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making the pipe particularly adapted to a specific application. Resins useful for forming fiber-
reinforced pipes include polyester, vinyl ester, phenolic, and epoxy resins, as these resins are
typically favored because of their good weatherability, corrosion, chemical resistance, and heat
resistance. However, these resins are also known to be brittle after cure, which ultimately
reduces the impact strength of fiber-reinforced pipes that are formed from such resins.

25 Fiber-reinforced plastic pipes and pipe fittings are commonly used in applications where
the pipe is either buried underground, where the pipe is subject to impact forces during
backfilling, or above the ground, where the outside surface of the pipe can be subjected to impact
forces by a variety of movable objects. Conventionally constructed fiber-reinforced plastic
pipes, formed from the above-described resins, are known to have a lessor degree of impact

30 resistance than metal pipes and, therefore, are more prone to be damaged by impact forces acting
on the outside pipe surface.

An impact force to the outside wall of a fiber-reinforced pipe travels in the form of a
shock wave through the multiple fiber-reinforced resin layers, which may cause the layers to
fracture or separate. Depending on the magnitude of the impact force, the impact shock wave

35 can travel completely through the fiber-reinforced resin layers and to the inside pipe wall, which
can cause the inside pipe wall to leak or rupture and spill the contents of the pipe to the
surrounding environment.

It is, therefore, desired that a fiber-reinforced plastic pipe be constructed that has an
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An intermediate layer is disposed around the structural pipe wall, and a fiber-reinforced
20 layer is disposed around the intermediate layer. The intermediate layer is formed from material
selected from the group consisting of impact attenuating and impact absorbing materials. Impact
attenuating materials useful for forming the intermediate layer include substantially
incompressible materials that are chemically incompatible with, and unable to form a bond with,
the resins that are used to form the structural pipe wall and fiber-reinforced resin layer. Impact
25 absorbing materials useful for forming the intermediate layer include compressible and crushable
materials that may or may not be chemically incompatible with the resins used to form the
structural wall and fiber-reinforced resin layers.
The fiber-reinforced resin layer comprises layers of helically wound reinforcing fiber
bonded with a resin selected from the group including polyester resins, vinyl ester resins, epoxy
30 resins, and mixtures thereof. The materials selected to form the fiber-reinforced resin layer can
be the same or different from that used to form the structural pipe wall.
The pipe may comprise a single intermediate and fiber-reinforced layer disposed around
the structural pipe wall, or may comprise an impact resistant jacket disposed around the
structural pipe wall, wherein the jacket is made up of alternating intermediate and fiber-
35 reinforced resin layers.
Fiber-reinforced pipes, constructed according to principles of this invention, have been
shown to provides an improvement in impact resistance of on the order of 300 percent, when
compared to conventionally constructed fiber-reinforced resin pipes, thereby minimizing the
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p055|b|I|Py of act related pipe failure. 5 Brief Description of the
Dr awi ngs Thes&ﬂﬂﬂﬂﬂ!&ﬂat ures and advantages of the present invention
wi || beconme apprecréfgilg &SFIGOE, aaaREmplag divesreiddirted resitnpipe $0,20fktitvtted according
reference to ttpgnn%&?e% 'lo?s%%?nHon, ﬁ{cﬁidg?a stﬁ:@ﬁra‘ii {JW§2 formed from mutltiple layers of
helically wound reinforcing fiber 14 bonded together with a resin. The structural pipe wall 12
20 can be formed by using conventional techniques well known in the art for forming fiber-
reinforced plastic (FRP) pipe, such as by winding the reinforcing fiber around a mandrel at one
or more specific wind angles, and in one or more directions, to obtain a particular degree of hoop
and longitudinal strength. In a preferred embodiment, the fiber windings are wound under
tension at an angle of approximately 54 degrees around the mandrel in one direction and then
25 in an opposite direction, as this wind angle produces a pipe having an optimum degree of both
hoop and longitudinal strength. The number of fiber windings that are used to construct the
structural pipe wall depends on the particular size of and application for the pipe. While the
above-described technique has been directed toward the construction of pipe, it is to be
understood that the same technique can be used to construct pipe fittings such as tees, elbows and
30 the like as well.

