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PLURALMCOMPUONENT, COMPOSITE - MATERIAL HIGHWAY DOWEL BAR
STRUCTURE AND FABRICATION METHODOLOOY
ross Reference to Related Application

This application  claims  fling-dale prority o U8 Provisional Patent
Application Serdal No. 81/885,042, fled February 4, 2013, for “Highway-Slab Dowed
Interconnect Structire”, the entire disclosure content i which is hereby incorporated
harein by referanne.

Background and Summary of the inverntion

This vention periains to pluralcomponent, composite-material Righway
{espacially  conorste-highway) dowsl bar struclre and  associsied  {abrication
methodoiegy, and in particular, refales to such shucture and methodology which
succassfully adidresses, and resclves, key, serous, and inlertwined, functional-
radtability, compaonentry cost and highway lifecysle economic prablem ssuss that
Fave for years been assopiated with highway dowelbar technology, and relationally,
with cerdain aspects of highway functionality longevity

Dowel bars are ubiguilous in concrete highway construction.  They take the
form of slongate, oylindrdesl, high-shear-strength, smooth-axierior rods, fypically
formed of conventional, structural steel (non-stainless), which are employed
muiliple numbees, typically at oo latersbspadng intervals, as shear-bridging, slab-
to-siab load-transfer stuclure al sach ssparation interface {doint) which ousis
batweean adigosnt, traveldirection-orientad, highway slabs that are usually formed of
pouraed concrete, and preferably, in many instances, of what is known in the art as
Nigh-petformance concrete. Thewr most important fungtions are o fumish
sppropriate load-transfer shaar strength between adjacent slabs while al the zams
tme {a) accomimodating slab expansien and contraction {(with slight, bt recurrant,

siab-joint openings and clogings) due to ambient thermal changes, and addilionally
hy minimizing the phenomenon known as slab faulting al the joints belween
adiacent slabs. They are conceived as simple structures, sometimes differantly
formad, in relation o efforls {o achievs improvemenis over the use alone of
conventional structural steel, of malerials and combinations of materials such as
epoxy-coated structural stes!, zing-coated struchursl steel solely siainless steel,

- d

stainless-sleeiacketed conventional structural stesl, and purely single-unit plastic
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Qm‘r‘z_;:m‘siie materdals ~ all intended to perform the above-mentioned, imporant
Tighway-performance-support” functions fawlessly for long periods of ime.
Howaver, for a number of costly and disappointing reasons cudlined below,

they do not do this. Infent and reality histerically have not matehed successtully, and

(%23

the resulling hunt for necessary, important, and  fundamental  dowsdbar
mprovemant, has for years been, and is stiif, ongoing.
We believe that the pressnt invention changes this situation, and that the
“hunt” just mentionad may now be substantially over.
Further regarding aspects of the background, dowelbar sefting which has
10 tiggersd the conception and reduction o practice of the pressnt invention, dowel
bars are employed iy the multi-millions In concrate highway construstion, both in the
United States and In nuwrerous other countries. In such highwsy construction, the
usua, adipcent highway-pavement slabs that le along & normally construcied
ghway lane may typically have a length of about 154est, and a width of about 12-
1% fsel DBetwsen sach, successive, adiacent lane siab, dowsd bars, at about 1-foot
tateral intervals, are included as interconnecting structures.

Becauss of what are currently very pradictable, curreni-dowel-bar-materialy’
wear and corrosion characteristics, and dus (o the facts (1) that dowed bars, and the
senfronting, conorate faces of their associasted highway ic.a%y\ ara hoth exposable &t

28 sl inter-glab, conorste highway ints, and (3} that dowe! bars, during thelr oparative
fives, are subjectsd to substantial gyclic shear loads In the multbmilions even ovey
refatively short pariods of time ~ a condition which is very relsvant to the durabiliies
and configurations of the intended, protective coatings that are fumished for various

types of coated stes! bars (mentioned below), they are not, and cammot comfortably

e considersd o be, permanent, or even salisfactonly and relatively long-lasting

™A
8
b

componarts of concrate highway strushure in many apphcations. A resull is the nesd
for too-frequent dowslbar {and assocdiated concrate-slad) replacement - an
sxtraardinanty costly nged.
Despife many improvement-focusad efforts launched i the past {o minimize
30 the necessity for, and the attendant frequencies of, highway dowel-bar replacement
these efferls have nol been entirely sucocsssful. For example, and {:wside;‘mg
commonty understond corrosion and wear issues that are associated with known

dowebbar constructions, typloal, widely-used, conventional steel dowel bars ave
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chviously subnected o environmertabcondifions rusting and corrosion, and do not
possess characteristics which inherantly help to resist these ssues. Among past
“improvement” attempts, purely stainfess stes! dowed bars, while less vinerabls,
though not immune, 0 cormsion, nevertheless are eventually corradible, and, very
sighificantly, are extremely expensive as ltsms, per s, and offen prohibitively so.

Othar improvement appreaches faken in the past, such as coating traditional
structural stes! dowel bars with, for example, thin lavers of epoxy or zine, is
expensive, and, for 8 variely of reasons, has not worked particularly well. Apart from
the sxpanse issue, and considering specifically structural matiers, epoxy coatings
are typically appiéed by spraving {or by some other sultable, surface-applination
technique) o long “overdlengths” of conventionsl, structuralstesl, dowelbbar cors
material, with the resulting, long. core-coated produdt then srassout selectively to
achieve finished dowsl bars of the desired lengths. The crossewt, end areas are
ustially then simply loft uncoated, with the resull that exposad stesl exists at those
cuf ends which are thus fully expossd o all nearby, corrosive environmantal
conditions.

Where epoxy coating I applisd completsly over already predength-cut stes
dowal-bar cares, Le, where no post-opaling oross-culting is involvad, or under thase
cireumnstances where oross-cut ends ars in fact subsequently coated with epoxy, the
resutting all-over epoxy coating effectively “Hows™axtends 33 3 matedal-sontinum
over the sharp-adged surface discontinuities that exist, al sach end of a dowel bar,
between the cylindrical surfacs of the core stes! bar matenal and the end swiaces of
this materisl - a condition which thus exposss the coating maleriad, at thess shamp
dscontinuity regions, fo very high-stress mechanical conditions, with respect
which oyolic loading of dowsl bars, in thelr inslalled use condilions in conorete
highway slabs, easily triggers regional stress frantures i 8 coaling ~ fractures which
then expoze the core sigel malerial al those vulnerabie locations {o corrosion-aliack

snironmental conditions.

