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,4rsr.a.t*- Carlmn Fiber Reinforced Pohln€r (FnD is a

matedal that is lightweight, stron& artimagnetrc and

conosion r€sietart Thfu material tar be tl3€d s ar option
to r€place the ste€l rnatcrial ia concretc cotrstruction or ff
marerial to impmv€ th€ str€nglh of €xittidg constntcrion.
CFRP is quite casy to be rttach€d to the m[cr$te slructutt
and proved €conosicaly ustd as r mt1erial for ftpaidng
dam;ged structur€s tlrd incrcaic the r$ilienc€ of
struclurat I'€amB columtrs, bridges turd other part of the
stnrctur€ agabst €adhquaL€s. CFRP mrt€.ijk can be

shaped she€t to bc attrched to the concr€tE surface.
Anoths rcrson is d{e to th€ ut€ of CFRP has a high€r
ultimate strcoslh nDd low€r wcighl compartd to st€el

rcinforcem€rt so ahrt the hrndling is si€.niffcanllv €lrier.
Throudr lhis paper sugg€sts tlar CFRP materials 3rn lte
applied to cancr€tc stnctur€s' especidlv on concrele

columns. Ihrough the rctutls of experimetrts conduct€d
prwed tliat thc conctrt€ columns €r&r'Ially n'rapped *ith
CFtIP mat€riels ctn incnas€ th€ strnglh. Thfu t.e{rmcnt
is obtsiftd rfter h$rfug exp€nments on 130 mm diameter
column with a heisht of 700 mm wittr conc€ntric loadirg
method fo collapse. Th€ erperim€ntat rEsults indicafc drar
r colullrl is wmpp€d €xtcrntlv wilh CFRP [rrierials ctn
achieve s lord 4.pacity of 250 kN comp{Ild 10 lhc
concret€ colulnns extcrmny without CFnp oalerial which

ody reached l5o ftN, If thc cotrDrn i3 giter inaehally
reinforciDg strtl fld given €atcnslll CFRP mrterirb c{d r€llcl
211 kN. ft shows lhat CtrRP ma&ri* clr he uscd fo. concrct€

*trrldurcs clr cven r€llae rernforcmg sitd thal har becn wiil€8
dsed tu b&ildi.g coNtruclton it hdoneii:r.

Let, rord-{FR" m{ter;sl corcrctc stmctlre'
increar€ strurgt[.

L lNlRoDUcrloN

T€chNlogical developments, €specialv the rapidlv

F owng field ol nalerials characlerzed by the app€atance ol
lnatfllaL such as FR-P Composnc fnr bu d,ng @n$ructrcn

such as bridges or buildings previously used iuterial of
bamboq wood, and ste€l rhat serves as r€inforc€ment

Hoq€1€r,lhe materal for stftctulal applicatio$ is updaied bv

an expert building or coistru$ion nate.jal in the \|l)rld along

with th€ emelgene of the mat€rial weakness. Bamboo

natenals such as those us€d fo. tbe construction proved 10

have solne drawbocks. such as banboo Ltas a very low

resislaNe, so the potendal for hamboo powder beelles

attack€4 so the buildings are made of duable bonloo.
'nlerefore the order of the buildjng ftom bqmboo that is noi

pr€served only seen as a temporary bu ding conponeots

srmpty do not hold rnore than 5 years.

For wood materials are also widelv used for the

ooDstruction ofhouses, offices, and brid$s in particular in the

villagq but this matenal was also proved to have weaknesses.

The disadvartage ;s extremely nammable, oan be eaten by

termites, rnay €x?and and cre€p, sFetch fm apps roof wdh

wood construction 
's 

often limhed due ro the size ofthe timber

on the inark€t is only about 4 meters, and other w€alnesses in

tenns of procurenent, then in the long run the price of wood

aJe ;rca€asmgly expetsive because ol the dec.easitg

availabilii, of nalulal wood rnater'als Olher rlaterbls su€h ai

concrete have been widely used in Indon€sis, but it also had

shortcomings in tertrls of usage for constructior weaknesses

were found anmng forlDs th.t have made it dif6cult to change

the w€6k againsr th€ strong pun. has a heavv wetghi, g.€al

sounil refleclions power, and execution of work rqluiing hiqh

Mesnwhile the mater4l ol tlrc steel ussd lor tle
coistruclion ol builditgs is slill relalively large and v€rv

domhaft dilized in lndonesia to date. This material has oranv

adraflagB such as high rensrle sbenglh ml €aten bv r€rrnil'e'

able ro canv a hea'y burdetr, resistan rc high lempeaLures.

