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U.S. Provisional Patent Application No. 61/154,315, filed February 20, 2009, the entirety
of which is hereby incorporated by reference herein.

Background

Field of the Inventions

[0002] This application relates generally to devices, systems and methods for
reinforcing pipes and other structures, and more specifically, to devices, systems and
methods for reinforcing the interior of pipes using fiber reinforced polymer.

Description of the Related Art

[0003] Over time or because of a particular event or condition (e.g., seismic
activity, exposure to excessive or uneven loads or moments, poor compaction, crown
corrosion, corrosive soil, etc.), the structural integrity or capacity of force mains, other
pipes and other structures may diminish. For example, such items may crack, corrode,
deteriorate and the like. Different methods of repairing or otherwise strengthening
damaged pipes and other items are well-known. For example, liners or sheets can be
attached to one or more portions of a pipe interior. Typically, such liners or sheets must
be pre-manufactured and transported to a job site. In addition, these liners and sheets are
often hand applied, making their installation labor consuming and expensive. Thus, there
remains a need for a more efficient and cost-effective method of reinforcing pipes and

other structures using fiber materials, such as, carbon fiber reinforced polymer.

Summary
[0004] According to some embodiments, a system for reinforcing a pipe
comprises a resin source comprising a resin (e.g., epoxy) such that the resin source is
configured to at least partially impregnate or saturate a fiber bundle with resin. In one
embodiment, the system is configured to at least partially impregnate or saturate a raw
fiber bundle or roving being moved through the system with the resin. The system

additionally includes a positioning assembly configured to receive a resin-impregnated



Description of the Related Art [0003]Over time or because of a particular event or condition (e.g.,
seismic activity, exposure to excessive or uneven loads or moments, poor compaction, crown
corrosion, cHHLENEW6AEtc.), the structural integrity or capacity of force mEQE/WHEP/BEX and other
structures may diminish. For example, such items may crack, corrode, deteriorate and the like.

Different methadbweidiepalfing Ge Ahebdisesise EheRing damages PipesapH ethehdiemmare
well-known. For example, liners or sheets can be attached to one or more portions of a pipe interior.

Typically, s@ER%inedeorEhebiehninstidespie isttlufiiurdd SAEXRASFHEEMTBLS jHIS SHEtSA g dition,

these linerscanfl gliegtsaRefignhandansliegie makingmibrisingtallaten ihalCERURING amd
expensive. Thus, there remains a need for a more efficient and cost-effective method of reinforcing

pipes and RREtSRING ABsTEIgtaBBrdiheedistal sadivhiheatdenstinns remfordsaspemar e mmary
[0004]Accorgdingrices R RMBRApEN e URIRN IR ppREArsINE R AN SOBRIRSsMIgRINRpYIrce

comprising a resin (e.g., epoxy) such that the resin source is configured to at least partially impregnate
or saturate BisérieashdiBadreshereinohe sprersing anember dystepiigeshiny speepeothe [Esitpartially

impregnate; preliRle Auaveibek 2dle 45T ving ReINGMRYSAI QAR e SYRIRMoM IR NG resin.

The system additionally includes a positioning assembly configured to receive a resin-impregnated
fiber bundlehmpipendiepisoeithedsiciethe skfonih g sBarhBly tsinpiopteandast bordardls isach of

which ncludes, g} SV anCoralR HABENERtR R CUED b aonlauRkigeigellal advance

the resin-impregnated fiber bundle relative to the positioning ass towar of the at
least one akontTdltesfotereehilatieg compriseyanipastsonéatyoréadirvgmasnsbean (ohighplisatesinssembly

or head) ex ' fdpmgrge least one,arm, wherein t reading member is, configured.to spread
the resin-imﬁg%ggé%g%eo fi 1e(rerbalfjtlrllgi?(la%frl(cg)rﬁgdag ?‘l?g%%lvfgtfﬁeut‘ée;}%eﬁgg 9\?\}? th and' %Sﬁ{gbg ?ﬁ‘?grglgﬂ\}/lveall of the
pipe. In onsermhonembirdseachahdvivtio di¢chateasinwirll picdr atipd. fibesdvera lenb gdeatatsthan the
first width. In. some embodi ts,.the system additipnally includes a controllet for regulating one or
more aspet:rf:ss Telated ?%ﬁ#g@?g’ﬁﬁg??ﬁ%ﬁ?@% %33 e{sa%-sr?r}{%ar%e%ﬁa{{lee aHBrelrstgﬁrr%dr%ulrg a‘g)vé?rr}%%%,relative to
the positionadfeassenifelymedotovwhl sprhagipg mithobethewsrdfatackondiatthe biterontembledfatee pipe. In
several em?odiments, resin- impregnated fiber bundle splayed by the spreading member is configured
to directly adhers to the interior wall of the pipe without the use of tack coats or other intermediate

layers. [0005]Accdeiiog]to sevoeveditpodinnesisicthembsdimielitg, assenpdlyii®ning assembly is
configured to be grasped and manually manipulated by a user. In other embodiments, the
positioning assembly is configured to be automatically moved relative to the interior wall
of the pipe. In one embodiment, the positioning assembly is configured to selectively
rotate about a longitudinal axis of the pipe to circumferentially place resin-impregnated
fiber bundle along the interior wall of the pipe. In some embodiments, the fiber bundle
comprises a carbon fiber bundle. In other embodiments, the resin source is generally
positioned between a raw fiber bundle source and the positioning assembly. In another
embodiment, the resin source comprises at least one advancement assembly (e.g., roller,
roller assembly, etc.) to help direct raw fiber bundle from the raw fiber bundle source
relative to said resin source to at least partially impregnate said raw fiber bundle with
resin. In certain arrangements, the raw fiber bundle source, the resin source and the
positioning assembly are positioned on a movable assembly, such as a robotic assembly
(e.g., completely or partially automated), said movable assembly being configured to be
automatically or manually moved within an interior of the pipe. According to some
embodiments, the movable assembly comprises a wheeled cart. In one embodiment, the

movable assembly comprises a foot pedal configured to selectively move said movable



configured to be grasped and manually manipulated by a user. In other embodiments, the positioning
assembly is configured to be automatically moved relative to the interior wall of the pipe. In one
embodimenth& Judieing assembly is configured to selectively rotate abBEGTABALMRLHAl axis of
the pipe to circumferentially place resin-impregnated fiber bundle along the interior wall of the pipe. In
some emboghsagis: WariRetungigisproprisesarban ibae bameiieathenrmiodipents the resin
source is generally positioned between a raw fiber bundle source and the positioning assembly. In
another emBEOYRRFEHCHh @SEER Y AARBTEsHPHIYME at least one advancement assembly (e.g., roller,

roller assembly, etgghiselp Assidiay dhas-hundiadsammihesrane figerhie BECR Telafiyado said

resin source to at least partiall impre%nate said raw fiber bundle with resin. In certain arrangements,

the raw fiber®{ngrasBLRBemBlYesiIlawed thaalsetivslitianviagessfemissiniaprsroae didata
movable asgamly.:ueiA IR 'BRIRIAZSeHAN AL - ROURRI A RATALY aHiomatrd): Sgid movable

assembly being configured to be automatically or manually moved within an interior of the pipe.
According t@dRreBaTH 68saIRblEs comepritsvablellessdnily embystisenia thieendlercommpisss a

embodimen NP YRBIE:ARSE BN EPMANAES ffan! BaURLGANIANGHNR SRR Ty fRid

movable assembly within the mienor of the pipe. In some embodiments, the at least one advancement
assembly comphgeedateober salocain opsrdied) by censsin enotimentbodimanstdhe confprlisss at least

one advancgganiasseiily SRRIiRshio SeIRcahuRdvansa e SO sanaEriRg undie
toward the spreading member. In some arrangements, the at least one advaricement assembly
comprises gosiirningonssemtiipdintertotiee cobtrditeerssntbriskandedhdlerided és/icenfiggreditioer
attached 1o {hg RAsHioning ASsPIBly o seRmraleiam . sonligwied fo pe elegiively qperated by a
user. In some em%o&impen S, tfhe controﬁer comprises one or moresﬁut ons }(cﬁlals, swirtc es or other
controllers) pysitigmeeddibtirdpotiticvinglabselistlledd sbHthe pribiodingeastenibéyhandheld device is

configured to selecj operate at least one rolle assempbly adapted ta selectively advance the
resin-impregnatediﬁt‘égl?iound‘%ﬁ?r ard ?ﬁes%‘%?a?%h(&%lpﬁ%sp qt%%’l‘ﬁ@%%e%@% cfﬁ%ﬂeﬁccording
to some emirddanenis]dhe, pdsitionitgratsesdaly memiirhass el eastifnanjaitplewihichiéh aassigured to
permit a user to modi% a% le t.wh'chgres'n-im regcnalgrﬁd iher bundLe is placed op the interior
wall of the piSR"E4E gg‘?ﬁ Rt 2t 88#&%1 Fis'cd g%fjr BPSel el V8l ¥ e
movement ehéheopasilienizgcassimely abauldhb ingipainel hesmbtemaipaint@nptiaisingodiment,
the positioning assempbly is_configured to be maoved longitudinally within the pi[ée SO as.to coat a

desired longRERTRY 2205t ARs R B B P Rbe WitESh SR eureb deRISHIANRS. 1n some

embodimengssdhd 1§08 tealieisis &P Rii g iadvieicent@hdinangivéina e pipeniLfdthep asiieinkag
assembly within the pig)e. In another embodiment, the positioning assembly is secured to a support

member, whtidiabspriing ek e drterian aedl0fitbe 8 a g B et nrredatr detbst Gy el the first
and secondrlegsnay @A80HGHERE teheRIBRIBENEBHAE WS &f IBBRIPE 1A ANRINEAT SIPResimest, the

support member is configured to be moved longitudinally within an interior of the pipe. In some

embodimentlS tRESEINHBE ARSFRNAY cOithifsts abiSeel &y aBPthsItHsRRP S ethen BPFHINMRE cart or
member (€.gss MFIRAELAMRd D IR SIBRIALRBEE, HRieHRUAGISIS RIAYIedRRASRARLPLR a bulk

container. In some embodiments, the fiber bundle comprises nél%;n, glass, graphite, polyaramid and/or

other mate r?dl@.affrﬂ%ﬁ% %@ﬁﬁ@éd]@ﬁeﬁ‘l@ thet r‘é§iﬁrébﬂﬂﬂ§‘_r§?€§féb , fﬁélmﬁﬁﬁ% taepniechithsther
Besembly o R e e T O e
fiber bundleniovsd agigideritvatie withio ayvaitesiothelpie pipy O OXBIBOEBbOHD L SRE 1MRAT 89
[0008]According {9 30MS-RMRPHIRENE AN NS PLIYMA YRS ASEMIR Rart or member (e.g.,
wheeled cart). In one embodiment, the fiber bundle is provided on a spool or in a bulk
container. In some embodiments, the fiber bundle comprises nylon, glass, graphite,
polyaramid and/or other materials. In some embodiments, the resin comprises epoxy,
polyurethane, acrylic or other polymers with favorable cohesive strength characteristics.
In one embodiment, the positioning assembly comprises two or more spreading members

so as to allow two coats of resin-impregnated fiber bundle to be applied to the interior

wall of the pipe.



surface (e.g., an interior or exterior of a pipe, a wall, a beam, a column, a slab, etc.) using fiber
reinforced polymer includes coating a raw fiber roving with a resin (e.g., epoxy), selectively directing
the resin-coMed4igéP¢6Mng through a positioning assembly of a reinforcind®§JsteSav 18024 Aing the
resin-coated fiber roving that exits a distal end of the positioning assembly onto a pipe wall, rotating

the positioning aseougly ab%&%mﬁa%%oseiﬂeeeﬁ?&éaimt@,daﬁla@m@&ieg RIaRgad s edisssuberential
section of the pipe wall and moving the positioning assembly along a longitudinal axis of the pipe to
selectively BYEESSdSiB-cORIBERHORPTSYIRGOEI0hE BiRRconalbirchrrtdra sl GBS $te) pitiBvall.
[0009] In othererohpdiaantsihrmahed cddiinpallyinckuies fimslenil Previding.a epsrgs,or tack
coat or any other liner or coating on the concrete surface (e.g., interior wall of a pipe) prior to
spreading thaeitisle cliteetiigethrovasasneichdibeneostagsilifaseh 1a ﬁeﬁﬁ@em&@émgkx,qﬁé method
additionaly, eamptisgs UG BldaAsHNR4AR ARt ONBEh6, heat e raingNalis pasitioned on
the pipe wall. In othet arrangements, the step of selectively directing the fiber roving through the
positioning pegémting cosepriE Suioctatipg Gak cetritie the\Rastianins: asseably|rbo vk theP6dRioning
assembly. MALIRSE SROAIERthE LGRS AR ANANSRMANLPSSAME AT BiiRER AN GRS more

rollers, roller assemblies and/or the In one embodiment, the step of spreading the resin-coated
fiber rovingronwing phpeositiosipe Hesemblyveling artoweltodiaalolds afsberilie 1o siestivelstdeiments, the
method additionally includes curing.or subjecti I eg-fiberlayer 14sing heat
treatment, |f§?1‘%“ t%)é%rendéﬁ%e(g&l%r%éw gtl,%%ﬁ%%ar%g} %@?{%ﬁgfﬁﬁga %r%a&tetéé tmeanf, air or other fluid
treatment (e.g., ve[0lé®pn) dmndévhehetikedimedts rthenbethok atslitimalhg leckidts/ ¢hio step lohgitudinal
B e e e oM S ROSIHOASL 20, 6, Ribe alld BElUSIARlEy, 1 e
arrangemeﬁ’trs?,vtll% ESCBRA &L TEreRtial Ection at lesst partia %over apsr% & first circumtatential
section. In amethar ealbofiinpépd) réoseccpetadiagniie nesiintsaet dibge nevally atvo the¢heficstte
circumferential.section. In some embodiments, the fiber.roving comprises nylon, gla aphite,
polyaramidséﬁ ¥ o éP%%Fé?i%ﬁ .ufheg%n%gee eég(aﬁin%gcé téf”’[lfglﬂe r&SMREGHY |sxe\’§8érf%§§?éﬁ%ﬁyd§lreethane,
acrylic, othespalyaesiemaie ripleandilsranyRih ehandtepasitonsdibsiaticepipa setie dmohiéments, the
step of coating the raw fiber roving with resin cqmprises directing the raw fiber roving through a resin
reservoir of%@’éﬁ?ﬂ?&ﬁlﬁhﬁIl%ﬁ?aﬂgéeg?ﬁﬂﬁgﬁn%ﬁ?pg?%@?e%%g cGatiy %8‘?%%\/%8&%%9 ith resin
comprises sgteaibe! - SRIRKEY ofEREINGY Sicotiemuise ARphdngdasiRsantlitbefanefipsvitiowing. In some
embodiments, the method tﬁlrther include%Cﬁ{én e?r pé)st-ap lication treé?gcplg {thjgs(;g%pél gg érgeeatment
(e.g., ultravASRSRlarbengthst sabodiunshie e Afdeaibane S LM TRSThaNE i

ventilation tgeatiaent:{R1eks, arolienisdeniblics fand BlowRr pkothen fiid kamwaindeyicaeeteep rone
embodiment, the step of further comh%gsing curing is performed using a device, or component coupled

to the positiBHFGiagsEm B MeeMeAHER S FERMMIR, HERGNRIE (S Rerformaed With ArPWalob&am,
column, pipg,ARdiALLasIike. IR0INACERIingEe AN prRedimrRiRAiBgIOsRHLRhauRIRS ARt

application, a system for reinforcing an interior wall of a pipe includes a resin saturator configured to at

least partiamptisetigctheriteas arIsplapdaftes daycarsiad beri drratssteHall Faasr Hdedes one or
more arms (g SRAMHARLIVBICY, I31caplaV iR iad aeaintA s atuetadilbeednagiqepiting the

resin saturator. In some embodimeénts, the resin-saturated fiber bundle is configured to be selectively

advanced tivestidatigne podiaothadikesdmptheirrrbrdinsnisidrregls selg atoctist lonsitidinah one
arrangement; ihg (IRRrGRgSys e aralianaln Husriadta wrdRcaisdwaiine difiskend @ the arm.

The trowel can be configured to splay the resin-saturated fiber bundle onto the pipe wall. In some
configuratioptbetirarepgtaneiontipgisesondcointrolifar¢otizb sedtan gt heash aarialn eyarapsHae first
resin-saturated fiber bundle is .selectiye [ough the posifigning assemily anddg the trowel
(e.g., Wheth%F%ul%%fgqiﬁgd%%%g)gd, tﬁn}é %@@%ﬁhﬁ%ﬁe%nﬁe is a vance(flﬁetc.). In some !
arrangemergsnaedin-aaits de difisaritsundhecpialysst thynth éntsowee] ésnbodiigemésl thedivesstikorigigere to the
pipe wall. In one embodiment, the positigning assembly includes a shaft that is configure be
grasped anaorrrﬁlgﬁlﬁgily%g)rﬂ‘ptﬁté&%sesd b%/r %Pohulst%’r. Pr?%ﬁ%rr}{eén@géj@erﬁ%%eﬁb%%%&iingqglssgorf%ly IS
configured tardeléntively, théatesmbautprismsgipodingldyischihe, pipglic ptheepdsimesaturatatifiber
bundle along g circumfeyence of the pipe wall. [0011]According to some embodiments disclosed in the
present ap p%l%%ﬁf’% %%/ etléﬁ}aftgp%n%)rsé"l}r)wsgagﬁklsriti]#osrovlyglIeo %’é%lg,nﬁfn%&,s chi %ﬁ%%%t%éﬁgestack or
other structewwe: dibkenMaongprises desitvsaitisedodieanifiguthel tavatfibastrpeitialjnsaglratereniotherwise

coat a carbon fiber bupdle with an epoxy. The system further comprises a positioning assembly
configured {§Y&¢8N& ?e%afﬁl-ré'lé?ﬁr:#éo% PSR it e%(ﬁjﬁla'l%n%xﬁ Yo %{?8 rceéllcn8 %érfgrg}?)% 1 sore
arrangementssitiae witbitesinganpaseblydrctidts aneydngndeppiitaSot odirevesebashipiig! iz
resin-saturated carbon fiber bundle is configured to be selectively advanced through the positioning

assembly and toward a distal end of the arm.
. 4.