Another main concern involving epoxy-coated steel bars is that typios! rough
nandling and instalistion of these bars damages (e, cracks, ohips, st¢) and

witiceably compromises the protective effectiveness of the emploved epoxy materal
Zing coating of conventional structural stes! bar maternal produces dowsel bars

that also present a problematic issue.  Jine cosling s emplayed as a ooresion-
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accepting, seorificial inver over steel, inhibiing stes! corrosion, ves, il In &
saorifivial role becoming satremaly roughly surface-daxtured, & condition ivtaerfering
with the desirad capabilily of & dows! bar o offyr smncth-culside-surface sliding
contact with surrcunding soncrate kv accommaodats nocessary, flomperaturns miated
sxpansion and contraction of conorate slghs,

Sofid, fibreveinforced, plastic-based, compoesita-material dows! bars have

heen proposed and ted, bul, as individuals, they do not offer the shear strength of

gtesl, and thus do not function well as comparably robust, slabo-siab load

i

fransterors, Acoordingly, where such plastic, reinforced dows! bars sre selented for
use, they are usually employed {8) in greater numbers, and {& with clossr atersl
Qpafomg% than are characteristic for steel dowst barg, and at least for this resson

nvolve greater sxpanss,

Sanless-shealdackeled, convantional sleel dowsd bars are guite expersive, ard

aotwithatanding  sleinless ackeling, i soms  inslances, dissppointingly,  also
TR '\ni‘&c}iv;
SOTOGRMR.

With thexe negstive, expense and corosiondriven, perfonmance-longswly

De

matiars in mind, ong of the most significant issues involving extensive dowebbar use
Hy oonorste highway construction s that, whan dowelbar replacement besomes
necessany ~ and frequently oo often so - the materials and labor-lime and ~wags
costs, and the related downtime assogialed with the nesd for construshion-sitse
prapargtion and the subssquent pouning of now highway conorets slab materig

e of the fact that, where faled dowsl bars ars looated, the surrounding

e
o
Z
byl
5 3
r
{ﬁ

concrels Mghway materal must be demolitioned), are extravsdinary.

in this sefling, thare & cisardy 8 nesd for an inproved highway dowst bar

s

which uffers, along with npressha-perdormance shear strangth, great resistance &

fecd

1,

wrasien decay, with both of thess qusliies and charsolenisiios  coliaboratival

{'4
"'5..

¥

contibuting o {1} significart reduction of mplacement nesd, &) appracubla
lengthening of replacement intervals where replacements are required, and iy the
bargain, (3}, impressive minimizing of highway Meeyols, elol cosle. Thase
considerations, whils inportent i sl concrste highway sedtings, sve padioularly

important considerations whave a highway is fo b whal I8 Known a8 & high

,,/

perfonmance highway bult with high-performancedong-ife conarete,

E
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Accordingly, proposed by the present ivention & 3 plursboompanent,

somposie-materal highway dowel bar ncluding an shgate, high-shear-strangth

e w3

o,

oviindrical core, prefwably, although not necessarfly, formed of stesl, and an
slongate, fibreveinforced plasticresin jacket Rully sumcurding and protectively
covering the entirety of the cors, and exg&es}&% fo no high-stress-point discordinuifisg,
such as sutface-gdge  discontinuilies, anywhers within the oversit dowsibar
structirg. The jackel oludes an slongale, fberosinferoad, ovlindrically tubular,

R

pia&t?a‘:-@méa steave which shouwrsurmunds and s bordsd © the core. The jacket

sipgve, which i infentionally made longer than the insids steel pove, has opposite

i

erds that exiend beyvond the assoniaied ppposite ends of the oore, thus o defing,
together with the inwardly disposed core ends, a palr of spacsd, single-opsnansded,
slongate, ovindrical, slsevs end wells, o simply end wells. Two, slongats,
aylindrical, fiber-reinforced, plastiovesin slesve snd plugs {alke referred o hersdn
simpdy a8 plugs), each having & diamelsy and & oross saction malching that of the
steal oovg, § the sleeve arnd walls, and are united i the oversil dowelbay structisre
by a bonding mechanism, such as one or mare of those mentionsd nmadiately
helow, which firmly secures tham to the sleave it the end wells,  These plugs,
ogsther with the recewing slasve, protectively seal the side and oppuosils ands of the
corg, The cenbral, high-shear-strength cove and the two el plugs i each dowes! bar
are collsctively referred 10 as 8 core assambly. The sutaide of the slesve is simooth
Tanacious bonding bobwean the slheve and the nside oore 3\1%{‘{33&\} may nchds

any ons ormore of severs! bonding mechanisms, inoluding sleave shrinkags

‘1‘23
P
2
d
&

mill seale roughness of slesl associsted, of couwrse, st with the steel com,

molecular intermabsrial foross with both the stee! cors and the end plugs, and other

pondition of jacket-materal” siciiﬁ:; avpund and over the sharp ed 3e aiwooniinuiias

that are present adjaosnt the ends of the central sleed cora. This important conditia

v

axists chiafly because of the fadt that the slesve w ihe jachat has a langth greater
than that of the siesl core, sxtands bayvond each of the cpposite ends of the sure,

and that sleeve-received and hondad snd plugs having dlamaters and oross sections

stching that of the core close the opposite ends of the sleeve o complata the core.

protective jacketl
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The jackels included sleeve i fibve reinforned in plural, resinembedded
fiore-differantiated, croumferentialiy-adiacent cliroumferential favers of fibres which
fake the forms of {1} clongate, lnear, plurslelongatefibredncluding, glass-fibre
roving matenial whose ncluded fires substantially paralisd the long axis of the dowed

A

bar, {2} continuous-glass-Tibre mat matenial, and (3), glass-fbre vell material. The
sleeve end plugs are formed preferably of rovingfibrereinforced plastic resin,
whereiln the included fibres are linsar and also disposed substantially paralisd the
fong axis of the dowsd bar

Methodologinally, the invenion proposes a pultrusion-based, dowslbar
making process including, in general terms, (8} preparing an slongate core train
(preferably substantially  horizontally  disposed)  possessing  endo-abutiing,
longtudinally alternating (1) elongale, vylindrical, high-shear c*zmgth oores, and {&)
shorlgr, slongate, oylindrical and malching-cross-ssction rasin and fibacminforced,
praspuitruded sleeve end-plug blanks, (B} using the core traln as a longitudinally
moving mandrel, pulfrusion-{orming a resin and fiberreinforced sleeve continuously
and bondeadiy armund the core Irain so as o produce a pulrusionresult infermadiate
product, and (g} wross-culling the pulrusionwesult ntermediate product a3t the
longitudinal center locations of the slesve end plugs to form the final dowe! bars,

Pra-pulirision, of the just-above-mentioned, pre-pultruded cleeve and plugs
does not specifically, or necessarily, form a methodologie, pracedural part of the
present invention, and may be conducted i an entirely comventional manner. Such
cra-puitrusion, however, s a very usaful end-plug-making technigue for assuring that
the end plugs, In arder o oooperate successfully i the dowel bar of the invention,
are satisfaciorily reinforced with throughoutdistributed, clongale, Hinear Tibres that
substantially pacslisl the and plugs’ long axes.