The reinforcing fiber component may be selected from conventional filament materials
used for forming fiber-reinforced pipe such as glass, carbon, Kevlar and the like, and
combinations thereof. In a preferred embodiment, the reinforcing fiber is glass. The structural
pipe wall is constructed so that a sufficient amount of the resin component is used to wet and

35 bond together the fiber windings. The structural pipe wall may comprise in the range of from
about 10 to 40 percent by weight of the resin component. In a preferred embodiment, the
structural pipe wall comprises approximately 25 percent by weight resin. The resin is applied
to the fiber windings by a conventional application technique, such as by running the windings
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wherein: FIG 1 is a perspective view of a first exenplary enbodi nent of a
f:ii ber-reinforced resin 10 pi pe constructed according to principles of
this invention;, FIG 2 is a perspective view of a second exenpl ary

enbodi ment of a fiber-reinforced resin pipe constructed according to
principles glodiflbgasi nvention; and FIGS. 3A to 3C are el evaéigadnress de Vi ews
of pipe fittings constructed according to principles of this invention. 15
Detail ed Description Referring to FIG 1, an exenplary fiber-reinforced
resin pipe 10, constructed according to principles of this invention,
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20 fiber-reinforced resin layer. It has been discovered that the use of an intermediate layer 16
formed from such a release material is highly effective in minimizing, or even preventing, the
transmission of shock waves through the intermediate layer, thereby protecting the structural
pipe wall from possible damage or failure. A particularly preferred release material is
polypropylene film in the form of tape.

25 FIG. 1 illustrates a first pipe embodiment comprising a single intermediate layer 16 that
is covered by a single fiber-reinforced layer 18. The number of windings that are used to form
the intermediate layer depends on many factors, such as the type of material that is used, the
thickness of the material, and the particular pipe application. In an exemplary embodiment, the
intermediate layer 16 is formed from windings of polypropylene tape. When the intermediate

30 layer is polypropylene tape, it is applied to the structural pipe wall by the same winding
technique described above for the structural pipe wall. Where the intermediate layer is formed
from other than polypropylene or other material in tape form, it can be applied in sheet form, in
spray form, or in the form of solid half sheets configured to fit over part of the structural pipe
wall. -

35 The intermediate layer 16 can alternatively be formed from a deformable or crushable
impact absorbing material. Suitable deformable impact absorbing materials include rigid or
flexible foams such as high density polyethylene foam and the like, sand, or other materials that

are adapted to deform or otherwise give away to absorb an impact force. It is to be understood
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abou't 10 to 40 percent by weight of the resin conponent. In a preferred
enbodi nent, the structural pipe wall conprises approxi mately 25 percent by
wei ght resin. The resin is applied to the fiber w ndings by a conventional

application technique, such as by running the w ndings -3- WO 97/ 42023
PCT/ US97/ 0765%ddmagazgh a resin bath. The resin conponent nepciesessissset ed
fromthe group of resins that include polyester 5 resins, vinyl ester

resins, epoxy resins, that may or may not include siloxane nodification,
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formed from sgempmses thedmpact ghspbig amaterial.hj ghl y ef fective in mnimzing, or
even preventing, tThe fibéraeinfoicadiesinlapdr 18 ivowdundarcand inhoutsidesuifitd of thcGhtemtbidaites
layer, thereby,origt ¢fl dkteridis)fe., Tibér'dhid it component, that are used to form the fiber-reinforced
resin layer are the same as those previously described for forming the structural pipe wall, and
20 can be the same or different than that selected to form the structural pipe wall. In a preferred
embodiment, the fiber-reinforced resin layer is the same and is applied in the same manner as
that selected to form the structural pipe wall. Like the intermediate layer 16, the number of
windings that are used to form the fiber-reinforced resin layer 18 depends on the types of
components used to form the fiber-reinforced resin system and the particular pipe application.
25 FIG. 2 illustrates a second exemplary embodiment of a fiber-reinforced pipe 20,
constructed according to principles of this invention, having a structural pipe wall 22 formed in
the same manner previously described above, comprising a filament windings 24 that are bonded
together with resin. The pipe 20 includes an impact resistent jacket 21 comprising number of
altemnating intermediate layers 26 and 30, and fiber-reinforced resin layers 28 and 30. Although
30 the pipe embodiment illustrated in FIG. 2 comprises two each alternating intermediate layers and
fiber-reinforced resin layers, it is understood that such embodiment is provided for purposes of
illustration and reference, and that the pipe may comprise any number of alternating layers.
The number of altemating intermediate and fiber-reinforced resin layers that are used to
form the pipe depends on the degree of impact resistance that is desired for a particular pipe
35 application. For example, it has been shown that using a single intermediate layer to form the
pipe results in doubling the impact resistance of the pipe.
The material selected to form the intermediate layers 26 and 30 are selected from the same
shock attenuating and shock absorbing materials described above, and each layer may be formed