The system further includes a trowel which is located at the distal end of the arm and which is
generally configured to splay or otherwise spread the resin-saturated carbon fiber bundle onto the pipe
wall. In som¥@HdBaredAts, the trowel is approximately 8 inches wide. In oV ERBEWIRAIESfS, the
width of the trowel is greater or less than 8 inches. In some arrangements, the trowel is removable

from the posiiieoningrassabiklyolahgleaniiansepdbo RIS NMRGAGh 68 HadeP Bl AP esasg Iprcertain
arrangements, the system comprises a controller for regulating the manner in which the

resin-saturdt@t-EBRYSAtBe sarRIatiLsiaga ekl HRumsAtHE BodtisHiRichs dai53550.aRE do Heatirowel.
According tegGeriain, eankedinedis dhe Q%RH{D%&WVBP'){?&%MfWﬁQt@nS%%&W i@igte about a

longitudinal axis of the pipe to place resin-saturated carbon fiber bundle along an entire circumference

of the pipe WaNIRLsBIE dnfdbdlnertoretar Shid ssfeadoicapeicyudalienspapadineiethowel is
configured gegirgCHy- AN eERRRPIRGIA Wit RMUERRHIRE MR O LR A ERBta W1 NGT lavers.

100121In certain embodiments, the resin saturator is generally positioned between a spool of raw

carbon fibefsuPRikianagHsssedlinn pactemembedithnene weskorerciecatarfeenipnsitghe lwabt one
roller assengBly{o. bR AitGEE aw/satomdfiber bundle from the spool through a resin reservoir. In other
arrangements, the positioning assembly comprises at least one pinch roller assembly adapted to
selectively advancld@8lresirisanudzngdocestiom fbdodimenéstdinelageh énttbovptesenddpplicativodiments,
the controllgr.comprises.a.p ] igure. cti .Such a
handheld de\?gze can be%pﬁ%ﬁ&%ﬁ%&gg] Iogg%ég érg rﬁ%}%%%h@%ﬁb%&%%ﬁg}% cﬁ%ﬁ%rﬁgms of the
system usir) kst tpedially gpatheatdvaidgbknbuatde syithca)) apeshizanidal nosisiomatcassediblyottechypes of
connection other arrangement, the h d device is configured to selectively operate at least
one pinch r§o @rl %%sé%lnebgro??é%‘éeﬁgv?gégég’gﬁé t%nad‘\yahcé%el%goigﬁwufggti?a &t lcvae?/l:?ogmeﬁlr)lér bundle
to the distabeaimdhatsfdthizbpo ditiod]ageassmmibly . iesiotsatieantrodinesis)dhenbositioeing dssaashly

comprises at least oint that is confi ureéj to permit a user to modify.an angle at which.a
resin-saturastaet%r%%écrf}% %‘fbe?@t%dfecl%np Yo 3% ?ﬁes%ll%czi \\/I\?ZYI.alnvggcrﬁce{yglrrr%u hein% 8‘?1 & controller is
additionallyassexfiglyrechdotoegurthte thigaheudnoérthef 4héepsisitienmgnasiarohly atangehite,lahgitudinal

is of the pi 0013]A ding.t I th itioni ly i fi dtob
owed Iong T e Rl b e PR Rl A ELNaD e e g o
desired longitudinad:s@eticon i thedpipepiedl thd iseinsarimbebiibenttridle coinblesijsadditionally

configured to control.the Igngitudinal movement of the posjtioning assembly within the pipe. In one
ebodimer OO S8 TR CERCSGr . LT ESEUEh R TBFECS e os

configured theceiachineRipdivebiundso e @eodinanisaates:sh e puppoHinemheiontacts the
pipe wall at a point generally diametrically oppasite of the location that a second leg of the support

member cofcte 88 HpYhdf-8n SehfaPHR iSeRtyanseds iBp datfampaIcr Bsniyariks 1 be
moved longifdinrlly wihinarJMeHaaRldRRMID Sedin-QRGAMH TN 8RARS SMPRO By RRMRAIGOMprises

a movable (e.g., wheeled) tripod, [0014] According to other embodiments, the carbon fiber bundle

is provided 8P aEsaBedi s SR hyraflfaminibetrire poall: the oaesmbhodiacpbsthe mag tiiambly
and/or any gihenklevicasd CoOmpRrems gr&%gum@ﬂ@ﬁéf%@mmaﬁxmﬂwﬁg%&%% a
C

movable cart, said movable cart. In one embodiment, such a cart is configured to be moved (e.qg.,

rolled, slid 88Sthéhvathstembrdiacatsntia nopkianingAsSBRY dsconserivdio sshertteelyrrotaise pipe. In
some embogisentsidhs;athePMRESES ddopiRedR phlevRIANMAT- e HRAtIRlIRIR C&ieﬁg uged to
|

e
selectively move the cart within the interior of&ﬁe pipe. In other embodiments, the carbon fiber bundle
comprises ﬁyfﬁﬁp@%@?@r@bﬁimp%@l%ramid and/or any other polymeric material. In certain

arrangements, theggef) ComRUSER;EPRYoRAYHEIARNG S FlH LARURSRANMPH 1AL Igvgrable

cohesive strength characteristics.
system for reinforcing an interior wall of a pipe, tunnel, chimney, other stack or other

structure or item comprises a resin saturator configured to at least partially saturate or
otherwise coat a carbon fiber bundle with an epoxy. The system further comprises a
positioning assembly configured to receive a resin-saturated carbon fiber bundle exiting
the resin saturator. In some arrangements, the positioning assembly includes one or more
arms. In one embodiment, the resin-saturated carbon fiber bundle is configured to be

selectively advanced through the positioning assembly and toward a distal end of the arm.
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[0015]According to certain embodiments, a method of reinforcing a pipe using carbon fiber reinforced
polymer (CFRP) includes coaling a raw carbon fiber roving with an epoxy, selectively directing the
carbon fibe YOI a positioning assembly, splaying the carbon fib®GHYRYIHAZERRS the
positioning assembly onto a pipe wall, rotating the positioning assembly about an axis to place splayed

carbon fibermgyiggeianahirsieliaeteriial aastionsobiie-nine waliRnd BAvEIAReRRSIHENINg
assembly along a longitudinal axis of the pipe to selectively place splayed carbon fiber roving along a

second circifhidhdhsanealiyorophigneedinespial. quoteivisorrecad s gesinssatugied rabrsuifaitionally

includes prayiging enpsimeARIAEIRNYPHIRILCAAbONIAKRIOMINE RIRE WAl REQiaSRIaY iagrearbon fiber
roving thereto and/or at least one top coat over the splayed carbon fiber roving. In one embodiment,

the step of S8R&tiVRIgthFcembgdHBcaibS Modihyelihg trrvieh s eaesRIoSHTY 8rinshesodiprises
operating 0ggt MRS ANGHRYAIRr ASREMPIER NI dbe RRBIAUNIAESEMD YesihBiheLE @Tpﬁgg%er:;s(’)sg

angle relative to the longitudinal axis at which the carbon fiber roving is splayedis adjusta
embodimerfCRAE, sE¥SREnaRcan e reaplizdeseenio MEPRSast pARishyiaine fapaacmeist dheusnteemntial

section. In aliEKIRUVE FHIRGIBE N INRiRE TR0 thate HSKRRIRRERIAN SRNGTalABMISHDS first
circumferential section. According to certain embodiments, the carbon fiber roving comprises nylon,
glass, grapfheadpoiyaadvanbethdiorushdhe oRsiioning asseially amstter therdryeshedtsconding gim
comprises = TelaY) | r r with fayqrable cohesive strength
characteris%?:g[.é I}% g@r%%éggn%%gsgiﬁgrﬁi%@qé%e%%é%g@%%g%%ﬁ %gvs%v%bsgqngﬁgégrﬁ or\(/)?r%gev%/lt%uZSoxy
comprises diregitindjhkeapsisy afatiivopifibér Peteg thirosathratedsiarbeseiibeir wirsllsatinagoam lentther

arrangements,. th of ting.the raw carbon fiber roving with epoxy comprises spraying a resin
onto raw ca?ﬁ %‘r%%%%%r%oeviﬂg%?igfl ees‘fvcar};ié)ti(E)’Irrll1 o the Brrna%vsfir:lgsef(g%lgl i Fug%glgg%iso? re%r8 eﬁggres,
aspects andatlariplggsdobyhthpresent isventigsedréodésecibe ddhitte rafatenppeovadihwiithsonf certain

preferred emaiégﬁrﬂ%nts which a{éeci'(ntended tgjill strate, but not to limit, the present inventions. The
et

drawings inciu I§ e‘ésrﬁ3 f) @nﬁguresc.o t|Ssotro0 & uidérstood that the attached drawings are for the

purpose of illustrafjé@lepncepis afrthia pradedineves)titbies @it sayraairbs tgesedddly positioned
between a spool of raw carbon fiber bundle and the positioning assembly, with the resin
saturator comprising at least one roller assembly to help direct raw carbon fiber bundle
from the spool through a resin reservoir. In other arrangements, the positioning assembly
comprises at least one pinch roller assembly adapted to selectively advance the resin-
saturated carbon fiber bundle toward the trowel. In other embodiments, the controller
comprises a handheld device configured to be selectively operated by a user. Such a
handheld device can be operatively connected to one or more other devices and/or
components of the system using electrical (e.g., hardwired, wireless, etc.), mechanical,
pneumatic and/or other types of connections, In another arrangement, the handheld device
is configured to selectively operate at least one pinch roller assembly or other device
adapted to advance the resin-saturated carbon fiber bundle to the distal end of the
positioning assembly. In other embodiments, the positioning assembly comprises at least
one joint that is configured to permit a user to modify an angle at which a resin-saturated
carbon fiber bundle is placed on the pipe wall. In some arrangements, the controller is
additionally conﬁgured to regulate the movement of the positioning assembly around the
longitudinal axis of the pipe.
[0013] According to some arrangements, the positioning assembly is
configured to be moved longitudinally within the pipe so as to provide resin-saturated

carbon fiber bundles along a desired longitudinal section of the pipe wall. In some
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[0018] FIG. |A illustrates a cross-sectional view of a reinforcing system being used to coat the interior
wall of a pipe with fiber bundles or roving according to one embodiment; [0019]FIG. 1B illustrates one
embodimené! 2 HUR@Ntainer having raw fiber bundles or roving; [0020]FRETAB294H8M A cally
illustrates a resin tank or other resin source configured to provide resin to a raw fiber bundle according

to one embegiBients, [AQ21dJnRIEP schprnatiaally IlssidigsNe UBRPIMBSt Ringitgiarcing

system comprising a squeegee or other device or feature for removing at least some resin from a

resin-saturafaV fBERb W diBSPRNAINginE 0 oSSRy EWithi dhes RiRgue &y cner Brhadiladite Brfeature
for removing iR SAEBEMBEINSREMR ARSI B SRIHCAIBILHBRF RAndie e oV Ingrasey A RuRne
embodiment; [0023]FIG. 2A illustrates a detailed view of the distal end of the positioning
to contact the pipe wall. In some embodiments, one leg of the support member contacts
the pipe wall at a point generally diametrically opposite of the location that a second leg
of the support member contacts the pipe wall. In certain arrangements, the support
member is configured to be moved longitudinally within an interior of the pipe. In one
embodiment, the support member comprises a movable (e.g., wheeled) tripod.

[0014] According to other embodiments, the carbon fiber bundle is provided
on a spool. In some arrangements, the spool, the saturator, the positioning assembly
and/or any other devices, components or equipment of the reinforcing system are located
on a movable cart, said movable cart. In one embodiment, such a cart is configured to be
moved (e.g., rolled, slid or otherwise translated along a longitudinal axis of the pipe)
within an interior of the pipe. In some embodiments, the cart comprises a foot pedal, a
lever and/or other controllers configured to selectively move the cart within the interior of
the pipe. In other embodiments, the carbon fiber bundle comprises nylon, glass, graphite,
polyaramid and/or any other polymeric material. In certain arrangements, the resin
comprises epoxy, polyurethane, acrylic or another polymer with favorable cohesive
strength characteristics.

[0015] According to certain embodiments, a method of reinforcing a pipe
using carbon fiber reinforced polymer (CFRP) includes coating a raw carbon fiber roving
with an epoxy, selecﬁvely directing the carbon fiber roving through a positioning
assembly, splaying the carbon fiber roving that exits the positioning assembly onto a pipe
wall, rotating the positioning assembly about an axis to place splayed carbon fiber roving
along a first circumferential section of the pipe wall and moving the positioning assembly
along a longitudinal axis of the pipe to selectively place splayed carbon fiber roving along
a second circumferential section of the pipe wall.

[0016] In some arrangements, the method additionally includes providing a
primer and/or any other coat or layer on the pipe wall prior to splaying carbon fiber roving
thereto and/or at least one top coat over the splayed carbon fiber roving. In one
embodiment, the step of selectively directing the carbon fiber roving through the
positioning assembly comprises operating one or more pinch roller assemblies of the

positioning assembly. In other embodiments, an angle relative to the longitudinal axis at
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assembly of the system of FIG. 1A; WO 2010/096690PCT/US2010/024789 [0024]FIG. 2B
schematically illustrates a side view of one embodiment of a positioning assembly having two or more
applicator a¥@AMAe866Pheads; [0025]FIG. 2C schematically illustrates a sRIEENIESAN /IR er
embodiment of a positioning assembly having two or more applicator assemblies or heads; [0026]FIG.

2D schemaiigady WhesteabRn aisidawary ¥ ¥plaoReimmbedimentat 2 pesliating arsssihiy having a
plurality of applicator assemblies or heads;
circumferential section at least partially overlaps the first circumferential section. In an
alternative embodiment, the second circumferential section generally abuts the first
circumferential section. According to certain embodiments, the carbon fiber roving
comprises nylon, glass, graphite, polyaramid and/or other polymeric materials. In other
arrangements, the resin comprises epoxy, polyurethane, acrylic and/or or another polymer
with favorable cohesive strength characteristics. In some embodiments, the step of
coating the raw carbon fiber roving with epoxy comprises directing the raw carbon fiber
roving through a resin reservoir of a saturator. In other arrangements, the step of coating

the raw carbon fiber roving with epoxy comprises spraying a resin onto raw carbon fiber

roving.

Brief Description of the Drawings

[0017] These and other features, aspects and advantages of the present
inventions are described with reference to drawings of certain preferred embodiments,
which are intended to illustrate, but not to limit, the present inventions. The drawings
include thirteen (13) figures. It is to be understood that the attached drawings are for the
purpose of illustrating concepts of the present inventions and may not be to scale.

[0018] FIG. 1A illustrates a cross-sectional view of a reinforcing system being
used to coat the interior wall of a pipe with fiber bundles or roving according to one
embodiment;

[0019] FIG. 1B illustrates one embodiment of a bulk container having raw
fiber bundles or roving;

[0020] FIG. 1C schematically illustrates a resin tank or other resin source
configured to provide resin to a raw fiber bundle according to one embodiment;

[0021] FIG. 1D schematically illustrates one embodiment of a reinforcing
system comprising a squeegee or other device or feature for removing at least some resin
from a resin-saturated fiber bundle or roving;

[0022] FIG. 1E illustrates a squeegee or other device or feature for removing
at least some resin from a resin-saturated fiber bundle or roving according to one
embodiment;

[0023] FIG. 2A illustrates a detailed view of the distal end of the positioning
assembly of the system of FIG. 1A;



[0027]FIG. 3 illustrates a cross-sectional view of a reinforcing system being used to coat the interior
wall of a pipe with fiber bundles or roving according to another embodiment; [0028]FIG. 4 illustrates a
cross-sectioW& MNeUPddeinforcing system being used to coat the interior RENEFHHIPR4Gh fiber
bundles or roving according to yet another embodiment; [0029]FIG. 5 illustrates a cross-sectional view

of a reinforcing sygtRyzapeingrusedBoseRahHiRANENRIWANSS aipipaMtBibRs uBdigsakroring
according to still another embodiment; and [0030]FIG, 6 illustrates a cross-sectional view of a

reinforcing S)StEATHGATRBL i BV @P&ﬁ@?@%ﬁﬁ%@%ﬂbﬂ%?‘b‘&ﬁ?@ﬁés or roving according to
another embodimqpp28ptailed @esrcdptionetine Hraleried FmRQN M Sother embodiment of

a positioning assembly having two or more applicator assemblies or heads;

[0026] FIG. 2D schematically illustrates a side view of yet another
embodiment of a positioning assembly having a plurality of applicator assemblies or
heads;

[0027] FIG. 3 illustrates a cross-sectional view of a reinforcing system being
used to coat the interior wall of a pipe with fiber bundles or roving according to another
embodiment;

[0028] FIG. 4 illustrates a cross-sectional view of a reinforcing system being
used to coat the interior wall of a pipe with fiber bundles or roving according to yet
another embodiment;

[0029] FIG. 5 illustrates a cross-sectional view of a reinforcing system being
used to coat the interior wall of a pipe with fiber bundles or roving according to still
another embodiment; and

[0030] FIG. 6 illustrates a cross-sectional view of a reinforcing system being
used to coat a wall or other surface with fiber bundles or roving according to another

embodiment.

Detailed Description of the Preferred Embodiments

[0031] FIG. 1A illustrates one embodiment of a system 10 configured to
reinforce an interior wall W of a pipe P. As discussed in greater detail herein, the system
10 can be adapted to provide one or more layers of fiber reinforced polymer, such as, for
example, carbon fiber reinforced polymer (CFRP), to the pipe wall W. However, the
devices, systems, methods and features disclosed herein, or equivalents thereof, can be
modified so as to be used in the structural reinforcement of other below-ground and
above-ground devices, structures or other items, such as, for example, tunnels, galleries,
chimneys, smoke stacks, tanks, reservoirs, walls, other structures and/or the like.