These and other festures and advaniages of, and offerad by, the invention will

soatie more fully apparert as the deladed description of it which follows belnw s

read in conjunction with the accompanying drawings.

Diesonptiong of the Drawings

Fig. 1is a fragmentary, plan view of a high-performancs concrete hghway

]

uding plural, adiscent slabs that are present in one of the highway's commaon-

direction  highway lanes -  thess sigbs  being vertically-load-transferabily

Hnkestfconnecied by plursl. isterally spaced composite-material dowel bars that have
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been sonstructed in accordance with the prasent invention, and that are disposed at
each separation interface {joint) betwean these slabs.

Fig. & is & perspective Hlusiration which has been prepared {o be readabie,

alorng with Figs. 3-5, inclusive, for describing two, different, prefarred smbodimeants

of (Figs. 24, inclusive), and mamners of making Fig. 8), a3 phurab-componant,

o

omposite-material highway dowel bar, like thoss genersiy sesn inferconnacting the
highway slabs i1 Fig. 1, made in sccordance with the present invantion. These hwvo
embodiments, which, g8 determined by user choine, may be zelected for rifferant,
specific applications, include two diferent laver-count arrangements of plastic-resin.
smbadded reinforcing fbres formed in a sleeve portion of the propossd dowel bar,
e of which preferred embodiments includes thrse fibre lfavers, and the other of
which includes four such lavers. Also, and as will he explained below, sven other
speoific layer arrangements may be chosen, I desirsd. A portion of the Hlustrated

bar is broken open it Fig. 2 to show cerfain, infernal, structural fealires. Fig, 8§

$f

drawn on a consulerably larger seale than that employed in Fig. 1

Fig. 3 is an miwqm soale, fragmentary, side slevation, taken generally along
the ine 3-3 in Fig. &, further flustrating the dowel bar of Fig. 2, and also presented
with portions broken away io #lusirale detalls of intemal construction.

Fig. 4 i an sven lgrgersoaie, fragmentary lustration, focusing on the region
i Fig. 3 which s ambraced by the curved arrows showr at 4-4,

Fig. & piolures, an a scale which differs from than that employed in Fig. 2, a
fragmentary, side elevation, schematic in naturs, of apparatus for implementing the
puffrusion-hased methodology preferably emploved in accordance with the present
frvention for making a plural-component, composite-material dowel bar, such as tha
pictured in Figs. 2-4, inclusive.

Fig. § 8 3 biockfschematic diagram #ustrating the architecture of the
preferred, pultrusion-based, dowebbarganaking methodology mplementad as shown
in Fig. S,

Componenis, structures  and  positionat relafionships  batween slaments
prassnfed in Fige, 1-5, inclusive, ars not drawn 1o scale.

Oetatied Description of the fnventio

Tumning now o the drawings, and referring fiest of alf to Figs. 14, nclusive,

indicaied generally st 8 in Fig. 1, in plan view, i 3 fragmentary portion of a high-
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parformance, convrete highway, including a repregentative, common-traval-diraction
ane da formed with plurel adiacent concrete slabs 8b that are vertically-load-
trarsterably inferconnectad, each to an sdiscent slab, by plural laterslly spacesd,
compaste-material dowesl bars 10 which are disposad at about 1-fool iatersd intarvals
at cach separation interface {joint) Sc betwearn these siabs.

Focusing ospecially on Figs, 24, nclusive, which lustrate detsils of dowel
bar construction 38 propossd by the prasent wvention, sach dowel bar 10 takes the
form of an elongats, cviindrical, phurshcomponant, composite-material strusturs,
fabricated, &t least in pad {as will shorlly be desoribad) by 3 pultrusion progess

utilizing an appropriately heated pultrusion die - this process also being referred to
harein as a pultrusion-based matmfiamgy. Dowel bar 10 has a long axis shown at
10a

The principal components present in bar 10 eolude (1) an slongate,
cylindrical, gh-shearstrength core 12, preferabily, though not necessarily, made of

steel, having a long axis 1da which is coincident with axis 10a, and spaced, apposite

£

ands 120, {2} an elongats, pultrusion-farmed, fiberrainforced plasticrasin jacket
having an elongate, pultrusion-formed, ovlindnoally fubadar sleave 18 which, within is
slongate, holiow, oplindrical interior, or inside, 18a, snugly and circumsurroundingly
recaives core 12, and {3) a palr of pre-pultrusion-formed, oviindrinal, sleave and
clugs 18 which, dispossd mmediately next o core 12's ends 130, as soen, are
adheshelfbondedly received complementarily withine the oylirdrical, opposite ends,
of end wells, 16h of gleevs 18 {0 close off the ends of this slesyve.  Slesve 18
noludes a long axis 180 which s coicident with axeg 10a, 12a, and a
cirowrnferential wall 18d. Plugs 18, together with slesve 18, form the entirety of
jacket 14 which completely surrcunds and sealingly profedts steel core 12,

Whitle differant dimensions designed to sult differant particular applications are
of course entirely possible throughout the structure of the dowel bar of the present
invention, dowsel bar 10 herein has g fairby typical set of outer dimensions, with g
tergth {0y In Fig. 2) of about 18-inches, and an oulside diameter (D3 in Fig. 3) of
about 1-1/2-inches.  Within bar 10, In acoordance with the embodiment of the
vantion now being described, core 12 hag a length By in Fig. 3} of abowt 16
incheas, and 2 diameater (Dy In Fig. 3} of shout 1-14d-inchas. Bleave 18 has a tubular,

wall hickness (B in Fig. 3 of about 1/8-inches ~ this wall thickness preferably ing
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within & range of ghout .07 fo about 8 18dnchas. Slesve end plugs 18 sach has &

tength (B i Fig. 3) of sbowd V-inches, and a ciroular oross section, and thavefors 2
diamater, sssantially malching those of corg 12

Lonventional struciurs! stes! 8 en ‘:{3%3\561‘% for core 18, and 2 particular sles
which s vary suitable s known as Orade ASTM 81580 carbon stesl

Within jacket 14, three, different, or differsniisted, characters of plastic-resine
embeddad, reinforcing fibarg, proforably made of glgss, and most preferably of o
glass, ave emploved.  Thege differentialed fibre characters oluds (1) glassdire
roving, aiso referred o herein gs slongate, lnsar, plural-elongste-fibrednoluding,
glass-tibre roving materds! whoss Included Borey substantially parallel pravinusly
mentionad axes 1la, 1éa, 18¢, {2} glass-fiwe mat, alee referred to as cordinuous-

&
glass-filre mal matenial, and (&) glass-filre vall, or voll maleral, Al three of thess

charascters of fres are employerd i slesve 18 i whal are rafered {0 as

oicumferentialiv-adiaosnt,  fhre-differantialed,  wmdially  spacsed,  oicumfsrential

%

\ef*‘ee%ww oylindrically tubndarn) ayvers that are disposed oircumferentially argund the

H

wong axs o of the sloeve, within B wall 18d. Solely the roving matsrial 8
smploved in f‘}ia ndrical and plugs 18, the filves In which material are distnibuled
across each plug's entire, circular cross section, with the linear fbres it such moving
wiaterial substantially parglieling axes W0a, 138 and 18

YWhile the ranforoing fibern smployed are most preferably made of e-glass, we
racognize that they might sllematively be mads, for other exampless, of s-glass,
basall, o carbon.

