A COVPQOSI TE UTI LI TY POLE . AND METHOD FOR MAKI NG SAMVE
-T_EC}.—N’CAL FI ELD The present invention relates generally to
utility poles. Mre particularly, the pres i nvention relates to utility
pol es made of conposite materials such as T‘rfber reinforced plastic- (FRP).
Specifically, the present invention relates not only to a nethod for nmaking
FRR utility poles with the m ninmal_ anpunt of FRP materials to provide the

desired, preselected strengt AbGOMBOSITR WHJMeHQ ch a net hod.
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Such pol es nust be capable of w thstanding not only the col umar | oad
applied by the weight of the objects supported thereon but also the

bendi ng | oad i nposed by eccentric | CHNRSL phd. As a general rule,

wooden, concrete or steel poles have historically been used for this
pur pose. These pol éEhearpresdnt limeention amelates e peherally e s nutilitys polesuni ddere
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to rot at and be ow t he ground surface whi'ch can result In a
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chem cal presepytadiso’ i a Gofe nfdE byostichf meftpdpPol s and cont am' nate the | ocal
ground wat er. Moreover, _chem cal “preservatives are not permanent, and it is

extremely difficult, if not inpossible, effectively to treat wooden pol es
in the field. St eel (U1 aT =Yl d therefore need
constant attention and maint ekmanﬁuw 43 gmounds used can
al so have a del eteri OLme@thEﬁcruaﬁﬂnfaaen eRitkd, ePtUne MRS dnld figiRing fixtures are
envi ronnment al probl ens could be sol ved,

often supported on utility poles. ‘Such poles must be capable of wuhstandmg not

only the columnar load applied by the weight of the objects supported thereon
but also the bending load imposed by eccentric loading and by wind. As a
general rulé,' wooden, concrete or steel poles have historically been used for this
purpose.  These poles are all heavy, and - each presents some unique
disadvantages. '
Wooden poles, for example, are subject to rot -- ie.:decomposition
. from the action of bacteria or fungi -- and pest attack - i.e.: wood borers and
pecking fowl. Unfortunately, wooden poles are likely to rot at and below the
ground surface which can result in a pole collapsing, or toppling, sometimes
without warning. To help combat this type degradation the poles are typicaily
treated with chemicals which are intended to prolong the useful life of the
wooden pole. However, the chemical preservatives can leach out of the poles
~and contaminate the local ground water, Moreover, chémical preservatives are
not permanent, and it is extremely difficult, if not impossible, effectively to treat
wooden poles in the field.
Steel poles are subject to rust and therefore need constant attention
and maintenance. The rust proofing compounds used can also have a deleterious
effect on the environment. Even if the environmental problems could be solved,



- 2- Steel poles are heavy and are not easily mani pul ated. Mreover, steel
pol es are electrically conductive, and even though extreme care may be
taken to insulate the electrical fixtures_ﬁr.omthe pole, routine storm
damage can result in the pole becoming eleCtrified. Finally, steel poles
are an expensive inventory item Concrete poles are even heavier

than steel poles. As a regsult, the expense of .transporti ng and hand|in
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subject to the sane deficiencies. For exanple, FRP conposite poles provide
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general |y conprised of several layers of fiber reinforced resin Iamnate.
The fibers nosubject o ¢helravages sofethgl environmenty hparticulady dhe direezinge and: xthawiog
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buckling and circul ar deformation of the shaft when under the Toads

typi cal I'y i npexceliensnreplacement for wooden, steel and/grRropesetes pales hecause they are
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or future, tr?_ameni basichelefeidhlC dsulition 1evel ith#eSis sremve than Ywoddes, iRl or
conposite utility poles possess an inherent resistance to attack from
various chenienaeeete (polesyeapdbthat \hasicaelectricaly irsulation hlevelois maintained over the
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filaments are wound on a tapered mandrel, the resulting tapered, tubular
pol.e has a grisyem} layers of fiber reinforced resin laminate. The fx%ers normally employed

are gléss, graphite, boron or other exotic materials, or combinations thereof,
which have a Young’s modulus on the order of at least about 10 X 10° psi (6.9 X
10" N/m?) -- well sufficient to provide the hoop strength and stiffness necessary
to prevent buckling and circular deformation of the shaft when under the loads
typically imposed on utility poles.

FRP poles are also environmentally safe inasmuch as there is no
leaching of chemicals into the soil. FRP poles, unlike their wooden counterparts
do not require' initial, or future, treatment with chemical preservatives.
Conversely, the FRP composite utility poles possess an inherent resistance to
attack from various chemicals that may be typically found in the soil.

However, the prior art FRP poles have proven to be too expensive.
Typically, FRP poles are made by laying up resin coated fiberglass, or other high
modulus strands, on a tapered mandrel. When the reinforcing filaments are
wound on a tapered. mandrel, the resulting tapered, tubular pole has a greater



-3-. wall thickness at the tip portion of the pole than it does at the
butt portion. Tubular FRP poles fabricated in this manner do possess high
cantflever strength through the tip portiom _where the wall thickness is
greater and the outside dianeter is smaller. However, in order to obtain
tubul ar pol es that have sufficient cantilever strength near the butt

portion, excessive anmounts of nateri.als are anpssed in.the {i fi

t hus unnecessavall ngﬂ'ﬁ%a?éi BRePUBAR the,2p h?ha&f 1t H%espsf é‘.ﬁ)e I%%t pattion.

SUMVARY OF THer i MENFRPNpoles fabricated! in bifis mdiREL R BosséssPhipheantilebére strempith

the present invention to provide an inproved utility pole hav&&g ta cont_our
t

t hat conver gi rtiytongh ather sipf portian ewheree theo (wally thickness t is ogreater t he eside on
of the pole w jhout signifjcant decreasing the |l thickne I
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the desired pole strength along the overall length of the utility pole.

It is another mierdals afe amassedeiethe tipvportiomn thus peneetssarilynincngasingedhe cost
tapered, lightweight, FRP utility pole, as above, that is in the range of
from appr oxi neAnd| °’8hb°Fm°rE°lf’err] to one half () the weight of the sane
| ength pole constructed with wood, steel or concrete. It is a
further object of the present invention to'&r{ovi de an iglproved, t aper ed,
lightwei ght, FRP utility pole, SIIMMARY OF EHE INVENEION ccessively

concentric FRP |l ayers,, soO of whi ch. have .
| ength of the pol g. It 1s, emforq,taipglw ogie&k %2%%@}%%@ %'{@?%%J]g?i’g‘}a‘ﬁ#“ an
i nvention to Px(&):ﬁ*b&b'a aﬁliéggpéle\mmg}] i lcbhtouP ahAt. conveRply tagesy iffgn ahevdade, or

thickness to p di anet atio that is greater than, or_equal to, ,0.015

and a beam st riuttyt portian tnshec tipsportion t o theapeleg witheut siggificantly (deereasipg, the

that will resist edet erm , I Sk LSS t sl a
primary obj ectwﬁu %ﬁ&‘?ﬁe@gﬂg qﬁ%v‘@ﬁ{ i%quBr%éi ((?iémgexr‘rtetﬁog]ef B(r’lL'f %Br iggaﬁ}ng
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and ot her objects of the invention, as well as the advantgg‘eﬁs t hereof over

exi sting and pprovideathe desired; polénsteength (alongcthe ygralhlength ¢ whlity pole.

-1t is another object of the present invention to provide an improved,.
tapered, lightweight, FRP utility pole, as above, that is in the range of from
approximately one third (¥s) to one half (*2) the weight of the same length pole

constructed with wood, steel or concrete.

It is a further object of the present invention to provide an improved,
tapered, lightweight, FRP utility pole, as above, that includes successively
concentric FRP layers, some of which have a length less than the total length of
the pole. ' _

It is yet another object of the present invention to provide an
improved utility pole, as above, having a wall thickness to pole diameter ratio
that is greater than, or equal to, 0.015 and a beam strength, at any cross section
along the length of the pole, that will resist a predetermined, allowable stress.

It is also a primary object of the present invention to provide a
method for fabricating an FRP utility pole having the foregoing characteristics.

These and other objects of the invention, as well as the advantages
thereof over existing and prior art forms, which will be apparent in view of the



-4- .follow ng detailed specification, are acconplished by neans
hereinafter described and cl ai ned. . A tapered, tubular FRP utility
pol'e fabricated in accordance with the cangepts of the present invention
has a plurality of fiber-reinforced plastic |ayers applied, as required,

al ong a determ nable length of the pole iin a manner that optim zes the

amount - of -l GiopAfE delified Spebingiith, hE Satbitafied ¥ e, BEEHRL Uil '€

enpl oyed i s and clabmedt o an understanding of the present invention, it
shoul d be understood that the apparatus which sinmultaneously encases the

outer periphery of tfectRpersds dubular FRP wtility poleyfabricated  in-acsardance with the
i nf ' fi , . .at i i v ,
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onto the nandpplied, aBhrequired,atlong adewpminablectiesgh éfhthehpsld ang rhdmmerathal el
whi ch applies a single circunferenti al application of the rejnforcing

strands al onQP?'HE‘eFeH& [EogimAage asaWel cps jthe qeapfileyer, stypagthr of,the (polg cango
Wien the rel ghinGzdP e Cahohnt ro?"ﬁ:%&?ﬂl t Qsel f eﬁt%caﬁses &0 %d?lgﬁﬁgxrnﬁr of the

traverse, the two passes are deened to constitufe one "cyc crrcurt”.
Those one or termimology employedois erjtidabso anhunderstanding osfathe priesentiginventivamion

I th al t h drel, i di d al der | yi ti f

pr ovi ousl y At checphdezitoed s e, appRvates | wheh sERiSlY ghs g cter

pl asti c. : ' (g oY C i ensC d Qﬂy}c t qoNne,
and per haps #S?%l?er%\lgg (t:hler %@?%oﬁ%l ﬂg}h(f,{ltgngf;r%ﬁgééﬁééﬁl g%‘e elﬁ%tﬁs%f’ ?ﬁe
pol e. QO her oframds] doessso bymrelative laxiak maverhehtr detweer amadrebrandua thead avhichon
of the pole for su cessi.velﬁ |es's,e£°rl_engt hs to termi nate at predeterm ned

di stances fr SHFFShethen IS CoH, o FHBIOTENE ¢ H@'}S‘él gntoTithe _r'@%’\ﬂl"?l'r ng QF?‘%‘P"e
S circuits, Of pfeinBse ‘Bﬂﬂwgﬂe ig/gt 'hehd'© ﬂpde&lky'xﬁﬁxd Mt Whidh %&gﬁésevho%ﬁitg)'e
ovi de a | a

applied circurts to pr itironal lTayers, and those rs do- no
contri but e t oireumfenentiabsapplicationt hof khe reiforcingostrandse aldng ther tlength i of the

conmparison to the. thickness of,the wal] along t base, oy .butt, portion.
Accor di ng to“ﬁf"pﬁl éﬁf‘%‘@f@in?ql@? w°&e|‘§?"ﬁf§8m Qﬁﬁ“u% f?]emf’ﬁg‘ﬂgﬁtrﬁ
oné or nore 3&4&&@%%&& | 2758¢tnd: pass, [d1C traterse, Ofife W%”?Isﬁés' dfe deemBd Nth
onto the mandrel, beginning at one“end thereof, in a helical configuration
of one constitute one “cycle",or "circuit". Those one or more circuits, or cycles, which

b

-reciprocate through a common length along the mandrel, including any and all
underlying portions of previously applied circuit;, result in a “layer" of fiber-
reinforced plastic. | '
With this background it can be stated that at least one, and perhaps
more, FRP circuit normally extends the complete léhgth of the pole. Other
circuits will normally extend from the base, or butt, portion of the pole for
successively lesser lengths to terminate at predetermined distances from one end
or the other of the pole. The resulting shorter circuits, or cycles, combine with
the underlying portions of previously applied circuits to provide additional layers,
| and those layers do not contribute to an unnecessarily thicker wall along the tip
portion in comparison to the thickness of the wall along the base, or butt,
portion.
- According to prior art techniques widely known and used by the
industry, one or more strands, or filaments, of the reinforcing material is wound
onto the mandrel, beginning at one end thereof, in a helical configuration of ene



hand, and one or nore successive strands, or filanents, is wound, begi nning
af “the other end thereof, onto the mandrel in a helical configuration of
opposite hand. These steps are thereafter _ripeat ed until the mandrel is
covered with the desired nunber of |ayers. Thereafter, the nmenber is cured.
A representative apparatus for making FRP nmenbers is disclosed in U S

