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Strengthening Effect of Circular Concrete
Column Wrapped with Carbon FRP Sheet

Kim, Moon Kwan

Department of Construction and Environmental Engineering
Graduate School of Industry
Cheju National University

Supervised by Professor Park, Sang Yeol

Summary

This study presents the strengthening effect and the
applicability of circular concrete column wrapped with carbon
FRP sheet. The increase in axial compression capacity comes
from the confinement effect of wrapped CFRP sheet. For the
experimental research, four parameters including the number of
sheet, the size of column specimen, the ratio of height and
width, and the overlapping bond length of sheet were chosen
to 1nvestigate the strengthening effect of each parameter.
Experimental program comprised thirty three circular concrete
column specimens for different eleven test column types.

The compression test results confirmed that the confinement

effect due to wrapped and bonded CFRP sheet can greatly

- vii -



Increase axial compression capacity in circular concrete column.
The resistance in compression capacity increased by 70% to
200% as the number of bonded CFRP sheet increased from one
(1) sheet to three (3) sheets. The strengthening effect of the
parameters, the height and the diameter of circular concrete
column decreased as they increased. The resisting capacity in
axial compression was not affected by overlapping bond length
of the CFRP sheet unless it was longer than 15% of column
diameter. All circular columns strengthened with CFRP sheet
showed brittle failure at the ultimate state.

From this experimental study, it was suggested that the
wrapping and bonding CFRP sheet around circular concrete

column i1s a very useful and effective strengthening method.
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(Eq 2.1)

fop WA BEAE(MPa)
A AoA FEAST Ke 2aE Ao uist R FE e 9skzQl Hlof nlg
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confined Concrete
f/(l 777777
D ,
0.5f/( ********* 02Kf c
D ,
N A R b 7. P P =T  .\" 0.2f,
A 0.002K &
g, = 0.002

Fig 2.1 Kent-Park’s stress—strain model
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(Eq 2.2)
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Fig 2.2 Mander et al.'s stress—strain model
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71Ee BAAAAE 9= FRPO &0 o3 B A=s I H
7betE Aol Aedtt AAR FE5E ZaPE fE Be A S0 AAEH =
AE Aol A wh(e.g. Richart et al. 1928, 1929, Mander et al. 1988, cusson and
Paultre 1995), 2] dATole 71E9 AXE dE5UA5HS U dAZ w7449 24
gES] Ax W7t BdSo] AARE dZAsA ¥or FRP2 749 ZAgEAd=
483 4+ glvge Aol vEla dutk(Mirmiran and Shahawy 1997, Samaan et al.
1998, Saafi et al. 1999). 2%}A o &2 wds 4595 w2 FRPE 754 93 7%
o ddZd4E nwger I FEEHo] vl AFAEd oste] AAEIL T
(Karbhari and Gao 1997, Mirmiran et al. 1998a, Samaan et al. 1998, Miyauchi et
al. 1999, Saafi et al. 1999, Toutanji 1999, Lam and Teng 2001a).

FRPZ %4

i

AYES] FEH7H

il

9% JlE BUES gRE o) WAL
=23 tf.(Kabhari and Gao 1997, Samaan et al. 1998, Miyauchi et al. 1999,
Saafi et al. 1999, Toutanji 1999).

; 1+ ke i (Eq 2.5)
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TEHE ZAES] ARt A48 AHe=E

T A=
a3t Y. Fardis and Khalili(1982)+= Richard et al.(1928)2] =498 FRP

2 gE5E ZaYEd A AT & vk AlSke i

S WE AR BAd ZAES] FxE HUt

=
Wgo] Azt widolx sfom FRPZ F4¥ ZAdBdE A48 4 glb

fd

Ao 2 Yelta vk (Mirmiran and Shahawy 1997, Samaan et al. 1998, Saafi et
al. 1999) 2ol AA€ FRPZ F&¥ ZAYE 7|59 A=Rrt ZdEL 99
Eq 259 f; & FAASER dth.(Karbhari and Gao 1997, Samaan et al. 1998,
Miyauchi et al. 1999, Saafi et al. 1999, Toutanji 1999) Miyauchi 5 (1999)2 20~
100 MPa®] 4% W& 2= CFRPE2 758 I3 E Aldd dd 449 23S 7]
22 3to] p & 2982 Agtatdrk. 02 RAEdAME p S AR AN Gn
Table 2.1 Yebd A" 7/7 . B £9 Wste] F&HH<0 Hoz HAGA
o] RdEoA Samaan et al.(1998)3} Saafi et al.(1999)7} #Igtet Rl e FAHER
X FRP¥#e digh Ad@dAde 275 Fi e v & 2de Fes &
A E 7152 FRPZ 74 Al@A did 43 di=Ry 4& FE830th Table
2.19] Yeldl Karbhari ¢ Gao2l Model 1> Karbhari ¢} Gao(1997)° A|<F2& 2]n|
at= Ao, & =iolA T & AbA S AAlstaL 171 Wil Model 22 &
skt

