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In llir ID!,.. lhr cfi.ct of using fRI l,onde.l pad ro reinfor.e .l.nrged
Dip6 subj.cred to inr.n.l pG5!.e is irv.srig{.d. orrer Lotrgnldin.l
edge crs.k w{s sihrliled b! uslns shnd.rd finire clement B.fion ,s r
poserf{l rool for rb. nuE.icrl soluriotr of . *id. nng. or .lgine.nng
Orubleds. Cre(ks in the prcsert srudy,n invBtigrl.d by using lino.r
elrsli. lncru,. E .n.bi.r i, ordcr io ..lcukr. rb. 116r iolen3ity
Lcror Slf. Mode I SIF n& c.lculatcd b) m.,rs olusinS strndard FD
prdgruh A\SYS5.J .nd lh. el.menl used w,s &nod. qu.dritalc..l
nopmn€r.i. .!.mcnr .A p.mmrtnc sndi s,s dore to iovestiBrle rhe
cfl.cI ol ilc prd width W. ibickness H.nd th.volune tdction Vroflh€
ompdil. trd otr tnc SIf of rh. cncked pipe .ll sar lound lh.t by
using FRP pld to nhaorcc ln..ra.k.d pipe , rhc SIF rcducB itr lh.
vi.itritl ol.ne.d.k rip, rnd rh. tiher volun.fr..rion ot !h. prd h.t t
g,r,t irnuen.e on th. SIF.
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Pipc, trsurrly srbjdGd ro cxremll
ciYionnc \nich led io d rge th.
pip.,such is cxrcnrally cormslon md
eo3ion lnd olhs lact6 *hich ld to
bc Mcon,fonable aor utiliaion and
d*reir rh.irwo inglili Thc.o$ly
usull slu ons of rhe Ehabilndtiotr

pro.c$ for din4cd pipes fibricaled
ire0 m.als is !.ry lrp.nsr msl.r.
The rehlbilihion tehtriqE lor pip6
k nced.d he$u{. or .lrpmal .6(iotr
lnd .Mdid lor pipcs or dw ro
cxrchal dairS.s .Usu.lly such
pr4e$ rcquiE Gin3 hevr
mactins and skill $o';.e6 in
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add tioD ro a,e rine 
'tedld 

Br- usitrg
liRP Ed,niqres I. inorcA. flexur.l
nrnFh Lr e*ring con.rle and
naei nnr(ra cluncdi .ir is vcry
impotuni for rLre cor.ded rnd
d.,i.gcd pipe! !. itrrcas! rhc
L nrLr r r,! rrotrndi,,s

plra|cieN, innq ndius of R,=506m
afi outer radius of & =55mm.Th€
pip! sd sJ\ dM! ol ,e *irh

N/h# lnd Pohson s dio of
r-o.1The cmck dcD$ varies frofr
02<&t <0.3 40' al$rengrhei alld

lhe cracked pipcs serc subjecled to
an LhEmal pr.$ue ol P =20 N/mn:
A numericaL alysn wd used forlhc
alL pipe models,Fisures (2)&(r).

3.Fi.it f,l.menr mod€lher
The nume sl hodeling ror all ca*s
was bosod otr rhe finite ?lenenr
mdhod FEM by usin8 so
dimcnsional plaitr stain 3-rcde
qudrilatenl i$prram4ric elemenr

aPlane 36)[11. Beause or srmnetry,
oily.i hallollhc pipe was modeled
.id a I modcls wcr mesbed wnh $e
Mne dqree !l refinemenL ai lhc
cac[ .dge h ohhi' cotrsislei. result,
Iisurc (a).Ths finire elemenr eesh
and rhc bound.$ condirion of rhc
.racked pipe G sho\vn ni Figure (2).
Srre$ lnrensnr_ irctor Kr along (h.
.orh tiP are co'npured by usiDS

absolutely $andard eighr nod.
quadril eol elenent rirl, rhe hid-
side node displaftd ion rheir nomal
posirion [5,61, by applyins the

iechniqrcs lor tpanints &maged
pipes ieeds op.dior oa cuflins
.trrldnre and irso.cri,E :', .dnniotr
nu lh.;y{e0 h. nopped duriiglhe
repair Deriod F. \ratry cases lhe
repa; p.oces r rnlomlofl.hle
becatrse oarhe ErdMlnres induced
in fie pipe durins th! trcldinBp'oces
*hic[ rctrds ro d!.rcas. the faiigue
pedomaDe ol dr pip. n{erial ii
addlrion Io rhe lerkie* ollhe pipe
w.ll dtre to pnri.g The final
r.hrh lbr on..n olrlrc 