Pat ent No. 4, 7 i Ssu May 16, 1978 e nane, of P. McLai n and
i s owned by tﬁ'g'?%tsézgr@g ‘g[? "fq?% s# ¥e ﬁ?ﬁggsnt?lb laments, a’ﬁp‘é(?‘glﬂsb"ﬂ!w&)é’éd
in the ' 727 pakentherSeat>Iweredfdoms MePmahd@] din’ 5'}@@46&&@%@9[ 'of
resin- coated rraterlal on eachntgass but by nodifying th a su crent

number of rei MRRf-ciThEse steps gare fsrrﬂmﬂatdnemulslﬂge appdrebdis covered thh the
circunferenti r to cover t e mandr el
conpl etely in%h%ﬁ/eg ¢ "‘Bf)rt gg i@?ﬁr}? & Jember ls cusdt ot only the

t hi ckness of the FRP gp ésehﬁuoa tus for makin %“ﬂeﬁlaﬁrswii"ﬂi
operatlonthere i S, therefore relati ve rotatlon - as we as re ve

| ongi t udi nal U. SoPateah (NG 4,083,727 issuedaoni May A6 1978; inithelinameheA®.H. McLam

|t bl d whil]e rotatin or not raotatin
the mands ol - 574 % 9B oy B8 Wbl (e 158 okienl Sttt o apasinbe Abeiaeet;
t he wi ndi ng hémdhe SVM patehty ,is tdeseribell ahd p;[:lb'ﬁigghtx'éﬁ'tﬁab Wﬁﬁ%&?@%‘f’%ﬂnl he

wi ndi ng head and t he mandrel can be effe noveneént of eit
both, said nefeded material pareaghi pass, butfbwtqun@umeﬂnermdre|snfﬁcxentrmmberonf

AR PABRAE Redndf, Bl b YRERACBIN AT Crbiraterentiolly apevindhe

limted to admandred ini éddenrty qoved it nandfet agsimpletelye id Ofly Ok padsat Sietessive
| ongi tudi nal and/ or_rot af}l onal novepent. As such, "and purely for the sake

of sinplici tyP”ls?Pe then, FP“Bn@etm@kpﬂ?Sés@fnﬂleﬁ%ﬂmmrsbmng mageh hereafter

be explained in terms | ndi.ng he do
rotate but is noved Ilo)ﬁél |na @%a%r%%h?'%nﬁ%?fg ?‘Hﬁ "(’Jloe"s
rotate but does well ast sdhﬁvsmﬁgxtxwmtudlnim}e&nent between theASmdndfel "BRE" fe | S

t hus rotated, ar}ﬁ? Pl a{r‘vr ndi ng head is noved | ongitudinally thereal ong, a
plurality of MHHBHMEAhg strands may be laid onto virtually the entire

out Slrtlrjglrln glhle; v of n; "R IEBBRIRE bRt i M?&mé*h%aci‘%ﬂleax%&ﬂx‘é RE e baKRg Ses
the mandrel. It is also possible to rotate the mandrel while not rotating the
winding head. Similarly, the relative longitudinal movement between the winding
head and the mandrel can be effected by movement of either, or both, said
members. Al variations effect the desired relative rotation and translation

between the winding head and the mandrel.

The concepts with respect to which the present invention is achieved
are not limited to adoption with any particular means for effecting relative
longitudinal and/or rotational movement. As such, and purely for the sake of
simplicity, the prior art and the present invention shall both hereafter be
explained in terms of the situation where the winding head does not rotate but is
moved longitudinally along the mandrel and the mandrel does rotate but does
not itself move longitudinally.

As the mandrel is thus rotated, and the winding head is moved
longitudinally therealong, a plurality of reinforcing strands may be laid onto
virtually the entire outer periphery of the mandrel rearwardly of the head as the
head traverses longitudinally along the mandrel.



-6 - . I n accordance with the present invention the |ength of
each layer is predeterm ned by conparing the cantilever strength with the
¢ol urmar strength of the layer at presel eciked test stations spaced

| ongitudinally along the length of a conputer-nodelled pole.

Equations for mathematically calculating the cantil ever strength of a

tubul ar pole as well as the,critig col umar, | oadi n ther of ely.on
the moment of inerti F@ﬁ@“ﬁ%lﬂﬁ'ﬁ the PTESRL HBYENtpD {39'?%

whi ch the pol @%?e{'ﬁg m;??%mpmﬁggihgeéﬁhmr Ogtrehgﬁd Rﬂihedﬁuééluﬁlhﬁp sRngtich

that the rati thi'cknéss to the insid | ameter of the poleée is
equal to, or ofthatlayert ataprpseheomis test stations spac@dclengitudisallyaniopg ahe dength of a

t hi ckness to inside di s satisfied, the stress resistance at the
test station PUMPYE "cﬁ‘Pg‘T: eensure that a predeterm ned maxi num stress is

not exceeded. If the %\laﬁ%@tﬁﬁ' xﬁﬁﬁxﬁrﬁﬁu&ﬂge%ﬁuﬁﬁné‘cﬁép&ﬁm&gf strength_of a

predet er mi ned, naxi nuntstress, another cy ass, or
traverse - of t\bhlarrpslenasmeﬂeds thaemrilioalc'colgmar doalding sthgneofnlmtbnmly ymatlubed

dth t t, | i | d. | th t t
o Lot of T e mgBEat (of d0eHa 4 bk corums, and o i, of Ro,RetEal st vinieh, e °
closer to the{:ﬁetxk filiricafd@. COHP WiRensioHehe B pdl® nfust Iaisotﬁaesﬁcﬁ%ﬁt ﬂ{eera%bS&

satisfied at e next test station, the test station is noved

i ncr ement al | ytheowalh ghickness dodbedsside diasmaters ofitthe poleaiscequiak to,o0ry greatsr tthamal
material is rﬁg‘i%red another circuit is provisionally added and that test
section is re ed. This process is repeated for the length of the

proposed pol e and resghde thig ﬁnbaafem {HiEesy 16 indide WidhbP ishaisied,! wigave

a plurality of FRP |ayers, many of which extend along l'ess than the t’ot al
| engt h of t hestressigksistangeolat the test station mealedaueérto ensure  thatd af predetemmined)

th t del | ed | | t ed
| ad. D f 1 or oPEREYE ymsh 3 fof Pacebid’S 16 o, R Riat s ety ", bepRble o7
more than a p?ﬁg@tbﬁﬁineﬂ‘ MR frhur 2 /sttess| Cdriother \Mgcleh-rrme <t & PlocaidLfro bmp dmhe

order of abou hundr ed (100) pounds deternine increnental aQJSUSt ment s
to the maxi nutravexse ewabihe asinecoafed, mfnmgmmsl x;\mnvmoaall)esdd and thet ed

by successwe |terat ons. and, cojmari,s e rated | W|th res t, to

the project ed™% %e 1Ce, fev @8()‘?% % Whegugﬁ ESS{C

| oading Flerr hoéssth'eelb‘éaﬁd?ﬁ'&f e tedf %taﬁﬁheﬂofré'lﬁdtéxﬁeﬂtﬂﬁd'd%eﬂt@rth& b%&doi hié
computer-modelled pole. If the tests are also satisfied at the next test station,

the test station is moved incrementally to the next successive test station, and

when any additional material is required another circuit is provisionally added
and that test section is retested. This process is repeated for the length of the
proposed pole and results in a tapered tubular configuration that will have a
plurality of FRP layers, many of which extend along less than the total length of
the modelled pole.

Thereafter the tip deflection of the computer-modelled pole is
evaluated to determine a projected failure load. Differences between the rated
load and the projected failure load of more than a preselected modest value (¢)
~ which may typically be on the order of about one hundred (100) pounds --
determine incremental adjustments to the maximum allowable stress. The
maximum allowable stress is adjusted by successive iterations, and comparison, of
the rated load with respect to the projected failure load, at all stations, until such
time as the rated loading Fp is less than the projected failure loading Fp and the



-7 - . projected failure loading Flerr] is less than the rated | oading
Flerr] plus the preselected nodest value [err]. That is, F[err] < Flerr] <
Flefr] + [err]. This sequential recalculatijon - ternmed binary chopping --
eventual |y converges on the nost desirabl & ‘nunber and length of circuits to
provide the desired failure load with the m ni mrum wei ght of the pole. The

f or egoi ng procedure naénge readily acconplished on a conputer for each

sel ect ed st at projectedh dailure Jeadiag Fyoisdessethan Kb rajed deading Jux plys ithe peeseloeted t v

with the conp 2 | ed t t nynper . o
| engt hs are e,g\tog%ﬁt Wskg%ld . o'rﬂgtsé)gar F FcOﬁIClgFr {gﬁg%ﬁbf@%lswgﬁ%eq%#@oéd to
a specific | oggmed hbinanockopping be evemdally donvergesitoadtint mosy desivable humber
Wi t hout the necessity to repeat the conputer-nodelling.

A- | i ght wei ght akergth | pf girguits te oprovidec they desireda faidvrgalinad Wit then anigiraumnt

I nvention w | [ uctir e et r Al rr]
to one hal f [E'F%?‘Pt%ﬁﬁ’&u LlléF @#ﬁi’%@ & gt';hg%&tgeng%ﬁgs'r%%bﬁWhLﬁ&od,
steel or concgghputetMTor @UEH selectB®! Qatiod) dndusi Qdtual paleC afaffoher bY tonstreted

present invention will be environmentally friendly inasmuch as none of the

materi al s useinp eonfermity withethercommptes-mpdslled o sesylti Pace: the swnber of layersiand

| T bkeli) e g C Wit b iy
These FRP pol Hel el i tsublishdl 1hF o JAFGITR" lenh e 56 L bined, o
that is nore ppe¢ificaitad, thnpale coandeel rvddily replicfted atonyr fitereotim@t dthowtoties .