Mirmiran et al. (1998a)= Al@dAle] AARI(L/d)e] &35 arelstgl o, Al%n7t
(22 U 2ol xdsith

)

291 A%o] @ THE Zaed] FEE 5

cc2:

Fw=1F c1[0.0288(L/d)*—0.263(L/d)+ 1.418] (Eq 2.6)

Eq 259 thsle] Table 2.1 %
AP S ofg o} o] A A}

3t A= W2 Karbhari®t Gao(1997)& th&

r (

=)
o
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Table 2.1 Various strength models for FRP-confined concrete

Kabhari Samaan Miyauchi Saafi ..
Toutanji
Source and Gao et al. et al. et al. (1999)
(1997): 1 (1998) (1999) (1999)
Equation ; =1+k—— L
k, 2.1(&)*"13 6.0f, " 2.98 2.2(#)*0‘16 35(#)’0‘15
f co f [&0) f [&0)
2t E 2 st
_ frp frp frpt frp Eq 2.7
f'cc fco+3-]-fcovc d Ec + d ( q )

A71M vet E & Fokse] mliek ZAaYES @4AFolny. adla g, = FRP
o &AAFoltt o] EHle Karbhari®t Gao(1997)°] Model I eolw, th& =<l
Karbhari®} Gao(1997)¢] Model I #+= 25 = Zloltt,

oj¢tE= thE WMo r FZATES YA ENE 5% Mander et al.(1983)

o Edel FRPE T4¥ 2adee Zxg d3ss] Sste] Agsss @
t}.(Saadatmanesh et al. 1994, Purba and Mufti 1999, Spoelstra and Monti 1999)

f 7.941, f
J cc ,f _ Eq 2.8
7 =—1.254+2.254\ 1 + 7 2],00 (Eq )

Aoz 7+ A9 Saadatmanesh

r-lu:

FRP W (strap)E Ad43 H40 23 7|5& 5

=
et al.(1994)= Eq 289 f& f,22 tiAste] Attt

=k, fi (Eq 2.9)
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ANAM f & FFel teAE FE AR TESolL p,m HAAFEA ot o}
Lol ALtE
o 2
b= fﬁ”é(za’)) (Bq 2.10)

A7 s, FRP u(Strap)tkel @3bola p &= AA@we] og $9ae] 2

=] AHE el Aot
FRP7} stebs= =3 Jels A L8t = 7]E9 FRPRE +&d ZAZE

2.3.3 Lam and Teng®| ==

AFEe d3d2REddA FRPZ &% ZAYES] ZFe f + IWFE 754 7,
I APAR BAE zton, H: AdH RdE(Karbhari and GAo 1997, Mirmiran
et al. 1998a, Samaan et al. 1998, Saafi et al. 1999, Toutanhi 1999)ol A H-7}& o =
AN e B EFLd AEoth(Lam and Teng 200la). Lam3}
Teng(2001a)= Eq 259 f, ©] 2159 w Table 229 o] Setlel disir A est
A As zte S ey, AR E R 22 Avle f/f oD
o2 yepykth webs Lam¥ Teng(2001a)S FRPZ

T5E TANES FGFFE ARG AT Tg 4L AAA AST AL AF

2
X0
2
12
)
i)
%
o
2
r o
pa)
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Table 2.2 Statistical performance of Lam and Teng’'s model

