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ExternallyBondedFRP Rainforcementfor RC Structure
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VI~EJ

iJ,,1l, . bbUUfabric r:-J~f)T)~lTI~bb~~~lVfbi1ui1~

1~~1.I~:;bl1'Vlbffu l~bGfh.n':h~~ 'VI~eJ FRP (Fiber : ml~m~1~t11um~bi'hJf11~~'1JeJ~1~~mh~
Reinforce Polymer) l~b~~iim~ l.J1~lulueJ~~l'VIm~~ . djU~1-il~eJh.

neJ~~l~lwli,)~'Vl~')~~m1vJ1U~1 1~~1.I~:;b11'Vldbrim,b~11.J1.

~')~nulm~~~1~~eJUf)1~bm~b'VI~m:~,)'OJ:;Y111Vf~tl~m~~: 1.~bffi3Jrl1M 1m~
" , ... ~. a g, '"

'1JeJ~lm~~~1~uub1.l~~u 11.1 . G>'IWffl<PIb1>ncwbC"'liU"lmm6f~ FRP
q

i1'OJ'OJtiu~mtiU'Vll~~lU1mm~~lw~h~lh:;b'Vl~b'liU : m"i'liiJ3Jm"iLS;3Jfha-:l m"itJ-1'iltJ"i-:lL.w'1.6i. .

ACI (American Concrete Institute) 'VI~eJfib. 3J1G1"ifi1'U....

(International Federation for Structural Concrete)' lu'li,)~'Vlm~~~~vJlu~ll~iim~~u~h

o/ll~1~~~~ru:;Y11~lub~m11'VIU~~1~~~lum~l.J1~lw1~~ . eJ~l~~lf)lum~1u1.l~~ lm~~~~~U~U'Vll~~lU.. . . ...
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%tiu~ 14 Ulb~UeJ "Technical report on the design : ~:;~lU mm~ ~U~'OJeJ~~t1di~'OJlf)m~

and use of external bonded fibre reinforced . b~eJ~~m~~l~m~<ii~ m~b~eJ~~m~b~eJ~'OJlf).

polymer reinforcement(FRPEBR)for reinforced . r:-J~'OJlf)~m~bn~~eJ~m~eJeJmbUU'VI~eJm~

concrete structures" bb~:;luu R~. 2002 ACll~~~Y11 . neJ~~~~~bbo/lbb~f)~~&1m~'1Jl~m~~ru:;1m~n"
"ACI 440.2R-02 Guide for the Design and : 'VI~eJeJti~b'VI~b'liU bbvJu~ul'V1,)brim,)~b'ihnu. .
Constructionof ExternallyBonded FRPSystems : m~:;m~'VJf)~b~~~uY111Vf1m~~~1~~eJ~m~

for Strengthening Concrete Structures." ~~uu':h : m~eJeJmbuu~oifu4feJu~u1U'1Jru:;b&1mnu

b1juml~nl,)'VIibl~~~~1~ru~1'VI1u~'OJ:;Y111Vf1~~FRP 1~1u . m~1uth~ lm~~~~b~eJ1ubbvJu~u 1'V1')nii~,)l~v . .