This basic electrical 1nsulating characteristic is maintained over the life
of the pole. wepessityptopEspeat e, eompuierrmedelliegi st ance to attack fromthe

chemi cals that may al ge =N e ' d ﬁl[? n ) Kk od
pests such as wood bo‘f‘e?g%ﬁﬂéug&bé’cﬁ@é{ ipgikorcroge F%gq o&%o?ésé‘gﬁ?sgﬁ% e
provi ded. present inVBstigno méll ipsovide dertigtures that arcircthenrange <f ong third! (A ®
successive circuits of resin-coated, fiber reinforcing strands in_which the

fibers are wofPRi _hélcf Gphthexweightof the same Jessth Rl copstctedy, ayith, wopd, or

circuit is coppilged ﬁogéd@ﬂr P??ﬁﬁsc%rﬁfmét&@vﬁra%%&daﬂée With fHeSprRsén? 3nGéhtion
fiber reinforcing strands, Wi each successive traverse applyling the
reinforcing swilirtsgs envirenmertally dfrfgndbednasmueh appumet of hthednatesialst hused to
resulting from ¢the &r evious, traverse. The required support strength.is a

known val ue sfRbricatgathe; pale swilllsech jnte the spile Also, the Rolgscwilhneiynead iital or
| ocation al Onﬁltﬁﬁeu&ﬁﬂﬁhp \Pifth bp&eﬁgh&spy using the well known formul a:

These FRP poles will have a basic, electrical insulating -characteristic
that is more favorable than provided with wooden, concrete or steel poles. This

basic electrical insulating characteristic is maintained over the life of the pole.
The FRP poles have a better resistance to attack from the chemicals that may
aiready be in the soil and resistance to attack by wood pests such as wood borers,
fungus, bacteria or pecking fowl is also provided. '
The pole is laid-up on a tapered mandrel by applying successive
circuits of resin-coated, fiber reinforcing Strands in which the fibers are wound at
approximately a fifteen degree (15°) helix. Each circuit is comprised of two
passes, or traverses, of the resin-coated, fiber reinforcing strands, with each
successive traverse applying the reinforcing strands in a helix disposed in an
opposite hand than that resulting from the previous traverse. The required
support strength is a known value such that the stress in the pole can be
calculated at any location along the length of the pole by using the well known
* formula:



-

-8- - " [err] as hereinafter
explained in detail. Because the nmaxi num al |l owabl e stress for the
FRP material is known, another circuit of. §#RP can be added between the butt
portion and the test station at which the thickness of the |ayer was
calculated to be insufficient to pass both tests. This process i's
continued at successive, predetermned test stations - i.e.:typically
every six- inches (15.24 cm) - along the |ermeh of the pole. It has been
found, for exanple, that a thirty-five defj(lO.G? n) pol e which possess

m d-range strength (when conpared to the well known, fifteen classes of
strength for wooden poles) requires the application of successively shorter
circuits to psbeteinafienrexplained imdetailayers. In order to test the

been 1 ound that one. BEPURS Ji G Biante dfeBofte b Hp SR bl g
to failure byngthed Ccifsaite of FRPCEanOBe dfdded détwekeh | thie! HattbpoRivheandl ther test
described in detail. To acquai nt persons skilled in the arts nost

cl osel y rel aistation oat; mhigh thee thickness rofi the | layere was arloulated dabbeiiipsuificient

FRP utilit I t, g | t ] t I '
the i nvent] ot PRlrtatt. CThisC el IEXaniRRE, (RLpieBdelirhdleriibed el o
t he annexed ‘ifaﬁ&bi‘gsi.k.h(}?i&ﬂyfév&ypﬁkincﬁés (1526689 L hlens ithe lenpth ©f X poley
utility pole as well as the nethod of nmaking such a pole are described in

“detai | withodt hasthkaent found; ofos rexampla, Bt ta Shirtyrfive, Joato (6% 1) pelg fwhieh i on

dosori bed nePamb wifiiadhet Muonitth, TURRH' Blmafed 1510, wellSgBG HARRH' GRaR18r 2"
skilled in tRgestRrfos wodden polespdeduiRs the applisutionsof\uctessively shoklee ciruits t

and scope of the invention; the invention being neasured by the appended
cl ai s and nd@ Pravide, dhrgedistingt dayersie speci fi cati on.

BRI EF DESCRI PTI ON OF DRAYY o ' S| e oy
partly broken away a%%@ggnentgg,ﬁ%? ‘gﬂ%)r'i%orlga??f Jcﬂh%lﬁﬁt Fthi&tg@ p%ﬁaé‘;kﬂ as

cantilever strength it has been found that one can predict the cantilever failure

load without testing to failure by using pole deflection data, as will also be
hereinafter described in detail. _

To acquaint persons skilled in the arts most closely related to the
present invention, one preferred embodiment of an FRP utilit)} pole that
illustrates a best mode now contemplated for putting the invention into practice
is described herein by, and with reference to, the annexed drawings that form a
part of the specification. An exemplary utility pole as well as the method of
making such a pole are described in detail without attempting to show all of the
various forms and modification in which the invention might be embodied. As
such, the embodiment shown and described herein is illustrative, and as will
become apparent to those skilled in these arts, can be modified in numerous
ways within the spirit and scope of the invention; the invention being measured
by the appended claims and not by the details of the specification.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1is a side elevation, partly broken away and segmented, of a
prior art, FRP, utility pole;



9 P." FIG 2 is an enlarged portion of FIG 1 taken at the area
.deslgnated 'SEE FIG 2" in FIG 1; FIG 3 is an enlarged portlon
of MG 1 taken at the area designated "SEEF+G 3" in FIG 1;

FIG 4 is a side elevation, partly broken away and segnmented, of a utility
pol e incorporating the present invention; FIG 5 is an enlarged

portion of FIG 4 take?létztlpgnag Q?ﬁicﬂﬁt?ﬁ Eﬁ(ﬁ% Sat e Bfds gﬁ%“a“’d

FIG 6 is an enlarged transverse se t| en substanti
along |ine 6-6*SEEIG-2%5in FIG. I; FIG 7 is an enl arged portion of FIG 4
taken at the area desi %Egtgd SEE FIG 7" i.n FI

FI G .8
enl arged portion of Fl {1588 renlareed, poxtien, inﬁ%nht%‘@n S‘EQ‘QZF@S"WM

4, lGEEE ﬁﬂéaﬁged_ end el evation taken substantially al ong
line 9-9 of FI and dep ing a viewfromthe tip, or top, portion of

the pole toward the ba¥FiG. 4ris lauside glevatioon;partly broken aWag. ard) segmenmted, of a

enl arged side el .evat | an, art I EF‘?’roken away, .taken substantially al ong
line 10-10 of MA Bf°°m°° rating 4he, present nVERtion) o, ged, transverse section

taken substantially al ggg gllggplé%gr%ﬁd)rp&gﬁi}ay& FIG. 4 taken af tHe afed Hésighated

enl arged, side elevation, part t aken substantially along
i ne 12-12 of MSEE FIG-5" in FIG. 4, FIG 13 is an enlarged, transverse section
t aken substantially al g__?g lLi,ne 13-13 of FIG

enl arged side eI evat i oR10p &y Ia9 eniyeed, trapsyerse M%&S@%ﬁ ngM | gﬁgﬁ]ﬁyne

14-14 of FIG &lure6-6 fﬁ .15 is a diagranmatic representation of the
tip portion of a tility pole assenbled on a mandrel; FIG 16A is
a portion of a flow ch¥&G. 7ds aanendarged i pdrtion mﬁFI&yMtd(eoseUﬂlmatea designated -

corrputer-rmdell L tility pole that is particularly adapted to
cor B8 Ad9 Lomah Tty |

FIG. 8 is an enlarged portion of FIG. 4 taken at the area designated
*SEE FIG-8" in FIG. 4;
 FIG. 9is an enlarged', end elevation taken substantially along line 9-9
of FIG. 4 and depicting a view from the tip, or top, portion of the pole toward
the base, or butt, portion;
FIG. 10is an enlarged side elevatiqp; partly broken away, taken
substantially along line 10-10 of FIG. 4; | |
" FIG. 11 is an enlarged, transverse s‘ecﬁon taken substantially along
line 11-11 of FIG. 4;
- FIG. 12is an enlarged, side elevation, partly broken away, taken
substantially along line 12-12 of FIG. 4; '
FIG. 13 is an enlarged, transverse section taken substantially along
line 13-13 of FIG. 4;
FIG. 14 is an enlarged side elevation, partly broken away, taken
substantially along line 14-14 of FIG. 4; _
FIG. 15 is a diagrammatic representation of the tip portion of a utility
pole assembled on a mandrel;
FIG. 16A is a portion of a flow chart for an algorithm that may be
used in computer-modelling a hollow utility pole that is particularly adapted to



be manufactured from a conposite FRP in conformty with the concepts of the

present invention; and, FIG 16B is the renmaining portion of the
flow chart, a portion of which is depicted ilh-FIG 16A, the FIGS. -16A and
16B being joined as depicted on those two FIGS. ' DESCRI PTI ON
OF AN EXEMPLARY EMBODI MENT One representative formof a

fi ber-rei nf or qadphafabiufedt fromt ¥ Bfipdsif™EIEY iif ohfbgm‘iﬁn ! theO nE@ﬁs nt
invention is designated generally bfgt he numalrgi 10 o %@‘:4&% roug%feq'g
of the acconpadprgsent layeniongend,However, with initial reference to FIG 1, a

representative, prior qemtd Lty pol.e. 12 is.constructed to have a lengt
"L[err]" above ground I'Ialgi\t‘/elldli"ié'h‘zgn MAININg AQTHqYY e?stlrfheb Oy G POZHAN e
"G'. It will bghiekhsedesicte npf FIGE16A] HeNERSS.” 164 ahl” ing ol |
depicted in FIG 3 is lgr eater than the thickness a'5'1#[1e6r§r Pélhgfﬁ%lﬁgpﬁj?dtﬁ&ed
portion depi ctasdthose RWG.FISS. This is representative of prior art FRP utility

pol es. The inproved utility pole 10 is also constructed of fiber
reinforced plastic (FRP), and it nay al so have a length "L[err]"above

ground level "G' and a DESURIFION OF AN ENEMPLARY EVEBODRVENTe pole 10

i's, however, distinctly conprised of a plurality of layers 14 - three
| ayers 14[err] 14[ err]Ongndrepresentativear forghonin ai dibenrecinfopceds eplastici wiility| pole

depicted in Fl . Fa | 14.i i ur.n onpri sed of ,one or, re
full, or part ieg? bﬁx}'&cﬁlﬁ ﬁ%&tsl ﬁf tﬂ?uee pf%ﬁé‘eé’é‘fﬁ'ﬁ?’? V8 drSiepated g?M}YH%X[@Fr]
extends al ong rduserdli 10poH (FIGS. 18 thiouglv| BS b the CaceSRBanyRfS drawtigh! ORMowWever,
circuit 16[err]_If required, as hereinafter explained, one or nore

addi ti onal ci righ tinitia] geference; te | Figbali A repyesentatives prior art, utility paleed21isB
. 2 s ! . oo ok ok
whthoaport 1 orconpriesdE b Say@ A iehh -Soode Bl 1hYel Melapy " S ow

overlie the neglowdd pevel i"GY. 21 will bé robsérved. Ghatr tHe thislaressl 4TeT 6f thes tip Qartion ed
of not only the entire of, circuit 16[err] hut also that portiaon of both
circuits 16[ erdepictEdy lﬁég[fgr P] I8 grgatee than, theWyjclkagss 3T4" ofthe bulti portipa sdepiatesh
oSt e Coece TEDIE s iRt Ol SRIRB Ay Aol <)o' 12 10
mat hemat i cal |y det er niThedimproved neility rpole H0s is alsbeconistradtéd of rfiber freinforced
plastic (FRP), and it may also have a length *L,"above ground level "G"and a
length "I..B"below ground level "G". The pole 10 is, however, distinctly comprised
_of a plurality of layers 14 — three layers 14,, f4B and 14, are shown in the
- representative pole depicted in FIG. 4. Each layer 14 is, in turn, comprised of
one or more full, or partial, circuits 16. In the representative pole 10, layer 14, |
extends along the tip portion 18 of pole 10 and comprises a portion of circuit
16,. If required, as hereinafter explained, one or more additional circuits might
be included in layer 14,.