Test-to—predicted ratio
Model Average Standard Coefficient of
. deviation variation(%6)
Lam and Teng(2001)a 1.03 0.10 94
f/('(' fl
—=14+2.15— 1.00 0.09 9.1
f(l() f(l()
i /i
A+ (Eq 2.11)
f'CO 1 2 fCO

o] A& of7t HyARl AIAE yEH, 9l AFE thE A Eo] Mg R
|l ZE=t) o212 Setld] AFAAE A&t FEEAY] wiLol Lam
¥ Teng(200la)>  AAA  od:  weke]  FRPY  AdAFAUA=E ASTM
D3039/D3039M-95a(1995) ] 2]3F flat-couponA| &l o] gho = Algstd HAstn

oot 3 Lam¥} Tenge ring testo] 93t Al@A3E oJujsl= Set2d] 3k Eq

o

fuj
i

K

2119 A A f/F (1Y BFAE TR BRFAQ der yeyy] g

FRP @2 Agstid gl dAedse b dwxoz Agsh: el

&3dto] Eq 21102 ¥FAE=E AT & v §&ska ok
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3. FRP A &d i3 7|& A+

3.1 FRPO| YHkAlSt

Fiber Reinforced Polymer(FRP)&= dHtx oz Aol & AHAF2 HAH 1
A (polimer matrix)® A o€t} FRP+ glass, aramid, carbon's¥ 7Z& =& o=
AZEE 7HA = Adffiber)EF o]5°] dAZF Hol AEdtes e ZHHE 7
A(matrix) A5 2 st FAET. dAFAL] AHEE = FRP= A AIAH &S 65%

A Agsa gl

i

FRP= A& A f+eb 71A (matrix)ell w2} deb SA4o] @A 5, 1 7|3
g3 P4 tdstth ole durAQl AActes gy oW EFS JHA AFHE
EWe] FRPE /M, 2 AALY A&

olt}. FRPE F& 8" Aol mat EF¥v. = =4 CFRP(Carbon Fiber
Reinforced Polymer), GFRP(Glass Fiber Reinforced Polymer), AFRP(Aramid Fiber
Reinforced Polymer), “22] 122 HFRP(Hybride Fiber Reinforced Polymer)® Y% o] %
t}. 283l FRPE Tendon(strand), % (re-bar), #¢]&(cable), ZAA(grid), FE
(sheet), &(plate)s o] FH = Aakso] Aa th Fig 312 dA #o] 2ola S+

FRPe] e ARIS vedal e,
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a) Bar type b) Plate type

c) Grid type d) Sheet type

Fig 3.1 Types of FRP composites

3.2 FRPO| M=d EAMI} Hstd EAM

FRPE A Ao S79 FuEz e 548 23 v aAw, oA

FRP7} 7}A = dubdel =4

T =2 T v

WA FRP7} /A= FAE thew g

_18_



T, 570, ALASE) AHEoR g Ao B4 52 Ao tiAlA 24 FRPO| AHA

2) FRPE= w9 22 AFAEE 7B vk FRP re-barg ©l&& U wi

(FRP re-bar), 9|5 52 FHo] w2 B - ¥ 7 (gird, sheet, plate), €% Tendon?l

Ea

olgt R7FH(strand, cable) o2 3 UHS T3 A1 & J& 2L a9 & 7Hd
T Atk
3) FRP+= H|AHd Al(non-magnetic) ©]HWA] B A =4 (non-conductive)©|th. 114 H% A}
FaaE 93 FRE 2ol ARG S v HE oA UAEAAREA
)

=]
il
&A= Stk L 91e] MRISH 22 593 A7 Eoj7k=s WY, dlold g +x

=

o 2 FES Ad A 1/4~1/5 A= $FS 7RY. 728
& o AFAES HZ LRt FAPIHS ©GEAZ F Qo

o, 3 - PP e2 AAH Ahu8e] A7S AL ¢ Jdnk
2, FRP7} 7HAl & & & t2 3 2o},

1) FRP= &4 71%S 314 &=th Fig. 32004 B nhel o] Hitah= g Aart
gt 2 w7hA] AE-gSA7 58 it} o] 2 98] FRP7} AFRE P28 dAo] ¢
S Atk B, FERE g Al 5243 AT R ] ARgRlel A e fde =
% 9lth. FRPE] @& Aol B7éla FRP7F e ARRE A $al= o]f7F nfz vt
S AAE 7HA AL gtk Holth Fig. 3.2 A3 FRP A#e 8- ¥dEAEE
Ep9l Zlo|t.