m~~eJ~1ueJ~l~bb~~m~ lueJul~~ lu6i,)u'1JeJ~').~.'Vl.n 1~ . ~l~q)13J~eJ~11.1f)':hnu l~m%~l:; lu~u~~ii

~~~ru,:;Y11~lub~eJ~m~1-iJmbu:;ulo/ll~1 lum~ l.J1~lu1~~ . ml~b~~~o/leJm~bn~bbvJu~U 1'111')

1.I~:;b11'Vldbb~:;1.I1U1.l1~lVf~eJ~~~eJ~nu-iJmll'VIU~o/ll~1 lu .

1.I~:;b'Vl~1'Vl~b~eJ~~Y11b1jubbu,)'Vll~m~l.J1~lu1~~1.I~:;b11'Vld :.

eJ~1~t1f)~eJ~m~:;1.I~eJ~.n~ lueJul~~"

lum~~~m~~:;'1f~1'1flm~~eJUf)1~bbvi~'1fl~ ~~~~ 1.

d ~l~ ').~.'Vl.nl~~~'li')~mTI~ lVf~b-iJl~')~m~1.I~:;'1f~bi1Ur:-J~." .

'1JeJ~m~bm~nl~~lm~~~~1ubb~~8~~,)~1~~1.I~:;b11'Vl FRP.

m"iLS;3Jfha-:l6i';l!.lm"i~6I6i';l!.l~S6IL~ih3JiJ4.

. LM3JLa'U. LmLilUf11!.1'U.iJn

i1'OJ'OJtiU1~~b'Vl~it~ bb~:;1TIm~lum~. .
bm~nl~~ 1~t1f)'0~ull1.1eJ~1~mf) b'Vl~it~~U~~. " "

: eJ~l~'VI~~~l.J1~eJm~ l.J11~~l~~~eJ'hm~bffu 1~.



~i1'OJ'OJU'l,t1mm 1~d~1.'i~1~~f)~11 dj'l,t11.'i~~1 VIa,)q q

bb~::;ijf)'l,tl~<il~~ 11.'i~lh::;IJ1Yl'd~ijmjl'1,tY1m<ilm~q '"

VI~Il'" bb~1'OJ::;mjl'1,td1l'1Jf)~I '" '"
.. <VA ..

. bmlJlJl~bd~~<il1'V1~'VI1~b~m ml~VI'l,tl

1Id::;~lrnVl'd~53~~h~<ild

. tj'l,tVl~m~'I,t l~b~~~~b 1'1,tVi~'VI1~b~m

'" ,
mf)~llml

ml~ml~~~~'l,t1h::;Vll1~ml~ b~'I,t-

ml~b~~~~'1Jf)~11.'i~~f)~ 1~~<il~b~~~~1bblJlJ
q

Vi~'VI1~b~m~mm~lJbY1~lJnlJbVl~1l bb1.'i~~~~m~

(J (GPa)
6

4

Mildsteel

0.02 0.04 E

~ I-I: UlliaxlaJ,,,,,Ion ." l1'alndJagrl1llUfor"'" diJwctlO1talFRb and ./eel. CFRP-carbon
FRP. AFRP - ",amid FRP. GFRP - gkw n/}'.

bVI<il ~~~yh 1Vi11.'i~~f)~ 1~~<il1~~1J
q q

md~f)~~lJ l'1,tmd l-iib~~nl~~ 1m~1.'i~1~f)~1~

bb~1vI~1~~11l~'I,t 1Id::;Ilf)1J~1~ ~1i:i'l,tlaJd~~1.'i~

,xlVlibm1J1YlllViYll~1'l,t1~~1~ l'1,t~'I,t~-oJln~ YlllVi

1a,)~f)~ijmd l-ii,i~~l'l,tbb~::;~~~lbbd~ l'1,tmd~~~~

nl~~~lJbbd~~~1.'i~~lll' (~~ 1'1,t1.'im1::;1.'ii1<ilbb~::;'"

d::;~::;m1 ~lVl~11.'i~~f)~ 1~~<illJl~1Id::;IJ1'V1byh,x'l,t)q

m~ldn~~<illViijml~bVlum l~<ill~~~f)~md

bb~::;laJij.jJf)-oJln~ l'1,tb~f)~'1Jf)~'1J'l,tl~ d1I'VId~bb~::;53~'"

bblill'1,t'1Jrn::;b~mn'l,t11.'i~~f)~ 1~~<ilnij.jJf)~f)~