Layer 145 is comprised of the medial portion 20 of circuit 16, in
conjunction with a portion of circuit 165, or any other circuit 16 which might
overlie the medial portion 20 of circuit 16,. Layer 14. is comprised of not only
the entirety of circuit 16 but also that portion of both circuits 16, and 16g, as
well as any and all other circuits which underlie circuit 16c. Here, too, one or
more additional circuits 16 might be coextensive with circuit 16, if such circuits
are mathematically determined to be required, as is hereinafter more fully



explained. Each circuit 16 is conprised of two passes, or traverses, 24A
and 24B of resin-coated, reinforcing strands. As previewed in

t he ‘precedi ng paragraph, and as wl | appee_lrni_n the detail ed description
which follows, a particular structural nenber, conponent or arrangenment nmay
be enpl oyed at nore than one |ocation. Wen referring generally to that

type of structural €L, LCO ent _or .aryangement a conmon nurer.i ca
desi gnati on sﬁﬁ?ﬁ""&g?gﬁﬁ%yg Gpaig\kém?antreﬁ?gﬂ% P3$seE:ner Q'PY"J&SUEQIA ﬂ’t‘i"r@@s,
conponents or ofirédR-gedred ?eifn‘ﬁr@lﬁﬂﬂﬁﬁ&x@d is to be individually identified

it shall be referenced by virtue of a letter suffix enployed in
conbination with t#S preMiemwedcin thedpsécgdingi paragraph) apddas fwill appesr dh the

identificatio f that .structural nber, conponent or arrangenent. Thus,
there are two%Q@%SR@%%M%@W%Q&W@CFMM memper, compengnt  or
circuit 16 of atfafkdmentOdhf) be’ empidyed' B0 mbredBtH &Ed*&&@&? P ua@feg%%gses

i
generally identified by tHe nuneral” 24, but the specific, Indivi
- one in eithgenetaipctd dhat type, oft Istrnetiical e memiren} | éongbnent 2drA anmgement a

ot nor g, ” weRfnidtS n8fEGes, BeraloRc Rl o bR, " owsvesn e mns of e
simlar, but m@uctaimhCihembes, SesHipontnisO G NarrdhgeMbts 2! sof Suisighaieli ONisS ! be

still be enployed, but when the siml|ar nmenbersS, conponents or arrangenments

so identifi ediadividuglly,idenfified f it shall \pecrefsrencedebly vittuey of haletterh suffixf employes

by virtue of I SC(,J:ft | gyed.in conbi nati on wi.th he nunerical
desi gnati on er?f"pl %@ggqagpggew«%@al ﬁlgge Y '%“?Et i @%‘%‘Pg?mate%lelf’ uff% ,
conponent or idendifigstioniof thathetfuctirkic rmides aé:gi;é@ht dPUrrdfigSMEAICt THuk, fhidke S
or cycles fornmed by the two passes 24A and 24B. The circurts, or cycl es,

are gener al | yar& B¥Q iPasses) -hone @ppliednin eachidirention t haisedhde idyi a circuitli16i afurasin-

To orr]  vo[ o PratEc reiforeing” suidsy ' hOIR. Rl "R el B A by the
These sane al pimerabe24,choutotheespecifies indididuald agePd!-O%AE ihh&igiés "@ivdctiohe-- are
speci fication. h the structure of the pole 10 is quite '

.. A thou . . e 10
uni que, the f dherefpre,yigentified ag 2%6\/%‘14 g4Bsraspectivelyk dn ¢he specificatipn candaor the f
one consi der s ghauntde nunber of layers are determined as well as how the
| ength of the various circuits which

- 12- conbi ne to foOm tieosothérayhand, wellel tif QErdb0ad. nﬂmﬂ&ﬁt cHiMpBhdénta NEr

that process arrangements are similar, but not exactly the same, a commeon numerical
designation shall still be employed, but when the similar members, components
or arrangements so identified are to be specifically - designated, they shall be
referenced by virtue of a letter subscript employed in combination with the
numerical designation employed for general identification of that structural
member, component or arrangement. Thus, there are similar, but distinct,
circuits, or cycles formed by the two passes 24A and 24B. The circuits, or cycles,
are generally identified -by the numeral 16 but the specific, individual circuits are,
therefore, identified by the alphanumeric designations 16,, 16g etc. in the
specification and on the drawings.

C

These same alphanumeric conventions shall be employed throughout
the specification.

Although the structure of the pole 10 is quite unique, the full flavor of
its novelty is more likely to be appreciated if one considers how the number of
layers are detemﬁned as well as how the length of the various circuits which



one nust refer to FIG. 16 and renenber through the description that follows.
that the nunber and | ength of the successive circuits are determ ned by
corfput er-nodel I i ng, the al gorithm of which2i.s represented by the flow chart
in FIG 16. The flow chart begins by arbitrarily selecting an
original, maxi mum all owable stress "S[err]" It should be recognized that

2l | owabl o st PRueiR, 1 Tin, Atk fbok Mo debaC IS, b flRbeshalt W TSy T
fully expl ai pag. mistugefeone FIGh16 and exemehtbet Y thirdwphs aite) desoription p eat Sfallows

i nch (40, OOO_rnEm) which is fairly certain to exceed a, realistic value for
an FRP nembeithat ‘the numberriand, Jength oof ( the Specessive GIFruits nate: determyined: nbyt

"Slerr]" by ' y i i ngl.l ect iy t .S O be
ad) ust ed, 3o Sohdek ARdRling, e MpSEHE'GwHRA T A BEuR F5° cleh if
sel ected. Th&IGhdéen value for the initial increnental adjustnent is

selected to be suffici enél y l.arge that the binary chopping enployed in the
conput er - model | i ng pAdecHaWechart begigs by, rebitrarilyy selectingy A neagingle rmaxmym

real time 10 aiifabitl soedl «3C. Bt chGRbe YechBfizba HhAY il vA1GQ Heed WRE 'ER! any

cycles will be requir eftiret I TSt nary chop 1s e
addi tion, if redlisticeresemblande eteswhat antrie amhyimual edloedbleo sivesshwijh @veathally
reasonably antici gﬁged for the ultimately determ ned naxi num stress, {he

sign of "S[ePrave e, 8 Will hegrnafter be more fully explainedqi Rhvs, Qe might select
"Slerr]" m ' Lgh . : Qi = 8,000
psty. hote ¢ Ror ks Rolifs "oty RO (4BO00 N0 e 8 Bir'iChrin o0
may not provexeeedbe realisfi¢c value, fonran FRP ah¢mpernt | y chosen such that the
values preferably ipjtiate the copputer-nodelling by choosing an overl

| arge " g[err] " a%d a%‘@l‘?ﬁ% #éﬁ%é"?ﬁp »igeremental ¢ JB#‘F’)G(W e%hecpg\)@"‘ﬁ‘i'rpéﬁyy
choppi ng dur igg: S t ' : €46 sl d i :

Once these ir??iglmgppv%ﬁ?gg mg@eg{l%w%%?ﬁfooﬁt éﬁéﬁl%c ﬁveasusb?o
t he insi de dihereinafter geen fully ¢xplained, s atsodsetestedheThénichdsen swalut foretherinitial i o)
for the pole.1l0 is red to a predeternm ped m.ni nym val ue, at ..
sequentigl ;&meﬁ%s@e&hb‘np : teéFlt?i gﬁ) w%%wbem%lm?hl'g,e binagy, o
been det er M RfgprifiR‘enigifyedPin thel ESHipIENmOBELIAE DFCediire! WAlY nBPlke & SEHRY

to, or greater .
-13- extendéth geriad | oft teak kimesto un Het yetrnben suffibigntly schialigthathat deastt ewence
bet ween .t he qut er radi. "rlerr]" of the llI. and the inpner radius. 'r[ecr]”
of the el | . it Gyeled will e renvicadbefore he 215 bindttegtoris eriecidy 10 df as
the maximum stress is initially selected to be higher than reasonably anticipated
for the ultimately determined maximum stress, the sign of “S,." should be

negative. As such, an original value for "S, " might equal a minus eight
thousand pounds per square inch (-8,000 psi). Note that these selections, while
arbitrary in the sense that they may not prove-to be realistic, are. intelligently
chosen such that the values preferably initiate the computer-modelling by
choosing an overly large "S_,"and a related value for *S,."to allow effective
binary chopping during subsequent stages of the computcr-modelling’ routine.

Once these initial values are selected the ratio of the wall thickness to
the inside diameter (generally designated ‘as the thickness/diameter ratio) for the
pole 10 is compared to a predetermined minimum value at a sequential series of
test stations 26 (FIG. 4). As a general rule, it has been determined that the ratio
required for an FRP utility pole is equal to, or greater than, 0.015.



t =(r{err] - rferr]) - (1) This thickness is divided
by the inner dianeter "d[err]" of the wall at that test station 26 for
whith the ratio is being deternined. Henge, the ratio "R' may be

mat hematically cal cul ated by the foll ow ng equati on: [err]
(2) If the calculated ratio Rc is less than the mnimumrequired ratio
Rlerr] it is not acc : L4 CiAl ' t@abe
applied fromthe but ?%%g‘rg%l?(%%%?p?ﬁg{%@k&e %h{%ﬁgﬁgelﬁg@ E%ﬂ?lsﬁéQGQgt
whi ch Rc is lyuterg radius i"tl@rof the Tl @aad tthe, inhére radits d'r" of rthe avallil dfhatl.is, the

the ratio is still nof acceptable, .an additional circuit is considered to
have been addbigkness’s ﬁ?bi’és@a ematcaly: BXPrESsEd 13St he Rc i s equal to, or
greater than 0.015. In constructing a pole 10 having a

si gni ficant overall length Llerr] - i.e.= (tkerjength LA above ground (Bvel
"G' plus the length L[err] below ground l'evel” "G' -it has been found that
sel dom does only a single circuit 16 (to forma single, full Iength | ayer

14) provide an acceptably strong polée. That is, it is seldom if ever,

sati sfactory i de s : i C e L C U gt , 26
al ong the ful'*tﬁf %‘%ggflg?ﬁé&%gp%wa\%ﬂgéﬁedhég&%%l ésttet?‘étng%sﬁtsﬁag{rﬁa
pol e. To the 201for awhich i the heatiobde rbeitpt aleterméngtd. t h#enee, pkhe zhfio y"RY mayy bes
14 are generally required to provide e required thickness-to-dianeter
ratio Rlerr].ma emauca&ly ﬁFﬂ@@dt%a}%éﬁW PIMAUPNRR has been established
at a test station, the pole 10 is analyzed to determne if the cal cul ated
stress S[err] at the test station 26 wll uat,) or exceed the maxi mum
stress S[err] to withstand a cantil ey = %“F The stress S[err] @an
be determned fromthe foll owi ng equati on: 1
- 14- [err]
(3)

If the calculated ratio R is less than the minimum required ratio Ry, it is not

acceptable, and another circuit 16 of FRP is deemed to be applied from the butt
portion 22 of the pole 10 to the test station 26 at which Rc is being considered.
Thereafter, the ratio is recalculated. If the ratio is still not acceptable, an
additional circuit is considered to have been added. This process is repeated
until the R, is equal _io, or greater than 0.015. '

In constructing a pole 10 having a significant overall length L, — i.e.:
the length L, above ground level “G" plus the length Ly below ground level "G*
- it has been found that seldom does only a single circuit 16 (to form a single,
full length layer 14) provide an acceptably strong pole. That is, it is seldom, if
ever, satisfactory to provide the same number of circuits at all test stations 26
along the full length of the pdle to pi'ovide the necessary strength for a pole. To
the contrary, it has been determined that a plurality of layers 14 are generally
required to provide the required thickness-to-diameter ratio Rp.

After the required ratio Rp has been established at a test station, the
pole 10 is analyzed to determine if the calculated stress S, at the test station 26
will equal or exceed the maximum stress S, to withstand a cantilever load "F".
The stress S, can be determined from the following equation:



»

wher e: M = the nonent produced by the rated | oad FR,

c- = the distance fromthe neutral ax_i? (centerline of the pole) to
the outer surface of the pole, where the s ?_ess IS maxi mum

and, I = equal s the nonent of inertia - which is
proportional to the di fference between the outer
dianeter d[err], raised to the Mc fourth power, and the
inner dianmeter d[err], raised to the Sy =— fourth povver(,3)for
an annul ar cross section. That |s: 1 [err]
(4) By virtue of having arbitrarily chosen an original S[err]
wel | “in excesgyhefe: What woul d have been reasonably anticipated, it is
expected that S[err] will be well belowthe originally selected S[err] on
the initial run of thM cofputthe -mement| pieguesdolydhe sateddead Fast station 26

Foquiraq eV TR eher e e ki 0B nll s Gknite BEHE B e,
at the tip portion 18 and i nchgasgerasurfiee GOMe! piRé Swhélte theStteks i makinhim;

stations 26 progressively closer to the butt portion 22. Arealistic
structural design for the polardgan be achi eved, for exanple, by placing the

bote ‘at "appr ox  mat e yEor x ncHuARatEmbRER of Ml 2 hnichis fpirtiof t0'the
thickness ratio R is equal todifferenéssbétWween Othdlbuter dimetenl diy| ahised Stor dmes

S[err] exceeds the predeterm ned, maxi num acceptable value S err],. another
circuit 16 is added fromthe fourth pewer,oandotheoinnes diametes: 4hy aaiseds tandhee

t he cal cul ati on was made. e cul ati o repeat ed, and
required circuits 16 are adde@uﬁtﬁtm@hg&gir“e ﬁmeirrmgﬁéggég ﬁ’es requi red by
the test fornfThasisare achi eved. -

15 - _ Tied in with the evaluation of the deflection when the

pole is Oia .6
I=—|dp- g )
_ 5_4(0 1)

By virtue of having arbitrarily .chosen an original S,,,;, well in excess of
what would have been reasonably anticipated, it is expected that S, will be well
below the originally selected S, on the initial run of the computer-modelling
program at each test station 26 above ground level "G". If not, an additional
circuit will be added, as reguired.