Fach type of the justmentioned, three firewceinforcing naterials 8
corventional, i offered commercially in g wide varisty of cholces, particular sizes
ared other characteristics, sod may fresly be selectad for use successidly it the
dowel har of the prosent rvantion, with such sslsoling being mades acourding
specific highway applications and designerchoice cansiderations. Represantatively,
fioracreinfordng materials which we have found o be walbsuitad for use i many
high-performance highways includs: (8), for mal matenigl, continuous-strand giass
fitwe products made and offersd by Owens Coming iy Permsyivania, USAL {by, for
roving material, o selection drawn fom the ;;zf‘sciz\sais alzn made by Owans Comng,

P, for vell malerial, what are referad to respectivaly as "tissue vell” and “ved
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nade avadable by Freudenbeseg Nonwovens it Durham, North
Caroling, ard Xamax in Seymow, Conneaticut,

The embedding, plastivvesin material preferably used with the reirdorcing

Py

fibras i the sleeve s a conventional, wethanssmodified, thermossd, vinvisster main

nateral, sunh as Dior 3103804, mads by Redchhold Ine. in Durham, North Caraling,

%
%
ey
o]
=
m
e
o)
i
.
]

USA. In the end plugs, we have chosen, as g peaforred plastio resi
aanventional] thermaose! polyester materdsl, made by Razar
Wisoonsht

As was mentionad in relation fo what is Hustrated in Figs, 34, indlusive, two

different embodimeantz of the inpvention, differant I relation o e speafie struciure of

siewve 18, are offentively Hustrated In thesse ?‘Egi;f;:.s< with the vigwsy thereo!

appropiately considering, and then tsking approprialely into acoount, the differant
dexanptions of these two smbodiments ghvan delow herain,

Language which comnondy describes bath of these smbadiments, # relation

P
£

o the structre of slesve 18, s that this slesve, which 15, as slready mantioneg

slongate and ayémsﬁr;caﬁf\; fubidar, & pultrusion fomed, i socordanee with the

prasert invention, of fibecrsinforced plastic resin, and speoifinally & formad with
plural,  plasticesinembadded,  fiberdifferentisted,  ciroumferentialiy-adiacent

srcumisrential {(Qenerally oviindiioal and tubulardkel layers of fibers whinh s

%

praterably glass fibers, and specificatly, most preferably e-glass fhers, a8 merntionad
above, Inone preferred embaodiment of the invention, choossabls for employment

mary, high-perfemanes highway applications, thers ars thres, cirouwmfersntial layers

ranttated fibars, and in the gther praferrad embodiment, selectabis

for use in many, other, high-performance highway applicationy, there are fowr suah
ayers,  Accordingly, in Figs. 2 and 3, 2 totel of fow reinforcing Hwe layers are

picturad, of which three should be considersd as Deing prassnt in slesve W0 {le

within slseve wall 168} in the frstjust-above-mantioned dowshbar embodiment, and

ai four in the seownuddust-abovernentionad swbodimant Thass four lavers am

o
shown at 20, 28, 34 and 38, Ragarding the "lirsl” embodimeant of the invention, what

shauld be visualized by looking at Figs. 3 and ¢ is that only those thres lavers which
appear at 20, 32 and 28 are present,

n both g}f{"*wmﬁ gmbadiments of the wvention describad havein, the glass

by waight of the slesva,
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)

20, which appoars 9% & wavy ing v Py 4, hohudes glass-fibre gt

L

$

yer 29, which appears 8 a thickened, straight ns In Fig. 4, oludes

.,}’:‘»v

glass-fibre roving materiall Layer 34, which also appears 88 8 wavy ling in Fig. 4,
nchides glass-fibre mat matenal. And, layer 38, which appesrs as a thin, straight,
dash-double-dot ine in Fig. 4, includes glass-fibre vall material

Discussing thiz Hustrated, overall laver organization i what may be thought
o as a “one-removed- a;@* mannss that relates spsoifically o the fismt, abovas
mantionad, prafered sleeve embodiment, e, the one which foalurss only three
fibre-reinforcing laysrs, and hence o the first, pmz‘erfaﬁ gowal-bar ambodiment, ang

$Eee i sleove 10, Le, iy S wall 18d, by appropriately visualizing Figs. 3 and 4 o

X
5
v o
%

presances of only ties of the themin pictured, fowr Byers, an
arrangemant  of three, relevant, oooperative,  fbrecrsinfecing  lavers,  whinh

arrangemeant, progressing radially outwardly in the sleeve from iz inside 183, takes

the fonm of a firstencourtersd, mabmaterial layer 20, g Iateranoountered, roving-

,,)

k3

ke
o
i

poask
3

mstaral aver &2 disposed outwardly o laysr 20, and an sven lafer-encounts

material laver 28 disposad oubwardly ¢ Thase three laysx

ir)

raks up the previcusly mentionad wall 18d thickness i slesve 18,

Aernatively, by looking at Figs. 2 and 4 withoul “sliminating” from
consideration ong of the fouwr, plctured lavers, and nslead by postlively resagruzing
the presences of afl four layers shown i thess figures, one sess the seoond
preferad ambodinent of sleave 18, and hangs of the dowslhar structure of the
swverntion, which fealures an siternalive amrangement of four, relevant, coopsrative
five-reinforcing  lavers,  which  allemative arvangsment,  progr
cubvardly o the slesve from ds insde 188, ekes the form of "frstencourdersd”, mat-
material layer 30, "iater-encounterad”, roving-maternial layver 22 disposad outwardly of
fayer 20, a second matmatenal aver 24, and whal was just elered 10 above ag

outwardly of layer

s
J
3
<
b4
weh
o
@
3
2
@
ip
2

“gvan lalerencouniered” valbmatenal layer 36

F2. Here, tog, iy this arrangemsnt of layers, the &\ moluden gvers make up the

Re

v
¥
Z
i
e
o
7
&
%
“
%
a3
o
/

praviously mentioned wall 18d thickne
L xR o § eneaedione Msurasivy v sidy seden
The pre-pulinudsd s and plugs, as manticned earfier heein, nclude

slongate roving fihers distribited across the entirsties of the plugy’ cirouiar cross