q

b'1f'l,tn'l,t b'1f'l,t b~m1l~~lJbY1~lJnlJbVl~Il~~ij

~{]~md~bblJlJ Elastoplastic bb~1 11.'i~

~f)~l~~<il'OJ::;ij~{]~IlTI~bblJlJLinear Elastic

to Failure YlllViml~bVlum~~~~ bb~::;dl~l

'1Jf)~11.'i~~f)~ 1W~<il ~m Y1~lJ<ill~,x lVlibll'1Jf)~11.'i~q q

bb~11.'i~1l11bVl~Il~11l (bblilb~mm~lJbY1~lJ~'I,t'VI'l,t'" q

1~~bY1 ~lJnl~~n'l,tbb~1n'OJ::;lill~n'l,t,xf)~~~) ~~ 111

1l11,x'l,t11.'i~~f)~ 1~~<illJl~1Id::;IJ1'V1 b'1f'l,tmruf)'I,t
q ,

bb~::;mdl53~ ij~lmd'1Jm~~1biif)~'OJ1Ilml~~f)'I,t

. Y1'WbyhnlJ~f)'l,tIl~<il bb~::;1.'i~Y11~~f)~f)f)~1'1,t~f)rnVll1531.'i~ 11.'i~
q '" q '" '" q

. ~f)~ 1~~<ilm'OJb~f)~1.'im~b~11l111l1l~VI~f)m'OJ1u~1~ ~~,x'l,t

. ~~1a,)md~~~b11.'i~~f)~ 1~~<il~11-iibb'VI'l,tbVl~IlVl~f)11.'i~~'I,t..,
q q I

. f)~l~'1Jl~ml~b.jJlh 1'1,t'VI1~<ild~n'l,t.jJ1~.jJf)~'1Jf)~11.'i~~f)~ 1~~<il
q

. mdnIl1ld::;b53'1,tbY1~lJnlJ.jJf)~f)~'1Jf)~i:i'l,t bb~::;md~~~'I,t h'"

: b~f)1l1-ii~m'OJldrn1i1'OJ~~Vlm~"']f)~ 'l,tf)mVliitJ'OJlll1.'i~d'ID'U::;
... A .. , ...

. 'VIl~ll~bbm m~'OJldrnln~md'VI1~1'l,t bb~::;ml~~~'VI'I,t~1~

. 2. b,,~it~bbit::-ja'~ lW~b3Ji)4Uf~3Jb«% b!J
'11

. b%n1"b~3Jfhi~
mdb~f)1l1-ii11.'i~~lVl~lJmdb~~nl~~ dj'l,t~'I,t<ilf)'I,t

q

. ~~l~qJmll 'YJ1l"']d::;lJlJijml~bVlijf)'l,tn'l,t~f) b~'I,t1mb~::;m1

. ~lVl~~~lill~nllf)f)mblJlJ~lb~f) l-ii~1~n'l,t ~~,x'l,tVl~1~ml~11'"

. 1ll1~lVl~lJd::;1J1JVI,1~'OJ::;1a,)m~ldn l-ii~l'l,tnlJ b~'I,t1~'1Jf)~

. 5m::;1J1JVI,1~1~~~e)<il1'1,ti:i~ ~~11l1l11,x'l,td::;1J1Jm1bblJlJVI,1~
, , ,

"1." ofl .. 1 <v ,~...
. m'OJ'OJ::;lJ.J'OJlblJ'I,t'VI'OJ::;Vlbbd~~~bm::;'VI~lllJ~f)'l,tm<il'VI'OJ::;'l,tl~l b'1l

. l'1,tmdb~~nl~~bblJlJmd~~m~'l,tf)1l

11.'i~ bblJlJ bm1J'OJ11l~'I,t~1~ b1~1J bb~::;m~ 1'I,t'1Jrn::;~11.'i~
q q

. bblJlJtj'l,t'OJ::;bVl~1::;~lVl~~'I,t~11~~ mdY11~1'l,t'OJ1~bb~::;md~~~~

. b'1f'l,tmdb<il~~~~'I,t~1 f)rn~l153ijml~~1~fll~11l1'1,tmd~'OJ::;q '" '1<1

. lVibbd~~~bm::;~~ ~1'1,t1ld::;Ilf)1J~1~qJ'1Jf)~d::;1J1J1Id::;Ilf)1J~1~