[0032] As illustrated in FIG. 1A, according to some embodiments, raw carbon
and/or other types of fiber can be provided on a spool 20 as roving or bundle 24.
According to some embodiments, the carbon or other type of fiber roving or bundle 24

comprises loosely twisted filaments. For example, as illustrated in FIG. 1B, raw fiber
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[0031]FIG. 1A illustrates one embodiment of a system 10 configured to reinforce an interior wall W of a
pipe P. As discussed in greater detail herein, the system 10 can be adapted to provide one or more
layers of fib¥¥QaihPeee?holymer, such as, for example, carbon fiber reinfoREHHPRAYHER{BERP), to
the pipe wall W. However, the devices, systems, methods and features disclosed herein, or

equivalentsghgirody ¢a0ike Q48 SARPiRS BBRDIbIRE BHYCLYRhIRPRICeWRRBhaHRH

below-ground and above-ground devices, structures or other items, such as, for example, tunnels,

galleries, cHRffienes indrecsrherimen hatdssehsimativally iBustiataduandris. 2y dharawiidaber  [0032]
As illustrateg) imfel Gr A6biE 69" ARG ICRE fﬂﬁﬂ%%ﬁai@Wﬁ?r&QHﬁﬁl?érgm SpesRffiber can

be provided on a spool 20 as roving or bundle 24. According to some embodiments, the carbon or

other type cifib@rioonigntstiondie Ivuabiormpiceenbodianeninstee fiade atsomgeiheaplinchadiiustrated

in FIG. 18, E%i%eé?%féﬁ',eaﬁﬁf&vﬁ}g 5thSPB- R FHBR!GRHM 3R RIBRP YL AIAIRRL2s With

continued referende to the ‘embodiment that is schematically illustrated in FIG. 1B, the raw fiber bundle
or roving 24lesiredeptagededitRngimdlconadihew 2beusing anidigere touimgtRérih septind, fibandréentation

25. In alterngti %?“:}P ment e ar.rovi 4 include ral, s d/ar.any other
orientation r&%‘?ﬁ\ﬁ%t e ggx%r%%ﬂ%ﬁlg@:%t%ﬁegg gg) dgﬁeg%qé%l%%f%gjﬁi%gé.j @éﬁa@%gge 8?%oav9vlctihe raw
bundle or rakinggivaisesupglieditivusysban anfigpitieding bsseabily, mspezidmgmeeorberareddovtinstream
steps (e.g.,delivered to and resjn saturgtion system, .a positioning assembl spreading -
member anfer G Ehoe e R O e A R RS BT B e
(e.g., resin-tesinfitmr fiberdminda) advaiegeaesyshreridade conveveaite féitfieinanddineklyay of

supplying fiber to A reinlfarcin%bs%stem. In an .of the embodiments {d{ﬁglosebd herein rS%ﬂ)uivdalents
a

thereof, a ré’YﬁVoPcir%péilgfg% TN CE sﬁbntﬁ,sgg&ercr)lr' othet CoRtainer glng%Plae%éo &rdevice or

componentHieresipplysogirale s il tecor raviemhfortie sysiem. (A 3a¢Ackzordipgdh somercothadiments,
the fiber used in.such lications is_supplied in its rawlform. To further enhance their structural
characteris 88 AMEEETHATH APCCLIET FE 4 2 S RSPRHUGL B EHRFLSIR KRR a8 18T 24.
Thus, in cegg@dtemrrangements, the roving or bundle is not composed of short, fuzzy and discontinuous
filaments that are held together by friction or some other me‘%o The filaments of g roving or bundle

24 can comprise N8R lglas< Gttt SRR SMERS A MRS D FRTAERRIREIY the

desired or regsiied GharaciemistiteHe. g TéehaHRestianate HawevetchirathehmkeMlgNtBeane or
more non-carbon types of filaments (e.g., nhon-carbonaceous synthetics) are used, either in addition to

or in lieu of BRI R RAIRIGPERIUSH R Eb AT IS drgBs QF 18R 24ny Wthbifation of

carbon and@%hﬁi?ﬁ'&%ﬁ@@n?&ﬁ@,d ﬁﬁe%ﬁﬁg ks ingldlediin e reigbadyrdiadhat fﬁz%?'aéfﬁ‘ﬂ and
placed on a pipe wall or other surface. [0034]With continued reference to FIG. 1A, raw fiber bundle 24
can be diredigePrényQHe Slrsarnts, thay e dsidalnestBrisBim Eistingy 8bdrsRet O RLatFEed 401 BE other

container ingasdRnto A9 Vida i Sesitadioniecuirashpmaum BhresiasRata i filmanimef shgseving 24.

As discussed, the bundle 24 can include carbon and/or non-carbon filaments, as desired or required.

In some enfsddiEnRtsyRRobuRdRIiak haiAng el clesited omrguiett chaseitaNiss peaidensleain
desired or reauireg) chalaleistiasJadh ediiRaanizanieTdh e e YRR IIRIT RGNS Anghygll be

applied to a pipe wall or other surface. In
(e.g., non-carbonaceous synthetics) are used, either in addition to or in lieu of carbon

filaments. Thus, for any of the embodiments disclosed herein, any combination of carbon
and/or non-carbon based fibers can be included in the roving or bundle that is splayed and
placed on a pipe wall or other surface.

[0034] With continued reference to FIG. 1A, raw fiber bundle 24 can be
directed from the spool 20, a bulk container or some other source to a saturator 40 or
other container in order to provide a desired or required amount of resin R to the filaments
of the roving 24. As discussed, the bundle 24 can include carbon and/or non-carbon
filaments, as desired or required. In some embodiments, the bundle 24 can include one or
more other materials to provide certain desired or required characteristics to the filaments

and/or the actual reinforcing layer that will be applied to a pipe wall or other surface. In
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certain configurations, the resin R comprises epoxy, polyurethane, acrylic or any other binders or
materials that have favorable cohesive strength. However, in any of the embodiments disclosed
herein, the 8Y@xX)18(08¢6%} resin can be applied to raw carbon fiber using otRETAEARERS4 Hethods. For
example, the resin can be sprayed, dripped and/or otherwise applied onto a roving or bundle as the

carbon fibelchusmgle fisusilbierethérassiinr Bagirkls GRS CHigineanother3RUsE ) dliternative

embodiments, fiber bundle or roving is passed through a resin tank or other container in order to

saturate thePBilsile Br RARIHWitha bavs davauahlany e sanetiondiriGHsatiBnasy afdhe the

carbon fiberroiagnanis @sitldSeaRMERIR bhoxPatenit PRlisUAD NG HUZ Prawtilsshatbduly 24,
2002 and issued on April 24, 2007 as U.S. Patent No. 7,207,149, the entirety of which is hereby
incorporate43¥& StBeE e iRey<th meshady T oL sxararke. dhedstins strde sApexpdndiinrebaeddirmore

roller assemypligse (StieRBATY &’E%%ﬁl%ro%'n!xﬁﬁike5§)th‘ét9ﬁ5éﬂm9%‘&}€d1& YalYE G BRM Gshand/or

other devices that are configured to push and/or pull the fiber roving or bundle 24 relative to the

saturator's fdsisnedeiontlg cernjainarougihhan Sﬂ}ﬁé?ﬁarllﬁégmé\@ffm?é{@éh‘éwtﬂr abgr pyndlesenative
embodiment 0f 3 rallesd2; A AAVANCRNR %ﬁ?ﬁf'%{@#@&gﬁiﬁmﬁa&%ﬂ% {Gurhfe 40 Flie or

embodiments, the fiber bundle or roving Is configured to be moved relative to a resin source (e.g., a

resin tank, spragg stlibralssiredtanantisy) ofitesint thdditenst roflarsationttrgardinanioe naeparfdienes

located withj S Forexa [ t i inforcing system
described e B e B o L fR AL 2
advancemefidéatuddassoedievidgsit ad, BH0Gca dd U d3ttad M and 0 7detinttecantirefyto€ whseh source

(e.g.,a resiﬂ reservoir 44 4%4', SPray etcé) £0036]In some embodiments, the rollers and/or other
rg }//.mco oﬁa d’ &r%‘he’renc h frem. i
advancemen? evices mclu ithin a reintorcement system are configured to prevent or reduce the

likelihood of the fij@0B5ihdle Bhe osangdramobetagiitwisteck stfetchedmehdlor @tbeswiseraondidmas it is
transferred from a raw fi rsourceélk%e. ., & SPO0 bugec ntajner, etc.) to the applicator assembly or
%hes 4{5) %e%ﬂb%l/n igq'ess ull’l 1‘01 Eﬁ% ; ac?va Ceftl’llj%l’l& VQR’ % ISC%.Sn d/or

head of theaﬁts)eélﬁllonlng as can hetp avoi 8pp ication 0 edirabie’fo
moments oarttvebothdtedoviveyidagit laradshifipurédisoganinatd/enult twafitee redin:|acldandlsngde or

ot the arran GO AR ACo R hA TSk AFes VTl (€ sAEPHE 40 LATTER SRy hiedto
maintain theeesipir 412 desilegrigivperabodiment of a roller 42' or advancement configuration is
illustrated in FIG. 1C. In other embodiments, the fiber bundle or roving is configured to
be moved relative to a resin source (e.g., a resin tank, spray, other applicator, etc.) without
the use of rollers or other advancement features located within or near a resin source. For
example, in any of the embodiments of a reinforcing system described herein, or
equivalents thereof, one or more rollers (e.g., push or pull) and/or other advancement
features or devices can be located upstream and/or downstream of the resin source (e.g., a
resin reservoir 44, 44', spray, etc.).

[0036] In some embodiments, the rollers and/or other advancement devices
included within a reinforcement system are configured to prevent or reduce the likelihood
of the fiber bundle or roving from being twisted, stretched and/or otherwise moved as it is
transferred from a raw fiber source (e.g., a spool, bulk container, etc.) to the applicator
assembly or head of the positioning assembly. This can help avoid the application of
undesirable forces and/or moments on the bundle or roving. In addition, this can help
ensure that the resin-laden bundle or roving is adequately splayed or spread onto a pipe
wall or other surface being reinforced.

[0037] In any of the arrangements described and illustrated herein, the

saturator 40 can be selectively heated to maintain the resin R at a desired temperature.
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This can further enhance the ability of the resin to adequately saturate or otherwise coat the filaments
of the roving 24 as the resins come into contact with the roving (e.g., as roving is passed through a
resin tank oMVSIREEMeRIher, as resin is sprayed, dripped or otherwise app/REESHOZEE.). In some
embodiments, the reinforcing system is configured so that the resin temperature is adjustable (e.qg.,

automaticathipasipiyrifenrdicaltheasnualys 8le sk tirhdBguHesin GRRaIn R RIERLCasmPrises a

desired temperature when it is applied to the pipe wall W. This can help ensure adequate adhesion of
the CFRP tH'n 8BS AiheTIouRISHS RS cBSJrSiBsiGURSl B AR Yille tBaryBigther as

post-applicagmgtﬁpﬁamQ&Watmm hinathaied RaiRIuasdesthes epinyRiCaRHR ¢Rrductively
and/or convectively thermally-conditioned usin% one or more heating devices or methods (e.g.,
p

resistance REEVSHEEPRSEHANRY BbesiheatlBusaps, etbpdiapitisdI(hareBiects udiamR s, the tank
or other coRi@{ghidviichniiedgsiadn hRuFrdHncludes AN Ipthermah emmUNigatigR). with one

or more sensors. For example, such sensors can include temperature Sensors, VISCOoSIty sensors,

density sen@@@mﬁiﬁﬁé]ﬁaﬁya@#%b’s%b@tﬁ&taﬂ@ c@ﬁﬂ’gﬁ?&éﬂt@i%t@&fﬂﬁpﬁ%méﬁeéh%rﬁéﬁﬁér other
property of {ig s&sin lOQBBHNCH A RIPRAME Ve RPN RIBIDUHARES alAdessar qE required

level within the saturator 40. The saturator's reservoir 44 can be in fluid comimunication with a

separate reshastenaif e heTShtvithy, pinetwall, Yor dhusn e ngegsoyadditionahsantivgserrdaysrse
ainor A 20 to £ . " addit R
container Eﬁlﬂforaétﬁ%ﬂ%ﬁﬁlﬁ%&l%%%%ﬁﬁ%ﬁtﬁ@hﬁhﬁesﬁ&ﬁ‘m o%&%( Qﬁré@’é{h‘!é 25 Adgugnalgesin R can

be automatically or ma e saturator 40.For example, saturator's reservoir 44
can includeresiaRIcsertsorandutitiveljeidéor onfiveatedtly thatomiiticatifitiotsd: ubimgoméeveioithe resin

R stored gl usyE 20, nig

iment, data and other infoymation.obtained by the,level sensor can
be used to open §v ve, operate 5%%&365 %%%?earnvs%?%ﬁtreergt adc |t%(rclg?rrl Sif lﬁe% %ﬁgts%%nr%i’or 40.

Alternativelgtca) uRelatdlmnansathye dinglod diddition diadsik Brintbethepsttimeator' svhede thoire$thts maintain

a desired leyel, Fpr, Yample, the User.can manualhy Open A valve pr.operate, apumping deyice to il
the reservoir 44, Tn"another configuration, a User can manually transfer resin R nto the teservoir 44
(e.g., usingexdiipketsaclothasmontainatiude teniipedDfukn seilsers ribadityarisoe dasityRasotained
within the satyrator resegloir 44 is m%ntained at.a constan ?r iubs ntjallﬁ[/ C nstanf level using one or

more other Y&vVi€e&8r ﬁ% ?ﬁosgg.-s‘l)—"‘(grt egte?ﬁ%ec, ég}gggr%i 25%Cah B f)lgg i&ﬁg%ﬁ sB’iiﬁ’&%eBr other

resilient mepakeistiodtiereestinfigured to automatically or manually lift and/or lower the bottom level of

the reservoir to maintain a desired resin level therein, In some_embodiments, level sensing within a
resin reservoir or 3ﬂb§éiont m&@%fﬁﬁﬁﬁgﬂgﬁ%ytmeé?ﬁ?ir% é?v&‘é%?ﬁ?%é’tr&é!eﬁfbﬁ?‘groﬁontainer,

such as by wsiiiged lRadicoliiialancaapirgihienyeigtemansuf@reisaavizeddn duither pmbgdiments,
float systems are adapted far use in determining a level of resin within the reservoir. In some

instances, iFHEYEISG RN JELh ARERT e AEHH SRRIATRATI VR THERDIrSHTBAS TSR sBdor

physically confestiai6: Te#RIMRIIEY RRIHRPNTINRT)RMEIM JOHRRRAHUA TR S8 aifadr
reinforcing Séstem can include any other type of sensor to help measure the level of resin within a

reservoir, stitRaiEpEREAMedfiaalsgHn Jlacibbe alttemstialineamaniatiz destad e Wtems,
other light-RaspgisensosRRIMEIRE Hes 1AM Ralismative. sMBoRiReNis, dhelr¥ebebihe resin

within the reservoir 44 is configured to change (e.qg., lower) over time. In such arrangements, the roller

assembliesdeyigh arafisied deautomstisgiyedstenh Abe &p drvetohthedenin Rittascdr thasinh ihe
reservoir 44,can e coRgER H&ﬁ%@?ﬁ%ﬁﬂdﬁﬁ%@ﬂﬁ@&%}?@wmﬂ&ﬁj RAG VR yyithin the

reservoir 44. 100411As illustrated in FIG. 1A, raw carbon bundle 24 can be directed
to open a valve, operate a pump or otherwise direct additional resin R to the saturator 40.

Alternatively, a user can manually direct additional resin R into the saturator’s reservoir
44 to maintain a desired level. For example, the user can manually open a valve or
operate a pumping device to fill the reservoir 44. In another configuration, a user can
manually transfer resin R into the reservoir 44 (e.g., using a bucket or other container).
[0039] In other embodiments, the resin R contained within the saturator
reservoir 44 is maintained at a constant or substantially constant level using one or more
other devices or methods. For instance, the reservoir 44 can be positioned on springs or

other resilient members that are configured to automatically or manually lift and/or lower
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through an interior portion 46 of the saturator reservoir 44. The thickness and density of the bundle 24,
the materials used to manufacture the bundle 24, the path and velocity of the bundle 24 through the
resin R, the WOy Ref@between the bundle 24 and the resin R, the tempeP&lESYHE4E¥In R and/or
other factors can be varied to achieve a desired CFRP bundle 24" exiting the saturator 40. As
discussed imereatRmtlatakinereine RBEbRXILS HamatratasdRdathesigsicvepturatad onfegipdaden
bundle 24' can be directed to a positioning assembly 100 configured to selectively ap& the CFRP
along the irffBPAFAMEAtSEYELSEsIPE iWILHBG deTie aSHRTMOIL PR QiNST SRaveiasids aeramp Bliteria.
100421 In any.efiig amRadimaniz dikelosactbhessidhe (eI UD G SHIe T AR BHOMHLIRS: Qfte or more

resin eliminating devices to help remove excess resin from the bundle or roving as the bundle or

roving is mOWRRT ek mrassemeifevicse it mpy dsrarsafioatpyitrsasees sleetedisdiment of
a reinforcinggystemettitiag E‘fé'é@h%?&‘?n%ﬂiﬁﬁ%é%@%éﬁmﬁﬁl’h deMiEeastm SN TIAEShig rRmove

excess resin after resin has been applied to raw roving or bundle. In the depicted arrangement, the
resin remo\ifisiiabledupreidanesuedh ihiewherwewmmtie aithophthe sienses phisicdhoeherasisia source

40 (e.0. spra Qe IR, BRRIGAIRACE Cohidihalic tRAe SMBALIMARIS. RS LMBIE resindRAYAL devices
45 can be located within a resin reservoir or other resin source, either in lieu of or in additiori to being
at a downstesiemaeah Jephidetanycetiion tiperofhsersgetodiclyr weasues. the 1§pelaa] Fisin resihiremoval
device 45 ¢ gggﬁpréﬁgho o) u es; Wip ner syste ler. er. anical
members oréggvice’s, and/of a(%r)rlg oé&eﬁ%’tg%%gr%r?/l%%{rﬁqg\%%%’éwgé%ﬁcgzg%bﬁ&;%{ﬁ%%zé?%% gelgg?n%;e, FIG.
|E illustratesystemsneitioetiigrittesedresisore anoiert thelide.45A comprising three rollers 47 or similar
devices that are cRGURH = ‘R AR A.-DRGERRaer RSN ool WHER esndadep bundie or
roving 24 may be passed. In‘one arrangement, he 0|den|ng¥) Is sized and apeéd to squeeze a
certain amatniotrediguredntthehanpellée 24, [6044)]\Withr ¢continubd sefkremaergtonthrésettia relieoval
device 45 of FIG, 1E, the rollers can be resiliently biased d.each other using a spring or other
biasing mer%st%%rrnhé?gl'hus?ﬁwézogq%ael%rz%%"%rcessgﬁrg 5|§p Fe(gg\%at%eel%urllrg% ﬁecﬁonv a‘?i%flsll%lgfe in that
the rollers aarohghatheptsdrie@mddeanaydiafiperdiothange eldetioni ncregsmibasizeahgiggopening 0
through which. the andlgéﬁf isfgassed.%/n some embodiments, the rollers 47 are configured to rotate,
at least parf%ﬁ’l?, QI &5 Mo ‘}éd through the opening of the resin removal device 45. In

other embodimentfgaajveven shiglishiaks 4ih aFeGtationasyw leafiim astadge Peniathsg Aligsstdy are
configured to both remove excess resir:%%)m rovin(i?and to help advance the rovi%a through the

reinforcing SQREH 2PHA LA RMHEN R A IHRAQE SSSHE UF bre ReHUGKOTRR P e ed to

determine the leyellefI8sinesaiattatieMmRbihe e ars evensuAgI¥ 13 bein gl aate ddRviaf G A
positioning assembly. For examﬁle, such sensors can include a Ii(&uid content sensor, a viscosity or

density sendrodsPthtrmeehribgdesRy/be rontast Geeerbeliissriths-Bunile 34 2addhestsiinhs o

automaticatiyeofemperdally afist HegiAROMM/6f (Gal hRids remaeddren e akiaden hugdlg or roving.
As noted above, one or more resin removal devices can be incorporated into any of the reinforcing

system dis 55 Prrdin b caspnatHe sAtRae 18ferdhdistystd i Arepferisimbhfig asdsably 100 can
include a tubesPiRe sethatonsiuit et Qiheihplpveshenaeh thraughwhich the SERERgngle or

roving 24’ can be routed. As shown in FIG. 1A, in some embodiments, the positioning assembly 100

comprises aisteniagrrsseailutliS0candiaaad o selsavalaaprh thatGE Rhelrng Sicotries svthection
point. Alterng(al, figaromal gt disiaARmAck i eARIDahIRauNiaRgaICtUre. In other
configurations, the positioning assembly 100 includes more or fewer arms, joints and/or other
components, as dé¥2d or régyamedf thethmbepivrndsalisologid barethely osimbericangsy steriscsnbstantially
horizontal rgé)%iyﬁsgoone or more resin eliminating devices to help remove excess resin from the

bundle or roving as the bundle or roving is moved toward the positioning assembly. FIG.