',Nr 
tcrds in

.Npair s o$ ronrpi .d rirh tu nsml
kends bccau$ olrri! sflcrndss or
ftB new m eriLs lsed Jr llk prcscnl
wolk the ns'ly of 1rr. elieci of ihe
FRP nreD8he,i,,gp?d.i thc SIF ol.
cricked pipe n br!:J otr tlrc ckn,c
f.ictureirchar c!. \\rch is bassd o.
tregkdng rhe sx.l lip nl6!0ry i!
order ro .llctrlxie rr Sll' is oanied

Thcprcsc $ua) lo.L\$ o theouler
lotrBi!$di' l cdg. n,.[ ,Figurc (1)i
s e i"leniSareJ rath rhrn
cncumferenrla sicl L'e.arsc I is

sr6re.!.d ro 8tr,, Y,.$ Ni.r dm nr
otrgitud'ulon. Lrl I rnlnr.ro.rhe
sanc nacl d.pri! Lt! irfgiildiml
nack\ arc nurh datrg Dtrs thaD the
circmaeretrrial one .lr rbis nudf rbc
reh.bi irarioi r!.hiiqucs *er.
nodclcd .\y Ls rg {aodad FE

,,C.oner.1, lrrrie, irl or rhe Pilr:
The irve*igatd pire. lig(.e(L), has
d,e followis trEle l ind seoDetic

dnphceme Figute (3) sbo$s
.ondiriof of $e nren$hed cmcked
pip€ qhiLe Fi8ur. (,1) shosr the finne

4,Pld Reinforucmcnt Marcritll
Tl,ree ryps offiben mc used i! the
sud] 1o si'nu.le rhe reinlorcefrcnr
p.d. Trble (L) a& I'igure (5) 17,31
showrcomp ilon lor rhcmodulus of
olash,ry of Ihc seel ,Glas, Atuid



ftf,bB rnd lhe sie of thc omck
pftscd a Pdris and S h Illl showed
that n! ord.r ro enablish odho& of
sR$ an.bsh rtr cacks in .l8ric
solid. ir k .6trvenicfl rd d.fin. thrue
qp.s of tl.iiv. novem.nt of t*o
c@k rf.c.. Ihe* dirplrffnr
modcs ropc* 1 the loc& I deforotrr io,
i! an infinit situl elcoenl corhining
3 cr.ck idr G sh.rn in FisuE (lr).
\hldr are thc oFenirg Dodo. Mor'r /
.Th. didinB or sheoi node. r/o& /t
Ilrc te&i.g Eodc, Mras /1 ,l ii cl@t
rhar *ch of rhc$ mod.s of
d.fomrion c@6po ds to 6 b6ic
D?c or ft$ ficld ii dr viciniry of
crack tips. ln ady caic $e
delomaions rt lhe ctuk rip cu h€
@&d 6 on. or embifl.d oa ih*
Mo@vs rh. iEs fi.ld ar rh. .rrct
rip c0 bc ft.ed a3 m. tr .
combina'ion or $e fir& basic !?es
of nrcs field!. Mosr ,rdical d.skn
sito.ri.ns and lailors cmspod to
,/d-ls /, shich i! the hodc,

6.El$ric Stn6 Fleld EqudoD! in
rh. vl.ini9 ol cE.x rtp:

wencr8MEd ad lNin I1l
d.vclopd r m.thod to shoa dd tn.
srEs dd dispb6. n.k i, .nc
vicitriiy ol oEck lip for a lin.ar.
.ldtic, honog.@s. and koircp,c
sotid ,ubjd.d io rh. dtE ho&. ol

n- 
"r"r!1..1]n..11

Tie houndin8 .dhBivc used -.poxy
*idr ra'liriond adhcsile prupcnics
Ior lounB m.dulus and Pokens
Dtio nfE=I.JCP. F.ll rcsp.crivelv
tel
Be.ou*ofdFco pl.ri[ol$e
p6bl.h inv6ri$red. th. FR? Dld
was a$ufred ro bc isolropic lor eoch