low rnaintenance costs, and €asilv mold€d accotding to the

neeJs of the construction. HowEver il turns out, accordiry to

experts looking at the lield of oonslfuction naterrals still have

a shodase ollhem can be rusty \eal against lhe comprersi'e

forcq rct as llexible as wood can be cut and sbaped a r"riery
of prof'les, nor soli4 and nor re,brarn ro frre and m lhe caqe

of;teniler 
'lruciures 

harmless aPausl bucklns Therelore the

r€rious shortcomings of the steel riutenal and other trateriaL

such ai bamboq woo4 and sonct€te. So lbe developmeot of

I
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nd superior ro o$er mareriars trat ftt{'-marena' "*;il;;;;;;,;"; rm srring* or rr,e t rnn marermt

trl t€rms ofsrre)l and stain rtr rhe CFRP materb' ': "1: -^;"^.^--* - "-ncde coluflb the columns

ffi il".'.l.tr#':"'tr;*"Ji"".;fl ;il5lffi#ru:*;"m*1ffi ri:,ig:tr;lye*s
u, 2004) ff;:i;o il;;; rhe rocus orresea'ch is directed at

l"ii"'iel"rl. r"i*"i '"t"se 
such thar ir adds- suensrh 'lo$

seclion ollhe columno r------ =-:::::- coilapse process as well as a wde cross-

ffifii;;;; ih. resurts or rhis "dt '::l!:-T^1.- I i ggesrs that rhe use of- I f -'--' / I sqnifrcanr force ,n rhe colunn Tl'is su

E * I j a*J i"*;;il ;" be us€d as a tunnrcn or renrorcerneru

i*l; /--;- ryle'! il;";;-"ifu'""rosreerrenrorc€medtharhasbeent* l! / -" -t '.- . | fr"" *4"i" 
"i"a 'n 

u'u''s consrucrnn t'. lndonesia

*1i,.'" ' " " o Re\earch reith' olo"M narc al'Jorconsttucnon

-r,-,:4^^- d6.r &.*.;nd ^ 'il#i"i" 
C 

""an 
s'atcouglu co;duct researchrclaied to

F,euerstrenstrvst'fhes!aDdnactunns ..";ff;i:""""i'Ji;:;ffi";x.",i*i,'".a*is,"a*'t'
$ram relaLionsrup 'r.iip ii i"-ai. l,i lo"+ i" canad, rhey pe.form r€srs of dr€€

For lhe co*rfucrlon ofthedeleloping wor|d oftecbno'oAY large-scate br;dse cotumns a,e re'oned n 1fus paper' Nl

,he r*rd or c,rir engineering **,", ,* "'illL?i $:,f1":-:.::X,:,1*.'L;il::ffi:"-il'.;fffrerd of ctrir ensineerins n'alenats'* :T:1;: ilil;ffi;";,;d..;ryoeElrarresponsew,rhashear! runnns lery fast riis is d'TT*l* 1 il ffi-";|;;;iil;;,o$epoin,ofappr,ca,,onof road.

5B,i:",$r;il.'#"ffi""1#L:f ".:lfi '5"fi i;rile-"::1"T'j*.L,lx:"1'*fl i,"i''"T,lHied m rhe use of b'sh p€nomtsnce mar€nas coul* '* illj,iiE"i" r,"gr,I,. l,* were reinfd ced wfth r2 - le 6 
'nm

sructure of lhe research. s)Eterll rhe Fn€'2r."* 
l'#.?.,-oo. rFu goai a.lo,r.A redorcemenr tquallv

.",thn of the use of hrgb-perfonnanc€ mar< o Emh bar was splioed

II, LITERAIIJq'E RE\4EW

;frP";;;;i'th" ""n "ti"t 
to tt'" slructur,at aellY i'",: t fq6 t i

,J;;;;, d"ln*, plates, then given the adh€siv-€€poxv a- , I i 14\ y-^ i*.i*t u**, *r".*. plaks. rh€n gretr the adh€sne epox) t'' lll -'
iiii" ri"ilii"G" r""irents rhii adhesi\e is made,noma - I i'::
;i*t*|oi:;^Jlffi"*i ttsmaincomponentisanorganic -". I i' I '"1'=T1nixture oi l$0 componm

ffi;;;i ;i";d"j'il ;he erov, bindine a'ra,nge'"ern..'