-5-



pi pe wall from possi ble damage or failure. A particularly preferred rel ease
material is polypropylene filmin the formof tape. 25 FIG 1
illustrates a first pipe enbodi nent conprising a single internediate | ayer
16 that is covered by a single fiber-reinforced | ayer 18. The nunber of
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factors, such as the type of material that is used, the thickness of the
material, and the particular pipe application. In an exenplary enbodi nent,
the internediate layer 16 is forned from w ndi ngs of pol ypropyl ene tape.
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measured dunng ball drop impact testing, when compared to conventionally constructed fiber-

20 reinforced pipe that do not include the intermediate layer.

The first embodiment of the pipe is formed by first helically winding reinforcing fiber
wetted with the selected resin to form the structural pipe wall. The intermediate layer is disposed
around the structural pipe wall. When the intermediate layer is formed from the polyolefinic
film, it can be disposed around the structural pipe wall before the pipe wall is cured. The fiber

25  reinforced resin layer is then disposed around the intermediate layer. When the intermediate
layer is formed from the polyolefinic film, the structural pipe wall and fiber-reinforced resin
layer can be cured simultaneously by conventional method. Accordingly, another key feature
of the pipe construction is that it can be cured in a single step at the end of construction, rather
than by multiple cure steps during different construction points.

30 Although specific embodiments and examples of fiber-reinforced resin pipe and pipe
fittings have been described and illustrated, many modifications and variations will be apparent
to those skilled in the art. It is, therefore, to be understood that, within the scope of the appended
claims, fiber-reinforced resin pipe and pipe fittings of this invention can be constructed other
than as'specifically described herein.
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10 travel through the pipe by physically separating the bond between the
structural wall and the fiber-reinforced resin |ayer, as the rel ease
material is substantially nonconpressible. Applications that are best
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Wi ndi ngsi¢ hat gRfhiRerafeaidteligyef 3 fohnict o Aafateriab thaf io Cheaticalyihdompatitdé wikhs thdegsiizds

on the types. gl SOURANCRIS tkiRtertdl Sibd il 43 hd RRE-iSOREPIGR b CSI N SYStem

and the particular pipe app |cat e rates a
second exenpl ary enbodi nent of a fiber-reinforced pipe 20, constructed
according to prin@ipl ekheqfipe ks rscitedvn claim i, wheeem the isterstediatt layealis formael frethla 22
formed in theg3anRidiRHSMm R,gmég&a&gﬁ,g@&g&hged above, conprising a filament
wi ndi ngs §4 tﬁat are bondgd together with resin. The pipe 20 includes an

| mpact i stant jacket 21 conprising nunber of alternating internediate

| ayers 26 and 30, 3and Theinipe asaeaifpdi Zewhegein thecolyolefinigatain! isselepted, Fpm30

the pi pe embogdic/grsiip cohdisting bEgobipropyiehé Am ahdgelvethykasfilwo each al ternating
internedi ate |ayers and fiber-reinforced resin Iayers it is understood

t hat such enbodi nent is provided  f o] |Ilustra |on

reference, and thd thEiepPipe W‘@gdﬂr‘iﬁl‘gg‘ gr@‘ eptifhyther infpm 'T%r“f]g?'f"ﬁﬁ from & s
~ The nunb2® of carhpressible material thatismdapitesk te absorb aniilnpact fagéanf or ced resin |ayers
that are used to formthe pi pe depends on the degree of inpact resistance

that is desired for a parti c '186 ag’r? 1 %her?gﬂlr | &a ;m?&orfggwgggg;g@sﬂg

has been shown that us
results in dodayersnef helicaliynjy Yet!’é'?fS'F‘&rﬂ?S‘ B?“qeﬁé”‘ﬂi bées“"l'ﬁ"ée"ﬁﬁit ’i“a e group
selected to f@bﬁsistxhgoﬂpﬂyestemchsmt dnylayter esid) eguxgl résihs,anéd niaines thestof. r om t he
sane 25

6. The pipe as recited in claim 1 wherein the fiber-reinforced resin layer is formed
from the same materials that are used to form the structural wall.