“ /4
e
"

nhons, &y antionad, thaommse!, polvester resin prasend i the
thadded v the mentionad, thammoset, paiveste N pregent i e

%

vavalis to axes 108, 138 angd 18n

sipave. These fibres extend substantially |
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appesning av straghl, angudarly inclined nes i Fig. 8, of qmafsi}w mat materiad 34,

o} Fide A S o] fevmay B [ g et b W . N
glass-filbar roving materal 22, gloss-fiber mat material 24, and glass-fber vl

mapterial 28, (G} @ resin fbre-bathing, or rosin bathing, siation 485, and 2 fBhbee guide

5

station 48 which, e fibre supply siation 38, are respectively pictured nacessarily

H v ST e & wp g F o~ PR
st in the plane of Fig. § only on one side of axis 28a,

copentional, and sppropa 2ad (hereldt with g

~

an intemnal, elongsls, oyvlindnical pullrugion ¢
mohes) pultrusion die 48, the inslde of which s heated v a lempersture of about
RF by healer My, (8) & conventional, power-deiven, pullrusion puller of any
siiftable degign, such as a crawisr-tread design, represeniad simply by 8 darkened
arrow 50, oporable herein o estabiish g pultrusion Swoughput speed of abowt 3
4 S-fest-per-mminute, and (8] 3 suitable ooss-cutter B2 whinh is emploved fo oross aut

what & referred D hersin as 8 pulinusiorsresull, intermediste, dowsbbar grodust,

wuch as that designated & i Py 5, emearging from die 480 A fragmentary, end
portion of & finished, sub-separated dowsdl-bar 103 ;;,ic‘;\:umfé‘ o the right of cutter 82

1 should be understood that, while fou
hean dlustrated ?"sq;\ 5wy order o relate I ¢

fiharainforcing materials suitghle o oreate

cortext of {abrcating the above-mentionsd

invention, in a croumstance whars the §rst preferrad smbodiment of the invention is

e e manufactured, only twas such delivery spools {devices) would De reguired,

and, i terms of what s lustrated in Fig. §, these three spocds would inchids spools
38, 44 ang 44

Further discuzaing what ha

which are rvolvsdd with {1} supplving, {2, paying out, from sulfable delivery devices,

Fa
such as the mpresentatively pictursd delivery spools, slongate runy of the severs!

different kirdds of reinforcing-fibre materials, {2} fov bathing the these reinforoings

R

fibraanatenial rung en route o the pultrusion die with the appropriats plastio resin,

[
i
“
1
o

and {3) for guiding the bathed fiber-material runs inte the infead, upstreaim en
culirusion die, mugt necessarlly be constructed, and tus may be dung iy entialy

be distrbulnd mistivel

DTS s“mai, user chooseabls manners, 80 as
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argund, Lo chrowrieentially sround, pulrusion-forming axis 28a s that a slesve 18

;;4

ulfimately beoomes pultrustonformed urdformly cirournderentially sround a oorg 13,
Just how this orcumferential distibution of paying oul bathing and guiding
srpuipment 1 arganized, and what particular typs of such egquipment is emploved, &
ardively 3 matter of ugerfdesigner choios, and forms no part of the present invention,
Located preferably adiscent both {1} the upstrsam, o bfesd, and (2} the

downsiream, o discharge, snds of spparatus 98, are sultsble frack-lik

wa, suoh as

g

trough-ike, and preferably, though not necessarily, slationary, support structures, not
Husirated herein, that provids appropriate, undarleing support {&), adiacert the
upstream end of the apparatus for whal will shorlly be desuoribad a5 a stream of

alemants fhal make up g pra-pudbrusion corsdran of dowelbar central alements (e

sndoabuting, longiudunaly altermnsting cores gnd end-plug blanks) that ars to be fad

;

i die 48 for pullrusion feeming of sleeve structurs 18, (b)), adiscent the

oy

gonstrearm and of the apparatug, and of die 48, for the emerging intermediale,

“

rftrasioneresull, dowelbar produst, such as that shown at 84, and {0}, bsyond

A

oross-nuttar ‘z? for the Hnishad and theregfter separated dowe! bars 100 (iher
micdes, efo., of underiyving ‘%::mr}g}(:sﬁ@f‘:i—-t?*:s"{:sug;h;)z.;tninzmﬁmrf’ support may, of courss,
e mplemeantad,

While the proosss of slesve Bymalion herary 18 dearty 8 pultrusion-based
process, al the axtrems upsiveam end of apparatus, there are engagsd haredy, a8
wil now be desorided, upstream, coredrainsforming  and  core-rain-pushing,

operational stages that relate {o the needed formation, and then the downsirsam.

transporb-maoving, of what has baen doscribed, reforred o above, a8 a core train of

fﬂ

oompanenis that become organized it 3 horzontal, Snear Wain i any switabis

B

sumponsni-placement mannsr i sistion 3 for fesding fromn hat stalion towad

oo

atations 48, 48, and pultrusion dig 8. As mentionsd sarlier hareln, what i8 referrad

a8 & core frain, such as the ong plotured agmendarily, and h«:as"sfxcm'ta%iy‘ s 88

Fig. 8, s made up of 8 continuous train of endo-shitting, ngitudinglly siternating,

slongate, ovlindricsl high-shear-strength, sleel cores 12, and shoriler, slongss,
cyiindrical and  maiching-omss-section, plastic-resin and  fiderreinforced,  pre-
pultruded slesve end-phug blanks, such as the two snd-plug blanks shown at 88 in
this figure — ong of these blanks being disposed just upsiream from die 48, and the

other being disposed within the dis. As will become apparnnt shadly, each snd-plug
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A
Blank has & length which s abowt twice that of a finished and plug, and namealy sbout

S-inghes,

Considering now the overall douwsb bar formation pulirusion process propogesd
Ly the present invention, s coe falny, including sndo-sbulting,  ongitudinglly
atternating cores and end-plug Manks, s sultably formed along & fine I forming
station 34, Within this station, as the formed corg rain ks moved by pusher 32
toward the pultrusion dis, and by appropriately timed and staged oparation of
proaviously desoribed heater My, which may take any sultable fom of 8 hester
salsctiad by the user, and which may convenlently and conventionally be operatad

under the control of a sultably programmed, digital computer (ot part of the presant

'C’
E*

N

nwvention), the steel cares in the irain are praferably hested, 8% mentioned sarlisy

herain, 0 & temperaturs of abouwt 180°F. Such heating s preferably dons i order to

Snmr

prevert the corss, dunng prooessing within pultrusion dis 48, fom acting as
undesired hea! sinks which could relard, and perhaps slerfere with, appropriate
curing of e resin whioh coats the fiber reinfercing materials within the dis.