—
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3) FRPt =<2 g3y slire SHu&(stress—rupture), JE=A3H strength

o,
D
—t
D
=
@]
=
Q)
o,
@]
2
o
L
rlo
et
o
o
ox
N

4) FRP+= ar7tolt}. FRPO| Hl-§-o.= Qe AlaH7} st Ak a4 712 don&
o] B2 AFolle =78kl FRP= G20 thgh Bebddl A, Aibv)ee] 35 o=
A3l 7FAo] AFds] vt ol shARE, o] EAlE H FEREe] B - B Y AE

&

2l 48, FRP Aze] AAVEe] Adom slsf A4 ool &2 a2 A4} 3

) N /| DU | Lon i | (N NS R Nea® =
0 /AFRP ]
12 CF7 /’

10k ]

5 VAL z

4‘ Steel 7

[}
N

Stress*1 07 ko
T
1

0||||||||||||||||||||||||

0 0.5 1 1.5 2 25 3

Strain(%)

Fig. 3.2 Stress-strain relationship of FRP and steel
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Table 3.1 Properties of CFRP, AFRP and GFRP

oo 22 Sl AR kA Al NS I
s e (MPa) (MPa) (%) | (g/em®)
AR 35.7 2.0x10°~24x10%| 1.3~1.8 1.7~18
PAN
A= 255~40.8 | 3.6 x10°~6.6 x10° | 0.4~0.8 1.8~2.0
=
BE 80~102 |3.9x10°~4.1x10°| 21~25 16~1.7
Pitch
AR 306~35.7 | 4.1x10°~8.2x10* | 04~15 | 1.9~21
JLERA 28.6 1.3x10° 2.3 1.45
ofpn] =
17 =) 35.7 7.6 10> 4.6 1.39
E-Glass | 35.7~36.7 | 7.6 X 10> ~ 7.7 % 10* 4.8 2.6
) Alkali
Resistant | 184~35.7 | 7.1 x10>~7.8x10° | 20~3.0 2.27
Glass

3.3 FRPO| EF e E2

3.3.1 f&|M 7 (Glass Fiber)

FEAFE 729 9858 59 fEd9e dFF72 BAGREOAI A 7t dRRE
doz e Aottt FEAEF Hu obd AMEREE 30°C AE, H]FS 0193}
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Table 4.2 Comparison of FRP and steel strengthening method
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Table 4.4 Comparison of strengthening methods for concrete column

TN G dp % R
—~ = -~ U
BT < g i °F T T
T N < o B L
- < BT o = o % o X
z T N e N T He or CaEEN % N R
ﬂu mo :.;E T CS :.;E _m%l 1m " XY o#a = ™ diL :.;E
AN o R = T S~ Hi o O AR "
Eie] Tiz i B oY LT
N ﬂﬁAIzTH Jlﬂﬁ ﬂZﬂAZ ﬂ./l:idl == LN
N T o e vz M =0 =0 - 0 L
W W B of W 8 X KO NOpo RO
TR R PR 2 o 5 o BrFxg iR ed
el AF ~ WP TH TR
LU R T Moon N oB XE
" ﬁ M T E g N T of o mﬂ Noe | KK Ak .
Fo) ,OIL | T G O ,mﬂ off
TH| <z Mx BT ul 5 sl R Eg W
kol T ez | MT Tl = R Mg ol &)
ol Wan o T Woos g o o TEr oy
<EN ™o X 4 o A+ °© =
VQ E ™ E.E Oﬁ si Oﬁ si OT ﬁl i 1:0 WH ,ﬂu ;oT o [ N . TR
i O Roof Roo] | KD R R o W o BW| Xo o7 W%
Prsowoe | 4 N 2T oo Hox  map o o
—_ W s s 1.1L ;L.D —_ — ﬂDx_ =) 1rw_ L —
T R N mo R mo ! Aoto_%unToo AR A T =AY
. . . . - Mo . . . .
o W = Mo ON®w o T o =
" L, TR ol 03 of m NH |dT wE Ho
e i ] G i
0 T e L
ok Em <) Hw W y 2 W a8 T B o = &
72 Ho B %T: ) oF & T X M ol g &
b} Ro R = Wasol o o Jmo i o
Tl TR b X Mo BNY LAk R ° T =
: w2y CRAI S e W | < T 5 W
oy I e N X L o] = 0
o W o R TN | hRTH oo x| ol of
WMEE%HT o R H X ool oy Bnkgo| R AT AFTE MR =
K ! T T
<N S il NE =

_36_




4

o
B
23]

Wl

M
!

—

X
_d_

ol REZEtE2 W& TR Immeol

= 9 FE,

s

p==

)

=&}

ay

2EE, o FA]

.