1D schematically illustrates one embodiment of a reinforcing system 10' that includes one

or more resin removal devices 45 configured to remove excess resin after resin has been

applied to raw roving or bundle. In the depicted arrangement, the resin removal device 45

is located immediately downstream of a resin reservoir or other resin source 40 (e.g. spray

or dip applicator, etc.). In alternative embodiments, one or more resin removal devices 45
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the longitudinal axis of the pipe P. Further, the proximal arm 110 can be generally aligned with the
vertical center or centerline of the pipe (e.g., half-way between the upper and lower inner walls W). As
shown, the W&3PHHIPGPB can be angled relative to the proximal arm 110 aRfnl/¥R0j81A24732 or other
bending point. Thus, a resin-saturated CFRP bundle 24 can be transported through the proximal and

distal arms dakOpel e AEANRiRRSIHQENOrERICOMOEY dBRARG AQEFEE IRAIRPRHGRIPbASSEMANIHD or head.
However, as discussed in greater detail herein, the position, orientation and other details about the

positioning sRERHR ﬁé@%ﬁ@l‘iﬂ@%éﬁ%&%ﬂ?@ﬂ% EOIBREFIETOIRNSBUEH other, the pipe wall
and/or the like caryyggy] as daRireesH FEABYRAddEHENQS RGEOEEHSHR SHBEEHRPIAERL S
discussed herein for example with reference to FIGS. 2B-2D, a positioning assembly can include two
or more apPHEEISIFASEMeTLREeaIhERlss, othergpadinmel. PamRest el visese ARSI Ao bFan
applicator aggealy 120 gLhaad RASHIANGH ahohpea! aksNalifdisi aip tibsadhesigpicted

arrangement, the applicator assembly 120 comprises a pinch or press roller 124, other roller assembly

and/or othe¢rabodimesht tevicsie apmigund davieefodiverpitinatars olsr Heorssmileigiayisendle or
roving 24 thiguah e PRIRNRIASTAT ANAAN 6 ReRUioRiBgASSE ARG AR nelg Adfitiona
rollers 124 and/or other devices or features to help deliver the bundle 24" 1o the applicator assembly
120 or headvadldewirsayimerdduines. fopasgednple, dne pushizamegtathe opspin®@cinsiesdmide rollers
124 or othe ices | e 10 42Qetween the arms and/or at any
other Iocatié%%%ﬁ]%’rs:ﬂlﬁ%%fa%ﬁaﬁ%%‘gﬁ?ﬁ %%Se&rggl? %2%4 [ u%éﬂ[?ate'd in FIGS. 1 A and 2A. In other
embodiments, ond@4djre pNathneatitrard/ ocfomenteatiichkedeyvivesmryalsdel tce o diitndéEthe CFRP
from the safyratoy, to the applicator assembly 120 or hegd. The use of one.or more.rollets or similar
devices carﬂ‘:?eff?ﬁgrsa(fgau%%e@%%rrggld ,%é%]sﬁge%%v %IrcE of Cg}%vﬁs}grsﬁlgglg thélov 8 "or hﬁﬂgjllgsl% a flatter
orientation prémtitier cbhtabhing theigmeealhgrpptharsagpliedthatie beintier@htarcdd.adirttablethe use of
such rollers ca&rt}jﬁ]el (gnsure hatéhQ[fH)ters of the bur}dle areagot[ﬁ\évi?;[ledfdstr%aotcihgr%aag ar (I)Ztherwise
moved duri &d pﬁf:saﬁ%%%r ARSI AR Y Ah A Wolt noega iveﬂ/ affect the s?rengt?l, ﬁexibility,
other structufahehapaciegi<iadradigcvhizht the dnndilegdhar peksedtichhasuier ativedmepsitigs of the
resulting splayed lgyer. The rollers used in the reinforcing system c ectivel ved using one or
more mechERIERY e/ 6P RURACR b Hb SSPHOTAL. Sk B TR A L D
motors, serypeRiALOLT, thgNehin Reus RIEaHiicB9s0rIniotlietionbatitnest ewostatihenollys, 4Ther types
of motors, combinations thereof and/or the like. WO 2010/09669QPCT/US20 0/024789?%0047]The
pinch or pré&§ FHHSRaY4 hans- arretmsPhdbfc ettty b Tase SRS EIRP FARY 24 to
the pipe wajb i Gasnbeoaay I atRH HeE adeniteliar frimXamnieh ahe Rirfatengnsysatic Thechanical
and/or electrical connectors can be used to operatively connect a contrgller to the pinch or press roller

124 and/or KHIOTHBE SEHRR 6RHaPusionGmy Bsmsgyerdthahae sanemedfreiicumz Bsntroller

comprises ghandpelsiwand paaihesdenee tupirhewrthal adseisariagsivdantipdagdinanipulate
during the execution of a pipe reinforcing procedure. In other arrangeme_nts, as discussed in greater

detail hereiROSIEORIRSIRSERRIBe FRloskEMRE THED SRS ARREINEe LA RamiE ™y SFBIT-ich as, for
example, ayplgLiar SPRRHG GSRERR indNR IR MIBPERAUL MAkRIbE BArasSAlIBRAIPHoVIaLadyIStments

with limited or no user supefvision. [0048] With continued reference to FIG. 2A, once the CFRP
roving 24" iSysileansars tgyAuieapsivetly ppananusibtadivebihpamennbeidiyiedhat sareme fcEes to a

spreading memberdsBuARSEPYSNARS ARRALINGIRTRE JARGRNEmAdARIA IR vRIRYA) gtherwise

spread the resin-impregnated roving 24" in a desired manner. According to several embodiments, the

spreading rmmem@bicmmﬁglwm@mfer,c@grw@rpn@cém@qrﬁémke. In some embodiments, the

spreading membefolyi forceg fie Shifed fRRRJOWE ATHIYSAGHIN LB RIRGSdAREr wall W
of rel y, if the resin

or other surface in'nee nforcement. According omprises the desired or required
cohesive chinchsteristits, hipspitheed@BRPawl/mphenhitllemdharmelito pigh whiththeeF&imple, the
splayed CFREfpving 2 ¢an. b adgpied daremein. anng hife Wl I wilfouhihsfesd opadditona
coating proclelaures or other freatment s(feps.' I 2ddi ion, the spreading member fg e.g., trowel, roller
or roller syspesiti@imy caschebshafe dpripeidearaddidtat mmisel torifiguieditacketh &neeptheimlacament of the
CFRP roving, 24’ onto. the pjpe wall W by imparting an urging, force against.the rovjn ". In some
embodimen%, tﬁteaslﬁ?ggziﬁlg%gt%%re?o SR, ﬂgltf'}s éﬁﬂtgrgrgt ﬁ%’gf:n‘é’ I%%I ,rgé%?erliéln é%scforaﬁ%lﬁible
materials, subh &$6famexainiies piagie arether. dalythericonfidariaisnsyibegrositiotlieg elashasteric
materials, ﬂ@h]al, V\igf?éj anotherfesegthetic or natural material and/or the like. In.orﬁe embodiment, the
spreading 5%’(9&%%5 rt%%%l%&ﬁ%%ﬁ? a?8f§?1§’ﬁ?6’ﬁse$§/\ﬁ8%‘.r‘? Sthet Ebodiments,
the approximae: wissivefl tbetuairabd3 this greatailairiass] thansBbisehes e iprilessathahvaches, 2
inches, 3 inches, 4 inches, 5 inches, 6 inches, 7 inches, 9 inches, 10 inches, 12 inches, 24 inches, less
than 1 inch, greater than 24 inches, widths between these values, etc.). However, the size, shape
and/or other characteristics of the trowel, roller systehd-or other spreading member 130 can vary.
Further, the



spreading member 130 can be configured to be removed from the positioning assembly 100 for
cleaning, maintenance, inspection, repair, replacement or any other purpose. 100491 According to
some arranyePe4)%eMustrated in FIGS. 1A and 2A, the positioning assdthbyS09a0{82dd¥ffigured to
circumferentially rotate within the pipe interior (e.g., about and/or along a longitudinal axis of the pipe)

so that the qRe RMBIAIGRIPIERIYransesidies 120-pl-NeddsrakibaIsaiRcYaemoNedarauny the
pipe's inner diameter. For example, the distal arm 116 of the positioning assembly 100 can be

selectively rdtsisd Zrdhitee orsetisphserisiamesntedine ofiHbe rins|(fr hrmnerdeesn diRERphe
proximal ary,d 1@wibieiiint $4AL0 tha digialarnhd hseamnhe ¢96figured i spiate Mitinshgpipe

interior as a unitary structure. In other embodiments, the entire positioning assembly 100 can be
configured Bresiaiel A5eut H0chena dhsalcintslaft opiptce isadmg most.in HoruAcssinwathrasd or more

other portionsRBEIRINTISAN 5Y SIS ACRAAEEIPHR O NG A URRISk R IEN s, pRplication

assembly and/or one or more other components of the system are configured to move, the applicator
assembly 1Possidvéag asapmtlyel M eoddoarrehthe anndisaifsrassgaibylan of frapipddnerior ao

selectively RIRGE:0NP ' POIR-IxALR SRl BiL GhIEoF B A A0alF LBEPIRE AL AfgOrdinaly

as the positioning assembly 100 rotates, it can b transfated along the longitudinal axis of the pipe P to
position onepesifinmiagasssninyallsinfladiegiteldeaton of poeowithreRRRtiragaRl otee384 In some

embodime 5 ) formed between the, distal arm 116 and the proximal arm
110 (and th ?%E%a%g@c%#o%ﬁg?ﬁ%%%@%%@r %vga%%f)e%zoﬁ be |§<r§g'or%t§gj%e§fa% ‘é(.)rﬁlsn% {rzésél(}l?,l?n such an
embodimentnthediiflaentsntasindiseuSer Pheosimgfer camalsowithonefetated aboFHesr AB-2hylea0 relative
to pipe wall Vc\als'ighr% an I(Saepn Bfncbr? %gf{%ntggegysl rseealecltlectazzl1 (t)c% gsatis 1certaiﬁ design criteria and/or to
achieve cerfain desired Stuctiral Charactenistics. For &%mpﬁe, i Some embddiments, the angle O'is
about 54.7 or appri®deitely BES7 2Hoillesestdh erenglehOdimerherfeas dpplicatogreataibhamndloy, as
desired or required for a particular project, or.design. For e ple, in some embodiments, the angle O
is between gg%du%%gé)ﬁlggla % %"lﬁafoe‘é%a’ Eﬁea‘%ﬁﬁfi‘@% ﬁ%g&&g&&?&m&egﬁg}wﬁ@ and 50,
about 50 arupplisaahoutBhahd 1) abopiifesaneiBoh alropieSd akO02abotHedG¢lg 20naiput 100

and 110, about, 110 .and 120, abouyt 120 and 130, about 130 and 140, apout 140 and 15Q, about 150
and 160, abBf e dq AT I 1% SR EBEd (2% S sf&eﬁ%aﬁa APTS TR 1n

other embodiméletsr hoviey ox' theduesitiRningiassaipiksahtle systen pasitdampaksanyRoi®@m or
member. [OOSl]Acg'girgtiﬁré%tq some embaqdiments, as discussed in greater detail herein with reference

to FIG. 5, tHE"Sgh& 988l ZOMFE oF g oty D A kit H A alAEE % sl dRHNORV 1BF other

surface usinguaisimples pRsiisiioaasseeiblyl 0o Akl stsaied i RiGeguiteg. PPStioRIRRSSEMbIY
100C can camprise. a handheld arm, pole or other rod that a user selectively moves over a desired

surface of AMROHENNDESS5RIREY MeBRriAEtETal b etiethen dryikes dnGrdraAy difents are

provided bejqy. at or AP AINNEE PiRSEEMRACIRERSs SRS ANY ARSLINENMOA, &R BSREOIr O
applicator, a bundle or roving holder and/or other components of a ?ﬁem are included within a single

robotic ass&hPlynSdeHianép e wiseddtyliusrpedbnhilfdved dotadvahtdiedhercmbrdimmiy a
longitudinal gise o RIPSHERARIAE AR, R MEhehiel e PIEdc L RAMb §elB QEREHLL ARPOFRIE OF more

layers of splayed and resin-impregnated CFRP thereon.
from the saturator to the applicator assembly 120 or head. The use of one or more rollers

or similar devices can help to adequately spread, squeeze or otherwise shape the roving or
bundle into a flatter orientation prior to contacting a pipe wall or other surface that is
being reinforced. Further, the use of such rollers can help ensure that the fibers of the
bundle are not twisted, stretched and/or otherwise moved during the application process
in a manner that would negatively affect the strength, flexibility, other structural
characteristics, attachment or bonding characteristics and/or other properties of the
resulting splayed layer. The rollers used in the reinforcing system can selectively moved
using one or more mechanically and/or pneumatically-operated motors, such as, for
example, AC motors, DC motors, servo motors, synchronous electric motors, induction

motors, electrostatic motors, other types of motors, combinations thereof and/or the like.
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[0053]Depending on the target design parameters, the one or more applicator assemblies 120 or
heads of the positioning assembly can be configured to deposit one, two or more layers of splayed or
spread CFRPQE0IIEP49%ver a particular section of the pipe wall W and/or BRY/SR81(SA of a
structure (e.g., wall, column, beam, slab, etc.). In some embodiments, adjacent layers of splayed

CFRP roving 24" ajgoaanfigurag (g akleasnt pastialbspueriapseiba-asscianee! dBeigirgsdnrer wall W
IS continuou;li/ covered by CFRP. For example, qdjacent splayed layer of CFRP can be configured to
overlap by I&dgativgivi Aeliven, ther G ramire 24néndhe Pineall MNnepedagssulaied 195108cA, more

than 4 inchegnfRNaes PeMeSARHCINalH BRHANFIRIARK OHREASRRH] MH8/diSqussrdl Haamegitioning

assembly 100 can be configured to be moved (e.g., either automatically or manually) within the pipe in

order to pro%88eed 48ivpaeisial bEaPIadel rPleb g ormstb Ay RIT deller Sl GsfaRe pipe
wall W. For gxample a5 Hkuiﬂé%%éiﬁ&ﬁﬁ%sé’bﬁmry41@oPOﬁ{“Q&'{Qﬂl A5REARNCGRD B SuagLLen a

rollable cart, tripod and/or other movable device. In other embodiments, as discussed in greater detail

herein, a pdﬁmiﬁ@s@sbﬁtﬂbﬂdc‘dﬁlﬁgom@@qjcﬂ%ﬁw (e ahmﬂ@t@f#\émm&éﬁ Sty hanshezaishlly
movable deyjgg, 9@4&'&@%}%@?&%@{‘& di %9%%%&%%%@6@&8{959"19 R RGeS of

whether it is mahual or partrally or fully automated (e.g., robétic), can comprise two or more applicator
assembliesasrdiscussedite griinig frintaib hposition v iasdensbly ba incdiguusisdditogve atéerdatigibherein,
such applicatar.e lie rmijt tgg Eg imult usl 0 I f
resin-impreg‘%%%}jﬁ gp %}l/ce?]yﬁ%glﬁg& n Iae%’(?.%., g) %%Og%{ieé)re%v%??%r%%%?o%rggﬁsgg%%g)yers can
be adjacentitonesettintinecasstnlittientiomabadniafméntskath ditiviéed rvangerwste stmethvesmpplicator

assemblies are ge rHywit in the same radial plane s tihe layer spgﬁ/gg or othenyise
deposited onto a \Aﬂﬂ%é othe%t&rf%%lﬁg%r arﬁ%rrgrslﬁ%i[ antflg;?llyzt‘é\’/e?fgéﬁ. ?6%) or r&’ér#ﬁp e, with
reference totilledthbodimdnt solamnafidadly dhoticatechipdrkat 3B daview)farcmyg sy diecotednocamprise a

positioning assembly 100, comprising two or more applicator ass lies 120 or ds. In the depicted
Brrangomo AP TS REABETRS A GRESCTh BB R SR AT Tl AR CSROIRITG oML 100 s
rotated abouthedangitsshiangl thdsrésintheiregatsct o vitlp dpplinaalalgsired sndayier] fibecdidistietor roving

to different Ion(g j

itydinal portions of the pipe's interjor wall W. Thus, as the positioning assembly 100" is
moved withf L RO TS AP 0 MSTRES, AL TBRE Bt SUTE S L Pl er of

splayed fibehduidle ovepthe Hrsbdayaempplies Sy diddp axsmakanplicasescassenplyytd(CHRPther
arrangements,. a pgsitioning assembly can include more (e.g., three, fo&lr five, more than five, etc.) or

fewer (e.q., 8Nl NS RABIR boe B IRR St Sr Feuive P RaiElacs parestish or use.