The formed core tramn, with s included, sppropnstaly pre-pultrusion-achivity,
haated, stsel sores, s moved from the forming siation foward and info the die by
pusher 32, which is opsrated v any appropriate fashion, antirely salsctable by the
user, te shift the corefrain components al an appropiate rate toward and inte the
plltrusion dig, and In & mannss s as 1o secomnodate, as far as the pulbrusion dis i

Hous stream of Tashiy die-

Seuncsmed’ & subslantially steady and effectively ©
ptroduced coretrain components.

There ars many convenbonal ways that a pusher, such as schamatically
Hustrated {‘mhc* 32, may he construnted and operaled s0 as {"3}; I pondt casy,
nnad oora-irain
e of components, angd {2, al apropriate mornents o push thes
!“Q:‘“f‘m{‘,i?}{‘&?‘:‘i&‘: in proper, endoe-abuliing conditions so that the pultrusion dis wal

snos & continudty inflow of dowel-bar, corn-component matenal, Thowe skilted

54

EE
in the art will recognize that once the substantially "ondless” cora train, pushed o an
approptiaie location slong pulltusionformation s 28a, s sufficiently disposed

within the pudirasion die, and specifically sufficiantly contained therawithin so that

)

rasivecosted, fibre reinforcing, sleave materis! hag begun o stick o the oo

NG

the dowmtream operation of puller 80 “akes owyy” m conventional pullrusion
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Tashion, and funclions, I 8 contindly mamar o drive the downstresm-directed,

KXW

fowing motion of gl within the dis

it should be nolsd here that proper endo shutment batween the cores ang

sndbplug blanks In & core train, dunng the corarain forming process, and th

o

assocatnd moving of 8 tormed core Bainy info die 48, depends upon the opposila

f’;

ands of the cores and &:‘mi»;siug Wanks lying oorrestly in paralial planss that ars

%,

digpogad nornal i the respactive fong axes of these components,

von

While these corgdrain Rming and pushing aclivities are urderway i
apparatus 28 in station 34 and by pusher 32, slongaie runs, such ag those,
praviously mentionad, shown &l 20, 82, 24, & Fig. §, of the apwopriate numbsr of
reinforcing-fibre materials, | La., thres or four sush materials, depending upon which

of the two preferred smbodimenty of the dowel bar is to be fabrivated, are {1} paid

aut from the spools i1 fiber supply station 88, {2} lead through resin bathing siation

4% whersin they ars bathed i, and weilsd with, the selscted plastic rmain, and
thereafter {3} guided through, and by, guide stalion 48 toward and inlo the Intake end

Fe

of puttrusion dis 48, gppropnately disposed, sircumbferentially about appsratug ans
S8a, and, of cowrse, in the approprigte radially organized layer arrangement, which
fras been menlionad eatlier herein, distriibnded cirowrrdersntiaily around the now
centrally {orr axis 28a) lonated core Irain so as o be arranged, within the pulirusion

<

diw, for the corract formation of 8 slsave 18

¥ the fust prederrsd dowsibar embodiment I8 1o e made, flosqmatenal

paving ol lakes ;;zi:aaz:e from spoots 20, 22, 38, whereas § the segond ;*m‘w:\?

ok
~
e
4]
e
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Within pultrusion dis 48, as the trough-moving carg

surrounding, welled-fibarreinforcad, malerials pass theough the dis, an sporopriale

avel of haal, gensrated insids the die {3t the previously mentioned,

e

intemat mparalre of abod 28097} by healer Hp, souplsd with

moving-surface-contant which ccours with the intemnal, oylindrical pultrusion charmai
withins the die causs the resin-coaiad mass of material to form appropriately around

tha cors train in the cordfiguration of what s o becoms 3 sleeve 18 The plastio rasin

s

matenal cwres afsctively o doneress by the ime that all of these malerials emergs

Ry

fram the downstrean end of the dn. Ouring of the plagtio resin moterial within e 48

i, of course, promoted by heat which i generatad by hesler My, and o some axtant
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by heat radiated from the pre-heated stesi noves which, because of their pre-heated
conditions, do not negatively act as unwanisd heat sinks within the gie.

Howill be well understood by thoss skiled in the art that (1) the rate of
throughput of materials estabdished selectively iy apparatus 28 in the formation of the
dowel bars of the nvention, (2} the selected level of ifernal-dis heating which s

S

created by heater Hy, and (3} the overall length of die 48 p . are appropriately
determined by the specifically chosen sizes of the materials that are 1 be employed
i the making of a particudar size and charader of a dowel bar 10, and iy rsiation o
the formation curing characteristics of the chosen plastic resin matarial
As has been mentiongd hersin, whatl emerges continuously diging dowstbar-
making, from the downstream, discharge end of die 48 is what has been reforrad in
harsinabove as an infermediate, pulrusion-rasult, dowsl-bar product, as zesn st 54
i Fig.
Downsiream from die 45, and under appropriate opsrational and timing cordrol, such
as might be implementad by a suitably prograrmmead digital computer, sross-outter 82
s operated o produce a cross cut in this emerging “intermediate” product, with sach
such out being made at a location which s substantially exactly midway betweean the

opposite ends of sach cora-plug bank. Such 3 cross cut is shown generally at 89 in

The result of this operation is, of course, separation, one aflsy ancther, of
completed dowsl bars 10 made in accordancs with the invention.