;0.._
i

03
0

N
fisd

)l

oy

)l

)l

22

ol

rvgel
el
ol
i

o

=e}o] v

(3)

Zholv] E}g)

H)

B

N

o

|

Ea
1
ol

|

fife)

o7
o

o
i

e

)A
el

ol

el

M2 ok 273E

,

ml
1o

X

g-8710l Hol d

=

gholm o] FAs} FAlE FAH 212

To

=]
H

T
Ho

o

"

o Aol wal g2x v dukE o 250g/m’ o]t}

AlgH

5 I Ero
?15}"4'. TYXYUe

B

juy
s i

o

&

B
E

(4) oAl HE A g

o
i
)A

W
]

=y

To

oy

i~

NF
nig
<]
2]

)l
B

i

_37_



Elan s

b o

5|

I
L

tol HEl= o

AF-&-3]

o]
2E

g Q
= I

s skl o ZA HE Aest

A
=

aE Al

-
R

golv] 71z Fo =

At} =

s
fvzel
T
el
H
il

ol

o

)
ps

ol
Q

®

olo
XM
TR
o
XM

i

o},
- 18] AR SRS FAG AsAE A 212 &

{ﬂ,

o

ok
=1

I
M

B
Ho

ojn

off
el

—_—

dlo
l
;OD
W
;OH

ol

olo
il

B

o

"

110

25!

Ho

]

4z

&t

o wet EHE 7

2 ) A A

SF =]
=g

2 woly £u7x

i~

!

el
<

—_—

ao
e
TR

w
LOH

~3A1ZE Apolol &

5 oF 308

2]

AA A2

9 7|3

- 3zl
=gt

e
<M

]
53!

o
e

N

e

M
AO

o)
_Z#O

=)
"L
N
o
ﬁo
A

1o

Ho

i

_38_



—

_Z_I
o

)
Ho

)l
)
0

1o

Ho

85% o]/l A= Al

M
Az

o

)

<0

- 2% 50008,

o

ko3
T

Byre A AA

iy

o

M7} A&

ol
=

C

oo W =

—
RLN

HodleE A4

=
=

=

k9
=

shofo} gk,

off AA

jol-

ﬁo
~
) Zl*
T
=

do

!

%
o
<]

M

_39_



5. ANEA Az & AF
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Fig 5.1 Dimensions of specimen
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Table 5.1 Summary of test parameters

4 H] (H/D)
_ _ 7154 =7 ?
Agaz|aaas Fre g 74 159 27 448 26 0L)
(mm)
(mm)
a7 B D=100 B
A1 g o H=200 fb=20
T1 17
D=100
A= el = =
B A T2 27 oo H/D=2.0 (OL=30)
T3 34
T4 D=75
H=150
715 <] T1 D=100
17 H/D=2.0 (OL=30
E¥ = H=200 Y ( )
T5 D=125
H=250
) D=75 ) -
T4 Hoiso /D=2 (OL=30)
33l - D=75 § _
. T6 17 Hogos  |H/D=30 (OL=30)
! D=75 = _
T7 Hosoo /D40 (OL=30)
TS H/D=2.0 (OL=0)
7 o)L T9 =~ D=100 H/D=2.0 (OL=15)
2o Tl b H-=200  |{/D=2.0 (OL=30)
T10 H/D=2.0 (OL=45)
5.3 AI2X=

A EA AF ] AFEH Z3ZES CFRP Sheet, Epoxy 8¢ E4

e theat 2
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5.3.1 Concrete

AGA Al A FAES AY 28U AA ALF 24MPa’l @V AlE S

ARt A W& 2 thE Table 5294 2t

Table 5.2 Characteristics of concrete

T & A A % SA#
AA = (MPa) 24 25
<4 Z (cm) 10 9.8
& A HAd A5 95 95 o]
(mm)
ARIE 27/ 15 2% EZEUNE ANHE|1FT HE XEHE AHIE
571 % (%) 4.5*1.5 3.2
A sh&= = (kg/m') 0.30 o] 3t 0

5.3.2 BtAMFH E(CFRP Sheet)

_43_



Table 5.3 Mechanical properties of CFRP sheet
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Table 5.4 Properties of epoxy
A5 AFZE (AR14Y) | FFAZE (AB14Q) | d A+ (AF7Y)

Sikadur-31 25 MPa 16.8 MPa 2689.7 MPa

U2 Fig 532 £ AFo A A8% dZAY BEHFS RoFa 3lE Aol

Fig 5.3 Epoxy used for test

specimen (Sikadur—31)