comb ation of the use or hisb-pedonna5 Y"'h]: ;iffi;A;; G il;n perirnoer. Each bar was sprioed

:,ljffi"'JH,ilT"*i"JffT#::l" ff*'L"jffi:. **rL't"**ir-r'"+ri*req'ho*o0m,' correspondngro

il,"#,'ii,ila"i,lir*0".,"a."r'""r'"**ri#""i#[ "*ti:1[#i*l*:**nlg'T#"iq:q]ia,xatijrrv, ease of constr,rctiorl €nlronmerMl a _ .r^ ,^* ^r ";"r 1,. 1b6os wth overlapping ends. The ftrstdwab,j'ty, ease or coastructtorl *'"9'IT,' fiff#';l iii'i-,ill .i"'.*t". hoops wit! overlapping ends rhe tlrst

asp€cis {pplicarioo of CFRP marenars Tl.:" il;;r;lDs *r"-" 
".*a 

(BR-c8r was rhe ret€rence mlumn reflecrrns

mar and srrengdrenrns or connee strudures rcuoru'u'E :'::l;j "^":.;;;: - ._r-,n *u sesm,c relfotrr rhe

fr *Fm:im: .lr :i,urm xmu*,"u* Fft.lf i:s"mHir$h.[rrmr.i:-;
nla'eriars ror buitdins const'udioo *" *"r"#Jff? il:fr'";;-i"il BR-c&2 had rwo pr,es Mapp€d

mcrudins bish durab,rirv CFRP -q ln:rj.:Ti:::ii-;;"] 
aJ"-*a ,r,. *r.,nl" rhe .ufface of corurnn' $€s nrlt seaFd

mnostle environments ih&n are easrlv conooeo I

rhe use orcFRp is more **' **,"*"ifiiffJ?Jl" ;1il,,1" -i:***.",""Tf; 
""1i",,",'$H."ilflirhe use orCFRP is more ry*q **'i1'.',ff;T':"; #; o,;;,;iil;E"'ed ren",h and aoD'ied on corunlns

or benerrs rh.ar can be obra'qd T.,1" )"gi:lh;iil;; ,"* Jp"^ *,"*". 1 oup6q6 ..i,. maae ftom CFRP rackd
,nruU *"v ,o upptu and ate handled_ dre cost o' '^_'-"* 

""i 
,"r,"a ,. ..r"tf'*r O* aflual sti€ss-$ran 

'elal'onshrp 
of

Md los nEintenanc€ wtgYr *", .p'""1";,;; *;; compos,Le rnareriall' Acco,dinsly. rhe jaclets. had

ffixT#f1*i:"J,il;:"iiif i",liliff;';:" fri'i*'""r'> e0j00 T,1 erasrc'moduru' and uh'nmre

;ncreas€,nebendingandsr'*'*p'"n,''**"H"i## ::*::i*.f**-lg.erasrcbeharro' 
Fromrbese

in.rd* the bendins and shesr caractrv u r !u*"""* 
iiij;"rJ a.".t.*" nersure2,3, and 4.

h."os- bendins plate, push shear and flexural c'

il'iiii o'.?'"r'*, pr,re or bar can be mouDled on the

'u,il .i tr,l beam oi plare h'!ine^a rrerch as 3 -fle\-dre - I
;]#;*".",,r- i;; t** shear 

'einforcement 
cFRP sbeers

;;;;J io r'r'. s'a" or lhe beam usage.on cotudms'

ilnp-"f,*'. *. t" pt *d on lhe oursde of the column ro

inc{€a.se dre ductii Y and sl rength
iJ{

!" ,qs

;H;;';i;-;;t;" ca'to" arons \tas edded to the

:jiil;';;; ,; oo"in ,r'. r*t mx rhe sLtrhce to be

;mif.,:l*'ll-:,'mf.":x.'J""'il".T*""Yiii ''"*"' 
*encecorumn{non.e'irordedrBR-c8
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ratio is 4: 1 ar

overlap of CI
layer ofCFRP
The results ol

anount of CI

loBshudi.al

"l

I

Ii$te ? S

usisg tutrflr

SCC (Sreel

F.om ll

imagp belo

C!'RP Reg

by addng

1997 and

.€iativelY

reflectmg as buik conditiors

DiIi Iriiio (qt

Figue 3. Coturnn BR-C8-] 
" 

retrofitt€d with 4 pli€s

ofCtsRP sheets

amount Accordins to rhe numb€t ot composite lavers the

conGret€ properii€s ad the cross_section slEPe thus the use of
Grbon Fibd Reinforced Polyner is an effrcied m€ans of
poviding confinement of condete for strength and duolililv