Cutlining now compantly, in relation o the blockischematic diagram presented
W Py 8, and in one manner of expressing the methodolegy of the present invention,
what s proposed and offered is a pluralcomponent, composite-matarial, highway
dowel-bar making method 30 including

{8} preparing an elongate core train having 8 long axis, and possassing, along
that amis, endo-abutting, longitudinally altemating, {1} elongate, high-shear-strength
oylindrical corsg having a comunon, cerlyin oross saction, and {2} elongate, but
shorler, coylindrical, fbrersinforced plasticresin end-plug blanks having apposite
gnds, and each having a oross section matching the cerdain oress saction of the
cores - Blook 88,

(b} using the core frain 8s a longitudinally moving mandrsl, pultrusion-formin

a fibre-reinforced plasticresin slesve sontinuously and bondsdly around the oore



P
CT/US2013/024239

WO 2013/116578

<% .
M %o
oo et ;
v d .\Nu jooic] o] m\.\\ o \
5% o I o~ = = oon B
% " i o 5% Py
. wv\\ 74 ed »sm T A%
; A voow & e & o
g bt . m« psd pts %5 4% [ I L] et
¥ % wm“. &2 = = - o b A ro
% .x ; e - R L o~
4 % = o o 2 R wo % E LA, W
o D OB z2 Z 2B 5 om G G o
-4 reche = 7 43 ot i R b .N:., 5 e & P ey Y
] b% P ks ey e o, %3 o o % 4 e, = o5 ]
[ % B o iy M Yne o = o Gy o A Aok o gy i
e - A . % L w5 K4 o P e [ e P T o - G
jo N z 7 9y e o o % o b I e = 5
. o] 73 f5a Fad 4 ) j92 - - 7 5% 7 75 3 s L . Jesd o,
b B 2 b #iG g k% g 5 X2 w9 & & ot
b I & o= W oW o 7 Ao, .- B SN e =
w3 2 g Y = on 7 LA~ w T L § & i F =
o J 2 4 i, il “. " ” i Lo o [ e % 4 s ——
h o 5 B BN =g b & 7 o 2 H o= 9 B w
@ s ‘ & @ =g A4 e = 2 N e mmw > ot % I ¥ & w .wu
o 44 o " % i oo . 7 o 7% St b
Z w B LA kA & g om 2 g e B £ £ 7 = 2
453 et - S a3 ot . - Ve v mm‘.r x2 s s
s J pesscy - ek % ] Ferd -~ 1 e
75 2 U S 2D I 2 o U % 2z - 8 o4 % 7
o P 5 S o s 7y o gy W ) = P 57 P A 44
. P 5%, bl . o pd o 73 e - e b Q3 e G 521 Fod 4 i,
& b ks o o G sl o~ 3 e ey Yo N 39 - Py o AL ..‘ L3 o
& B 5o E B e <A oy B g /A e B
e A s L 5 o o %3 o it foi - 45 oo % A ¥
£Y] s 7 5 ik o 4 e P bl ot s o - A 40 poscs & mﬂ s
= m e 7 B o “ B b Hoo@ s b =5 5
54 - TR oA ¥ o o 7, 5 = @ o 5 o5 2P
% T = % w w0 o oL & ) A v F B ¢y W
j £ = Z 2 “w B b 5o L o P s i
= 5 v ook i B & i A @ B L oo A3
e 5 et % v $ o S LG F g = A o oo
3] 2 R . @ . p4 i ] P WA - ese i 4 e %2 $o S i
2 R ow £ L = @ v 4 o H Lo B noA 2
; 2 = : % % " o Srrs i 7
- 3 wiet, 3 £ 7t B i oy ot iz £ IS 2 [ 2 oot 3 7% éw‘.
ok o o3 o ~ . 3 7 = iy . ) 137 o 5 e $3] 3 et
2 3] A 5 Ao = B e Lo B Z I A i
= S A - woowm & o L 2 oo s = o= B
5 W a5 5 ) . B g " pont
@ B A - s £ 2 & oo 2 ol oo = R ooz & z o
\w 9 £ 7 e & & . B8 -2 B - w ¥ E B £oow
he'd ,Bm % ) b me ] o 5 5 % # i e T 3 o, e fond e
A : : Z o Lo h 9% © g = W oo F
A &8 . I & o B &~ A - @ = = 5o wo ok
73 . 3 A e o £ e W s 5 B O ey & iV
@ v © E B o5 2 A A 4 L 8 g @ 5 % o ¢ o B
7 7 p > Pt et & R 7 7 5 - “ .
2 mmqvﬂam‘snwwammmtm;uwu&o
= S £ F i e s B ¥ & z 9 T & = A7 4
[ A £y s ; % %= AR o w5 BL o
2 & S I A < m = oo L - I wm oL 2 %
b & . & B W L 2 o B =z o o
f & iy B o e : . 3 £, o o o [ o7 b -
w o e L g o w oW B N A E nohow 5 B 2o
£ % 2g woE =m wo T = & = o~ 2 2 5 &
53 i 24 s X [ B : ot ) e Ee e o~ » 7Yy [ : .
% o % OE A [ £ouow 5o 5 g R GooB F
= = B &5 A o g M £ & T W A o
7 m T 5 5 E wmo A ) o B g O I 5 -z
= % 2t \ma\u. 3 M.. A fo o mw p ] &.Nw fuy £ - mM» :w.w.w.« \Nww ...Mu.. = ¥
i ] i = R @ it 2 [ e £ e bt & - o i o T
“ ot P : i e (5% 3 T o " 75 G ~ ;
i Pee gt ey fyah bty 3 o " o Pk} K Sune
s ‘MW “ s s = &n.mw qw 43 nm ol Py o] £ Jed] e bod o A a s m
by . m g . i A U B> et 4 A A
& w5 2 1 % 5 o2 2 o ¥ S oow & A
wdeet 4 st e ey -2 s B e 3 b PadN ood } b7 L] p %
ool Py pie P —~ 4 bt % Ty S 7 g v, 4 i & Ak b
24 2 Py 58 o~ . T “ad PO » %5 [ w] . i (4 Y W
£ z 2 o5 R /) 4 o A = b b B 2
1 s T w7 s 4 pssa 3 - P-4 R RN o - >
B i B2 ) o b T e e P W el %3 e " e e &y A
, oz 2a . P = 5 . . - ~ " ot -
o & 4 w PR o w B g w bR B . 0
AN R 1 w5 & 2 @ B B LA GO o =
b A = o 2 o 2 2 o5 & = 2 L 4 s b
e W Ty L B & L O oE = e A L5720
..... . & 5 5 % v 2 B & HoZoe 2 V-2 A %
7 2 Ao e jedd % g = v [oy, Fo TR o = [
D ¢ 41 vy EER S v LD & PR o R W A o i
ok L7 B A B s B B = PR = @ B 5 o
BB 52 £ % 5 % Y £ 2 = % 5 2 B LD
"W cof o= 2 e Fo A & oW a8 A 52 =
o) 4% o’ . [ ﬁ... L e Wﬂ\ P s [ et 6] 7 et oA
- sK] ¥ Pre] ¢ s o 5 e = s ot 7 12
DB & £ 5 s 22 5 ¢ 4 g &
s 4 i A = fod 1 55 L1 A
5 oo oo b s e Pt [
a3 s Fors > o = Han 2 & =
Wi - 5 8 7 2 i
a2 B A B - N
PR f24 e L)
S . 7~
] Yorn K9