reinforcement. Accordingly, if the resin comprises the desired or required cohesive
characteristics, the splayed CFRP roving 24' will remain on the pipe wall W. For
example, the splayed CFRP roving 24' can be adapted to remain on the pipe wall W
without the need for additional coating procedures or other treatment steps. In addition,
the spreading member 130 (e.g., trowel, roller or roller system, etc.) can be shaped, sized
and otherwise configured to enhance the placement of the CFRP roving 24' onto the pipe
wall W by imparting an urging force against the roving 24'. In some embodiments, the
spreading member 130 comprises one or more rigid, semi-rigid and/or flexible materials,
such as, for example, plastic or other polymeric materials, rubber or other elastomeric
materials, metal, wood, another synthetic or natural material and/or the like. In one
embodiment, the spreading member 130 comprises a trowel that is approximately 8 inches
wide. In other embodiments, the approximate width of the trowel 130 is greater or less
than 8 inches (e.g., less than 2 inches, 2 inches, 3 inches, 4 inches, 5 inches, 6 inches, 7
inches, 9 inches, 10 inches, 12 inches, 24 inches, less than 1 inch, greater than 24 inches,
widths between these values, etc.). However, the size, shape and/or other characteristics

of the trowel, roller system or other spreading member 130 can vary. Further, the
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[0056] With continued reference to FIG. 2B, the positioning assembly 100" can be configured to permit
a user to adjust the angle at which the various layers of splayed or spread fiber roving or bundle are
placed on aWRARMAP/P6e%xample, in the depicted embodiment, the various BER4/S8HI8%r other
components of the positioning assembly 100' can be configured to be moved so as to selectively
adjust the vafieasidg BRI b B2 cOBHOIRREdBENERR V88 TrolRARS IFd Gt atmllusiialptyone
embodiment of a positioning assembly 100" having two applicator assemblies 120" or heads within the
same or subSE:iEAlgaHBE A TERABES RSO FEPAE ISBLASENTER I SEMBRIIN9SE rotates about
its longitudinal axigog4yng ug@eé@ﬁmga@ssa&fé"ﬁfsnfgeﬁfw,eystma@a&t@atiﬁ'M@@'M\é&f&a@mng or

substantially overlapping layers of splayed fiber bundle onto a wall or other surface. In some
embodimerit€ RRsigRBECAT§EEYREIENQ topmatizarrdJensireHmfersntiadbsiairic thathislea®iPeangle el,
02 and/or opg.aLMEIE ChARUACIRURSICR GRS daE IR PRE0 BPRICBIBE PSS AMPIKLR: oF ARpd can be
adjusted (e.g., either independently or simultaneously of each other), as desired or required for a
particular appiéedion aysesblieyd22000/ir86@s JoRAF/ seewivGly 2mp8ed 00B8]A ibehpipehboEkment of a
bositioning gsably 180" dapR M o6 A AP RIIoF SR ullisting Gehfisadnls sahgpatically
illustrated in FIG. 2D. In the depicted arrangement, the positioning assembly 100" comprises a total of
four heads sedectivibweaptated aitevndtivaembouionenisirspddiioningthisseraiivimgudemiprse or fewer
heads 120 A’ftgrﬁgﬁ%'lk' tqlﬁleh%?%%%ﬁla%ﬂcﬁﬂ ar%%e”&ﬂl{e%ﬂz?%nqa&x?e %@Eﬁe&fﬁ?f‘? R Lther- Thus,
in such an embodiment, the reinforcing systen’ can §|multaneousy apply splayed layers of
resin-impregpiigurfidéo bomti evathioviegpalo mottiffe asret longity dinstpertibnstbémenihtelimemipe wall or
other surface being retrofitted. In other copfigurations, two ar, more of the icator assemblies or
neads 120" e AR AT 4y bt USRS

e sanre plane or su ntia ?/hv&ﬁﬁfﬁdthe same plane.
embodimenifcf pipejsitieirajongsten dOHumtitipmgyiii-eife covingeorthemnphietidds isfithstedandokémEIG. 3. As

shown, the BesllonN ASSemal 098 Sanhe mounied a0 dnod 070, Lbalie memper o other
movable structure. e 0 can include upper wnheeis contigured to-con act an upper
portion of thee pipe: iother veatipdhaimg iy sybralsakOSk fignidure thév € ahtagipitavee mpsitibly of the

pipe inner W. According to Some arrangements, a structure, 104A (e.g., one or more struts,
Cotomns antr S EHDTES oA B A e HRIEB IR ol W DRBET 06,

108A of thesttipadddPact adeighbef Iheisippshl24 CERDecseigctvelyaditgiedipe pemivthe tripod
102A to be used in variety of different pipes P and/or other structures that require structura
reinforcemd RN IS RRTINEE. Y ERP B ISLTREI b ABOEF 1BPRHE A0S Sing 1034

other resiligohgrediner ansier e Roerieedseidnasis genriziboeaniiouseestorpedaitdnacsisucture
103A to be compressed lge. ., SQ as to decrease the effective height of the tripod 102A). Further, such

a spring 103PH%h IR¥EA&r and lower wheels 106A, 108A (or other contact members)
against diametricaiiy 9P osesh Botioas Ridhe:RIP Al Rk ARG ST Misarthe AjreehiddR Gride

securely maintained in a desired orientation (e.g., perpendicular to the longitudinal axis of the pipe P)

during use.tesr TR AERel dfhandteerseiBabavc b dhrb s wikr e eliive pigaisanrgiowallo2A or
other suppaghregmke i adiRe.Rcan alsobausedusithgrdnbisaater inaasiipadoithpyertical
adjustment feature or the spring 103A disclosed herein.

CFRP roving 24' can also be orientated at or near an angle © relative to pipe wall W. The

angle O can be advantageously selected to satisfy certain design criteria and/or to achieve

certain desired structural characteristics. For example, in some embodiments, the angle ©

is about 54.7° or approximately 54.7°. However, the angle © can be less than or greater

than 54.7°, as desired or required for a particular project or design. For example, in some

embodiments, the angle O is between about 0° and 10°, about 10° and 20°, about 20° and

30°, about 30° and 40°, about 40° and 50°, about 50° and 60°, about 60° and 70°, about 70°

and 80°, about 80° and 90°, about 90° and 100°, about 100° and 110°, about 110° and 120°,

about 120° and 130°, about 130° and 140°, about 140° and 150° about 150° and 160°,

about 160° and 170°, about 170° and 180°, values between such ranges and/or the like. In
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[0060]Moreover, in any of the embodiments disclosed herein or variations thereof, the length of the
proximal and distal arms of the positioning assembly can be adjustable. This can advantageously
permit the pYStAOMM Y H88embly to be selectively sized according to the piRCR/BPWER4TRIcture into
which it will be inserted and used. Further, in some embodiments, the joint or other bending member

located betwegn afjpeginiaitd)shand i otherieitions@faseasitioninthasssrehlViislaasdigniedhso that
the angle e (e.g., the relative angle between the distal arm of the positioning assembly and the
longitudinal SRECAREOPEFAL which the fibers within the CFRP will be placed relative to the pipe

wall W can be selggisaly adiisieeding RPL8ehERIRHIIMSATECS MMBOLEBE HSeifdiedRiaCHgay Stem
includes a positioning assembly that does not comprise multiple arms or members, and thus, does not

require a joiMiBrefrePsRIFIE mehseread 61 splaxeddms o ddiR Brrarigemé tan £ mRRliFsked in
FIG, 3, the RoSIROGATPSMLY JARA SAATIAIeQUhhpRe RS RN ot B2ARCOI R support

structure. This can facilitate movement of the positioning assembly 100A within the interior of the pipe

(e.g., longitddnsamiedith il the pibe prsidvambrs ey M) asreenby bangield amanele 20). Thus,
as shown injiG. 3 AR CISEUSSEIIR:ERRIRE SRtAY Bel RibsiA L EAUD: AfFSHEERSSINE WMYRIDRE:

resin-impregnated and splayed or spread CFRP roving 24' can be easily and accurately placed along
a targeted seERdhtsraea pipddivinal deiailgisesrsding Kuehipkrangsmenisro PEPIidrSbEVNG 24' can be
configured so that fg,genebepyfiup Al archaibstidm AR amPUmRRS SURREsS e layers
of resin-impregnated roving or bundles (fo not butt against each other (e.d., a gap exists between

adjacent |amlsl)i,cpf_artiallptmd® mplevahg d,wédmﬁndthreabhrmwmmw qfaa/éyatgvrbmrin@llediaﬁb
orientation, T%% 1‘35'&%?%@%’%‘%% [9529%1&1}(150rﬁﬁﬁﬁmﬂgtﬁ@ﬁ@tiﬁs?ejnc'}ligt%e%é” &lﬁ[’fﬁ?réﬁe@yswm
trolle Id devi

10A can include a manual or automatic co rH (e.g., handhe ce, a control module, etc.)
configured talvpararousiy orovoradevickmgitatipelctsisf ofie gyiptent. telatireain arvealemethis, the

controller Hsi§ %Qgrréc}tivg%{b%onnec}ﬁd tto on? or more com onent§ of the cfos&tionin_q Igss?%%l% 100A.
[2) I

For example,r%he contro can be gq?ﬁ &PtS 853}3{8% & or m rlgyreo &rs (g.su.l, orotfier devices that

help advanceFRPRIRm@ring 24 through the positioning assembly 100A (e.g., the arms 110A, 116A of

e sseembl) B e e e on LGRS R RN e gt
116A and/oa@ﬁiﬁblﬁnsrtims(;@fﬁkt&ipéfiﬂwmmsﬁﬁigbisséﬁlglyarambel eoldfgitedinaldapisiofdite proximal
arm 1104) Vtvwh(ijeoghnelo(r:elzg}?e{s? gipgpﬁad}f;eicf (Presigrqeﬁa&?gfaIr%r\]lgntghgéf'ncgsgro 5 prgrltligl\lllar section of the

pipe wall W and/or any other portion of a structure (e.g., wall, column, beam, slab, etc.).

In some embodiments, adjacent layers of splayed CFRP roving 24' are configured to at

least partially overlap so that a section of the pipe’s inner wall W is continuously covered

by CFRP. For example, adjacent splayed layer of CFRP can be configured to overlap by

less than Y inch, % inch, 1 inch, 2 inches, 3 inches, 4 inches, less than %2 inch, more than

4 inches, ranges between such values and/or any other length. As discussed, the

positioning assembly 100 can be configured to be moved (e.g., either automatically or

manually) within the pipe in order to provide successive layers of splayed CFRP roving

24" along a targeted section of the pipe wall W. For example, as illustrated in FIGS. 3 and

4, a positioning assembly can be situated on a rollable cart, tripod and/or other movable

device. In other embodiments, as discussed in greater detail herein, a positioning

assembly can be incorporated into a robotic member or other automatically movable

device.

[0054] In any embodiments disclosed herein, a reinforcing system, regardless
of whether it is manual or partially or fully automated (e.g., robotic), can comprise two or

more applicator assemblies or heads extending from a positioning assembly. As
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of the pipe. One or more other devices or aspects of the system 10A can also be regulated using a
controller, either in addition to or in lieu of those explicitly disclosed herein. [0063] In some
arrangemeri0 fa02edal or automatic controller H (e.g., a handheld devidR§TsUSaetfAER connected
to one or more of the devices, components or sub-systems of the reinforcing system using electrical
(e.g., hardwiigeli 46t RS Sr&ien , AWMU M@tim(esGehCappReassessadhdlietheadl pelsitme shameaband/or
other types of connections. According to certain configurations, the handheld device or other controller

H is operatiV&RPHARGREIE R8I 1¥ & CRiBrEcIaYErHrb ceadrartssnais lu sy stHEb e dnrdlrefe 8-

mechanical orRPgYMatiGslevisr RBHEF ierile, 8adienivers enreshilgddaitthe Rrppshepiation of a
system 10A. Accordingly, the movements and other features of the various components of a system

10A can be &S RnnaVeEan- adB HiREAHYE AR ATG BB APRYFSIEB AEIRPLGR 3¢ BeIEMbId device
H). In other gmbRdipets AridispisRed ARreiRireBIsNse dP JikEvseRpads mariaior fully
automated so that one or more operations and/or functions of the system can be executed without
direction froph ethpsurfacsutedameaibdmmsiatieo it cing system includes a robotic assembly that is
configured to autori%ggftlly ppgllticg;(é}ﬁ_glar e laversnet resiniprisghaiadand &B@M%Qﬁfr roving
or bundle along a target surface (e.g., the interior wall of a pipe, the exterior wall of a pipe, a’structural
wall, a bearillustatednin di6iorthealikanipooieg] ky #6@. GuxHoRPOSE 20 posilondrgatseanaiinthed’ source of

aw roving L Brple LA e SR am anceTal RN ] ap aaiAPIE St Ao

shown, the cart'12A ity o eels 14A so
an interior othe pigpdP1 X raexafipte finroreadnisbelirmesit, thae viwan pAsisaningeasshmiply 4 Ubasing
procedure tg maintain a desired separation distance with the itionin embl the tripod
oA, The oA o e PR B e R e, BB o
can be moveundithooravithptd thifaesidtagiadhapertionsalisbarppeonetampla)] the ddrican be
configured tg be moved using a.ha . 16A or other,manual actuator. In alternative embodiments, the
cart is adap{e% Pgn%%orrﬁg et %ﬁ}?%zﬂjassg%{gﬁggowgha{nmao%? %inéﬁforrngcr)erncg%?gbﬁellhnega 8%%%0 e.g.,
mechanical apseenblietid 201esiticpeicide assdesink dper ef] silag {0068 |hunitie rearbibei fish ey tine cart
12A can includ eel.assemblies that engage different portions of the pipe's interior wall (e.g., upper,
lower, side 68?@8@;?3’6*@5_?&%’?5}?; atlel,c ?ﬁ%nesglrlrjé??’ggndénéntﬁe Caf "fr%%%%esn%h%a%%ﬁ% %‘ﬁ?ject
outwardly tawsidheckmnekhipe mak &.yatiaes, doactidrs mWEXRALNERDSGIAR CeietF2@1 @HA4 789

applicator assemblies 120", as desired or required for a particular application or use.

[0056] With continued reference to FIG. 2B, the positioning assembly 100' can
be configured to permit a user to adjust the angle at which the various layers of splayed or
spread fiber roving or bundle are placed on a wall W. For example, in the depicted
embodiment, the various arms, segments or other components of the positioning assembly
100' can be configured to be moved so as to selectively adjust the various relative angles
01, O,, O3 formed between them.

[0057] FIG. 2C illustrates one embodiment of a positioning assembly 100"
having two applicator assemblies 120" or heads within the same or substantially the same
radial plane P. Thus, as the positioning assembly 100" rotates about its longitudinal axis
during use, the heads 120" are configured to sequentially apply overlapping or
substantially overlapping layers of splayed fiber bundle onto a wall or other surface. In
some embodiments, the reinforcing system is configured so that the radial position, the
application angle ©;, ©, and/or one or more characteristics associated with each
applicator assembly 120" or head can be adjusted (e.g., either independently or

simultaneously of each other), as desired or required for a particular application or use.
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[0066]According to several configurations, the entire or substantially the entire reinforcing system is
incorporated into a robotic device. For example, the tripod or other support structure for the positioning
assembly cAHRIHYEWELY on the cart 12A. Thus, the system can be configBfdU2&Ha8ng a pipe
interior (or other region that requires reinforcement) with all or substantially all of the fiber reinforcing

components inclugegsgjthin A ntsilerempydaienn My o \nptiesiembodimemoiad ke
reinforcing system 10B is illustrated in FIG. 4. As shown, all, substantially all or most of the devices

and other eB\EAERLFaINGiIASSETRRbIe &2l Ay disasts 3 reckgreatieadly dlhntialedh d Kb ipR- WIS or other
member cagdhpotegluaadRmantingle seukibaBrasexanplieothe sapkiked £asheqorfiguiesito support

the spool 20, bulk container or other source of raw carbon roving or bundle 24, the saturator 40, the
positioning &&8emBIPOS 4R AP ViR SIRRABISAE 18 ROsRipnEsRERmEhisingladea PPB And the

various devigaRAAMNenHEAS RRSHORRI HERISOP it efBPIRSIRHHACTIN IR ACOKIRBE G AMIh @

desired protocol or set of instructions. Thus, the process by which the inner wall W of the pipe is

reinforced WREACIRED. rolis, dn' sk v rempedisambhtdheoreigitg SYSENy sefobalEBnNEdIsEkample,
as shown, the. &y SUERyABARIGH des TR EARlKA! A ObMARE SO A S RRREA ek GRNnected

to some or f the devices and/or components of the system 10B (e.g., the pinch or press rollers of
the applicatongsydingllypartions weamtatisindl pirschaHiomadheh sustsikibaing reseditied, 1oorhene rollers

42 of the salULARL GG NG rlidfeS P‘t%g;ifgyﬁé@%y%@s@&%l?ég%?rﬁe%’sgiii%"sﬁ%s&ﬁﬁﬁhe'fﬂ@erat“re or

humidity sensors, pressure sensors, other on devices and/or any other components that are
also configesactplesior dahstaviiathupichiiohedamthelasatroller C or other processor. Thus, to assist in
accurately executi articX}%r FRP 59, ineqlprqc%dyr (ghe sysiem 10B.can Rﬁ opera with one
t £ )
or more feedback loops. Such a cgﬁt%l?ler%%an be pos?%?%)nrec ngrllsgise cart "or at §ny other location
within or remviegothmipide P bisindusttrthittedd Grep aitesdsHOO6 St/ ithstiboming ed seiblg nidd fo FIG. 4,

the cart 12B can includ motor. M her (%e ice that is configured to selectivel | the cart 12B
i e Bobe Bonted o2 ined | PIACTBNS Syither SR b RECaRlY PHRERiad

system 10Bl (24 cmtdndihdangperopheatsvedp Acrundpeddae ommoo ber@mr giheioprof dsspipdn the

illustrated embodi djust iti fih 12B psi foot | F..H ,
any other PO EADU BN SULH R, ROEE Ao HUIESh SRR b SIGF 1 e of

or in additicinreravfaidt Wedal cEardirgr tinsahetizrangihentsly anicioratédemiogineetsr there
reinforcement s st(e}H} is confi ure%to be cﬁ‘perated Withoflit an o%gsr tor or otlhher user ba::? in the
vicinity of 1AL GRS RS AP ARAPRET 7B EFOITLD SPBS: PEREATR e BPRF i lovier
communicati@Beiitt0s ACMSE 66 HEOHRIoE 192 Aartaidi gevitahsheippe mola aaisbe telepevele the
system from a distance (e.%., while outside a pipe interior, generﬁll%(ﬁway from a location of the wall,

beam and/GHBFER L REiRE thatiPatiblPraiitdicusrddmyaeding ﬁﬁ%&é’&’ﬁﬁ&ﬂﬁ%ﬂ f roving. In

still other eRtheaimeNtBathedeiRfosaRBIgRAl SHSHEBACCRIRRIIBES OREMIEIROLgERINGNBY.Or ithehslevices
that advantageously provide visual feedback to an operator wha is located at a remote location. This

can further RN bdFiretd dpidperdetarreERecthtiol TS RGN BTENERHI ARG other
embodimenjgdhgesysiamnd A5 Behdosarntpnelield permit the structure 103A to be compressed

(e.g., so as to decrease the effective height of the tripod 102A). Further, such a spring
103A can help urge the upper and lower wheels 106A, 108A (or other contact members)
against diametrically opposed portions of the pipe’s inner wall W. Thus, the tripod 102A
can be securely maintained in a desired orientation (e.g., perpendicular to the longitudinal
axis of the pipe P) during use. One or more other methods or devices for positioning and
stabilizing the tripod 102A or other support member within a pipe P can also be used,
either in lieu of or in addition to the vertical adjustment feature or the spring 103A
disclosed herein.