5.4 AM[EA M2

5.4.1 g Z3EE AIFA Mz 243

AFAE Az fste]l 99 AFPE ARgsdlen, FadE BA A AgAl
st AFHS A ZEA7I7] Astel AFH FHel de =Xkl AFHN AE
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Table 5.5 Specification of compression tester

Max Capacity | Test Space Pressure Control Resolution

150 Tonf 350 mm Manual Relief Valve Control | 1/10000(Indicator)

Fig 54 Compression tester

5.5.2 M¥ Data =& &

DataZ 5437 S1ste] 4HAP71% AQAE FAAEE 2472 S5l AF

Holl Fig 559 o] dAstgirt. WA, A@Ae] 72 A=wds 2]
stel AgA el 7hmsh A2 BPom WP AoAe AL, e A% F
at7] $1ste] Al@Al Mo Loadeells F7F AAsSlth AldA7E ddstge w
A& WAs7] Ashe] Cappings kit Al Sfel aF3E tjojA] stFo] 53

AlA e a5 A sk
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6. 492% X 24

6.1 A&

9 2 gU-NYE FH 5 BN BAMRAEY RPERE 2Hsgn
Table 6.1, Table 62 4@ A%E 8ok E2M 2 W5d Asts, Al W93,
s gel S vhehfa gl

Table 6.1 Summary of test results (averages of 3 specimens)

NGRS A Apgusy FEANEE AEAAGT oy g
Rl Y . 26.668 1519 -
T1 1% 58.142 5178
BRAE| T2 273 75705 4818 H/D=2.0
T3 37 103.457 9.294
T4 | 75/150 44915 3511
7 5/]94 T1 | 100/200 |  58.142 5178 H/D=2.0
T5 | 125/250 | 57733 2681
T4 | 75/150 44915 3511
?H%J T6 | 75/225 35.408 3.179 -
T7 | 75/300 28,698 2282
T8 0 31.769 2512
aele | T9 | L5em 53.244 5614 b
2ol Tl 3.0cm 58.142 5.178 '
TI0 | 45cm 53315 5546
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Table 6.2 Test results of all specimens

A ﬁ?]Oi}N%) ® E‘?OE]I\?)}% o} 7] &
1 24083 T= o1

10 2 29.053 26.668 o= 3
1 59,552 e

T1 2 56.071 58.142 3t g
3 58.802 P

1 75.699 T

T2 2 75703 75.706 e
3 75714 g

1 1035 e

T3 2 101.45 103457 | =% o
3 105.42 e

1 36518 T

T4 2 52,692 44915 R
3 15535 e

1 43508 e

T5 2 59.114 57733 EE—
3 70577 e

1 - 23 33

T6 2 37.39 35.408 T
3 33.425 g

1 34,994 e

T7 2 23.158 28,698 e
3 27.941 22 w3

1 35.437 e

T8 2 34245 31.769 T
3 25.626 o= wia]

1 50.168 T

T9 2 54,623 53.244 .
3 54941 e

1 52,144 e

T10 2 53.68 53.315 Hat g
3 54122 e
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Fig 6.6 Failure mode (T1)
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Fig 6.7 Failure mode (T2)

Fig 6.8 Failure mode (T3)

_56_



6.2.2 7|82 =]

gl

QG5

200.=

KN
L.

)

&H] (3£ 0l/A &

A
[S]

CEER

A Al

9

tol T4, T1, TS5 A&

5|

_CH

sttt

A5

=
=

A

CFRP Sheet® H7Z¥ 7]%59 @7|o uh

L
R

Fig 6.9

2T} Fig 6.10 &

A7F A

350

L
R

ANx T13 . T5 * 8

AV

Zolt}, 1)

A@Ae sF-age 217

oy

fife)

el

oy

K

BojFa 9t} Fig 611 & A

=
=

o aEla AgAls AR gle] w2 A 9

[S]

il

= A7) Hg 7=

=
= Wik

A@A S 2717}k

=Y

X

d

alL
-

!