Sarndatu s and AS Sh€ikl also conduct research related 10

.on6rete cohrms gilen CFRP confinement Twenq'-eight

aearly full-scale &ncrete columns were tested under

nonotonic concenlric load at the University of Tororto. The

varrables rcsred in th€ e$erimertal studv ncluded the b?e of
FRP fslass or carbon), th€ number of lavers of FRP, the

orlentation of fibers m the FRP shell and the amount of latetal

reinforcement. All specime.s were 356 lrtln in djameter, t 52'1

lnm high stading The respo$e ofrhe ooncrete confined wiih

IlRP Showed two slopes of the ascendmg btanch before lhe

ped< stress. The first slope was approxirnately egrFl to tlat of
unconfired concrete. The secood slops, being lsss st€ep,

started near the p€ak stress of the rmconfined cono€te ed
continued until the peak. This was Followed bv a significstf
post-peak response that co tlnued undl rhe FRP shel wns

suficiently ruptur€d, r€sultiag in a sudden diop of slress in

concrete. Flgure 5 shows the axtal stress-axial strain cuwes lor

some of Toronto speoinens, confmed with I and 2 lavers of
CFRP dd GFRP

Figur€ 5 Exp€rimental stress-st.ain curvei
for Toronto specimens

By looking ar figur€ 2, 3, and 4 can b€ r€ported tha! the

Colum s with spliced longitudioal reinforcenent in ihen
potertral plastic hinge regions near ih€ base have limhed dr$
capaoity The circllar colurlrl tested in this iNestigation
dfleloped lateral d.ift ratio of 1% pnor to siglrificart d€cav

strensth. The frilure r€suled ftom slippage ol spliced
reinforcement. Then, the dcular colulms retrofrded with
CFRP sheets Show€d Significa.tly improved h)6teretic

beila!'lor. Eoop temioned developed in the CFRP jack€t

nai.tamed the bond between reinfor.€ment and concrele in

the splice resion. The oolumn with four pli€s of CI'RP sh€ets

(.lacket thickness of 3.6 rnm) was Able to sustain in excess of
6% laieral drifl ratio without signiffcani d€cav str€ngah. The

companion oolumn with t\vo plies olsheets lacket thickn€ss

of LS mm) Showed 4% to 5olo drifl ratio whh pi&hed

Benaid R and M€sbah AH also cotduct reseaich

investigatioc on round and reclangular conoaete columns of
CFRP extenrallv supplied The erQe.itnental p.ogam 1-!as

canied out shods oolumn spe€imens with a square cross

section of l,toii40 mm and a height of280 Inln For all RC

sp€cimens the diam€ter of the longitudhal and traisverse
renforcins steel ba's were respeotively 12 tnm and 8 Inm The
loneitudinal steel ratio was constait for a1l specimens o{
2.25% and e4ual to .The yjeld strenglh ofthe longitudi'al and

tmnsverse rei.fo.cement was 500 MPa and 235 MPa,

The results of this investigation reported tlBt in all cases

the presence of extemal CFRP jackeis Incr€ased 1lle

rnechanical properiies of PC and RC speoinens, in differeni

Fieure 4 C,olurntr BR-C8-2, rdrofitted with 2 plies

ofCFRP she€ts

From I'gue 5 se see thar rhe concrele $as nol gtren

CFRP and CFRP r€bars uas exp€rieneing rapid collapse

However, ifgiv€n the CFRP and GpRP materals extemaljv
the stress and stmin increased sryrliffcaorlv from conct€te

without .e;nfolcement of CFRP and GFRP. lf given 2 lavers

ofCFRP and GFRP then continue to expdi€nce an increase o{
1 laye. ol CFRP and GFRP rebers The incidence of
tabomtory results indicate that given the addirioral CFRP