In general, then, the stress will normally be minimum at the tip
portion 18 and increase as one considers the results at test stations 26
progressively closer to the butt portion 22. A realistic structural design for the
pole can be achieved, for example, by placing the test stations at incrementally
spaced locations along the length of the pole at approximately six inch (15.24 cm)
intervals. When either the thickness ratio R is equal to or less than 0.015 or the

- calculated stress S, exceeds the predetermined, maximum acceptable value Sm,.
another circuit 16 is added from the butt portion 22 to the test station 26 where
the calculation was made.

The calculations are repeated and required circuits 16 are added until
the predetermined values required by the test formulas are achieved.



subj ected to deflection under the rated load FRis the desirability to
determ ne that the columar strength is sufficient for the pole being
constructed. This will occur when a si gnrflﬁc'ant vertical load "P" is

i nposed on the pole. Readily recogni zabl e vertical |oads occur when | arge
lights, signs or transformers, either singly or i'n groups, are supported
symmetrically on theTped ein lwith the heyaiuative nafs thesi dpfietiioranwherr tliec glole is

oo na 13 anuietied o defiecny Biter e matell o Foisd Jaisalin e | detarmine
l'oad and the g ﬁnbcéﬁlmﬁﬁéru'%ﬁeﬂ%lz@is%ﬁﬁiﬁéﬁ%ﬁ'tﬁé’ pBR saugt&ﬂs&m&fm%@wot h

of these are proportional to t product to the nmodul us of elasticity

mul tiplied byctére wheneat sighificantr vemtical 'loadA ‘tRerseulpose;l ferctthe pnle.t tReadlly

I ncl uded, however Wi erei naf ter

| oadbear | ng TEcApazaRR: Jersical loadRrscetf wnel) Bidec Rl Hens ar cmsfornés, Hilen,

the results fﬁ@ig]rg?qncgf&béews hpRftel ©SympeRRafly Sch ife AR, 63 Berhfinsl WO

The test data sts-of the distance LAfromt e grou evel to the
tip 18 of thangstlsignificant verticab ldading &st applied Hotutility pbles fiyi the. usAlofgﬁywims

pol es fail uckl the conpressian-stressed si.de .of, th ole.. This
failure by blr}gﬁ \frggadg Qading, Hﬁ%@%ﬁgr el ﬁﬁsystlﬁﬂa\;%u"gs that S scantilsver,
fail in conpriapsiden eud<bhddhéleriiogl ! wrcﬁog&&ﬁg ublell N fhaS@be™
theory one is able to predict the failure |load of "the pol es fromthe

| oad and def |aadmtlorofdhm areh propostiongt ol nherpmgpc& mothedagduluttdf\dasnesy "W ch

can be enpl oye mati cal | rtah the requir ess ach
i ncrenment al | J“‘IQHEE?(QED Wﬂ%ﬁi o'?fasnpﬁ k) correciive t%c sﬁ% *t he
defl ection [ gioevér aghﬁnq;}_dh&gmaft&a@gpﬂaﬁ,\égr beam supporti ng a given I oad
(inthis casetheratedloquaal usi ng the equation:

[err] The win hmma capability| of ran FRP utility pelecmayobel

“feotng the Ranlated Y bafE the reswits from the cantlever, lgad, test specified, in ANST,

bG ) to the (C136.20-1990. The Nestndatiheongistshef it @istane dL[FRrors thergroast fével he
eam
*G"to the tip 18 of the pole 10, and the load at which the pole fails. All of the
poles fail in buckling on the compression-stressed side of the pole. This failure

by buckling suggests that the poles may behave as columns, which fail in
compressive buckling during cantilever load testiﬁg. Using column. theory one is
able to predict the failure load of the FRP poles from the load and deflection
data, thereby establishing a non-destructive test which can be employed
mathematically to ascertain the required thickness at each incrementally located
station along the pole. |

One can predict the deflection (&) at the end of a cantilever beam
supporting a given load (in this case the rated load) by using the equation:

' Fpa?

where;

Fp = the rated load causing the beam to deflect;



L[err]r = the distance fromthe plane of fixation to the end of the

bean E = t he nodul us of elasticity for the material from which
the beamis made; and, - -16- = t he nonent of inertia
for the beam secti on. Colum theory predicts that the critical,

or projected failure, load F[err] - i.e.: the buckling load - for a columm
with one end fixegd and=ot iR diislcé rfemCiae pléneTof TixaBén @found cvelNeG 9o ke

the foll ow ng equati on: [err]

(6) Al t houghpeint where theopated leadaFrtis appliednio’ the' beamil d be

.exactly the same in bQ_th h I ch
equat i gn for t hat rm vvoE‘n whﬂ%’ S@ES%PP“?’% %tlp’%tu(?%'[}g the, #‘amgt})
remenbered that tig desiviid findalus fofr élastiefty ToR M fatepial ViRdrh voRich fie beam is
operational ranges within which each is |n¥ended to function are quite

different - i.e.: the formade aed, determning the deflection [err] falls
within the elastl limt taria u e critical, projected
failure, |oad F[e r] fall h}%&eggo?%erb?aéﬁl&e Fmt tF%‘r‘haps of even
greater inportance, i Cohlif! tﬁeﬁ%'sp?eﬂem”mhﬁﬂxébﬂﬁcaf%f fojekRld_FailuPsTOREA FQUS .

isotropic material. Therefore he fl exural nodul us o he FRP used in
equation 5 nay-evdhe tb@cblmaloado-tfne aneodumu swiths ede iend piixadi and other rendcfree icaml

| oad of a col tio 0 a.tapered structure. As such,

the " effectivg’r‘r'n%wg@?lyl ﬁgf'{"f‘fﬁ &Y{S‘gr#&ﬁﬂ %“F}B? ‘be equal to the

"effective" nonent of inertia used to predict the critical |load of a

colum. Hence, a corrective factor "B, g:%gbﬁ?a@troduced when equat i n@)
ﬁm'h

mat hemat i cal expressiorrs 5 and 6 for propriety. Hence:

[err] | nasnuch as "a" €quals L[ ] because both terns
represent the distance fromthe point of flxatlon (the test station) to the

p0|nt at which the load is - 17
: Although it might appear that the term "EI"would be exactly the same

in both formulas 5 and 6 such that the solution of each equation for that term
would then be equal to each other, it must be remembered that the derivation of
formutas 5 and 6, as well as the operational ranges within which each is intended
to function are quite different — i.e.:the formula for determining the deflection
*§" falls within the elastic limit of the material, .but the critical, projected failure,
load F, falls outside the elastic limit. Perhaps of even greater importance, it
should also be noted that FRP is not a homogeneous, isotropic material.
Therefore, the flexural modulus of the FRP used in equation 5 may not be equal
to the modulus used in predicting the critical load of a column. In addition, the
pole is a tapered structure. As such, the "effective” moment of inertia in bending
may not be equal to the "effective” moment of inertia used to predict the critical
load of a column. Hence, a corrective factor "B" must be introduced when

equating mathematical expressions 5 and 6 for mathematical propriety. Hence:
8|F, % |a-31, - 45,(2] ™
Ly (@-3L,) = 4F, I

Inasmuch as "a"equals L,, because both terms represent the distance
from the point of fixation (the test station) to the point\ at which the load is



applied - the point of final fixation is ground level "G'; hence "a"

consistently equals L[err] - one may solve for F[err] and clear the
expression 0.25l1[err] into the proportiongt7idty constant, expressed as
"C'in the foll ow ng equation: [err]
From equation (7) _ [err]

(9) iad AC ﬁioﬁﬂ ﬁﬁ,g# ' : <ol RAG t &fwm
constant "C ar?gplll?d ongmi ovvs:B{) e g?%?‘ﬂ‘ gf% uendbieeg%PLFe’?ir;ﬁn;%gt hi{erg(?ﬂgf%ﬁﬁ%
"a" fromthe gqualsdL)evebne Ghay solveefqroFptandt cléar cthet énpréssivn '0F2SIi%Sinto the
applied; as well as t deflection [er . can thematically predict the
proj ected fai mwfﬁwﬁ?l#[‘?ﬂf??"mf%&iés 9&?,&;&? HISWF]E QUPR ] are
readily ascertained. However, one nust determne "C'fromtest data.

For the purposes of the present inventionfgNhe evaluation of "C'was
acconpl i shed by using pile |oad and Hpfd e{t-ﬁ } data. That anal ysi@)
used the deflection at a test |oad of 300 pﬁ) ds to evaluate "C." Using
that test load mnimzed the affects of inconsistencies in the deflection
measurenents at |ow |l oads, and it also mnimzed the effects of the ground

line strap stretchi ngg.,t .estfacility. - To identify a

| inear relationship %v@ﬁﬁ&fﬁ? | oad/ defl ecti on paraneter and the
failure |load, data for "a",L[err] and the deflection [err] resulting froma
t hree hundred (300) pound | oad was ent er@dgifﬂﬁ) a spreadsheet, and the(g

| oad-defl ection paraneter was conputed.” A Ig4 near regression analysis z)f
the failure |l oad versus the | oad-deflection paraneter, extending through

the origin of a graphieal representation thereof, yielded a val ue of
-0.0843 for "C'" within a standard error estimte of 270 pounds for the

failure | oad and a coAcedrdingof eqfatibh C{8YNL if(6re) caf dlleriné Ukt donS8hN9C%and
perfect data fjit). It nust be understood that the deflection test data was

based on the dksentknowsisthe,lengthoef:thegbeany dya; ithe idisjange "a” from the ground level
“G" to the point at which the load "F"is applied; as well as the deflection § -

one can mathematically predict the projected failure load Fp. The terms “"a*,L,,
Fg and & are readily ascertained. However, one must determine "C" from test
data.
~ For the purposes of the present invention, the evaluation of "C" was
aocomplished by using pile load and deflection test data. That analysis used the
deflection at a test load of 300 pounds to evaluate “C." Using that test load
minimized the affects of inconsistencies in the deflection measurements at low
loads, and it also minimized the effects of the ground line strap stretching in the
test facility. '
_ To identify a linear relationship  between the load/deflection
parameter and the failure load, data for “a",L, and the deflection & resulting
from a three hundred (300) pound load was entered into a spreadsheet, and the
load-deflection parameter - was computed. A linear regression analysis of the
- failure load versus the load-deflection parameter, extending through the origin of
a graphical representation thereof, yielded a value of -0.0843 for "C* within a
standard error estimate of 270 pounds for the failure load and a correlation |
coefficient (™) of 0.94 (unity being a perfect data fit). It must be understood that
the deflection test data was based on the use of glass reinforcing fiber having a



- 18 - "yield" of two hundred, fifty (250) yards of the glass fil anent
fromone pound of glass. It should be recognized that different fibers or
even gl ass fibers produced at a dlfferent~&eld rate mght result in a
different value of "C'. The results of the cal culations confirnmed the
approach described herein to manufacture hollow, tapered utility poles

wi thin the cotyieidt obtwd hengredsdifty (250k yasderof the glass filamemt $rommong ,pouhd eof
the wall thi ckness t {;ﬁ i nner di ter atio nd t he stress_checks, haye
been conpl et cBfash Kshquidobe recogn; Flb{fqrﬁ%‘ ﬁ ST 19T W“tﬂé‘*‘sp@ﬁ"’é’séﬁ

ground, the t} [ t t
proj ected fai urgﬁf g{ edr {e ?ha%eggfeflﬁefglfgér%&ﬁ bﬂ]" I'S cal cu at J}e
accordance w ths dafcubations (c&mﬁrméd tthe apptoach | describede herein so munufzeaaet halow he

proj ect ed fallure Io d F nd if the pr ected failure |oad F[err] is
not |ess thantapgred @d&#{?\@r the congept épﬁ‘@%ﬁ‘t &veBlORt ant val ue