Th€ conpo.ire modtrlur of.laniiry
conour.il by utDe r]t r.rarion ll0l

F", q. E- =Vodulus .f Ehqicity of
Cofrposile.Fibera'd Mrrrix

vr.v.=volum. ltu on 016. Fibd

The volune froctionafrh. fib.R us.d

Tablc(2)and Fisre (6)sr'olsih.
c,'l&r or! on ftc comDosi6.md.lus

S. Linar Ebnic rru!.E

Li@r .ldic ltuturc m.chei6
t*hndlogy is bised on $ dllyticil
proceduE that dlitcs rh. slE$ fiold
@gnnude .nd diiriburion in dE
vici.iq of, c ok tip 6 the nohind
e,e$ lppli.d @ fic shcruhl
m.mh.i sir, snap. .id on.nEtio
ol ihc cdck and material pmp.nies
{l ll. Th. rund.mental principlc olth.
risroto 

'hechani.s 
it d th. $16

lirld r head ol , slr.lp tracl in
ttucrunl menber can b. rcpEr.trr.d
by a si'de podtr@r *. (rhe s@ss
inknsiry aacror), lhar h,s a unir of
MN m 3rl. This pamer' ct.Er
b.rh th. dmir.l sBs r.Fld iid'c
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bc a harimuD in eqution

". =E=x, =,""[.

It h clqr that ar locarioi far from

cEck tip, dyd4rea*r, and Kr

remaiis consanr and desibes the
in&isny of lhc $rc$ field jun ah.ad

"=! tr .i",!r.

:-"'1111 1s151

The srre$ componeit ii rh!
coo'Llifdes r,Are sLrorvtr in Filure

K,h (rcs! inenliry facror fo. mode /

rj srer modu !s = E/2(l +r)

d/ = /(6, + a, ) For pLanestaii
Ir na] be nared thar ron b.ne
nadfts ocour u d.. cotrdnnr of
,rr,& / loditrs !11, rhercfore rhc
nres.lprimry i'neni i'r Irigure 1l,l)
and i moi pr&rical appLicationr G

dJ,a. $o*n li Figu( (16) 1vhi.h

shols lor r+0. rh. $re$ b*oin
iilni r aDd 1re nE* dei\ir) la.ror
is 0s, i iu\rc ol r,d nre$
!i',gf &rit 3r lhe cra.l rlp. For olro

T,Dereminrtion or rhc (sll) by

FEdu.e n.cmtrjos geneally is bakd
oi !*o qpesofanailsis l3l, iamely
rcsidual sreigrh an.lysGlodetemine
rlt rurinum c€ck size rhar an b.
rolerar.d, and fatEue chck ss*h
mal:/sG 6 cahulare rhe rime lor omck
gmwih from a cenain initiil ciack
size untrl lhe naximum rol.ruhle
cnck sia in o,ner ro dotemri.e thc
safe Lili. Thse inilses irc usuolly
ba*d on $e $res intcnsity facbr.
'ahe.efo.e. kno*i',8 lnc fts
inrensB tncio. is imponad lor rhe

lladn.e mech.nics. SrEs inten3it,
[tdo. cni a N.ys be exp.esed as:

r=",6r..1rt

I is a dincnsionle$ hcror {hich
dcpcnds upon Seomerry of thc bod)
atrd cBck sirThe probleD resides in
n,e der.rmin.tion ofI Soluriom ol l
for fratry mnrgtations have beei
ob6ined. Compilarions of thes.
solurions knou 6 nres inrenslty
rador handbook []41are availlble
CoDDoicnc tld conr.ii .Ecks Diay

be $bjeded ro otre or moft diffcreit
ilp6 olload, such as udif.m tctrsile



l.dds, conceiimred re.sit. toad!, or
bctrding lordr ln qh ! c.$ fic tout
nrcs i rtensirt fanlr can bc liutrd by
rl4cbnislly ldding iE tu
iiiensiry la(or rhd .or.sponds lo
..rch lo.d if n at?ii.bl.. Th; nclhod
k kno\ri 6 rhc $pcrpDsnion herhod
llll.
h6 b. @Ed rhar s'0e.posirioi n
rlE addnion of nress i enliq
frro. d nor ot rrh. rat@ of l,of
c.olr .de hsve ro bc obrsi!.d
*pararcl\ anJ {Es inr.isir} facrc
calq'lar.d scpafrelv ard rh!n ddcd.
'Ihn h.drd ie ilh'sr.r€d in riguE
(rr)lrl