layers, lhe nore stress and stmin ircreased

Orgpene CMJ doing tesearch for improveDe.t in lhe

c.lumn using CFRP nEt€rjals in 2006 in Manila In his ,tudx
ninety four speinens ol sizes 180mm diameier bv 500mm

heisht were frtricated and tested. This mems fufiv urapp€d

CFiP specimens were used wdh the unconfmsl compressive

strength of 30 I\iIPa, l2o rDm spacing for rhe stel ti€s, using

two plies o{ CFRP, and the first specimens out of a loial of
tlrr€e iderrical specimens. In *rappibg CFRP to the ooncrete

specimens cured for 28 days, the ffbels were oriefied 90 "
with respeor to the longiludiial axis ofthe conc{ete ooiul'n. ln
lhe prepamtior of the eporf mala\ the resin and bardeter

!"
3s

figde

44



ISSN: 9772356'531002
Intumanonal Journat on St, tMateliat a Mech'nmfict l/ol lNo l2011

N4 I and was hand mrr€d loral leasl 5 mrnut6 lhe

," "r iFtp ;t ls mm and 70 mm for tfie one-and t$o-

^fCFRP 
resoectrvelY

,orfr. oC *s 
"tuay 

c"n be seen n Frgue 6 {be str€ss-

;;;;" 
"f 't.,r" . -pecimeos thn ha\e no st€er ties

40-m; spacing ofsLeelri6 r6p€divelv wnh rncreasrng

"? 
iirp ir" used from Tero lo lwo plies lt can be

ii# ,n [i,il*, "ff* or osms cFRP and ste€l

i"Jrn 
'et 

ea ,r" *tp,essile stre gth and $e average

lii'".i t".'t**'*is rhar the dudilnv of rhe

Frsure o Hosh*uma loqT \!Ilh addilon oICFRP si€els

as con{mernenl (D-so0tnm d-_5oomin'

L=l500mm, Pc.=I.0t%, &ts=295Mpa'

and fc=28-E MrE)

ln neure l0 using cLosff lie spacng wbrch resulE lo an

t---.=i" *. led ro a stadual rno€ase inl't On tne other

ilil;;;;;. 
"""--"ll 

rhickness o{ rhe cFRP bv var}rns

t i'.u* "itrnp 
ptv 

"lso 
shows srsruIicar enluocemer'l

ir ".i'ii'I""" ",*il'tlcepr 
ror Lhe Rc column havns no

i'Jiii. u" uao;u."1c t'ptr ied o no rncrease n rcc

Fid.e lO Sakaielal2000 wdfi addiion ofCfRP sh€€ts_ 
s confmement tD-200mtr1 d-l85mtrl
Ld00ffn, Pd'=l 18%' &s=376MP4
and fc=2e.8 MPa)

ln frsure lt can be seen troughb enhancemenr due lo

."#;?; #;;i;;b male'arare r€s" 
'nan 

$a' orrhe

l"-l -il*i**"ia"" i* l-Dlvandz-plie'ofcFRP on the

;#r*ir: i;; AxN ;d€r iccc"7-rB \ hrch sssuned no
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Figure 7 Stress-strain diagram ofsp€ctmerE with st€el ti€s
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Figure 11. Saength Enharcement using Li and Fang 2m4
Data (D=300nn! d=250mq lF600mn1
ps = 1.41, pcc4.76vo, fyh-274.7\/lp4
t{. I lmn\ 4'f.p--4120 2Mpa fc'=1 7 :Mpa)

B. Arylication ofCFW it' ihe consturction
ln reseorch Hota G and Liang R in 201 I relating to dle use

of CFRP Civil Id'astruchf€s. This study is an example of
GRI retrofifting hns be€n Widely used su@€sstully to
Stre.gthen the struch{€s as an €ffeotive disast€r Fev€ntion
epproach or to restore the damaged structures after drsasters

such as hurricanes and Earthquak€s. In the Unired Stat€s,
nany of the existing high$€y or iailroad bridges h4ve either
reached rhe eod of Reviews their seMce lile or requtre
relEbilitation to conrhue in seNice Due to D€cr€as€d funding
le\els lor oew constructions, golemmed agmcies are
interested in utiking FRP wraps to r€habilitat€ stuctures at a
ftaction of the outrighl replaceme{ cost and o,tend the
strucluml service lif€ for few Inore decad€s. The adrattag€s of
CFRP *iaps include a minimum oftrsffic distultio4 efncient
labo. utilizatio4 ease of rehabilitation, optimization of load
transfet and cost €ff€ctiveness. CFC-W\(' laboratory has

been actively involv€d with FRP wrapping advanced
teohnology developnenx, Including specific desien rn€{hodq
naterial selectioq field installation proceduies, perfonia[c€
requirements and subsequent iisp€ction teclmiques