Lerr], the maxi ”“m al gy Omﬁxiygt fﬁ?sthﬁ[\%ﬁ khxbﬁxe%? Sfe. inner _diameter Bai aRd

det ail | ng an expl anation as e maxi mum al ovvab e stress is revised,

it shoul d be thepdtsess)eheckh diave ibeth @omplepal iat eachotest satiomtabohg thedlehgtht dfcthe
projected failure load, the rated load Flerr] is the puhlished, hqori zaontal

| oad for the Polacaboye greynd, fb¢ Hp Hﬁﬂﬁ?ﬂﬁ&tGraédhi)lrﬁ@dal%llﬁléemwdorﬁnﬂh@e

standard erro f h t 2
four hundred {“Xg%ydggé‘ncfg %&hltlgﬁ%ﬁra%glisnzg% 9‘5 hgnce the
. class of pol eformulaai(8x mthm rdteddoaﬂ Ry B3 fotrlessothian| thbop:djecfedt \fulme\doahlm
four hundred (2,400 pounds e ted_| oad woul d be two thousan ei. ght
hundred (2, 808d ngd #ﬂé‘E’Eeo 0ad |le is npt n\eFﬁJmmcgf?sﬂ%‘ﬁ& fmﬁ'gﬁkrﬂ

on the order plesabiui o oﬁ 18 %, (O NaxRRACRIowWAbR odss '), AiSreliRed.ne
© spread necessary to aI ow elt

er d "yes"or a "no" responsé to the guestion
of whether Flerr] < FBafore] detailing rdn explenation as to how then maximumt aHowabie

Anever vi Fa?étgfua?‘ is Sriseindh ool PR et ot i o Spoiparindn (ot ol sfond
stress Ser ] BROpkdechE THNSE a0 I ke 160 H41 80 Yol il >

subtract ed therefr at determ’nation | uat1 ng whet her:
(10) for the class of pole being manufacfured ]plus whealue basbd |on thbesmdarda regror

3 3?} "2 e P oTcrac hidted KUY I0) @ods neased ot o et (40
pounds for an additional margin of safety. Hence, if the class of pole is rated as
withstanding a horizontal load of two thousand four hundred (2,400) pounds, the
rated load would be tWo thousand, eight hundred (2,800) pounds. The factor € is
a minimum  constant which may be on the order of about one hundred (100) _

pounds in order to assure the spread necessary to allow either a “"yes"or a "no"
response to the question of whether Fy < Fp <Fy + €. _

In the situation where the maximum allowable stress S,,, requires
revision, a "no" answer will result and then one | must ascertain whether the
incremental stress S, should be added to the then existing value for Smax OF be
subtracted therefrom. That determination is done by evaluating whether:

F -

FePohy (10)
(Fr-Fp),

where *i"is the current iteration of the calculations to evaluate tip deflection at

the rated load Fy as well as to determine the projected failure load Fp at that



- 19--* deflection. Hence, the expression "i - 1" designates the previous
iteration. A counter nmay be incorporated in the conputer-nodelling program

to identify the successive iterations. -19- On the first run of the
conputer-nodel ling programthere is no "i - 1" iteration, and the stated
expression (10) wll, therefore, provide the conputer with zero for an

answer i nasmucdafigstich. Vi Hemte, .ztﬁéoe(%?sgﬁ“ val ye s‘%ﬁ?h%t%éathﬁ Jﬂrg"i%% &n. ZEAO-

In either event, the expression would re er greater 'than,
or equal to, zguatesomande"incorppraer Hincthe tdomputervmodediiig i profram aocidentifycthe
new S[err] wl] &&g.det rmned by adding the current increnental val ue
S[err] to the o %!Yﬁ,‘ 1083 ginal, S[err] Inasnuch as the initially set

i ncremental stress valoﬂam@ﬁrgqﬁh%g%oﬂ?uﬁ%mi%ﬁ%%"t%ngmi_wm

al lowabl e stress S[err] will be the previous maxin I"'e Stress mnus
t he i ncrenent dierajione sands[the rstatedr hexpression n6h0) nwill, stherefore S| provide wihiel computebe
reset in the t“c’)@} %g;sé’u?f the flow.chart, and,t.he cal cu] ati ons described in
the flow chart QL. 20, 3sWEr inastych 23 dividag zero by, agy (valyg, Jesplts in an
successi ve, | taagwér 8fgerbhe test delineated as mat hemati cal expression (10)

is recalculated, and a current as well as a previous value for FR and
Flerr] exists to provilaeithen event; ¢be¢ exptessior (10} mouldarésaltein g alunibest greater

SI0TET ™ or B e SRR o8 i) B RLAGU S s S S e
Iteration the st,,,gsnvinasd QetSinated! sﬂyaqd&mg el BFrtedtN i %&hwﬁc%& Isgssx& qi\g
owed. en the S

zero so the "yes"branch of the flow chart is fo TR
answer i s obt &uFredt, emerigingl, cfmpt dhasmuchsas Hieciniliallys seteinceamentalb stressevilad f

d the & ' | st S[err] is.changed. .
The f or esar o " bsiEated Tt AUREHE Hebeck, 15 hew Gakipum JEPEDE: Sirss Swpraill
"G' stations 2@ thet iprevid\® neAdiminheallbwablE] Strésk mirftsC el irfcréMenthl | sgier ed

"yes". At that point the bel ow ground |evel evaluation occurs. Under nd¥hal
ci rcunst ances FRkfeWomaxiswm stresseS po will thenc be aeset rinl theh éopohoxy ob thed flowwabiart; s

- not changed, ' i . ver, an evaluatjop step.is
provi ded in t%@geti’/%??ﬁé%ﬁéﬂsﬁég‘i@?acﬁ“ﬁgﬁﬁg‘{"é% %d%@%‘g‘é@?“&i °“P4‘Q:d§aft Rt .
Wien the conphe aeconddednd Al sedceésive, Afdrftiohs ithe GPHAIMRGSed! N8 Mmafidhalitd
pol e configuration, for exanple, may be as follows. At test station
26[err], expression (10) is recalculated, and a current as well as a previous value for Fy
and Fp exists to provide a numerical value for the mathematical test expression
identified as formula (10). The iterations are continued and new Spex are reset
at the conclusion of each cycle. -
At some iteration the test ratio established by expression (10) becomes
less than zero so the "yes"branch of the flow chart is followed. When the “yes
answer is obtained, the incremental stress S, is decreased by one half ('4), and

the sign of the incremental stress S, is changed.

The aforesaid modelling formulas are continued at all above ground

~ level "G" stations 26 until the test F, < Fp < Fy + ¢ is answered "yes". At that

point the below ground level evaluation occurs. Under normal circumstances

that portion of the pole which extends below ground level is not. changed, and

the program is terminated. However, an evaluation step is provided in the event
some special circumstances require special treatment.

When the computer-modelling of the pole 10 is completed, the

resulting pole configuration, for éxample, may be as follows. At test station 26,,



-20 -, the nmonent of inertia is a function of the diameters d[err] and
dierr] of the circuit 16[err] which corrprlas passes 24[err] and 24B[err],
and the distance ¢ is equal to c[err]. It 1 be appreciated that the
dianeters will continue to increase due to the taper of the mandrel and the
t hi ckness varies as a result of wapping the resin-coated, fiber strands on
a tapered rranouxelmommtsuf:mermhes a funasiont ofothe diametersudoyand (dyyt ofcthg RiECujts16,

| et ed. test stat t
Fomet fon of ¢ nehigh sompBiet FhbeS g, S5 ot o (IRATRS, oS00 8, 8, Vi,
c2. In any evelfﬁ appreciafd! thdt2iteOBiadfeRrl wilF86ritinGd eto0 inchdase tdue! fo ftiee |tqsér efd
;

circuit 16[er -=7conprising two passes 24A[err] and 24B[err

added. the mdmhlmdld[eeﬂnq:k!mdlams asxa gasult ©f oviappiagt tmsprbepated
26[err] and la 1 u Sti es, onl ha n rguit
16% er r} t hat e P’é'nﬂ@g‘s 3’3?3’% F'E#{eUlZG[‘Aésr ?‘]‘% gh hﬁg‘ﬁ%@'ﬁ cgrtur{ug u{iﬁl tié
portion 18. %}?cbﬁgfetﬁtatlon 26[err], dianmeters dlerr] and d[err] vvere
used, as was err

wever, no addltlonal circuit 16 was reg\tﬂu red.
the other hand, at tesAt stestt |staﬂ036[26[;r}he- memens dfainertis sisdpe !}Cﬂéﬂd(’é[g\er]

a0 11 onal ci r BamEieTS] o 1, Gl P ThE disncs o33 a0 st Aty My 3 gest
Al test stati 0?&%2{ eidé,] at W‘Hﬁé oftithe 185t Sfaﬁaf‘taxml%ﬁcﬁx@ SS aditdpﬂﬁn%l wo

further circui requi red. Accordingly, t he pole 10 thus has a
| ayer 14A whi cpassest 2685 and @4Bj rewas addedr tion 18 to test station 26[err]; a

second | ayer 14B that gxte e

third layer -14c that e .,Pg% PSW(ggf&tgﬁatlg&%g%? s&ﬁ?ﬁ%%ﬂ %3"’% ﬁ%
By utilizing acsfaufey oflathat!ipeifich of Al ¢iretit 6gahaymextendso from mstatamuhh%n
required values, the process is sinplified and can be conpleted in an

acceptable tinto pnd ingluding the tipepastien |18ngt h poI es and for various | oads.

-Ilz-gre legg(rjrf)l \ém, | It he B%ﬁ %&nﬁé&%ﬁj%@? &#%hs?%o,& gnd Wns brner sI l ?Fovté% o

stabilized by gdditidadl egircuit! 16 wias wequifedri gOh thepother alandntatllemelstahomd%d =

is al so necessary to consider the preval ling wi nds an cé ? ma(gl ngthSS'a?l e
wi nd | oad thatw $ o Ak digovere; Useds At WIS Co ‘Ps chlage cthsymathematic

After the math r.lohgﬂa zﬂﬁesp
pol e is actual f cﬁ%ﬁvn'%grforcm sglflghb n%er and Iengéhs of

the At test station 265, however, all tests continued to pass and no further
| circuit 16 was required. Accordingly, the pole 10 thus has a first layér 14, which
“extends from the tip portion 18 to test station 26,; a second layer 14p that
extends between test stations 26g and 26p; and, a third layer 14, that extends
from test station 26 to the butt portion 22.
By utilizing a conventional digital computer programmed to calculate
the required values, the process is simplified and can be completed in an
acceptable time period for different length poles and for various loads. The

loads will vary due to the situation in which the pole will be used. For example,

the pole may support lights, signs, transformers -- or be stabilized by guy wires --

all of which might impose a cantilever load. It is also necessary to consider the

prevailing winds and the maximum possible wind load that might occur at the
 location the pole is to occupy.