A&

12
W

AT} Fig 6.12

AlgAel =717t 2

o)

o] 1)

Zoluh,

= Al

Fig 6.13 ~ 14

= 93 7F Ao

o

Ao A dojyt o, CFRP Sheet®] 7}=

R

o

ge

T=

)l
=y

<

_57_



120

100

80

60

Stress (MFPa)

40

20

Fig

80
70
60
50

40

Load {x10kM)

30

20

10

60 80 100
Diameter (mm)

120

140

6.9 Relationship of stress and column diameter

TTTT
LT

/

A

™

"

/

N p'/ J( —e—T4
A H—T1
C / / —o—T5
L _1-, 11 11 1 11 1 11 | 1 11 11 1 11 1
0 1 2 3 4 5 6

Deformation (mm)

Fig 6.10 Load-Axial deformation curves

_58_



Stress (MPa)

Stress (MPa)

120

100

80

60

40

20

120

100

80

60

40

20

N

s

—e—T4 i

—=—T1 ]

——T5 ]
0 1 2 3 4 5

Hoop Strain (10'3)
Fig 6.11 Stress-Hoop strain curves

| ?T“T \\ _
[ —e—T4 \ i
L | —=—T1 i
= %
i 1 1 1 | 1 1 1 1 1 1 1 1 1 1 1 1 14
10 -8 -6 -4 -2 0

Axial Strain (10'3)

Fig 6.12 Stress—-Axial strain curves

_59_



Fig 6.13 Failure mode (T4)

Fig 6.14 Failure mode (T5)
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Fig 6.19 Failure mode (T6)

Fig 6.19 Failure mode (T7)
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Fig 6.25 Failure mode (T8)

Fig 6.26 Failure mode (T9)
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Fig 6.27 Failure mode (T10)

_69_



4 8

7.

o)

oy

|

CFRP Sheet #7122 F+4H 23T

op

ol
)

1. CFRP Sheet®=

%

%

-
ol
o
o

el

i =LA 7] = o

3]

9

2. CFRP Sheet= %t

A

3
=4

g A

2]

100 mm

oA A&E D

<3|
=1

]

<

AT

70%(13) ~ 200 %(34) <]

P
p

o]
o
o

el

ok
O

o A%

)l

3. CFRP Sheet® H 7" Al AN AlgdAle] =77}

0
o

FRI7E AR el

[S]

1,

jiay

il

H(H/D)°]

A |

o

0
A

CFRP Sheet® X

ol =

ge ga

oo

5. CFRP Sheet®

E el o

= B

o] 15%) o]/l Holg #HololA

|

M

CFRP Sheet=

2| E 7152 & CFRP Sheeto] F-2tutajo] wel ¢4&uka = vk

’

B
B2

o
T
w
N

ol
o

B
I

!
o

)l
o
ﬁo

o
U

_70_



CFRP Sheet 7H#7]

s

of i

=
K3

-71 -



AMRER A, 199, “FAaEE FFEA LA

Ao B AP = FxE AdEs] =5 A4 179 935, pp 57~63.
HASH 5 1995, ¢ A ZAYE BE - BAAER 2 T 2AYE F3IA A 7

1996. 05, “#<, 4% % CFRPE 443 RCHS BZE3} W - A F22ae

Amir. Mirmiran, Mohsen, Shahaway. 1997. 05, "Behavior of Concrete Columns
Confined by Fiber Composites”, Journal of structural engineering, pp. 583~
590.

Antoine Naaman, Sang Yeol Park, Maria del Mar Lopez, Paul Stankiewicz. 1997.
08. 21, "Glued-on Fiber Reinforced Plastic (FRP) Sheets for Repair and
Rehabilitation”, Report No. UMCEE 9-12.

Antoine Naaman, Sang Yeol Park, Maria del Mar Lopez. 1998. 08. 24, "Flexural
Behavior of RC Beams Strengthened using CFRP Sheet”. Report No.
UMCEE 98-21.

- 72 -



Ballinger, C., Maeda, T. and Hoshijima, T.(1993) ”Strengthening of reinforced
concrete chimneys, columns and beams with carbon fiber reinforced
plastics”, Proceeding of the International Symposium on Fiber-Reinforced
Plastics Reinforcements for concrete Structures, ACI SP 138, pp. 243~248

Chaallal, O. and Shahawy, M. (2000) ” performance of fiber-reinforced polymer—
wrapped reinforced concrete column under combined axial flexural
loading”, ACI Structural Journal, Vol. 97, No. 4, pp. 659 ~668.

Gere -+ Timoshenko, 1999, " &g}, . 7AEA ol | ==
kot

Lam, L. and Teng, J. G. (2001a) "Strength models for FRP-confined concrete”,

ol

A, Me PR

Journal of Structural Engineering, ASCE, submitted.

Lam, L. and Teng, J. G. (2001b) "Stress-strain models for FRP-confined
concrete”, to be published.

