁdpﬁﬁegﬂ s[eﬁ%nctwgrmag?réa@ %Eﬂn‘?g lﬁﬁscio_flﬁhﬁhed

W 18I N ckRBIBBCANEak oNGbition d2lenHhCONBler d16A1A0 BRAMInG AGREITROMPEdcSANT: an
el ongated shell having a |ength and an interior volune, the elongated shell

def i ni wgndvif ¢yiendingpbpmthe fiestcendiiing at | east a portion of the length of the

el ongated shel | ; wherein the first conduit and second conduit are in communication with one

another.
38. The construction beam of claim 37, further comprising a third core material,
20 wherein the second core material and third core material further define the second conduit.
39. The construction beam of claim 37, further comprising a first flange
positioned upon the elongated shell.
40.  The construction beam of claim 37, further comprising a compression
reinforcement positioned within at least part of the first conduit and at least part of the second
25  conduit, the compression reinforcement contributing to the strength of the beam.
41.  The construction beam of claim 37, further comprising a shear bracket,
wherein a first portion of the shear bracket is positioned within the first conduit, and wherein
a second portion of the shear bracket is positioned within the second conduit.
42. A construction beam, the beam comprising:
30 an elongated shell having a length and an interior volume, the elongated shell
defining a first aperture extending at least a portion of the length of the elongated shell;
a first conduit within the interior volume of the elongated shell, the first
conduit having a curved profile following a generally parabolic path, the curved profile

extending along a longitudinal direction of the beam;
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a first conduit within the interior volunme of the elongated shell, the
first conduit having a curved profile follow ng a generally parabolic path,
t he curveaopnoiidk@eext endi ng al ong a | ongi tudi nal dir ecPcomsedlonbsibeam

23a second conduit within the interior volume of the elongated shell, the
second condui t ex} endh NGohu@ngitdh thERwdriR BRI ONtheeldn3&tet 8RAL AhOfechht®
el ongat ed shell, wherein the first conduit and the second conduit are in

conmunicoadiiv axtending elengaatdedst m, particn whédreelengthhd the ekmgatoddbelt, windeis dbond
conduit. are sized,and shaped to receive a.c ression reinforcenent;. a
compr edurorrAu Ard e Gogh ebn R e HREE WDLLE Biaeluid whh g
condui tfirgncoaduit eaRt Reddd Rondlie S6CeREd cCafyduhbpedt e F&@iﬂée_ﬁsb@rﬁ?ression
rei nforcenent contributing to the strength of the beam a first flange

posbpt i apiaébragraentt he el ongated shell relative to the first aperture; a
second flange positioned.relative to the. first. fl e. an e £l ongat.ed
shel 1 the Second tnee asRkiat i tisntd Mnihgdos: PREaL I Ay SPRRLR o
the el engat aehss et !of the tsbidnd donatiglethpadiiprapRd reRifeicenentt @ntdeiting tstthd | ange
and the elongated shell, the third flange sized and shaped to engage at

| east a&tpegthiobihedicathe el ongat ed shell; a shear bracket, wherein a first
portion of the s o [k L b ' It... and
wherein a secondrhg@ﬁ ﬁ%r%%ﬁj?) E%twgecgﬁéde{lrﬁlg ?g)gﬁé{evf’& F}&serﬂprtgis;’ﬁy % EO;@% flf/fmﬁ{& ﬂ%&rfe he
seddnd conduit; anskcand flasge pexittoneatrentiad topibs ifirstoffedde whil bhaelbhgatedgtetl] or
vol ume of the elongated shell, the firs% core material external to the

first dmersPrd Hagee weedand shapeddngngage ableast a portion of the elongated shell;
a third flange positioned relative to the first flange and the elongated shell, the

third flange sized and shaped to engage at least a portion of the elongated shell;
a shear bracket, wherein a first portion of the shear bracket is positioned
15 within the first conduit, and wherein a second portion of the shear bracket is positioned
within the second conduit; and
a first core material positioned within the interior volume of the elongated

shell, the first core material external to the first conduit and the second conduit.
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