7. The pipe as recited in claim 1 comprising a number of alternating intermediate
30 layers and fiber-reinforced resin layers disposed around the structural pipe wall.

8. A fiber-reinforced resin pipe comprising:
a structural pipe wall comprising layers of helically wound reinforcing fiber bonded with
aresin selected from the group consisting of polyesters resin, vinyl ester resins, epoxy resins, and
35 mixtures thereof;
an intermediate layer disposed around the structural pipe wall; and
a fiber-reinforced resin layer disposed around a surface of the intermediate laycr and
forming an outside surface of the pipe, wherein the fiber-reinforced resin layer comprises layers

7-
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shock attenuating and shock absorbing materials described above, and each
l-ayer may be forned WO 97/ 42023

PCT/ US97/ 07654 fromthe sane or different material. For exanple, the pipe
may be constructed having a first internmediate |layer 26 fornmed froma shock
attenuating fbdagt! - and a second internediate |ayer 5 porpsfdniess med from
a shock absorbing material. As another exanple, the pipe may be constructed
having first and second internediate |ayers 26 and 30 forned fromtwo
progressively nore shock absorbing materials. The ability to forma pipe

tlhflt has i_”to?'hgﬁ&!ll@tvﬁmh?k%f}éﬁcfn@!fmb_ | _o?ﬂmt ' ;jé feSih GElectéd/ e mefgmmI plcBhisidting of_t .
all OWs a pl pe Sl gner .tne exl Dl (0] Sl.an | S. W\ . Ite
for a parti CQIVETerHIESE: Hﬁg|eF‘8‘a’F§“bsn?P°fb¥es'“sj “‘?m"gﬂﬁqﬁ‘g’ﬁgﬁ“é‘% lnéiéenlg tr J%ﬂ'ﬁﬁ%n of
fi ber - Sei nf dayeris formed fromjasubstantidlly ineompsespible anatrsiahthatie wcapablg of forming@rbond d

and i1 ust r atigdheydesiueihat dre iised tofoRe the RGHavtarhIqast Walkbdnd the fibei-feitfodcediesia llayer.
I ncl udes the construction of fiber-reinforced resin pipe fittings.

Referring to FIGS. 3A to 3C, fiher-reipforced resin pipe fittjngs, suyuch as
ol bovis 34, tees 36, Fhepigpatresitedin plgien §ayhersinthe masers! srlip formythe Misrmeiste
accor di ng t dayer ismqpoplokfinieffilbhi s i nvention. 15 A key feature of

fiber-nrgi nforced pipes constructed according to principles of this

invention is the use_of the internedi.at ayer, t.o inprove, the.i t

resi stance of th¥pi ﬂ'g‘.e P}Hﬁféﬁc’%g‘t a’ﬂ‘oﬁﬁ*ﬁ%‘%&'e eﬁfr%ggmecdoﬁgf' Paﬁg‘]ﬁ%gmmed
accordi ng t drqm thesape metedls asthe stiustineaiwalln have confirned that inprovenents
I n inpact resistance of at |east 300 percent can be realized, as neasured

during ball drop;j npaCi.t.eShd : to conventionally
constructed fi be%i-' Z%ﬁb%?ey’#{ﬁg%? rcec,e |e emgﬁ{’%fg@yo not, i.ngl ude..t hE .

i nter medi at e | ayBMrCHRLPIPF W8 cmmmﬁﬁo elically ypnd reinrorene fibgr fopded with

hel i cal | y wiawsimsplected frbmrtis gnaypeonsistingveft polydstens teising Yinyl sstbryesinslepoxy resinsanfl or m
t he StrUCturﬁixt&éﬁﬁ?Wv\L]' The internediate | ayer is disposed around the
structural prpe wall. Wen the.inter late l.ayer. is..f.or N IQFF

pol yolefinic fil H”Wd@muﬂ?gﬁﬁgﬁ%’ﬁ ’t‘%‘%‘“gﬁiﬂ%ﬁ%ﬁ‘g?%ﬁgéﬂ‘m late

bef ore t he playess and fiberireinfonecd gesimipyers, whegeinzdirst intermediatsy layeris disppsed aropad theg

t hen dizpposegran@lWwal dnfl @ ldsniberwinfireddaredimiager forkhs @ pipelvatside tvalliwhiirein ¢he fiber-
reinforced layers comprise layers of helically wound reinforcing fiber bonded with a resin
selected from the group consisting of polyesters resin, vinyl ester resins, epoxy resins, and
mixtures thereof, and wherein the intermediate layers are formed from materials that are
chemically incompatible with resins used to form the structural wall and fiber-reinforced layers.