Y

¥
K

o the

1

Coing

-

wve heen

iy

3

HatcIN

o
RIS
£33



o

winelte

(%4}

WO 2013/116578 PCT/US2013/024239

WE LA
1. A plurabcamponent, composite-material highway dows! bar noemprising

an glongate, oviindriosd, high-shear es%rem;m o, angd

the antirety of said cors,

s
Pt
3
e,
iy
s
fosce
o
[

Z
4]
3
<5
%

;

%)

Lo -!r

& The dowst bar of slaim 1, wherain said jacket includes &) an slongate

s

oyiindrically  twbulgr slesye which is {1 fbrew

anbaddad, Shre-differentiated, crmumfersntalleadianent ciroumiarential yvers of

4.’/'3

fibres, {2} longer than said cors, and (3) configursd with a G\iiw cyindniosd nsids
which bondsdly receives sald corg it 8 manner defining opposiis-end, oylindrioal end
weils that are disposed within the slesve beyord opposiis ands of the recelvad sore,
pie of spaced, slongate, fbrereinforced, oyiindrical, slesve and plugs
hondedly affixed, one gach, complamentarily within said end wells,

3. The dowel bar of claim 2 which possesses & kg axy, and whevedn

i

said  crowrfensniiath-adiacent, fhediferentiated, cmumferential fayers include

e

ifferant, respantive, characters of slesve-included fiwag which teke the forms of {H
slongate, fnear, plualelongatefibra-including, glassfibre roving materdal whosse
ncluded fibres substantially paraliel said long axds, () continuous-glass-fibre mat
maternial, and {31, glass-fibre vaul material, and said fibre-ssinferoad slesve sl plugs
nolude glassdfibre roving alsa posssessing plural, elangate fibres which subatantiatly
paratel saad long axis,

4, The dowel bar of olaim 3 whaelh  said fhreereinforced,
circumferentiziy-adigeant, ciroumferential lavers of ibres in said sleeve m&@ow an
arrangament which, progressing radislly cutwarnlly w the sleave from ds inside, takes
tha form, gensrally, of a firstenoounterad, matenatetal ayver, g lataranoountarad

syirgematenal layer disposed ottwardly of said matmaterial ayer, and an evan
ater-encouniered veillmatenal laver dispossd cubwardly of gaid rovingqmalenal

Ryl

S0

8. The dows! bar of claim 4, wherein sald arrangsment further ioludes ¢
sscond mat-material laver disposed  intermadiate sald aler-encounterad  rovings
msterial laver and sald sven intev-encountarad vetllb-material layer.

s, The dowsd bar of olaim 1, whereiln sald core is formed of atasl
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7. The dows! bar of olalm 8, wherein saul jacket §

11 fibra-rsinforesd

oyinwirically wihulgr slesve which

2

£4]

e,
"4
ot

embedded, fibrediffrentialad, drowrferentialivadisvent oirounferential lavers of
fires, (3 longer than said core b, and {3) configured with 8 hollow, oyling

nside which bondedly receives sald sore bar i 8 manner defining opposite-and,

f’)
(b
)
P
2]
-5
iz
3
7=
I~
P
el

. 8
slesve and plugs b ﬁeﬁ&y wwc ong @ach, comple

-

8. The dowel bar of cham 7 which possesses a lang

WaE

¢
-
s
4
ol
<.
o
Lo
e]

2y

4

ot

slongate, hnewr, plashelongate-fibra-including, glass-five roving mater

moluded fibres substantially paraliel said long axis, 3} continuocus-glass-fibre mat
rraterial, and (3}, glass-fibre vadl material, and said fibreasinforond slesve and plugs
inchide glass-fibre roving aiso possessing plurgl, slongate fibres which substantially

paralisl said kg axis

P

8. The dowst bar of clam 8, wherein  said  fbre-reinforced,

7

cirotmferentatly-adiseent, drownfarential lavers of fibres iIn sauld sleave possass 8n

arrangamaeant which, prograssing radially cubvardly in the sleove from s inside, takes

fhe form, genarally, of a fisstenoounterad, matmatenal laver, g lerencountared,

4 N

roving-material yer disposed oifwardly of said mat-malerial Bayer, and an even

alar-ercountersd  vell-malenal kyer dispossd ctdwardly of sald roving-maderial

fayer
o The dows! bar of claim 8, wherein said srangement furdhey includes a
secnd mabateds! lavse disposad intermediste said ierenoountsted roving-

material layer and said evan aterencountered velbmalenad laver,
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110 A pluralcomponent, composite-material, highway dowsibar making
mathod compnising

prapaning an alongats owee frain having 8 long axiy, and possessing, slong
that sas, snde-abutling, ongitudinally altermating, {8) slongate, hgh-shearatrength,

cylindrical corss having a commion, corlain oross section, and () slongste. but

,mu

shorter, oylindriosl, fbrereinforced plasticresin end-plug blanks having cpposiie

”/

ands, and sach having 8 orss section maltching the cerlsin wross section of the

'f§§3§'é~f-‘§‘$§§‘if‘ﬁi’{l@d laslicresin slesve continucusly and bondedly arcund the o frain
s¢ as o produce a pultrusion-result, intermediate, dowsihar product, and
following said pulttusion-forming, oross-cutting the infermediale, dowabbar
praciuet at each longitudinal ooation thermin which i intermediate the opposils snds
of the snd-plug banks, and thereby forming complsted dowel bars.

-x‘

130 The method of dadny 11, wherain said pultrusionforming i precaded
by {2 paving out, from suilable supplies, continuous, slongste runs of einforgng
fibre materials, (b} bathing these motenials runs i cwrabde, figind plastic resin, and
guiding the bathad runs o crnuwrderential ayer struicture for @isfmgsim B & lubiday

smf\m ('3§§‘{;‘.§$'§'353u?'i'@&iﬁ{ﬁf‘iggiy disposed relative o the oulside of the prapared cors

13, The method of olaim 12, whereln the reinforcing fibre msterialy include

vt

{1

fibre mat, and {3), glassdibre velll and sald paying oul and guiding steps

ral, elongate, Hneay bres, (&) continunus-glass-

S

glass-fibre roving possessing ph

cotiaborathvely pmfom* arranging of the differsnt reinforging fibre materniale wheraly,

relative W the oulside surface of the core frain during the subse
%»‘:“m‘(}mng step, mal material becomes disposad as parl of an innarmost
pulirusion layarn vel materal becomes disposed s part of an outermast pultrusion
laver, and moving malenal becomss pat of a layer which i intermadiate thess
mnermast and culermost lavers, with s included, slongsis fibers disposad with thelr
fong sxes substantially paraiisling the cure train's long ams,

14, The method of olgim 11 which further comprises heating the high-

sheansirangth corss prior to ssid pullrusion-formng.
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18 The methad of olaim 11 which further comprizes performing pultrusion-

forming in & heated snviroryment

o
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