[0060] Moreover, in any of the embodiments disclosed herein or variations
thereof, the length of the proximal and distal arms of the positioning assembly can be

adjustable. This can advantageously permit the positioning assembly to be selectively
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device H that is configured to be operatively connected, either directly or indirectly (e.g., through a
controller C or main processor), to other devices or components of the system 10B. As shown, a user
can convenWRRBIHUHIEOGNnd manipulate such a handheld device H during HeT&X&MIHGA8%A
reinforcing procedure. [0070]With continued reference to FIG. 5, a reinforcing system 10C can be

simplified sgiRatRRe&IHINHRSHBEP YL OEr istarpiigurad ke handledandsealaciivelsepoved
directly by a user. As shown, the positioning assembly 100C can include a shaft 110C or other handle

portion havitif 6TaipIieeis n HRRRHBRAE2 dlee ARt &t Qtasi banskingn srembot lesaesk bRIMSER to be
grasped angq'llae&i@%a%%ﬂw@r USREAD UGS o B PpsQvibsh s BEIRBI9 e S kRGER P Hah fiato the

pipe wall W. Thus, with such an arrangement, the user may be required to manually rotate and/or

otherwise n8gt e (8tarithe odaiv enenpleshrbivreg dkedistal/atmoe! demysitisrnspeteamblyipedwall W.
For example, dhigrssernan [Qiglsrthe iﬁa&ﬁ)lmfeﬁqwﬁq@gi%ﬁi{ﬁ%ﬁé@ﬁﬁ@%{ﬂﬁé@rﬁ%@ﬁudina"y

move the shaft 110C along a desired portion of the pipe wall W. Accordingly, in such embodiments,

the need fofeéaﬁ]‘(ﬁret%ihéalﬂ@m‘yﬁi’én\‘ﬁgcagsb‘mﬁﬂ%%i‘t’ﬂb’oé%ld%?ﬁer devielsd deppibrtitheqvgitioning
assembly aggiRiaiglicomeonainah s waiPidAkcan PRaimalilea ol iile dolborg

simplified arrangements can be particularly useful when access to the interior of a pipe or access to
another strfomigise nariiplanawes oftraiefarersmand fbusifilogk tetgcamalkejosiies, @befiheatdirgas, etc.).
[0071]As diﬁg&ﬁgglq with reference to other embodiments herein, the depicted system 10C can include
one or more controllers (not shown) on or near the shaft 110C or operatively connected to the
positioning assemia1j0C. Buchrdimpnteolkemtaraakogenentssr to edlsityratad donJdiently tetvance

resin-coated CERP through the itioni ssembly 100C,.the frowel her pgortions of the
applicator a%%sétrln q?%fésgr?rl? %/ré%@%t\ol%g e%%/%%?o&%igeses%ﬁe?eg g‘ﬁér\lg)gqﬁ?g)gw})é %tr§§'§ifesgp Sr%lon of the
pipe wall Wsbuctilver siitfascear dacdhtabe pheo thaaandiotler pasitioaingdeasstenviely IWitahwhthil treother

e L T T S A .

be used to sirengitven 40 atbderidke Thtrgfisahy wiruaBIa! randrissdustetbingesatee danithasidor

XA, 8 e s A as 2L WAl Another YES DAl AT 52 L U/RBIG lie-
24' can be easily and accurately placed along a targeted section of the pipe wall W. As
discussed herein, such layers of splayed roving 24' can be configured so that they
generally butt up against each other. In other embodiments, successive layers of resin-
impregnated roving or bundles do not butt against each other (e.g., a gap exists between
adjacent layers), partially or completely overlap with each other and/or have any other
relative orientation, as desired or required.

[0062] In some embodiments, as illustrated in FIG. 3, the system 10A can
include a manual or automatic controller H (e.g., handheld device, a control module, etc.)
configured to operate one or more devices or aspects of the system. In certain
arrangements, the controller H is operatively connected to one or more components of the
positioning assembly 100A. For example, the controller H can be adapted to operate one
or more rollers (e.g., or other devices that help advance CFRP roving 24' through the
positioning assembly 100A (e.g., the arms 110A, 116A of the assembly) and/or to adjust
the horizontal position of the tripod 102A to which the positioning assembly 100A is
attached. Further, such a controller H can help control the rotation of the distal arm 116A

and/or other portions of the positioning assembly (e.g., around a longitudinal axis of the

proximal arm 110A) while the CFRP roving 24' is being placed along the interior wall W
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[0073]FIG. 6 illustrates one embodiment of a reinforcing system being applied to one or more surfaces
of a wall W'. In the depicted arrangement, an operator is using a simplified reinforcing system to apply
one or moreN@2)M6689 resin-coated CFRP to the wall W'. As shown, the RGEERIHAIAES a

positioning assembly 200 that is configured to be handled and selectively moved directly by a user. As

shown, the pEgIHoNRY BTN RIYEARheRBHElIds asPrRis shall al rihcehansie,pecianeamprising
an application assembly 220 at its distal end. As discussed with reference to other embodiments

herein, the BEFER eeRiFelr; ¢ithebin additienthoriy isiptdaers exphsiiicitdesddBitequired design.
For example, as illygjgafed inGn . iRGdgypkhRA kA mARAIISPIaH dhAReRs RN Yerigakdirection.
However, in alternative embodiments, the orientation of the CFRP layers 24" can be generally
horizontal araydhelidaderies) ditopeativgbitinmuectidiidiencott/meicap EigtHeyiagfe CANBORCREyeYs 24"
positioned Q& [ . e e or s ligk (gendicular,
Ciagonal co e R e e o
surface so thrathelicdmpletetynorgssediaty ovenths: rélyeddle gvashengakedatier orbenatimssooéach
other. [0074}(6eorling t%é@%@@??%%@é%ﬁ W%?i&%@ fh'é‘h%!i@haﬁ’ vl @%ﬁ{é‘ﬁc\%‘éﬁﬂo Cf?-)’
structural component (e.g., beant, column, sla ,%va , etc.) or surface that is to be reinforced can
undergo ond oismuper pregaratonmystepsteitrer ior athmacetoér dendaessarafteotiteodetntssy ether
resin-impregnated, splayed fiber hundle theregn..For example,,such ing can ingl couring or
blasting theg\?v%ﬁotﬁ)jlregégr?gé}:cg %BIBael felted Wity %, c—%srggsuorre%\}\?alt%re ’(ggjé%fgg‘rsgﬂ%ﬂ%g}lg%gg%%oﬁrlﬁ‘luids),
sand, otherpapicuiptesion sdlidsyatetidioany Atherdingteyihls ndwemsasuidgptsn featprekeainthhe wall or
other surface and/or at least par 'allg/ remoyg one of more film%,ﬂlayer or. %rtteiorns 131;1 gﬂc&}/ﬁ/an or
surface in p‘r’%rﬁg‘i‘lﬁtf;c?ﬁr%orr}%% s gec?'ﬁeerlﬁl apﬁ’liccgﬂone SPEERI Grother iber-reintorce resmglayers.
For examplen¢her enprsechstotiace (efga tandheté deviacdBanibethtteanbpdirtialysseodiechssed/or
removed to expose undeglying portj f concrete. This can help provide a better surface on which to
apply one oli1 FreTAe %{?ﬁepg iﬁ‘-’&g@?\ %p?a%%e(&‘%tﬂ %b?g@&)aﬁb%rp tﬁ%ltdﬁ% %lra troo\}l“ﬁgo.rFor
example, susbréoypEranbap o funiewasfhkediverity eppbedtecatedikiibodirtodqustohany other
coats or layers (eﬁ)t., tack coats, binders, primers, grout, adheséi/‘%s, etc.é In.other e@bogiments, one
or more intétffiedi e“l’éi%e?g?ﬂgé&ﬁmﬁst%ﬁéeﬁ Qiclg SLHFRLS YR A tfﬂgcsfﬁ%% Y& olindle.
[0075] In sasperpeadimenisARRKIOS figitRinisicipgmyrieReomethodasisalatachhegingan be used
without pre-application or post-agrélication coatings and/or other tr_eatm%t f]tep,s. For example, in
some arrangBRi&ATAnE piRpRA e Pgéfﬁ?&?ﬁ‘é’ég?fﬁtéﬁgibg}eb‘ﬂﬁlgro‘?’ \Vhg BR-JESHISL and

attached to gaalf apRiBes sivataeRINIHIOW beamisecefiRskaaaaistHYImeys, heat treatment, light
treatment, other curlngf‘steps, additional top layers of paint or top coats and/or the like. In some

embodiments, the #98#bundle I @evireeperhRaludk sonainer i hers S foperRHBVIRE S epoxy
(e.9., withinggdgsired of f eAUILae FARIAARY Yeathaly eainissntiabl affersvelx dircilyfdhges to

such a wall or other surface. This can offer certain advantages over traditional fiber reinforcing

methods. FehaXanthtecaitigreaminslpdsghataalitsedfouhents Jrevisr that igses: RaternxerRisYiber
fabrics, linefs, SeGRnRPRe R LBING PrEslopab MalsHals, b cepihuinesRanshapplied to a
wall or other surface. Accordingly, the need for curing and/or other post-application procedure is either
reduced or Blitvpdatbuing ackiiabng asasiedysste magreinet desiiehoapirraiton ghviansayvatisite faster,
cheaper an r et t n the materialsyrequired | inforcin

p dekggggﬁgs%@m RO ARPIHEBiLARRIN FiRIEdR PR QI Bd IndWERRGREAlyinTorcing

methods. any of the embodiments disclosed herein, or equivalents thereof, a reinforcing
system cananicldticatly (¢.groebdtivities. tharthayibe dar dddirean gringvsd pukh appticeeidribreatment,
as discussed ahave. For example, in.some ' 7 t%é‘&%g&% j 9 g&%ﬁi Iyg?ﬁ‘. Qpg or more
heads (e.g.?i‘sllr%l ar ?oogr?él of tr%P(glr‘?le1 o?‘ﬁ%g? heliltr)(?sl,2> %g}g%éﬁcator assen%e%%%trate in FIC%S. 2B-2D)
that are confiimged berailw arftAgenutyrprevida hetktreatrheatidighti veeambedimeatstil thionam|ectrical
current treatment,.qne or more additional cqatings or layers and/or the like. In.some embodiments,
such a hea&ﬁ;a ﬁeggojfarrllé%v\?vnhwgngggrarsﬁbscr%n c():f'gt %ee?pp |<§% 5 asosfesr%rgﬁé)sm(%%ﬁ?ﬁ'é?\?v\gfsi e%'ﬁér
assembliesneichatlivil gyeconmndigy kdecta s play),crs dkdsiredise srasd. resin-impregnated fiber roving onto

the target Surface.[ldbggtf er eﬂ}bo(’)t Ierrnglfr]l Sd 11%(:6rrlltrs],e t %chlrtel%f Sgaglr?nc 15 g{ﬁ{g@ Heseiblies that

engage different portions of the pipe’s interior wall (e.g., upper, lower, side portions, etc.).
For example, in one arrangement, the cart includes wheels that project outwardly toward

the inner pipe wall at various directions.
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system's applicator assemblies. In yet other embodiments, a completely separate system or device
can be utilized to perform the desired or required curing procedures. In embodiments where the curing
and/or otheM§d30H9eAtion devices or components are incorporated into XGHSAIHIRTEement
system, the process of providing one or more layers of splayed fiber bundle or roving can be

conducted faster, yigspfficianibyrand/ofomeR alfeeiYRiNrADIRE GIBAcH Sacaalaly and in close
proximity in time and space to the application of the fiber bundle or roving. [0077]In some

arrangemerfBUISASHioreing systtneis dBeRnmEriad palo p sahaticotayiser SorsrannleJhedinpsor
automaticallys sk ehe&aBIPIR. HERESIMENISEAMIYILEAS fe"pRAiGr Sihafauemajed system

to apply one or more layers of CFRP or other splayed resin-impregnated fiber can be configured to
perform the Hkedba sy stesusag ha canftgpendotp drayed feag Ay RiRsy knteriother arliso dagienttha separate
device, SyStRi, Gk PIRRRONIEHE:S SN BRIBNSHIFGGIP SFRRHIHONR-REPAIE Athpodesited or
required prepping steps. In one émbodiment, a robotic or other automated system that blasts or
otherwise stestipsled wathie guniigingtiybls eesgmhsiwater, sand, etc.) is configured to collect all, most or
some of the mater'w edi i i ro re. al i eed up
the process of rein orcirj;g a 3‘3@’%? ot egrgg?rltt}}gtﬁlfr%f% %es,ge??rrﬁég%llsrlge%ﬁﬁegé igt%gsaqr?ﬁsﬁ g’?%)g?i%he initial
scouring stéiél- The afoshoentieteduisistitigllyciliingrmstl/of ttbalepiegsaratbigtistepgwames used in
connection with. f the embodiments of inforcing systems and/o thods disclosed herein.
[00781in adeH e e R R B S S TR e S
features) caraipdénooipdedted mtoraly @itheBeinforcimgsykteths cartnXBods disatosBgunedeain, or
equivalents thereqf For ex I ter their application to a wall or other surface, one or.more layers of
resinladen SPE L A RS20 BLACNS L TS0 b b Beh e e, LB A R SR decrrica
current treatheesdfuratoli| @ dilser presitioreng asetindiydiyiol praddedtredidghtAreatdisgttandiatiihe like. In
some embodirBe(rius, li h'gdtlreat (i:-? inc(léjt es the us& of infrar§d %Rr[) ultraviolet éUéQQand/or light of
other Wavelgrﬁlg%sl%?ne%ergeyc evers. The 0SB A egng Co il roﬁ g -léﬁﬁﬁggﬁgf? fi e&%?flr%?p to
further impragsptbé tododcsisarigtiacbeiivacs with aplayiest flretdouhoitestasfdrittenatiase riisisfaees to
which such bundles are attached. In additign, spch post-applicatiQn procedures can help decrease the
curing time,pémﬁt?é)b%ﬁ%iﬂﬁéﬁ&ﬁﬂg‘ﬁﬂ&%%éﬁﬁ FabRrs %%’é?‘ﬁjwp&?é Ejz%‘ oF%’ﬂ’?@rEﬁéﬁ%‘?&fS (e.g.,
paint, other fiigheoaisiedtes 40 lbesapptiediyiisatiesdiag émap/@s shown, the system 10B
2010/096690PCT/US2010/024789 [0079]In some embodiments, air or other gases can be delivered
through a pff@ SASEMAG SUHRIEE Heth§TRESRA MBAISRPFFLXARAfOMSY SUaPsiPbRbther
gases can kg piovidectsiaiitor e apsnens; Mnhcipwes 208/es othae Puidiicsitas denieess liwever, in

other embodiments, splayed fiber bundles are permitted to air (fj% in an ambient environment without

the use of fERRMSAUR RESPUNBhENR Mg rstdal ragchanism of the positioning assembly 100B,

the rollers 42 of the saturator, etc.). Further, the system can include one or more position

sensors, temperature or humidity sensors, pressure sensors, other detection devices and/or
any other components that are also configured to be in data communication with the
controller C or other processor. Thus, to assist in accurately executing a particular CFRP
coating procedure, the system 10B can be operated with one or more feedback loops.
Such a controller C can be positioned on the cart 12B or at any other location within or
remote to the pipe P being retrofitted or repaired.