. m1. Resin matrices. b~'I,t1~ ~~'OJ::;l~f)fu.Jl~1~~~f) ~~d

. m~
, ~... .. '" , '" ,'" A

VI'I,t1'VI'1Jf)~ 1111 ~ f) 1lldm ~ bbd~ b%f)'I,td::;Vl11~~'l,tm

. ~f)'l,t1l1<iln1J11.'i~~f)~ 1~~<il ~~'OJ::;Y]llVibn~~{]~IlTI~ 1m~1.'i-n~

. bblJlJ~f)~ 1~~<il1~f)~1~1.'i~lJdcl m1.'i<il+nf)~m1db1j'l,t1.'iVl1'111md'"
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eJ~l~'Vj~~ b'liU bf)iJ"iJeJ~~U~,) bf)iJ"iJeJ~1'V'J~h~eJ~ f1l11
6''' 6' '-'

bml :::'Vjml ~ bf)Ubb~ :::n~ f!lft~1f1l1bb~n'Vjn

f1l')~1.nuf1l1~\911\91tJl;hu lm!!bb~,)~::: loirf1l,)~'V'JeJn~

~~lh:::nmJ~')tJ Resin bb~::: Hardener bb~:::m1INft~b~~

.. '-' 6'~""~" "" "" ""
eJWj ~l~,)~~1.h:::ft~f)f1l1 b'1J~lU b~eJ b'1J~lU€J'V'JeJn6Jf~:::~

bbU')ml~~\91~lUb ')m~~l~qJ~~:::<if€J~Y1~l1ru, l~€J Pot

Life bb~:::Open Time 1\91tJ Pot Life ~:::bbft\91~ii~

1::: tJ:::b')m~ b1lm~l1n 1oir~lu~'V'J€Jn~l~'Vj~~~ln~m INft~

Resinn'IJHardener bb~,) ri€Ju~~'V'J€Jn~~:::bb~~l1h Open
Time 'Vj~ltJii~ 1:::tJ:::nm1:::wil~f1l1'Vllf1l,)~~'lJUf1l,)~'Yll

l1J bb~,)bb~:::f1l')ftl~l1n~~:::~\91Gl\91boIil~,)tJnu i1~~mh~qJ

~n€J~l~'v1~~~<if€J~Y1~l1ru,l~€J Glass Transition

Temperature ~~'v1~ltJii~ €Jrnwls:1~1'V'J~~€J~b1J~tJUftm'V'J, "

~ln1ft\91~ bb~~ b'Vj~€Jubbfh l1J dJu 1ft \91~ii~~ub'Vj~€Jum~, ,

Matrices

Matrix ~l'Vj1'IJ1ft\91f)€J~1'V'J~~m~l1n loirl~,

~~1J1:::b1l'VlThermosettingbb~:::Thermoplasticbb~

~')Ul'Vjqjbb~,)~:::loir1ft~1J1:::b1l'VlThermosetting ~lnn1l
'Vjibl~"iJ€J~Matrix ~€J f1l1iJ€J~nU1ft\91f)€J~ 1'V'J~~li)ln,
f1l1b~tJ\91~ f1l1flnn~€Ju~lnftm'V'Jbn\91~€J~ f1l1~\91b~U ltJ

"
boIil~,)tJnubb~ :::'li')tJm:::~l m.bwun

~'V'J€Jn~1'V'J~b€Jm~€J~bb~:::l')um€Jm~€J~ biJU Matrix

~ul~lloirn'IJb~ulm~~nl~~ft~11nu:::ft~ ~~'Vj~\91dbiJU"
Thermosetting ~~v1lf1l11N~~ l~~lmb~:::'Vlu'Vllu~€J

m1bf)iJl~~ 1\91tJ~') l1J bb~,)~'V'JeJn~li):::iJf)ru,ft~tJGl'Yll~n~,
"" ' 1 "" 6' '1 ~ 6' ""

\91ml 'V'J~beJm~€J1bb~:::nU~b€Jm~€J1 bb~:::~ml~f)~'VlU

~ ..11 "" 6' '1 ~ 6' ""