Fisure 12 is a gmup ofphotos showing horv danuged piles
of I I tinber raihoad bridcei on South Branch Vslley Raifoad
(SBVR) lines in Moorefield, WV werc rapidly rehabilitated
and restored in-situ tuiihout affecting the rail faffic, wirl the
us€ of Fiber Reinforc€d Polymer (IRP) corryosit€s (July
2010). TlEse timb€r kide€s consisted of totat spatr lengths
varying &om 75 ft. to 1200 it. with timber pile bents spac€d
15-20 ft apart. The deteriorated piles were cracke4 t€art-
rotte4 and daftaged to varying lene{ts. This ra}id
rehabilitaiion teclniq e can be us€d on various other structual
mernt ers including steel and reirforced cororste rn€mberc in a
higl{y cost e$€ctive marmer to ext€d the service life of

ISSN: 9772356-531002

ilil
Fieure 12. Rrtrofittilg ol€ihoad kidg€s usiflg FRP w]aps,

SBV& Moor€fieI4 WV (July 2010)

Furrh€rmoq 1nuch of the existing buildtug stock in
Ewopq as wrll as in developing ciuntries, has been designed

Acco'ding tD old sbfldards and ha! llnle or nD se6m'c
p.ovision afld Oeen sufrers ftorn poor ftaterials and

construction p.altic€s. As a result, rnany existing buildings
hale defrclertr lateml load .€srsmnce. rnsullicrenl energy

dissipation and can Rapidly lose during E€rtbquakes Revie\rs
their strensth, 1€adrns to mlapse Retrofit ol seismic$lly
d€ficiert stnrctlres befor€ Earthquakes provid€s a fe€sible a d
cost-doctive apFoach to ioDroving Reviews their load

carrying rapaoity and r€ducing Reviews their vulnerability.
o\,€r tl€ hst de.ade, the us€ of ederially bonded fiber
composite lterials FRPS) has ofered engineers a new

solution for st €ngt!€ning seismically deficient buildings
(Figure l3). The iniiial cost of FRP for streflglkning is

usua y higber than convertional structural dBterials.
However, tllev axe much Basier to apply, and this is where
composit€s offd signiffcant ec.onomic benefits.

Iaptunonal Jounol or S', t M,t.nal nJ \4e.hdtum.t vol I No I 2nl1
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Itr. RESEARCII MODAL

ln $rs anicle ihe aulhors al5o ptesent lhe t€suhs of

-.i? *" "* "iir*r 
."t€nals are &rpbed ro ihe round

*f".". d* serve as ertrnal rernforccmen rn

;il;; T" *o't 
's 

done tl"o"eh a*l-v"'s :id
J'"'iiiiJ* in" studv aialvsis was conducled to

ii'i "i"" J";" t*aa" that utilize ooncrete as & rh't€rial

ip reinforcemetn rn concrete col"n-s
ili-"i'ii'J*."- "ico*" 

marerial is rhe' sumnutued

llTi.ji'i*'J iiiu. i"* "t 
a compurer progrdm contrcd

^i '.i.0 icc- r'or tt t hate b€en made ro pmduce,a

"i."i 'irii.*r'ip 
;m* ru prosram is 

'sed 
to vrlidate

r6uks of €xoer imental sNdjes

i' iii i*iv'ti'. ;pm'"*tion or !F t's' sp€ci"'en used

I. ir'"' "i,t*" ,ft"' is routrd wirh a dianeet of ljo mm

li."li""ilioij-; bns round coru''m '"*:'gIfff:;".";;;;.;i"tu- *o"''' *tu'* rnst *t"t'
il"i "i"titi 

*r""t. ir €rnally reinlorced sreel (Brt and
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shovrn the $aximurn loatl alifference of di{f€rent variations of