[0068] With continued reference to FIG. 4, the cart 12B can include a motor
M or other device that is configured to selectively propel the cart 12B in a desired manner
(e.g., rotate the wheels 14B). As with other devices and components of the system 10B,
the motor M can be operatively connected to a controller C or other processor. In the
illustrated embodiment, a user can adjust the position of the cart 12B using a foot pedal F.
However, any other type of controller (e.g., lever, handle, knob, switch, button, etc.) can

be used either in lieu of or in addition to a foot pedal. Further, in robotic or other fully
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[0080] As noted above, once the desired CFRP or other resin-laden fiber layers have been applied to
a particular wall or other surface, additional protective, decorative or other coatings or layers can be
applied ther®9.26HY@%6Mple, the fiber reinforcement layers can be selectivByTEOREANAASPaint, finish
coats and/or the like. In addition, it may be necessary to cut or tuck portions of the fiber layers, such

as, for examplgnhQl BRBHIBINERR! ﬁ@%ifﬁé%ﬁéﬁf%ﬁﬁ?ﬁ Rr hesRUEACHOSINGRNRIR: The
0

application of additional layers and/or the execution of additional post-application steps (e.g., tucking,

cutting, etc.jEoRBatpe loAREH ¥pinbriNg &t Htorisiribany thegsytisg Hredtiersingensnioosa ] The
various emk&%fl{%ﬁ@fsdfi§ﬁéo§g§%eﬂ?r@iﬁ‘ GANPRMAE REYRIAL I QYR ENISARd 30NARIREGS pVer

existing systems, devices and methods. For example, placing CFRP roving or bundle directly onto a

pipe wall or@f&%@: st vl treamits canspielp inpraivetinesysirorefiopot disipeceelpiscivilprocedure.
Such embog{ments, Myl 06 1833 GARY-A0T ROLE LeliRRIGBYMRY QhAXURIE 1% H}ﬁemoney’

labor, equipment and other resources used to manufacture, transport, prepare and install separate
CFRP sheettenitsathairiabeing acpiperendotbiog sesivtimpregnated dibetiblipdies ateroriag. theytite for the

CFRP roving e basinenis,diselgsed gieheFoL stanss, i sk Lo epalr 2 damaged pipg using
CFRP sheets, a 12-man crew may be required. In"contrast, only a 4-man crew may be necessary to
reinforce thdesaene thamadyadtpgeeustngr GiRRPvimdh fre8batk 2o enucpienatior wanpeierated)airaments

results, at least in part,.becapise the time-consuming and tedious tasks of coating,individ CFRP
sheets and ﬁé?l(gjea%ﬁ?}llﬂa' tﬁ%ﬁ% tcc?%%{gsﬁﬁlé% gluﬁrga%geghlg 2 |?ﬁ?n(gt33?’ﬁﬁjtﬁﬁ%ﬁc§gr nfgl u%%rgagll?lﬁbereater

detail hereisysb@rdirect application of CFRP roving to a wall can advantageously eliminate the need for
a tack coat and/or base, layers and/or, other preparatory steps (e.g..dehumidifying the pipe).
[0082] The direct ﬁ@@&tion%?%ﬁ%ﬁ U rc%rﬂggép ﬁﬁ%fovg %P?%%[‘rf%r&%%ﬁ%%&h#ﬁ%@%f a
reinforced pipeicr HtlextSiroctifigyrad thdoupataivutyoidhecftednentepdieedpordndadalyaihg), surface
can be accuyatel controlleﬂ. Irécontrast, the orientatioré?oft e filaments contained within individual
CFRP shoctlrGUEh 3, SIRIUETG TR RP S8 U aLigh STSHA G SOREP PR At & Batecly,
the need fonl (Bgitsdinaig inioxsamessihea gl g Hind oat hemiginis althinatedhbRicdise:the

filaments of the roving can be o%jented at one or more angles that provide a desired level of structural
integrity in g&‘ﬂ?’@l@ﬁi%ﬁﬂff&%ﬁ AT HBE P hgitudinal directions. [0083] In addition, the

need for dehumidifigetign throueh @ RiPaGRRAEMOSIBVDIded by WSIRGanRe o deamerpeadimeats of a
reinforcing system or method disclosed herein. For example, when CFRP sheets are used to reinforce

a pipe, dehdHpitfiedisn thetratitienng 3seadyriitn crpfigusd iR piandicd grdicesindy before

tack coats, MM%&@@H(?%@%Rﬁeﬁh@@%l%ﬁqﬂﬁﬁﬂ%s[%%%&@ﬁmsﬂﬁ@o@%&ﬁﬂ@}@d@@QHQFme”tS
discussed and illustrated herein can provide several environmental and health benefits. For instance,

the amount 'd%&pek9Bebhsefiepmtibbaxing Aeappliretanasrabiy/PCeRits disidiend gdherally less
than when GERA ﬁdj@%qf@é&s%ﬁswgyag&d%m%&m%&%@@ﬁ%ﬁ&&@@@@%@ﬁ{gpounds

emitted from the resin during the direct application of CFRP roving to a wall 'can be advantageously

reduced. THYS bgiagestisecigretbrraibrrued wnfotbating wathii gauiss with susbramatesigeneem. be
advantageqyslydgdiaedeMRRERETo EIGH) THMEARERE SINGLAONAINR 1Y QHah VYt Fa fiber

roving or bundle is routed can be partially or completely covered to further reduce the amount of
volatile comijssifasngmfseaety theOsurtoug dingrasap by tipcewalloMmEat erapdiitithe, wher nsothods

described hgrein GRNELAY Rje %lll&‘?glgﬁ%qsl?&sc%gn%é}%fl&o Hﬂd%}q/&{giﬂfaﬂlmsﬁ%ve the shaft

110C along a desired portion of the pipe wall W. Accordingly, in such embodiments, the
need for a more intricate positioning assembly, a tripod or other device to support the
positioning assembly and/or other components of the system 10C can be simplified or
eliminated. These simplified arrangements can be particularly useful when access to the
interior of a pipe or access to another structure or item in need of reinforcement is
difficult (e.g., smaller pipes, confined areas, etc.).

[0071] As discussed with reference to other embodiments herein, the depicted
system 10C can include one or more controllers (not shown) on or near the shaft 110C or

operatively connected to the positioning assembly 100C. Such a controller can allow a
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[0085]In addition, the systems, devices and methods disclosed herein, or equivalents thereof, can
advantageously require fewer tools, such as, for example, rollers, buckets, tables and/or the like.
Further, it m¥{ Be1&8%6?%o transport the various goods required to completBAR& SR
procedures discussed and illustrated herein. For example, the spools, bulk containers or other sources

of raw carbgeefouingaafi¢ thia AUV RERIN A FARRINGEMAL IR BRRE Y ARIMNhLCPHER ARt care o

special handling instructions during their delivery to a job site. Moreover, the various devices,

com ponenté?ﬁ@ﬁb]yebo%lﬁlﬁﬁmwbﬂﬁéroéhﬁﬁpﬁféﬁﬁéﬁdb‘édﬂﬂﬁ@ﬁ@h@?@@h’sl@&ﬁ: e eqdRidy and
easily transpggiednilized,set 4 R-RRS %Wﬁ@ﬁrﬁéﬁ%G%ﬁl?&{dd@QHQ @@%ﬁmﬁp%mﬂéﬁ' certain

preparatory steps or procedures are performed prior to the application of CFRP roving to an interior
wall of a pipaticsthdrosurrammnlothe eomipidletheaw afichidstireleserfavd tthbnpb ate ¢ than drvisieaned to

remove dirt, gust ang %tgféﬁ?@éi irﬁﬁ%gﬂe?'f'?g&?eﬁ%ﬁfgpﬁ??p tﬂ’@%ﬂ%ﬁ@%&%ﬁs‘é’&{%til%o%‘?s“‘oned’ atop
layer of such a surface can be at'least partially penetrated or removed. For example, high pressure
blasting procedurd M&13§ watbs, rotiedaliquéd shervatimrstrmdo danchis o8 deiddditimepbspsianes and/or

other Coat"l%ci“ﬁé’daﬁ%? be apPlied R 4hS SHUAee N whigh e CEREAY 'kagesgﬁ&%dﬁ TP aen: <
spray, roller and/or the like). However, in'somé=configurations, a tack coat and/or other binders are not
required besore el @kRbdrundb s, dpptiedhipl¢he shaliroratha iedrseeinhialtaamsthee typeeodnd costs,
especially vwa%n gé)arrr;lp%r?d to exggin@enfﬁ(tgods of installing CFRP sheets on similar surfaces. In

addition, one or more’toopu&l)%lfasncaﬁ € applied once the CFRP roving has been placed on the pipe

wall or other surfaf@0Bjich teipEostsibastritetp seal dhbédniint cah fundiafeetihgnepstan Sbeisgural

integrity of the reipforced section of pipe apd/or proyi dditional henefits, as desired or required.
(005 oo SRS A I AR LT, Snol P CE GRRaTEy an Cperator

using a simplified reinforcing system to apply one or more layers 24" of resin-coated
CFRP to the wall W'. As shown, the system includes a positioning assembly 200 that is
configured to be handled and selectively moved directly by a user. As shown, the
positioning assembly 200 can include a main shaft 210 or other handle portion comprising
an application assembly 220 at its distal end. As discussed with reference to other
embodiments herein, the CFRP layers 24" can be oriented in any orientation to provide a
desired or required design. For example, as illustrated in FIG. 6, the layers 24" can be
oriented in a generally vertical direction. However, in alternative embodiments, the
orientation of the CFRP layers 24" can be generally horizontal and/or diagonal, either in
addition to or in lieu of vertical. Further, the various layers 24" positioned on a wall,
location or structure can be generally parallel or non-parallel (e.g., perpendicular,
diagonal, etc.) to each other. Thus, in some embodiments, CFRP layers 24" can be
applied to a surface so that they completely or partially overlap, regardless of their relative
orientation to each other.

[0074] According to some embodiments, a wall (e.g., interior pipe wall,
exterior wall, etc.), structural component (e.g., beam, column, slab, wall, etc.) or surface
that is to be reinforced can undergo one or more preparatory steps, either in advance of,
during or after the delivery of resin-impregnated, splayed fiber bundle thereon. For
example, such prepping can include scouring or blasting the wall or surface to be treated
with high-pressure water (or other liquids, gases or fluids), sand, other particulates or
solids and/or any other materials. Such scouring can help clean the wall or other surface

and/or at least partially remove one or more films, layers or portions of such wall or
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may be formed through any suitable means. The various methods and techniques described above
provide a number of ways to carry out the inventions. Of course, it is to be understood that not
necessarily WP &Pee200r advantages described may be achieved in accHERNE20NHHR I particular
embodiment described herein. Thus, for example, those skilled in the art will recognize that the

methods may-be Pesiarachina BRATRESIBY RERICYSCLARIIBIZEIaNe ANRP AL QLiHIOHR L

advantages as taught herein without necessarily achieving other objectives or advantages as may be

taught or sU§sdstavererdlior exaudesiiruetrosed rairfce sifllararaedn sifreesgnihs theleast
interchangeﬁé}i‘ﬂmyfsxaﬁ&%asmwﬁﬁs%acle%Bglgra%Qimﬁ Sodirslosad-BReaiR Siilaty, the

various features and steps discussed above, as well as other known equivalents for each such feature
or step, carbplp pirEidaadeHarcheties conetielbtdinpply skl ot thiwaleyerpefftsinringdéosayed

accordance ity RineiD e dencrhac RIRIAGHlien i s etiads ist s desaihsgend

illustrated herein are not fimited to the exact seque ce of acts described, nor are they necessarily
limited to theaprbetidreesiapmflitd tacesvedl. foritho Wit wenobane obErvenls arlapess (¢-festtkan all of

the events, im 0 rr 0 n ay;be utili i icing the diments of
the inve ntio%%b%ﬁ%%b%ﬁ%’i%%ﬁ1 oIlrésH Saq\’/\(égbtggr?) di?c o%eg}izngt%ﬂé%(%ﬁ%%’ o%%‘% r(t)gilrfllli]l%?e
embodimenisemudirtnipless, ir wilhidegs atepstvattdpeatvozm skitidbamdtte aplahed fiteibvadions extend

beyond the specifihaglicigsed ebodiments fa oller ategoalive,mbodinants andigrysgs and

obvious modifications and equwafgnts%ereg} f&c’cora/lng 2 it isHotin eﬁdgﬁt at the mvengons be

limited, excdpchsdily ieiap@enbedseldiwishout pre-application or post-application coatings and/or
other treatment steps. For example, in some arrangements, CFRP or other resin-
impregnated fiber bundle or roving can be splayed and attached to a wall or other surface
without the use of tack coats, primers, heat treatment, light treatment, other curing steps,
additional top layers of paint or top coats and/or the like. In some embodiments, the fiber
bundle is delivered to a wall or other surface with a proper amount of epoxy (e.g., within a
desired or required range) and/or other resin so that it effectively directly adheres to such
a wall or other surface. This can offer certain advantages over traditional fiber reinforcing
methods. For example, using resin-impregnated fiber bundle provides a lighter alternative
to fiber fabrics, liners, sheets, panels or other pre-formed materials that are coated with
resin and applied to a wall or other surface. Accordingly, the need for curing and/or other
post-application procedure is either reduced or eliminated. In addition, as discussed in
greater detail herein, it is generally easier, faster, cheaper and more convenient to
transport and apply the materials required in the present reinforcing methods.

[0076] In any of the embodiments disclosed herein, or equivalents thereof, a
reinforcing system can include one or more devices that provide the desired curing or
post-application treatment, as discussed above. For example, in some embodiments, a
positioning membér includes one or more heads (e.g., similar to one or more of the heads
or applicator assemblies illustrated in FIGS. 2B-2D) that are configured to advantageously
provide heat treatment, light treatment, ventilation, electrical current treatment, one or
more additional coatings or layers and/or the like. In some embodiments, such a head can
be aligned with one or more of the applicator assemblies (e.g., trowels, roller assemblies,
etc.) that are configured to splay or otherwise spread resin-impregnated fiber roving onto

the target surface. In other embodiments, such heads are offset from the reinforcing
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CLAIMS 1. A system for reinforcing a pipe, comprising: a resin source comprising a resin, said

resin source being configured to at least partially impregnate a fiber bundle with resin; wherein the
system is cONAFUIEAYP A least partially impregnate a fiber bundle being m&¥SdUSGtHEI438 R ially,
through the system with said resin; a positioning assembly configured to receive a

resin-impregpatest fiagpianst s saHbRASItIONRE ARSCENY GRIBIRESH SoaljRASl ARBA4E Having a distal
end, wherein the system is configured to selectively advance the resin-impregnated fiber bundle
relative to tI98 J6¥ieriAY Reseilisgd tavarefera dheafleridionscapiskiyraamrocedugsiealit one

spreading NRRBESIRNGNIHAHAE g3t A5 WIRAHOs SR IRRAGHH S, ISP L ARIIGHIS Yk Spread

the resin-impregnated fiber bundle from a first width to a second width and onto an interior wall of the
pipe;  wHBPETRAFRCdcEIN @ Wit L e QESSICH BYslg ARt Msesdst ol prrvifiag onehen mescirst width

of the resmlﬁ?@[@ﬁf‘%‘f'ﬂ/@@?fb@_y BAIRIADE royirk CAAURIIEL QL SRAYANNY ALIRASHANG APRRRIJE!ated to

the manner in which the'resin- impregnated fiber bundle is advanced relative to the pdsitioning
assembly apwxe eHectpilzdinghe evsiveraowss destthishicaddrirtode prexiaityHa pipe aadg@pace

to the application of the fiber bundle or roving.

[0077] In some arrangements, blasting and/or other scouring steps of a wall or
other surface are performed automatically or manually. For example, embodiments that
utilize a robotic or other automated system to apply one or more layers of CFRP or other
splayed resin-impregnated fiber can be configured to perform the necessary scouring,
cleaning or other preparatory work. In other embodiments, a separate device, system or
procedure (e.g., either manual) is used to execute one or more of the desired or required
prepping steps. In one embodiment, a robotic or other automated system that blasts or
otherwise scours a wall (e.g., using high pressure water, sand, etc.) is configured to collect
all, most or some of the materials used in the blasting or scouring procedure. In general,
this can help speed up the process of reinforcing a pipe or other structure, as less time is
required to clean up after the initial scouring steps. The aforementioned blasting,
scouring and/or other preparatory steps can be used in connection with any of the
embodiments of the reinforcing systems and/or methods disclosed herein.

[0078] In addition, one or more curing steps or features (and/or other post-
application steps or features) can be incorporated into any of the reinforcing systems or
methods disclosed herein, or equivalents thereof. For example, after their application to a
wall or other surface, one or more layers of resin-laden, splayed fiber bundle or roving can
be selectively subjected to heat treatment, electrical current treatment, ventilated air
treatment or other drying procedures, light treatment and/or the like. In some
embodiments, light treatment includes the use of infrared (IR), ultraviolet (UV) and/or
light of other wavelengths or energy levels. The use of curing or other post-application
steps can help to further improve the bond strength between the splayed fiber bundles and
the adjacent surfaces to which such bundles are attached. In addition, such post-
application procedures can help decrease the curing time, advantageously allowing
subsequent layers of fiber bundle and/or other materials (e.g., paint, other finish coats,

etc.) to be applied with reduced lag time.
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wherein resin- impregnated fiber bundle splayed by the spreading member is configured to directly
adhere to the interior wall of the pipe without the use of tack coats or other intermediate layers. 2.
The systemWOCHMIPYWherein the positioning assembly is configured to bBEHRASZEH/ AP $hanually
manipulated by a user. 3. The system of Claim 1, wherein the positioning assembly is configured

to be aytomat_icallwmd rqlativmiodnedateratswal of hdiRases csh bEISYSRM alrBayrone of the
preceding claims, wherein the positioning assembly is configured to selectivelg rotate about a

longitudinaPiB§sosrdiacsiidac svefassrdrang ARpisthae Selshimfprdiatasuringer BUFHArABAE e interior
wall of the RIRRs can Be PRR RLARIRCG FNh RO B VNG IGCEHRIHRIMEm RIS LBe fiber

bundle comprises a carbon fiber bundle. 6. The system according to any one of the preceding

claims, wheemarre-réaintbetrmhedimaetalisplysddis bundlssraeerpfrmbidbiale $60igeand the
positioning A38&MPMvironmedt WG T: ACER DB MIE TR ARSI HE G SQMREses at least one

[0080] As noted above, once the desired CFRP or other resin-laden fiber
layers have been applied to a particular wall or other surface, additional protective,
decorative or other coatings or layers can be applied thereto. For example, the fiber
reinforcement layers can be selectively coated with paint, finish coats and/or the like. In
addition, it may be necessary to cut or tuck portions of the fiber layers, such as, for
example, at or near joints or other features of a pipe or other surface being reinforced.
The application of additional layers and/or the execution of additional post-application
steps (e.g., tucking, cutting, etc.) can be performed manually or automatically (e.g., using
a robotic system).