~~~ln bU"iJru,:::'Vl'V'J~beJm~mbb~:::numeJm~€J1~:::~1lf)l"
nnn1l"

(!;J
'<t
Lt)
C\J
::J
G:
c-
cv
S"
:'J
ID
c-
ID
:::J
'e:

Fiber

1~~1\91tJ~')u 1'v1qj~:::iJml~bb~~bb1~bb~:::f),)l~b'v1i1m

b~€J€I~lu 11J"iJ€J~b~UltJ~ln n1l b~€J€J~1 1,1,11J"iJ€J~n~~n eJU" " "'"

b~UltJ~iJ Aspect Ratio (€)~1l~,)U1:::'v11l~ml~m')/

b~U~lUf!U~nm~) ~~~:::lVff1l1~ltJbb1~~lU'Vll~Matrix ft~"" "
b~UltJ~iJ1J1:::~'VlTIIN~~ln ~~~uv1l1VfoIi€J~"iJ€J~b~ultJ l~nn"

ul~lloir€J~l~b~~~ b~UltJ~b1l~u hY1~l1rnlluf1l1b~~

nl~~~€J b~U1mb'IJ'IJ~m~eJ~~~~:::iJ"iJUl\91b~U~luf!u~n~l~"
1:::'Vj1l~5-20 ~m€Ju bb~:::m~l1nlN~~lUbb'IJ'lJf1l1b~m~h

(I)

('"

\11

('"

rD

iD
.....

~njj-rn::mijif@j'1JeJ\li1nilJeJ~1\1ri1rf1wn1"i!m3-Jrh~\IffeJ\I-iu
~

Yif!'Vll~b~m'v11eJ~eJ~Yif!'Vll~ b~UltJ~loir1uf1l1

b~~~nl~~~~'Vj~\91Ii):::iJ~rnft~tJGl Li near,
Elastic to Failure ~€J 13JiJf1l1mlf1b'v1~€Ju

b'Vj~m~~ 1\91tJ'Vj~n'lbb~')Ii):::iJb~UltJm~1J1:::b1l'Vl

~1.nuf1l1b~~nl~~~lu1mm1~ 1mn~€J bbn')

(Glass). €Jl1ls:1\91(Aramid) bb~:::f)l~'IJ€JU

(Carbon)

b~U1mbn,)bb'IJ'IJ~m~€J~~loirbb1J~biJu .

m~1J1:::b1l'Vl~€J bb'IJ'IJS. bb'IJ'IJE bb~:::bb'IJ'IJ

AR 'Vj1€J Alkali Resistant ltJbbn')bb'IJ'IJ E

biJubb'IJ'IJ~iJm\91'IJ€J~f)bb~:::€J~s:1bU'Vl~~ iJoIi€J~€JtJ" "

~€J iJml~'VlU~€J~l~~l b~U1mb'IJ'IJ S iJml~

bb~~bb1~bb~:::iJf),)l~b'Vjum~lnn1lb~u ltJbb'IJ'IJ E

bb~M'~13J'VlU~€Jml~biJu~l~b'liunu b~€JiJ€J~nu

: 13J1Vfnnn\91n~€Ju~lnml~biJu~l~"iJ€J~~b~u~"

~~iJf1l1bGl~m1b6Jf€Jf)€JU(Zircon) ~~l1J b~UltJ

n~~d~:::iJf)ru,~~tJGlb'v1~€Jun'IJ 1mbn')bb'IJ'IJ E, ,
oIi€J~"iJ€J~1mbn')~mlf)lnn "

b~UltJ€Jl1ls:1\91 1~1'IJf1l1bbu:::ulb~€J1j

f).f!. 1971 bb~:::1~1'IJf1l11N~~ 1\91tJ'Vjmw~IN~~"
1\91tJloir~mb~n~l~nu l1J b~UltJm1ls:1\911\91tJ~')l1J

li):::iJ"iJUl\91b~U~lUf!U~nm~"iJUl\91 12 ~m€Ju"