TABLE l. RESWTS O! TEs tS oN CIRCULAR COLU!'IN

(kN)

t50
150PS.B

t6l)

4 230

5 BT.B 250

814
7 240

x108 &r Ls-D
Bl LS-C 260

s;,rrcd R;€arch R€st$s

;;san (CC'v. 1 0) tlnt ha!€ be€n rnade'

IV. RESIJLT AND DISCUSSION

Model collapse on circular concrele columns affer teslitg

m the laboraiory can b€ seen $ figure I I below
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iiir',,i* ,"r"io''!'it"t o{cur due to ftS *dq,:r.llf
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on the results of labomtory t€sting through syslem Xesting

using l,oad Coo[ol technique with the speed of mov€men

(strcke) of 0.012 mrn / sec. The r€sults of t€sting lhis model

produc€s a stress strain cufl€ the shap€ ol the ascsnding

branch. The r€suhin-q nodel is then snnmariz€d and carefully
obs€rv€d the movement of the model curve shape of tbe

exp€rim€rtal r€sults. The resuhing shape of the curve in
gen€ral form { Frabolic curv€ with peak coordinat€s

(/'..,e",). The resun or the model lornulation of the srr€ss

st6in curve of the experimerMl r€suhs with conparison of
some rnodels of pevious ia€stigalo.s a.e sho*n in Table l,
whib. for the model ofconined concrete stress st ain cuse of
the oQerimenral resuks with two models. mmely the nodel in
t€ms ol Li €t al (2003) and Modei campione and Miragl€
(2003) is shoun in figure 1 s

TABLE 3. CUR\G MODEL OF STRESS STRAIN
FORCONFINED CONGETE

cuF. M.del of Sth.s Slr.ir lo. Conttrcd Concret

r.=q'"-=t!: ic= fo.+ ErE.

F*-(*-j-)l

(r00r)

lr-=J +

t,-{.#']"

f. :10113{6.* 1364..r)

Source: R€search Result oflam and Teng, Li er al
aid Catrpione and Miragle Mod€l

Mn€gb (2003), tl}e rnodel ofl-i et al (2003), and the model of
lam and Ens (2t)03 ).

Figure 14. Stre$ stlam curve ofsp€cimens

Formulation of the rnodel eqMtions are then ptoc€ssed to
d€termine pr€disted for c-orfirled conctete str€ngth (K) as a

!"lidation olthe experimental resuhs of shon colulnn r€sting

(sbon column) snh CFRP coof'ned concrele 6 grven a

conc€nt io load. Validation ts performed to d€*ermine the
accumc! of esch equaton m predicting an nct€ase jn

corffned €orllT€te strength ($ baied on the experimental

resufts. AII tke€ rnodels are reviewed each hale a v"lue of
COV (Coeffrcienl ofvariation) above 9olo. Among the tlrce
mod€ls is the model oflan arld Teng lEve COV higher value,

is 10.7170, which m€ars closer to the e4erimental r€sults

wi$ a I I 13olo COV valu€ Meanwhile, the model of Li €t al
1la\€ COV values of 1 0r07q and The Campione ard Miragle
model lug ttre !"lue COV of 9.2ryo ol the experitneital
resufts. AII tlrce models s.e review€d indicates that predici€d

fo1 con$rcd concrete strengih (K) to the experimental resdts
are corxidered quite good b€caus€ it has dre value COV
proximi8 to the s$erimental resuhs.

TABEL 2 COV VALUE OT PREDICIION RESUI-T VS
r.XP!]RIMENTAI RESULT

cov e.tr to' tr = f r

Sour€e. Aialysis Results

Cnrve ,,'dlel whdanon oJ slress-sbain orco"fined
.o ttcre t e :fof etpe n n efi to I re^ttil ts
St{ess strain ourve modeling confined concree (con{ned

concfete) tansv€rse and longitudiral reinfotoerient and

s\terelly CFRP layers are calculsted based on the rcsults of
exp€iiments on 9 t€sa sp€cim€n3 in the form of columns of
norrlDl strensth concrete (NSC). and tesied wlth concenttio

loading- Proposed stress strain olrve b given one pat bosed

Figlrle 15. Proposed ldodel of coifrned
Stres Stiain Curv€ wdh Li et al. and

Canpione and Mingle Mod€l
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