th. crack .ip dnpl@e cqMin

K,[;
2C 12,

t, = cusa:lll\- l+l3in'l:)l' 2',_ 2'
l, - sin(:lf[1] 2.os't:n' 2_ 7'
By *b€tirtiia a iodrl F)inl
dnpl*.m! Ui d son. poht

k.p)Mr rhe cock rip inro.quarion

(3) a q@ny Kt c b. olcul't d

- lb- 2au.

Fron plors of Kr as r tundion olr
for fir.d vllms oa d md a pdiolai
d ispl!.enenr conr ponent, .sdnucs ol
(rcan bf 6!de lf rh. cx.o!
fi eor.tical dnph.renl is su&titukd
in equdiotr (9) tr.. v.lue of
Kt oleio.d !s , rppeh- ro
trould b. fte .et vllue ol Kl,
Si,c. fie tiineebNnt dhpliffienB
,ft Eth., infc(llo al e
infinir.sirrl dir.ncc fom ift cracl
iip, this pdc6s h not u*abl.. lnst !'l
a hn8€nt exs.pol.ring 6a $.
Krcune is u*d ro.rdn.G Kl
ll5l wnh sunlble ennen.nl of

coifiA$rutrons aE !o .onDli.aql,
rhr aeluiion m.y tur b..v.ilablc ii
hardbools coos.qu.ftly rhe 6nir.
el.'hdr mdhod trr! lnd silt a
posc'{ul tuol ro deGnnine cm.k rjp
n(s n.ld!. By finic .td.nr
solurion r conrplicaled.ngi'EcatrE
gstury corld br mrllza. als n
hs b..n eNcnsiv.l, used in
enSineritr8 qi.k ,.oblemi $ch 6
rhc d.enninarion of *rc$ i[.n!i!

Ersiclll) (i.rc &. No
dilr.renr app.@ches ro dcrernine
srr$ inrcBity a@s by thl finit
.r.h.nl m.d'od l3l. On. is rhedirscr
m€rhod in shich nGs inrensiry
rackn i\ cahulard lm sr!$
ricd or lium displi.cscnr fEld.
lhe seconlj is u indirccr 

'n.6od 
ir

s|ich dEs inhnsiry lodor i!
qlcul.Gd frcd orlE p€tmr... llE

Th. disploccneni merhod
involv.s i cor.laiis of d. finilc
clen.ni nodrl poim displic.eanB
wn[ th. rvell-klorn cr..k rip
dirplrm .qurion. Fo. ,&ild. /,



e e.utr nd rlr! Krqn.s obbireJ
n.i, r endr dipr.ancfc ripd!
3pptux.h a Ntrun noP3 \itli

Ihe e$i'nalloi ol ths nRs
iitdsiiy ardor by rhe Ergenr
extrapolrtiig iicrhod lotrLd be nade
b! plonin8 a htrgcA! line ro the
consrm slope no,tiotr ot rlre .urr.

d cxiendiig $e line uniil .n
inrerldion si Kt is .btained

pornr. \hich h r.e*iDned v,iue ol
Krrs srr\u in riiBtrr.(r5). rhe mo(
Jllirde $r mar6 e ohbined iion
(r.ur. nntsponditrgto thc D.rna

disphccicnr oi rtu nack \rfae
t, = r80't51, hlNo eqndon (9)

l\ = 
j::_.i1 

( Lor

The $res ,nerhrd for
dete.mi'rir8 rho cmck rii n,rss
inGnsiiv lacto. i'rvoiv.s ! cofthrion
oi aie lni{e elemenr noda! nre$er
wr, rlr. *cll-knovr .tu!l lip nEs

F.t M.\k I. tne mck rip ste$,
equ*ioi! (l),12).t3)ctu be wnrlen as

Ir = llrkrl llll

(os(rlll _ sin(;)sini;)l

-" 9rr , 
"^r9," "417 2 2"