After the mathematical, computer-modelling of the pole is completed,

the pole is actually fabricated in conformity with the number and lengths of the



-21 - + circuits determ ned by the nodelling technique. As seen in FIG 15,
the circuits 16 of the resin-coated, fiber reinforcing strands 32 are

| di d-up on a mandrel 28 which may be rotataBly supported on its

| ongi tudi nal axis 30. The first pass 24A of each circuit 16 is placed on
the rmandrel 28 such that the fiber reinforcing strands 32A are di sposed at
a right hand heirbit detegnified eby thetiodelling cteslaique] N9 seer iR PIG.c b8 thei ciruits
16 is placed on the mandrel 28 such that the fiber reinforcing strands_ 32B

are di sposed atl6f thetresiarrgated; i fiber wginforsinge strandsy 32 @re Jaig-upn on - gandrel 028 |

d h b but . i t.e:d 4h di '
Sccessi ve o r g Y e HREably CoubBoiEg B SAGngtRARAL uis S, THE rsfHasy 24
conpar abl e hel ipf daclpndtcait- 16\ iy Pldéed Obn fthé tiirele 2Bedreh (¢hat )thé Fibep efRinfbrirpd

to be acceptable for nost conditions to which a utility pole will be

subj ect ed. strands 32Aaarendisposed tahar pighichand: helical qanglen 6 ovhiler thensacond pass

conput er - nodel,L.ing, w t hout fually constructi he e, t I noner .
circuits appli é&ht‘g ?ﬁié e '&rgqcls_ a no'bré}'e_t H@néﬁgﬁéwcbﬁﬁguwslﬁgqmﬁfom
coul d wind the sgarddsu32B afel Bisposelli dtsd lefeRshd helival laflgletéler Pfe(férﬁblybmetih?les ey
i nnernost circuit. A pole made in this manner woul d present a generally
snoot h, outer @nd f&chaventhe,same Abselttee valugobwt areceppesite sasdimectips. Successive

appear ance. I . (oJeX={e[o) [ ri.ptj.0 f I
appoarance. - et wll VP HEIRSIRRRRAE oI iRidsos 3, APnAHHIE Alke
of illustratiognglesl dasedlu@idfofiftedn’ degreBwt(15%)t hazdbeknt Folid € Mheuaddep@bleo for S
it intended to |[Imt the invention to the precise formdisclosed. Vi ous
nodi fi cati ons, mast ganditienso # whighea yiility pele will be gibjectsd. t he above teachi ngs.

The enbodi nent was cho i b vid he %gﬁl | ystration of
the principles of the ?@g@ﬁg‘?oﬂfgﬁé B&g %@@Pﬁca ag’ﬁlfi l(S‘RJ’i :ﬁofg@P&F{?
enabl e one of eicdelingy withiout attdally)@ofnsttuctifig Lthé Ipols; thé énrien \dirthite applied- & itiws
enbodi ments and wi;th various nodjfications as are suited to the particul ar
use cont enpl at &@andyel| 28 can,bethe shorter; eirpuitsn Thusy ong Fold wind the cirpwit e first,

tenpl at Egnde _ FoHd & !
i or pret ed | n ks ob WAREHERSRET R e togkiiod PORIRCC A" e Tralp 3R iy manner

|l egal Iy and eqwdukb|ptesent i & | geherally smooth, bbdet esuificy andr pdrkdpse have a more
enbodi nent of the present .invention is disclosed, it is to be clearly
under st ood t haiPleasadt sagsthetic, appearanse: bl e t o numer ous changes apparent to one

skilled in the art. ThegelBboink GetsifedPBesdliplifif dt'ahS&iinplary embodiment of the
a FRP utility pole has been presented "for the purposes of illustration and

C

description. It is not intended to be exhaustive nor is it intended to limit the
invention to the precise form disclosed. Obvious modifications, or variations, are
possible in light of the above teachings. The embodiment was chosen and
described to provide the best illustration of the principles of the invention and its
practical application in order to enable one of ordinary skill in the art to utilize
the invention in various embodiments and with various modifications as are
suited to the particular use contemplated. All such modifications and variations
are within the scope of the invention as determineci by the appended claims
when interpreted in accordance with the breadth to which they are fairly, legally
and equitably entitled. _

While ..only a preferred embodiment of the present invention is
disclosed, it is to be clearly understood that the same is susceptible to numerous
changes apparent to one skilled in the art. Therefore, the scope of the present



-22 - * invention is not to be linmted to the details shown and described
but .is intended to include all changes and_podi ficati ons which cone within
t he scope of the appended clains. -2 a5 shoul d now be apparent, the
present invention teaches that an FRP utility pol e enbodying the concepts
of the present invention, as well as the nethod disclosed for nmaking such a
pol e, are ful inventignali$ votofo he Himited¢p ttiee detajle shewnfandhdescribed tbuoris intended
-23 - : . R . CLAIMS 1 1. A
method of colfpdtdvde SleFhanggs apdymadifiations | whigh rome rwithia the cspepe of the
manuf act ure f@ﬁﬁhaupQﬂaggjte FRP, the utility pole having a butt portion, a
3 medi'al portion and a tip portion, said nethod conprising the
steps of: - 4 ' As should dwwmeberiapparentt Ithe Ipresghth imfentibre teaches tisatbdén FRP
fabricated; 5,.. . S%Iectin a ndrel having_ a representative
di ametral conPHi¥ BRleofmbRdying ~the corggqgtsao At Present o inventioniaas welheast thel

| ength of the sy ( td ?e LR .ROrLign;
8 ol ShFIsed for aking /such 2 pols, B, Y Bty Sl pPBBRE B
mandr el from olgjects of the inwentioh.ocati on where the tip portion will be forned
to the location where the 10 - butt portion will be forned; 11
sinmulating the application of resin-coated, fiber reinforcing strands in a
12 circuit from the location of the butt portion to the

| ocation of the tip 13 portion; 14 determ ni ng, at
a test station closest to the tip portion of the pole, if 15 t he
t hi ckness-to-dianmeter ratio for the wall thickness of the circuit of resin-
16 coated, fiber reinforcing strands is equal to or |ess than an
est abli shed 17 constant; 18 simulating the
application of whatever additional circuits of resin- 19 coat ed,
reinforcing strands are necessary to satisfy the thickness-to-dianmeter 20
ratio at the first test station; and, 21 determining if

t he thickness-to-dianeter ratio on the next successive



22 . test station is equal to or greater than the established

constant; 23 simulating the application of whatever
additional circuits of resin- 24 - 4vated, reinforcing strands are
necessary to satisfy the thickness-to-dianmeter 25 ratio at the
next successive test station; and, 26 continuing t he

testing steps and the sinulation of . addi (CIcABMScircuits, as
needed, at each test statior} until the thl ckness-t o-di gneter %est has been
Po

28 " 1 eaki stAemesiodnp: campieemadelling o iy hoLlow, elY, epale  fago sussquent
toward thg butt 2

Lo ? 5 gm%mfactu e gfb‘?ﬂ? &iﬁ\c}mls‘t? r%R% e ytility pole Pavu;lg polf“tt portion, a
forth in @laim 1 ,medial portion anctarripr poritiog, siid rhethbdhamnqmshtg the: steg3 of:

selecting fifteen thousandths 015 as the thi ckness to-di aneter 4

constant. 4 1 3. determigipg othe mgthtﬂféhhm& to heifabrigatedi i | ity pole, as
set forthgin claim 1, o] he s

determ ni r?g if the accep%nﬁe s’{’arnedgési ?iggllhgt gn &gﬂI r‘}ea &puf@gﬁ‘@erm nggﬁnﬂ"

| oad cal cél at ed aindt aclengthc s sdiccemimedite s tthé i ﬁxnslengthgbeaherpdlhaﬁomhmeshuass

5 resi stance reqd‘héed for _each respective test station; and, 6
si mul at i na t he arﬁﬂq‘%tm tpr POFHARever additional circuits of resin-

coat ed, rginforcing r nmlga@éc nctéh t Ss
8 s resi st anceséggagggéﬂgst?%t I on ee& gr oceg@h%y ﬁgﬂg ?ﬂé‘h{aﬁﬂrel Slk&ﬁ
met hod 09 nodel | i thg lecdtionl whereuthel tip \portidne; w1ﬂsbesfat'méd)rtbhhe riocdtisn nwhére the

foorstandd o cadih BOROROWILDG foMedie of the 4 o o formila
[err] 1 where:  simulating the application of resin-coated, fiber reinforcing strands in a
12 circuit from the location of the butt portion to the location of the tip
13 portion; '
14 determining, at a test station closest to the tip portion of the pole, if
15 the thickness-to-diameter ratio for the wall thickness of the circuit of resin-
16 coated, fiber reinforcing strands is equal to or less than an established
17 constant;
18 simulating the application of whatever additional circuits of resin-
19 coated, reinforcing strands are necessary to satisfy the thickness-to-diameter
20 ratio at the first test station; and, _
21 determining if the thickness-to-diameter ratio on the next successive
22 test station is equal to or greater than the established constant;
23 simulating the application of whatever additional circuits of resin-
24 coated, reinforcing strands are necessary to satisfy the thickness-to-diameter
25 ratio at the next successive test station; and,
26 continuing the testing steps and the simulation of additional circuits, as
27 needed, at each test station until the thickness-to-diameter test has been
28 satisfied along the selected length from the tip portion toward the butt
29 portion.

Y



6 | M =  the nonment produced by a selected |oad; 7

Cc = the distance from the neutral axis of the pole to the outer 8
surface thereof; and, 9 | -24- equals the nonent of
inertia for the cross section of the 10 pol e at
the test station. 1 5. A nethod of nodelling a hollow wutility

pol e, as get fQrthyimembd Bf ﬂlodéihng a hollov Qitility Spl&, Ta?eseiufdrﬂhefinsélﬁﬂﬁ Bf:
3 evaluating the tip deflection at” each station when t

si mul at ed2pol e i s comprising the funthprstepsiofo t he rated | oad;

;it25e<:ach s?at i on; and, s%le&fncé eﬁh&é]ng {h S?P%lf;'zﬁn@%?d {7 5| ,tﬁﬁﬁgﬁg- {nalm% t' on

what ever additi onaﬂonghmpui ts of resin- coat ed, reinforcing
strands are necessary to assure that the rated load is Iess 8 t han
the projected failure | oad before proceeding. 1 6. A nethod of
maki ng a hol | uii pal.e set f | ai

conpri si ng th fu h Fﬁléfl g’k ‘B‘P&éé“g a l(\)olfow \Rﬂﬁy cfmri%uﬁﬁﬁeﬁgfoﬁl?e“br%?‘gbtled
failure | gad at e%h,pﬁsﬁgl he ﬁythgt g{eﬁgopf the 4 formul a:

[err] 5 where 6 = the rated | oad causing the beam
to deflecB; 7 demtmn]ng xfthe mpgabtq extress résistange cundesda paedetermmed a

= t he dlstancefr n f flxa. t he poi.nt ere, t he
rated | oad F[ err] acﬁ'gﬁ fagﬁjaté arog des? Statioris 1"f-[gé% i j eth thfhg
di stance fromthe rﬁhﬁﬁlﬁ:eoi'ecfuimdtfoﬁluélpré ectﬁﬁ&dteﬁtf sthﬁ@h bamn 11

= the proportionality constant; and, .1 [e = the deflect | on
of the befim under the SHMHAtRg thg ;application of whatever ad itional circuits of resin-
7 coated, reinforcing strands are necessary to satisfy the required stress
8 resistance at each station before proceeding.
1 4, A method of modelling 'a hollow utility pole, as set forth in claim 3,
2 comprising the further steps of: o _
3 calculating the stress tesistance at each station by virtue of the
4 formula:
5 where: _
6 M = the moment produced by a selected load;
7 ¢ = the distance from the neutral axis of the pole to the outer
8 surface thereof; and,
9 1 = equals the moment of inertia for the cross section of the
10 pole at the test station.