[0081] The various embodiments disclosed herein can provide several
improvements and advantages over existing systems, devices and methods. For example,
placing CFRP roving or bundle directly onto a pipe wall or other surface being treated can
help improve the efficiency of a pipe reinforcing procedure. Such embodiments may also
be less costly and more reliable. By way of example, the time, money, labor, equipment
and other resources used to manufacture, transport, prepare and install separate CFRP
sheets onto a surface of a pipe or other structure are substantially greater than they are for
the CFRP roving embodiments disclosed herein. For instance, in order to repair a
damaged pipe using CFRP sheets, a 12-man crew may be required. In contrast, only a 4-
man crew may be necessary to reinforce the same damaged pipe using CFRP roving.
Such a reduction in manpower requirements results, at least in part, because the time-
consuming and tedious tasks of coating individual CFRP sheets and hand-applying them
to a desired surface is eliminated. Further, as discussed in greater detail herein, the direct
application of CFRP roving to a wall can advantageously eliminate the need for a tack
coat and/or other base layers and/or other preparatory steps (e.g., dehumidifying the pipe).

[0082] The direct application of CFRP bundle can also improve the structural
characteristics of a reinforced pipe or other structure, as the orientation of the filaments
placed on a wall or other surface can be accurately controlled. In contrast, the orientation

of the filaments contained within individual CFRP sheets cannot be modified to satisfy
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advancement assembly to help direct raw fiber bundle from the raw fiber bundle source relative to said
resin source to at least partially impregnate said raw fiber bundle with resin. 8. The system of
Claim 6, whetiX188%e’0fiber bundle source, the resin source and the posiBiORH§2ALEEMTEY are
positioned on a movable assembly, said movable assembly being configured to be automatically or

manually meyeaiivithitign inkesi o theniPeequirefledtie SKslarUBf, GlRimédavhrrebnshadnayable
assembly comprises a wheeled cart., 10. The system of Claim 8, wherein the movable assembly

comprises d506PISERSPESHIRER @ BRI AVY TSy dsselitminairdyiBesausnibr, Hamenthofisior of the

pipe. 13oving sxstemnidataimit’ oddsraibib et leesleneRa ARt assemblraemlises a
roller. 12. The system according to any one of the preceding claims, wherein the system

comprises difegEiIRL et hsrrenfasaiahmecongred longitadinpb diatighte the
resin-impregnated g8 pundig jawiaish hRSREERFNRUPAEMRE icationl Brdilth SY pigA@h GI3MHd 2.

wherein the at least one advancement assembly comprises a roller. '
avoided by using one of the embodiments of a reinforcing system or method disclosed

herein. For example, when CFRP sheets are used to reinforce a pipe, dehumidification
techniques and procedures within or near the pipe are often required before tack coats,
primers and/or CFRP sheets are applied.

[0084] Furthermore, the various embodiments discussed and illustrated herein
can provide several environmental and health benefits. For instance, the amount of epoxy
or other resin used with the application of splayed CFRP bundle is generally less than
when CFRP sheets are used. Accordingly, the amount of VOCs and other gases or
compounds emitted from the resin during the direct application of CFRP roving to a wall
can be advantageously reduced. Thus, the exposure of workers to potentially harmful
gases and other materials can be advantageously reduced. Moreover, the resin saturator or
other container through which raw fiber roving or bundle is routed can be partially or
completely covered to further reduce the amount of volatile compounds emitted to the
surrounding area and the environment. In addition, the methods described herein
generally producei less debris and other solid and/or liquid waste.

[0085] In addition, the systems, devices and methods disclosed herein, or
equivalents thereof, can advantageously require fewer tools, such as, for example, rollers,
buckets, tables and/or the like. Further, it may be easier to transport the various goods
required to complete the reinforcing procedures discussed and illustrated herein. For
example, the spools, bulk containers or other sources of raw carbon roving and the drums
or other containers of resin generally do not require great care or special handling
instructions during their delivery to a job site. Moreover, the various devices,
components, required tools and/or other equipment required for such systems can be
quickly and easily transported, mobilized, set up and taken apart.

[0086] According to some embodiments, certain preparatory steps or
procedures are performed prior to the application of CFRP roving to an interior wall of a
pipe or other surface. For example, the wall or other surface to be treated can be cleaned

to remove dirt, dust and other debris. Based on the surface on which the CFRP will be
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14. The system according to any one of the preceding claims, wherein the controller comprises a
handheld device configured to be selectively operated by a user. 15. The system according to any
one of the pYeR&AIAYMEItns, wherein the controller comprises one or more BGEAHFSPO4RIGERd on the
positioning assembly. 16. The system of Claim 14, wherein the handheld device is configured to

selectively qpgiaéacy, laash anprillenraseiRhiRdanted @ m@g&amlﬁ@ BaattaeraRindryaregnated
fiber bundle toward the distal end of the positioning assembly 17. The system according to any

one of the preESATBPLEaiPigh WFRssurS m%SBBgli?é‘PﬁF@%;%‘é%IV%SFnBF%élﬁtl}é&ﬁ stkefofiidsaid at
least one Joahmﬁldfeﬁx@dﬁﬁ{m'taaﬂﬂﬁﬁéxtgr{éi‘/%gk%@f‘c%ﬁﬁlﬁgéﬁl‘é[?%9@0%%511%%9@1@%@%99” bundle

is placed on the interior wall of th 18. The system according to any one of the preceding

claims, wheﬁ’élf‘i"}éﬁ%hc@ﬁt@@)|§’l‘ﬁ)gﬁgﬂ|@6@té¢&4é’éﬁﬂéﬁ/%@@Mldﬁélﬂﬁéﬁ&iéh?ehk@f thops¥fioning
assembly ahpud iReclangidiRalax B.af BagtRIRGor othdObihBESYRIGT: REGALI S8 APRH the

preceding claims, wherein the positioning assembly is configured to be moved longitudinally within the
pipe so as tbuagis is aelied toribruHasedwsrufaee inldhdeavateue thapiis witisesipematiegnated

finer bundley e, 2 Tlie PYS'ERLAREUNIAGIO B 0ARAL 0 RICRUNG AR Aiein theygontroler

is configured to control a longitudinal movement of the positioning assembly within the pipe.
addition, one or more top coats can be applied once the CFRP roving has been placed on

the pipe wall or other surface. Such top coats can help seal the CFRP, can further
enhance the structural integrity of the reinforced section of pipe and/or provide additional
benefits, as desired or required.

[0087] The systems, apparatuses, devices and/or other articles disclosed herein
may be formed through any suitable means. The various methods and techniques
described above provide a number of ways to carry out the inventions. Of course, it is to
be understood that not necessarily all objectives or advantages described may be achieved
in accordance with any particular embodiment described herein. Thus, for example, those
skilled in the art will recognize that the methods may be performed in a manner that
achieves or optimizes one advantage or group of advantages as taught herein without
necessarily achieving other objectives or advantages as may be taught or suggested herein.

[0088] Furthermore, the skilled artisan will recognize the interchangeability of
various features from different embodiments disclosed herein. Similarly, the various
features and steps discussed above, as well as other known equivalents for each such
feature or step, can be mixed and matched by one of ordinary skill in this art to perform
methods in accordance with principles described herein. Additionally, the methods which
are described and illustrated herein are not limited to the exact sequence of acts described,
nor are they necessarily limited to the practice of all of the acts set forth. Other sequences
of events or acts, or less than all of the events, or simultaneous occurrence of the events,
may be utilized in practicing the embodiments of the invention.

[0089] Although the inventions have been disclosed in the context of certain
embodiments and examples, it will be understood by those skilled in the art that the
inventions extend beyond the specifically disclosed embodiments to other alternative

embodiments and/or uses and obvious modifications and equivalents thereof.
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21. The system according to any one of the preceding claims, wherein the positioning assembly is
secured to at least one support member, said at least one support member having a first leg and at
least a secoN@ R 049a6dNMrst and at least second legs being configured to cEGtEESARNARATRY wall of
the pipe. 22. The system of Claim 21, wherein the at least one support member is configured to be
moved longiusinaawithinsaminiatiicarde Biosaventias BhRmMSEBxeES iR hovptaihe at
least one support member comprises a wheeled cart or a tripod. 24. The system according to any
one of the pré¥8&ing claims, wherein the fiber bundle is provided on a spool or in a bulk container.

25. The system according to any one of the preceding claims, wherein the
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fiber bundle comprises nylon, glass, graphite or polyaramid. 26. The system according to any one
of the preceding claims, wherein the resin comprises epoxy, polyurethane, acrylic or another polymer.
27. The system according to any one of the preceding claims, wherein the positioning assembly
comprises two or more spreading members so as to allow two coats of resin-impregnated fiber bundle
to be applied to the interior wall of the pipe. 28. A method of reinforcing a concrete surface using
fiber reinforced polymer, comprising: coating a raw fiber roving with a resin;  selectively directing the
resin-coatedcitz&alrl\gl%ving through a positioning assembly of a reinforcing system;

1. A system for reinforcing a pipe, comprising:
a resin source comprising a resin, said resin source being configured to at
least partially impregnate a fiber bundle with resin;
wherein the system is configured to at least partially impregnate a fiber
bundle being moved, at least partially, through the system with said resin;
a positioning assembly configured to receive a resin-impregnated fiber
bundle, said positioning assembly comprising at least one arm having a distal end;
wherein the system is configured to selectively advance the resin-
impregnated fiber bundle relative to the positioning assembly, toward the distal
end of the at least one arm;
at least one spreading member extending from the at least one arm, said
spreading member configured to spread the resin-impregnated fiber bundle from a
first width to a second width and onto an interior wall of the pipe;
wherein the second width of the resin- impregnated fiber bundle is greater
than the first width of the resin-impregnated fiber bundle; and
a controller for regulating at least one aspect related to the manner in
which the resin- impregnated fiber bundle is advanced relative to the positioning
assembly and to the spreading member toward and onto the interior wall of the
pipe; and
wherein resin- impregnated fiber bundle splayed by the spreading member
is configured to directly adhere to the interior wall of the pipe without the use of
tack coats or other intermediate layers.
2. The system of Claim 1, wherein the positioning assembly is configured to
be grasped and manually manipulated by a user.
3. The system of Claim 1, wherein the positioning assembly is configured to
be automatically moved relative to the interior wall of the pipe.
4. The system of any one of the preceding claims, wherein the positioning
assembly is configured to selectively rotate about a longitudinal axis of the pipe to

circumferentially place resin-impregnated fiber bundle along the interior wall of the pipe.
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spreading the resin-coated fiber roving that exits a distal end of the positioning assembly onto a
concrete surface; rotating the positioning assembly about an axis to place resin-coated fiber roving
along a first circumferential section of the concrete surface; and  moving the positioning assembly
along a longitudinal axis of the pipe to selectively place resin-coated fiber roving along a second
circumferential section of the concrete surface. 29. The method of Claim 28, wherein the concrete
surface comprises an interior wall of a pipe. 30. The method of Claim 29, further comprising
providing a primer or tack coat on the pipe wall prior to spreading the resin-coated fiber roving onto the

pipe wall. 31. The metod AEEBrAREINanY R SPE ity JESFRENgH oM s ¥8rilrising
providing atfidasbonidoprepdaded\araibersfibeathiilkdér. roving that is positioned on the concrete surface.

6. The system according to any one of the preceding claims, wherein the
resin source is generally positioned between a raw fiber bundle source and the
positioning assembly.

7. The system of Claim 6, wherein the resin source comprises at least one
advancement assembly to help direct raw fiber bundle from the raw fiber bundle source
relative to said resin source to at least partially impregnate said raw fiber bundle with
resin.

8. The system of Claim 6, wherein the raw fiber bundle source, the resin
source and the positioning assembly are positioned on a movable assembly, said movable
assembly being configured to be automatically or manually moved within an interior of
the pipe.

9. The system of Claim 8, wherein the movable assembly comprises a
wheeled cart.

10. The system of Claim 8, wherein the movable assembly comprises a foot
pedal configured to selectively move said movable assembly within the interior of the
pipe.

11. The system of Claim 7, wherein the at least one advancement assembly
comprises a roller.

12. The system according to any one of the preceding claims, wherein the
system comprises at least one advancement assembly configured to selectively advance
the resin-impregnated fiber bundle toward the spreading member.

13. The system of Claim 12, wherein the at least one advancement assembly
comprises a roller.

14. The system according to any one of the preceding claims, wherein the
controller comprises a handheld device configured to be selectively operated by a user.

15. The system according to any one of the preceding claims, wherein the

controller comprises one or more buttons positioned on the positioning assembly.
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32. The method according to any one of Claims 28 through 31, wherein selectively directing the fiber
roving through the positioning assembly comprises operating at least one advancement assembly of
the positioning assembly. 33. The method of Claim 32, wherein the at least one advancement
assembly comprises a roller. 34. The method according to any one of Claims 28 through 33,
wherein the step of spreading the resin-coated fiber roving onto a concrete surface is performed with a
trowel. 35. The method according to any one of Claims 28 through 33, wherein the step of
spreading the resin-coated fiber roving anto a concrete surface is performed using at least one roller

assembly. 36.Phe mEtficy BEBISInT e wierd it isinatigidathslt 4668 ISgRiSHSH d%is at which
the resin-coadrdtfilety opeiag: istpasitioneeotiartha qipeywdlpeadjusirbiazcly addsdndeh@énethod according

fo any one of Claims 28 fough 36, Whereln e, SecpnP FLrsHIIBIeqal apgon at feast partally
overlaps the iRt Eifcumierentiar section. p & y

17. The system according to any one of the preceding claims, wherein the
positioning assembly comprises at least one joint, said at least one joint configured to
permit a user to modify an angle at which a resin-impregnated fiber bundle is placed on
the interior wall of the pipe.

18. The system according to any one of the preceding claims, wherein the
controller is configured to selectively regulate the movement of the positioning assembly
about the longitudinal axis of the pipe.

19. The system according to any one of the preceding claims, wherein the
positioning assembly is configured to be moved longitudinally within the pipe so as to
coat a desired longitudinal section of the interior wall of the pipe with resin-impregnated
fiber bundle.

20. The system according to any one of the preceding claims, wherein the
controller is configured to control a longitudinal movement of the positioning assembly
within the pipe.

21. The system according to any one of the preceding claims, wherein the
positioning assembly is secured to at least one support member, said at least one support
member having a first leg and at least a second leg, said first and at least second legs
being configured to contact the interior wall of the pipe.

22. The system of Claim 21, wherein the at least one support member is
configured to be moved longitudinally within an interior of the pipe.

23. The system of Claim 21, wherein the at least one support member
comprises a wheeled cart or a tripod.

24. The system according to any one of the preceding claims, wherein the
fiber bundle is provided on a spool or in a bulk container.

25. The system according to any one of the preceding claims, wherein the
fiber bundle comprises nylon, glass, graphite or polyaramid.

26. The system according to any one of the preceding claims, wherein the

resin comprises epoxy, polyurethane, acrylic or another polymer.
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38. The method according to any one of Claims 28 through 36, wherein the second circumferential
section generally abuts the first circumferential section. 39. The method according to any one of
Claims 28 through 38, wherein the fiber roving comprises nylon, glass, graphite or polyaramid. 40.
The method according to any one of Claims 28 through 39, wherein the resin comprises epoxy,
polyurethane or acrylic. 41. The method according to any one of Claims 28 through 40, wherein
coating the raw fiber roving with resin comprises directing the raw fiber roving through a resin reservoir
of a saturator. 42. The method according to any one of Claims 28 through 41, wherein coating the
raw fiber roving with resinl BompYRBsASERMN) 49800ty CHABpING S BKAETATLE AEMYTHY P¥sin onto the
raw fiber roiagtionindasdhblneihpasaors ingriorasyrentngfhdaibess28 throughéanidies comprising
curing using light treatment, heat treatment, electrical current treatmept ar active or passive ventilation
reatment. X G TR O GRS G e Lo G i LB curing ' performe
using a device or ciinporfentetioapidaeio fibrei pp sitiomirgeassaetolying fib4brelifemedtholyraecording to

any one of C!)a}rilmrs 28 through 44, wherein the concrete surface is part of a wall, beam, column, pipe
and/or the like. 11748325

coating a raw fiber roving with a resin;

selectively directing the resin-coated fiber roving through a positioning
assembly of a reinforcing system;

spreading the resin-coated fiber roving that exits a distal end of the
positioning assembly onto a concrete surface;

rotating the positioning assembly about an axis to place resin-coated fiber
roving along a first circumferential section of the concrete surface; and

moving the positioning assembly along a longitudinal axis of the pipe to
selectively place resin-coated fiber roving along a second circumferential section
of the concrete surface.

29. The method of Claim 28, wherein the concrete surface comprises an
interior wall of a pipe.

30. The method of Claim 29, further comprising providing a primer or tack
coat on the pipe wall prior to spreading the resin-coated fiber roving onto the pipe wall.

31. The method according to any one of Claims 28 through 30, further
comprising providing at least one top coat over the spread fiber roving that is positioned
on the concrete surface.

32. The method according to any one of Claims 28 through 31, wherein
selectively directing the fiber roving through the positioning assembly comprises
operating at least one advancement assembly of the positioning assembly.

33. The method of Claim 32, wherein the at least one advancement assembly
comprises a roller.

34, The method according to any one of Claims 28 through 33, wherein the
step of spreading the resin-coated fiber roving onto a concrete surface is performed with a

trowel.
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35. The method according to any one of Claims 28 through 33, wherein the
step of spreading the resin-coated fiber roving onto a concrete surface is performed using
at least one roller assembly.

36. The method of Claim 29, wherein an angle relative to the longitudinal axis
at which the resin-coated fiber roving is positioned on the pipe wall is adjustable.

37. The method according to any one of Claims 28 through 36, wherein the
second circumferential section at least partially overlaps the first circumferential section.

38. The method according to any one of Claims 28 through 36, wherein the
second circumferential section generally abuts the first circumferential section.

39. The method according to any one of Claims 28 through 38, wherein the
fiber roving comprises nylon, glass, graphite or polyaramid.

40. The method according to any one of Claims 28 through 39, wherein the
resin comprises epoxy, polyurethane or acrylic.

41. The method according to any one of Claims 28 through 40, wherein
coating the raw fiber roving with resin comprises directing the raw fiber roving through a
resin reservoir of a saturator.

42. The method according to any one of Claims 28 through 41, wherein
coating the raw fiber roving with resin comprises selectively spraying, dripping or
otherwise applying resin onto the raw fiber roving.

43. The method according to any one of Claims 28 through 42, further
comprising curing using light treatment, heat treatment, electrical current treatment or
active or passive ventilation treatment.

44, The method of Claim 43, wherein the step of further comprising curing is
performed using a device or component coupled to the positioning assembly.

45. The method according to any one of Claims 28 through 44, wherein the

concrete surface is part of a wall, beam, column, pipe and/or the like.

11749325
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