0€.30
222

NoLlal poinl reses di in

viciniry of the cmck lip en
sub$ituted i o equ$iotr (ll)
v,lues oa K I cN li. caLculahd fmn

r, = JJllo. .. r)

The e$in{lotr of {res incnsi!
Lcto, .ouLd IE made by plotling

(rss r function ofr lor nxed value

of , and r padiculn $€$
.onrpoNnt If the exacr rheorerical
$rcses \trt sub$ilded nno eqMiiofl
(ll) rhen rh. inr.&pi ol ihe cuae

rirh lre KI axis at H would bethe

Due 10 fie inabilil] of ihe finire
dene nerh.d to Eprcs.trr th e nres
si',Eulrrir) cotrdlrioN ar rhe cracktip,

dr Kr.u c for i erearer than z*o
mun again be *trpolaien back to .
- 0'l he exhpolared value of K I a!

{ccLEle evaLudion of the $ress
i,nensi(r- fictu by nrcs nethod
coud be obhi'Ed Aofl pbning

Kr cune coft spondiiE ro the nomol

5trcs or de na.lt tip (dy) ar angle

d = 0" tlsl Henca equalion (12)



r:6ffii.Slld}.irli€frdorri.FxP

thc lows cftck suroce &d
cmlinuins alo! lh. Dau f b dr.
upper surfec Thc slmir on.r$/
d.itiries wc BLuhl€d f@ iodil
poinr sr.ss, D'l r,r. nodrl poinr
forc.s w.r. u*l as a surfacc nacdon,
ln. indnei h.rh.d hr: s6.
ad\atrrascs ll3l,I', drc rir ph( no
exrnpol.rions iE rquircd, .d
sc.otrd lhce is no iecd lor a
panicllan! finc mesi dr dr c@k lip.
Oi lhe orh.r n.nd. lh.e d scvd.l
di$dvantrBes, sime only ! singL
qlue of& is obbin.d, it is difriculr
io o*ima& fi. degree of eror.
Anorhs Mplioti6 G rh !r lcre
so ckck !i4s nare to be anllyzed in
ord.i ro cnry or rh. diff.Edidion.
ako rhe lo$ ol reuEcy duc b lh.
ditleE i.lid pBeduc D.y @u.

&8!9!c.ultc!!dqie!!!
L TIE rilnifiotrr c(ect or usin!
@po6irc hrr.rial EiraoGing pad

I'r this nud, the dire.t ndhod is

Flgra l7) !N\s r c.'nparilon
b.r\een 1r'e lkxcd lnr6 nnurion oa
h. u !u trlcd srF 16,rr r6 br the
uFtretrgrhed cEctr.d pip. ind rh.
.simat d SIF lrorn tlrc FEM iesuhs

....(1:r)

Rice []7lsl.lcd rhsl the value olrhc

r-. lway rfas). qrq

G pmponionrt ro rh. squmc of fic
sill rp nrg$ i',t,sB ricror..s

Kr =f,iE n-pt-" se"

K,=,E F", er., ,r,,"

F
Kr E i -- rorp anc niin

f, An ,rbhm'-a cdntou, $mrndire

,7, Delinal s the $6in .n.r6,

I r Th. t.a ion vebr defii.d
aeoding ro dE dr\,. nm.l

L Th.di{pra.iEtrr r.dor.
,1, Ar.efrnr!larc lcDs llonA l.
1h. liie nleEil is cvalu{cd in r
.otr r.r C.ck!i!c sen5. ndilc fro,n

rft rion(v.o.2t%) on deEainS
rh. val'Lc of the sIF ol rh.
dsbgh.d piF is rlDwn in

2. li is rhoM iroh rie@ (9) rh.t
rh.lcng of r. re inforcem.nt ,id
(H) ha! a lillIe inIEno. oi
dedsinS d. vllm of the SIF fd
1/H>t .rhile dr influcnc. of th.
prd $ick..* {\v) ha emr cfaer
.i darcasinglh. SrF lor aD0.4,a!

l, As rh. liber voltrrc fh.rion of
th. P.d incr..sl
(0 25%<vr<0.75%), rh. vru. of
Slf dectisd.as shoen ii Figur.

a Fieure(|2) shows rlre ef.ct of
lsing dilt Ent p6d fib.r mdqiol
on lorerire thc vdlucofSlF
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