€Jl1ls:1\91~:::bb~\91~'V'Jr]Glm1~ bb'IJ'IJ13J biJUb~U~1~

bb~:::iJf),)l~ b'v1Umm tJl<ifbb1~€J \91u€Jn~lndbb~,)

i:iuiJ~iJml~b'v1Um ml~'VlU~€Jml~b~tJ'VjltJ

bb~:::'Vlu~€Jml~~ll~biJu€J~l~~

b~UltJf)l~'IJ€Ju1JnGl~:::loir1~n~'lJbb'IJ'IJ,
Pitch'Vj1€J PAN luf1l11N~~ b~UltJbb'IJ'IJPitch
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~~fil:J,Jl~lflm~ Hi~~filfirn.niJlfil~b~ ~:J,J~~l'U

m~fl~'U ~~~1'U,;{I~~'/J'Ul~b~mb~~'t'11LVi~'I~tJ"

~1~ml:J,J1eJ'U;;f1'Ublf'ULmbuu PAN ~~fil~lfl

Polyacrylonitrile ;'I~mm~5m~Llj'U~1-rueJ'U

b~m1flb~1~I~ml:J,J1eJ'Ublf'ULmbuu Pitch ~d:j"
'/J'Ul~blf'U~l'U~'U~flm'l9-18 l:J,JmeJ'U;;f1'U"
blf'ULmbuu PAN ~~ij'/J'Ul~blf'U~l'U~'U~flm'l"

5-8 l:J-JmeJ'U 1~~'I51l'l'/JeJ'Iblf'UL~~l-rueJ'U l'V'JbueJ{

~~bbfilflC?ll'ln'UltJfill:J,Jm~b1~'I~I'/JeJ'I~~fl ~~~~U
,

~ ~ , 9 .,
m~bfl~~1~UeJ'U5'1 ~~:J,Jm~b~~'IfilTVI~bb~~ b'VI"
ml:J,Jbb~'I5'1 blf'UL~~l{ueJ'Ubbuu Pitch ~~b'VI:J,Jl~"

~l'VI~Um~Hi'll'U~1 ltJbb~~ij~lnl~'IC?leJml:J,J

~~mj'U~15'1 ;;f1'Ublf'UL~m-rueJ'Ubbuu PAN ~~ LVi, "
nl~'I bb~~~11:J,J~~'VI~'U~15'1, "

g,4

3. CW'\.b,!1'\.bp1"i88f1 bb1J1J bb6l~bb '\.b"J

G>'I"J13J~CP1b n!J"Jn1JG>'I"J13JiJ6I8@t.fl!J
.,.. ~

~w\n'Um~eJeJ fl bbUUbb~~bb'U1 ~11:J,J ~ ~..

b~ mnu~11:J,JtJ~eJ ~fi ~ 1'U~l ~'I1W~tiJ1J'dfl~11i1'1

m~ LM5~ l~~b:J,JeJ{b~:J,Jblf'U L~ L'Um~'1ieJ:J,Jbb~~, .,
br;:td:J,Jnl~'Im ~'UeJm yhu 'U

A,;)13JGiID~fI1'i~,;) '1.11

b~eJwtJ~~n'Uml:J,JtJ~eJ~fi~'/JeJ'Il~~'I5-n'l

~b~:J,Jnl~'I ~lbU'U~eJ'Ib~eJm~U1J'~5~l~~b:J,JeJ{,
br;:td:J,Jblf'U L~eJ ~l'lfl fl~ eJ'I ~1 :J,J-0'1ijm~eJ eJmbUU bb~ ~"
ij~~~~b~~~ L'Um~l'll'UeJ~l'1f1fl~eJ'I"

imm 1~~'Im~m~ijtJ~~5um~rnL 'Um~
,, , ... .,

eJeJfl bbUUfll~"lfeJ:J,JeJl ~l~bb~ ~m~:J,J ml:J,J~bfl mflU"

15~bb~~~~U1J~1:J,Jn'l~~~m~:J,J1~~'I5-n'l'VI~'Im~

b~:J,Jnl~'I bb~~ml:J,JtJ~eJ~fimb~~ml:J,Jb~~'I~
,... .,

bflm'/JeJ'I

A,;)13JGiID~fI1'i 'I. \tfl1'iIDIDf'lLL1J1J

-neJ:J,J~m~eJeJfl bbUU bb~~mW~~5:J,JtJ~~m'U"
'/JeJ'Im~~TI'Y1fl~~~mu'l:J,Jl'W~l~lL'Um~eJeJmbuu,
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