25
12.  The pipe as recited in claim 11 wherein the intermediate layers are formed from
a polyolefinic material in substantially incompressible form.
13.  The pipe as recited in claim 11 wherein the intermediate layers are formed from
30 a compressible impact absorbing material.

14. A method for forming a fiber-reinforced pipe comprising the steps of:
helically winding reinforcing fiber wetted with a resin selected from the group consisting
of polyester resins, poly vinyl resins, epoxy resins, and mixtures thereof, for forming a structural
35 pipe wall;
forming an intermediate layer around the structural pipe wall;
forming a fiber-reinforced resin layer around the intermediate layer, wherein the
intermediate layer is formed from a material that is chemically incompatible with resins that are

3-
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| ayer is formed fromthe polyolefinic film the structural pipe wall and
fiber-reinforced resin | ayer can be cured sinultaneously by conventi onal
nmet hod. Accordingly, another key feature of the pipe construction is that
it can be cured in a single step at the end of construction, rather than by
- nmultiple curewedmgesduri ng different construction points. 3IQT/USI7/07654

Al t hough specific enbodi nents and exanpl es of fiber-reinforced resin pipe
and pipe fittings have been described and illustrated, many nodifications
and variations will be apparent to those skilled in the art. It is,
t her ef ore, t oudsd tadoche thetstucturahpipe wall ardi fibet-feinforcamiyesimiay¢rhendippended cl ai ns,
fiber-reinforced k@figthdieha xmﬂk@eud‘m&ntﬂ.mﬁal%dmyfﬁetelaaéﬁﬂctnhﬁp can be
construcged ot her than as specifically described herein. 35 -6- WO
97/ 42023
PCT/ US97/ 07654 Wha#$. i sThel methad) ap gecited in clajn fldpwhereinj befase thegstep of dorpiingothe

conpri sing: Sintermediate layer,aelRétingthe/materiglivaed waform theriptemddiag: lapy dom BE group
helically mu&%msﬁ#ﬂf%&hﬂﬁalynp& ﬁ&&gﬁ%o%fe n{aﬁaﬁhﬂ sel ected fromthe

group consisting o er resins, epoxy resins, and
m xtures thereof; and an internedi ate | ayer dlsposed around a surface of
the strubdural pi pé. wdlhe; methall as fecikedrinrokrim fldrvaletkin before thaytep ofligings otming
around a surf aeeafiy xateﬁnedmaamnatfmal.ﬁmmd\a&% syé?s dBund thd hﬁer yer&{fs.fce@fib.at e

| ayer is fornﬁq froma material that is chemcally 1 nconpatible

resins that at®used to formthe structural pi pe wall and the

- fiber-reinforced resin layer. 2. The pipe as recited in claim1l wherein
the internediate layer is formed froma substantially inconpressible
pol yol ef {quic material. 15 3. The pipe as recited in claim?2 wherein the

polyolefinic material is selected from

20
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t he group consisting of polypropylene filmand pol yethylene film 4. The
pipe as recited in claim 1 wherein the. intermediate is formed froma 20
conpressible material that is adapted to absorb an inpact force. 5. The
pipe as recited in claiml| wherein the fiber-reinforced |ayer is conprising
| ayers of hel waedilagozmound reinforcing fiber bonded with a rgsinosglast ed
fromthe group consisting of polyesters -resin, vinyl ester resins, epoxy
resins, and m xtures thereof. 25 6. e pipe as recited in claiml
wherein the fiber-reinforced resin layer is fornmed fromthe sanme materials
that are used to formthe structural wall. 7. The pipe as recited in
claim1 conprising a nunber of alternating internedi ate 30 | ayers and
fiber-reinforced resin |ayers di $posed around the structural pipe wall. 8.
A fiber-reinforced resin pipe conprising: a structural pipe wall conprising
| ayers of helically wound reinforcing fiber bonded with a resin selected
fromthe group consisting of polyesters resin, vinyl ester resins, epoxy
resins, and 35 m xtures thereof; an internediate |ag di sposed around

the structural pipe wall; aj?]’ iVer-reinforced re; di sposed
:

WO 97/ 42023
h aresin

RSt er resins,
| ayer

selected fromthe group consisgn
epoxy resins, and m xtures thefeg
is fornmed froma substantially
formng a bond with the_ rest
wal | and the fiber-reilnfg
claim8 wherein the matefri

around a surface of the internediate | ayer and fo { side surface

of the pipe, wherein the fiber-reiq?yrced resj ses | ayers -7-
¢ Q‘ructur.l pi pe
7 ijed in



l-ayer is a polyolefinic film 10 10. The pipe as recited in claim3$8
wherein the fiber-reinforced resin layer is formed fromthe sane material s
as the structural wall. 11. A fiber-reinforced resin pipe conprising: 15
a structural pipe wall conprising |ayers of helically wound reinforcing

fi ber bonded wolduatn2s esin sel ected fromthe group consi sti ngcobsopoltssest er s
resin, vinyl ester resins, epoxy resins, and m xtures thereof; a jacket

di sposed around the structural pipe, thesgacket conprising alternating
intermedi ate |l ayers and fiber-reinforced resin |ayers, wherein a first
intermedi ate |l ayer is disposed around the 20 structural wall and a

| ast fiber-reinforced resin |layer forns a pipe outside wall, wherein the
fiber- reinforced | ayers conprise |ayers of helically wound reinforcing

fi ber bonded with a resin selected j/A\Qm t he group consisting of polyesters
resin, vinyl ester resins, epoxy rgsin and m xtures thereof, and wherein
the internediate | ayers are forng At erials that are chemcally
inconpatible with resins yged t uctural wall and
fiber-reinforced | ayers. 29 1% The pipe asNXecited in claim1l wherein
the internediate | ayers ,are\fQrnmed from a pol yolref+nate—ratgrial in
substantially inconpresswil e ¢
wherein the internediatd}tpyers
i npact absorbing material ., 14.

AYethod for formng a filjer-reinforced
pi pe conprising the ste f: helig fiber wetted
wth a resin sel ected fr,.gl.| t he grOup consi sting of pol yestgr resins, poly
vinyl resins, epoxy resims, apd m xtures thereof, for form|ng a structural
35 pi pe wal | ; forniééian nt er medi ate | ayer e~ structural pipe
wall; formng a fiber-reinforcdd resin |ayer & ound the internedi ate |ayer,
wherein the internediate layer ig formed fpdma material that is chemcally
i nconpatible with resins that are\-8-

FIG.3£
y
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PCT/ US97/ 07654 used-to formthe structural pipe wall and fi berﬂé?&ﬁ@b
resin layer; and curing the resin in both the structural pipe wall and t¥e
fire resistant |layer. 5 15. The method as recited in claim Am®erein
before the step of f_ﬁrm' ng the internedi ate | ayer, sel ecting t\gaMiy
used to form the PRIFr medi at eWP%Wm%%ﬁ%’BT%”W& sting Of&®
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{57 Abstract

Fiber-reinforced resin pipe
{10) fittings have a structural pipe
wall (12) formed from helically
wound reinforcing fiber that is
bonded together with a polymer
resin. An intermediate layer (16)
is disposed around the structural
pipe wall, and a fiber-reinforced
resin layer (18) is disposed around
the intermediate layer. The
intermediate layer is formed from
material selected from the group
consisting of impact attenuating
and impact absorbing materials.
The fiber-reinforced resin layer
comprises layers of helically
wound reinforcing “fiber bonded
together with a polymer resin.
- The materials selected to form
the fiber-reinforced resin layer
can be the same or different
from that used to form the
structural pipe wall. The pipe may
comprise a single intermediate
and fiber-reinforced layer disposed
around the structural pipe wall, or
may comprise an impact resistant
Jjacket disposed around the structural pipe wall, wherein the jacket is made up of alternating intermediate and fiber-reinforced resin layers.
Fiber-reinforced resin pipes, constructed according to the principles of this invention, have improved impact resistance when compared to
conventionally constructed fiber-reinforced resin pipes.