5. A method of modeiling a hollow utility pole, as set forth in claim 4,
comprising the further steps of: |
evaluating the tip deflection at each station when the simulated pole is

subjected to the rated load;

S W N e
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1 7: A nmethod of making a hollow wutility pole, as set forth in claim

6, * 2, conprising the further steps 0$5.3 arbitrarily
selecting a maximum allowable stress that is preferably 4 hi gher
than anticipated; 5 sel ecting an increnental stress for

adj usting |d maxi mum st { ess en, . e.le red <wFLekL]. <
Flerr] + [ IS- ansvvel’"é’l?‘:a %\Qﬁe '}a:ﬁye loa% fron})ﬁl&ngb r%begtgﬂ?' ﬁLMgL‘gﬁé{]dl ?"%v
utility polﬂe as set foghfuy c?ti'ﬂ Chipd fﬁppﬁcati?m of whatevé&rOadlitionaly ¢iRaitk uof redin-
steps of: gr mning the proportionality constant using
a |linear réZgreSS| oncdated, reinforcirgnstiansis sare fnec¢ssaryalol assere| that! thee rated loade iy lesy
defl ection paraneter - 26
-1 98 A nefh?ﬂd‘hed?m-l?ﬁ'ﬁ’n@’lﬁrenlﬂafiot?ﬁfor&?qof’?%h%l e, as set forth in
claim 7, 2 conprising the further steps of: 3

determning a new increnental stress for resetting said nmaxi num 4

al | owabl e skres$. wi #h method1aof] makippi aghollowi ndlityf pole; aesset forth in claim 5,

[err] 5 is satisfied. A . nmethod of making a holl ow
utility pol%, as seP°'PBP§HB|‘h° Syther, '8? conprising the further
steps of: 3 calotatiiigl ithd/ipréjected RAAGR lo4d & edth btdfien ek virtue of the
forty-three ten thousandths (-.0.0843) for the proport lonality
const ant ifé4 gl ass r éemfudaici ng fibers having a 5 yield of two

hundred and fifty (250) yards per pound of glass are enpl oyed.

m L

h] where

6 Fp = the rated load causing the beam to deflect;

7 . Fp the projected failure load; |

8 a = the distance from the plane of fixation to the point where the
9 - rated load Fy is applied to the beam;
10 L, = the distance from the plane of fixation to the end of the beam;
11 C = the proportionality constant; and,
12 § = the deflection of the beam under the applied load.

1 7. A mét_hod- of making a hollow utiiity pole, as set forth in claim 6,
2 comprising the further steps of:

3 arbitrarily selecting a maximum allowable stress that is preferably
4 higher than anticipated;

5 selecting an incremental stress for adjusting said maximum stress when
6 the test Py <Fp <Fp + € is answered "yes".

1 8. A method of making a hollow utility pole, as set forth in claim 6,
2 comprising the further steps of: '

3 determining the proportionality constant using a linear regression

- 4

analysis of the failure load versus the load deflection parameter.

A



1 11. A rethod of making a hollow utility pole from the

cenput er-nodel ling 2 techni que, as set forth in claim10,
conprising the further steps of: 3 -26 - appl yi ng resin-coated,
fiber reinforcing strands over a mandrel; and, 4 curing the
resin to conplete the pole. 1 12. A method of making a hollow utility

pol e haviqg agbut b of 2miakidk2! a1 i d i Rl 9N,
said met hi(;d cghpr?sﬁﬂg&?ﬁeogt eps gf :a 3101]0W utility Hﬁié, ggtgr?mfmg t he {nenéth
of the pdle to becomprisingttbel;further steps of: sel ecting a nandrel having a

representative diameter and length an 5

V\:?i ch to. make. hepgol %' 6
establish?ng test st af’?tﬁﬂgm%c%o“q“hdf‘mg fireth fofe rﬁeﬁr.’%rﬁaf Lxciie
the butt portion; %ﬁ;‘r‘,‘&?"e‘is"&s‘ with a ﬁﬁﬁhybﬁﬁbgﬁfgsﬁ'&tﬁlﬁaff% tdst ber reinforcing

strands over the etermning, at each of said test

stations, if the thickness-to-dianeter, 10 ratio for the wall
t hi ckness of the resin-coated, fiber r ianwa),c,i ngstrands laid 11

on said mandrel is equal to or |ess tW_ ;
-27 - 12 appl ying what'e®er®iadditional circuits of

resin-coated, reinforcing 13 strands are necessary to satisfy the
t hi cknessgto-dia ﬁe ratio at the first 14 test station; 15

cal cul ati%g tﬂ%yg\% 5‘2‘5 resi stance at each of said test stations by virtue
16 of the formula:

M- 17 determining if the acceptable stress resistance
under a ptedetl® miAnemethgd of making| @qchollawc atilityePOle, 88 et s forth tiasclaimad, on

i s great than t £ ' required for said test
station; e‘éo : ngf’hg‘ggs‘hégg*‘é’rx'ﬁ%gfﬁé‘gt ever additional «circuits of .

resin-coaded, reinfogabstituting a negative Sdigltndmndred, nfortysthosey tew dwiusaidthst he
required stress resistance at said test 22 station before

proceedi rfy; 23 (’_°~°343) for the propertionalityy comsant . if glass reinforeing ; filers thaying<a,; §
test statgons by \idif 4e +b Hullred and fifty (250) yards per pound of glass are employed.

11. A method of making a hollow utility pole from the computer-modelling
technique, as set forth in claim 10, comprising the further steps of:
applying resin-coated, fiber reinforcing strands over a mandrel; and,

& W N

curing the resin to complete the pole.

12, A method of making a hollow utility poie having a butt portion, a medial

portion and a tip portion, said method comprising the steps of:

determining the length of the pole to be fabricated;_

selecting a mandrel having a representative diameter and length on
which to make the pole;

establishing test siations spaced incremental from the tip portion to
the butt portion;

applying resin-coated, fiber reinforcing strands over the mandrel;

determining, at each of said test stations, if the thickness-to-diameter

O 0 3 A K & W N -

—
(=

ratio for the wall thickness of the resin-coated, fiber reinforcing strands laid
on said mandrel is equal to or less than 0.015;

—
oy

-_—
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24 . formul a: - [err] 25
determning if the actual |loading to be applied to the pole is | ower 26
than the critical |oad at which the pole wagl-d buckle at said station; 27
adjusting the acceptable stress if the preselected, rated |load is not |ess

28 than the projected fail ure | oad and the rated Ioad does not
exceed t 29 | | ad lcBa gg"r;g of
saf ety; ap[ﬂs'ﬁg g‘bﬁ%‘{f? gglg\bgr c%é?t P‘?)fﬁg.glﬁm rcu'l ts ?
resin-codded, reistrandsciareg n8dessary to satiséy itizen dhiclness-trediametery ratio aatstheefirstat
the.rateg and pI‘OJ ected fa| | ure | oads 32 satisfy the margin of
safety c $teri on; statio continuing the testing and applying

steps  at jeach test st %b@ggﬁg tg& dfd§s Pékistance at ezlljo??hg S%JE o8t satioe %go%rrm'et o

laid up onthe mandr el eresinto

the polel6 1 of 3he formmflitod of making a hollow, utility pole, as set
forth in claim12, wherein:

- 28 - 2 the step of determgi.ng if the
t hi ckness-to-dianeter ratio is satisfiedsisn% acconpl i shed at all
test stations before proceeding with the renttining steps 4 of the
pr ocess. 1 14. A nmethod of naking a hollow, utility pole, as set

forth iniglaim 13, 2determining i€ Qe abcepible tresu bdsivtince t widler of predletermined
recal cul ating the thickness-to-diameter ratio at all test stations after 4

any addi #Bonal ci dead Falcylatedqat sidisame te¥ Hationedegmatey than she sbess: resistangs,

of 5 t he |¢E§H&!d gia% .he process. 1 15. Autility
pol e made by the process ‘ﬁ nge§§|%lg aim 14,
20 applying whatever additional circuits of resin-coated, reinforcing

21 strands are necessary to satisfy the required stress resistance at said test
22 station before proceeding;
23 calculating the critical load at each of said test stations by virtue of the

24 fom_mla:

©
Fp = C|=E|a-3)

25 - determining if the actual loading to be applied to the pole is lower
26' than the critical load at which the pole would buckle at said station;

27 adjusting the acceptable stress if the preselected, rated load is not less
28 than the projected failure load and the rated load does not exceed the
29 projected failure load by a predetermined margin of safety;

30 applying whatever additional circuits of resin-coated, reinforciné
31 strands are necessary to assure that the rated and projected failure loads
32 satisfy the margin of safety criterion;

33 continuing the testing and applying steps at each test station until the |
34 pole is satisfactorily laid up on the mandrel; and,

35 curing the resin to complete the pole.

1 13. A method of making a hollow, utility pole, as set forth in claim 12, wherein:

= €C L M S %



1 16. A hollow, tapered, utility pole having butt and tip portions,
said pole 2 conprising: 3 at least one circuit of
FRP extending fromthe butt portion to the28ip 4 portion; 5

at | east one additional circuit of FRP extending adjacent said first 6
circuit fromthe butt portion to each |ocation determ ned by: 7

the thickgss-to-di ametms s tdxpdélémﬁﬂmg ifomathiRRnesd 6 diatneter ratio is satisfied is
a stress |l oad inposed on t pol e at each said |ocation which 9

does not éxceed ‘acenmeplished natraébteShlstat;M|beforetpr@@§dmg withHthe yemaining steps
| ocati on f“&ﬁ Pét ty pole, as set forth in claim16, wherein: 2
- said stre%s Ioad P2 ed in accordance with a cantilever |oad 3

i nposed on the poI e; and, 4 said thickness-to-dianeter ratio
is the difference between the inner 5 and outer dianmeters of the

pol e at elch sHid A omethodn ofi makiag By hollew, nitility ole, as set forthmincelaim 1he

pol e at each said | n ut|||ty pol e made bythe process
defined ifi.claim f?&%%t@ ﬁ fulther st]egs 0@

29 - 23 radlmdﬁngg thd) QhicRdsSroriRfeaRt allie & aRS@st stalibfs after
presel ected, rated | oad 3 I's not |ess-than the projected failure

| oad and #he rat ednyadditionak cingits are - determmeetcweuemmsparm axc e gasulyiof any of

| oad by agpredeter Ar g f 19. A utility pole, as set
forth in ImmlG%’ﬂ%‘ é@p? ff‘l%slto\ées the nunber of circuits at each
said location along the poI eis 3 determ ned in accordance with

t he maxi mum al | owabl e stress | evel at the s_peC| fic location as

det er ni nedl by BantA mtliey pelegmads bynthe PFQS’&?fsd?-ﬁﬂ?ds’@dc m 14. on the pole

in addition to the | oad inposed on the pole as a result of the 6

failure | oad projected as a result of the deflection calculated under the
1 16. A hollow, tapered, utility pole having butt and tip portions, said pole

2 comprising:

3 at least one circuit of FRP extending from the butt portion to the tip
4 portion;

5 at least one additional circuit of FRP extending adjacent said first
6 circuit from the butt portion to each location determined by:

7 the thickness-to-diameter ratio at said location; and,

8 a stress load imposed on the pole at each said location which
9 does not exceed a predetermined allowable stress at each said
10 location.

1 17. A utility pole, as set forth in claim 16, wherein:

2 said stress load is determined in accordance with a cantilever load
3 imposed on the pole; and,

4 said thickness-to-diameter ratio is the difference between the inner
S and outer diameters of the pole at each said location divided by the inner
6 diameter of the pole at each said location.

1 18. A utility pole made by the process defined in claim 17, wherein

A



7 ) rated | oad. 20. A utility pole substantially as herein

described with reference to Figures 4 to 16B of the acconpanying
dr awi ngs. 21. A nethod of making a ut®®irty pole substantially as
herein described with reference to the acconpanyi ng draw ngs.

22. A ut|I|ty pol e made by a nmethod as clained in claim21.
adjusting the maximum acceptable stress if the preselected, rated load

3 is not less than the projected failure load and the rated load does not

4 exceed the projected failure load by a predetermined margin of safety.

1 19. A utility pole, as set forth in claim 16, wherein:

2 the number of circuits at each said location along the pole is

3 determined in accordance with the maximum allowable stress level at the
4 specific location as determined by cantilever and columnar loads imposed

5 on the pole in addition to the load imposed on the pole as a result of the

6 failure load projected as a result of the deflection calculated under . the

7 rated load.

20. A utility pole substantially as herein described with

reference to Figures 4 to 16B of the accompanying drawings..

21. A method of making a utility pole substantially as herein

described with reference to the accompanying drawings.

22. A utility pole made by a method as claimed in-claim 21.
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