Mander, ]J. B., Priestley, M. J. N. and Park, R.(1998) ” Theoretical stress-strain
model for confined concrete”, Journal of Structural Engineering, ASCE, Vol.
114, No. 8, pp. 1084 ~1826.

Nanni, A., and Bradford, N. M., 1995 "FRP Jacketed Concrete under Uniaxial
Compression”, Construction and Building Materials, Vol. 9, No. 2, pp.115~
124.

Wong, P. M. H. Davies, J. M., and Wang, Y C., 2004, "An Experimental and
Numerical Study of the Behavior of Glass Fiber Reinforced Plastics(GFRP)
Short Columns at Elevated Temperatures”, Composite Structures, Vol. 63,
pp.33~43.

Xiao, Y. and Wu, H.(2000) " Compressive behavior of concrete confined by carbon
fiber composite jackets”, Journal of Materials in Civil Engineering, ASCE,
Vol. 12, No. 2, pp. 139~149

1995. 07, "Innovative Design of FRP Combined with Concrete : Short-Term
Behavior”, Journal of Structural Engineering, ASCE, V.121, No. 7.

_73_



e 2

B

4

Eil

A4} A

0 Q49 2 PeolAHy

A E A

¥

el

Mo

s

14 e 2AE FobAHY

q
qr
&
Mo
ol

= °MA

=4

)} 2x
=

o] Az el

A

o2}

Bl

s

1A}

<

A =]
102 ZAt=gyn. 18

=

=

A

]

A
i

7RA] o]
l

7

=
=

]
=

o)

a
o~
T

~

o}
o
Tor

el

TeEA=

¢}

=1
A

2l

F ol

|
el

Aok #HA

s

.

ool A4
=)

s
bl

el

A9 7}

(o)

A

il

o
Tor

oy
X

Az
T

el

]

ANAE= A

=

gt:

Sk A

2006 12€

AT o

agE

=
T

d L

.

=z
o}



	목차
	1. 서론
	1.1 연구배경
	1.2 연구목적
	1.3 연구내용
	1.4 논문구성

	2. FRP 보강에 대한 기존 이론 고찰
	2.1 기존 연구 동향
	2.1.1 Kent-Park의 연구
	2.1.2 Mander et al. 의 연구

	2.2 FRP로 보강된 기둥의 거동 특성
	2.3 FRP로 구속된 콘크리트의 압축강도
	2.3.1 일반
	2.3.2 강도모델의 평가
	2.3.3 Lam and Teng의 모델


	3. FRP 재료에 대한 기존 연구
	3.1 FRP의 일반사항
	3.2 FRP의 재료적 특성과 역학적 특성
	3.3 FRP의 종류와 특징
	3.3.1 유리섬유(Glass Fiber)
	3.3.2 탄소섬유(Carbon Fiber)
	3.3.3 아라미드섬유(Aramid Fibe)
	3.3.4 하이브리드섬유(Hybride Fibe)
	3.3.5 격자섬유(NEFMAC)

	3.4 탄소섬유(Carbon Fiber)의 특성
	3.4.1 탄소섬유의 개요
	3.4.2 탄소섬유의 종류 및 재조 공정
	3.4.3 탄소섬유의 특성


	4. 기둥보강 공법
	4.1 기둥 보강 공법의 개요
	4.2 기둥 보강 공법의 종류와 특성
	4.2.1 강판접착공법

	4.3 탄소섬유쉬트보강 공법
	4.3.1 탄소섬유쉬트보강 공법의 특징
	4.3.2 탄소섬유쉬트의 보강효과
	4.3.3 탄소섬유쉬트의 시공절차


	5. 시험체 제작 및 실험
	5.1 시험체 제작
	5.2 실험 변수
	5.3 사용재료
	5.3.1 Concrete
	5.3.2 탄소섬유쉬트(CFRP Sheet)
	5.3.3 Epoxy

	5.4 시험체 제작
	5.4.1 원형 콘크리트 시험체 제작 과정
	5.4.2 탄소섬유쉬트 접착과정

	5.5 실험 과정
	5.5.1 압축시험기
	5.5.2 실험 Data 수집 과정


	6. 실험결과 및 분석
	6.1 시험결과
	6.2 각 변수별 실험 결과 분석
	6.2.1 보강정도
	6.2.2 기둥의 크기
	6.2.3 형상비
	6.2.4 겹이음 길이


	7. 결론
	8. 참고문헌



