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Behavior of Concrete Columns Confined by Carbon Fiber Sheets
under a Constant Axial Force with Reversed Cyclic
Lateral Loading.

HME* - F- OFXH > ** 151 D
Chun Sung-Chul Park Hyung-Chul Ahn Jae-Hyen Park Chil-Lim

ABSTRACT

An investigation was conducted into the flexural behavior of earthquake damaged
reinforced concrete columns repaired with carbon fiber sheets.

Six column specimens were tested to failure under reversed cyclic loading. Two
columns were specimens for control with no sheets and tested. These columns were
repaired with carbon fiber sheets and retested to evaluate the effect of the confinement
of the carbon fiber on the damaged column. Another two columns were repaired and
tested with no pre—cyclic loading.

The test specimens were designed to model single bent under a constant axial force
with reversed cyclic lateral loading. Carbon fiber sheets were used to repair damaged
concrete columns in the critically stressed areas near the column footing joint and the
physical, mechenical properties of carbon fiber sheets are described. The performance of
repaired columns in terms of their hysteretic response is evaluated and compared to
those of the original columns.

The results indicate that the repaire technique with carbon fiber sheets is highly
effective. Both flexural strength and displacement ductility of repaired columns were
higher than those of the original columns.

Keywords : Carbon Fiber, Repaired Column, Lateral Loading
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ST B¢ AAESE 94 we T15d 9
o]
=

ARAES 2738 dgad g 488 T
FRZ 7%, ARzt Ete] HEEAE 7)g, A
AZbEEA dn BAS 7159 FEAFE ¥l
skt

RAAPAE AVE ) WFog CFSE B
3l Stubste] AAFHE 5mmE HHYA FA
dE9 CFSee] &WaF 1S wxslart.

BAgAe BFRT AEHA ot o
L9 &£42 HAAsA @E@%ﬂﬂ @=e}o]v
E¥(0.3kg/m”), @Zolv] Az % FAA
(19), @A&E FA=ZE(0. Skg/m QL
FAES & @FFHE FAEE(0. ’3kg/cm2)
@FA(149).

Apd 7?@@ AFAE &48 IA T
FZAZEE AAT T 547 d5Axe] Z2H
E B4 0}“1 47 H F d2ARHES
i, % 239 HYgT ¥ e dAs
stEAlY 71%e HulFSFHER)E J]r°—}°}71
A8 AR 75 WFd FAZIFTAHEE
Axse P& AFdRen d¥HIR Pt
93.1tono 2 JElstt HAHA F3FS CFSY
AFUNETS T2 FAsA Jeh] F =S
AHHAEQ AEZEA Y] HHHY Hue ot %
£ &34 APt 0.35P,(32ton) 2 ZAHIA
on Z+ AYPAE FAE Table 13 2t}

Table 1 Properties of test column

Sheets oot
Columns of CFS (%) Remarks
S9-PH Used for SZTPHR
after loading
Control Used for S3-PHR
sed for S3-
S3-PH after loading
- 2 0.44
S2-PHR Repaired with CFS
S3-PHR | 3 | 0.66 (Preloading)
S2-H 2 0.44 Repaired with CFS
931 3 0.66 (None preloading)
N-CO - For determining Po

o g=4xXNxtyld
0 CFSQ B34, Niol%, ¢ :CFSe A, d71%%
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= g 80% FFEoz WA 4T
g AR AP S 3 & R1R) SRR E3
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d G F OERHAAER BAE AL Vel
o, H typeZ AMA7IE3R] & 7|5 g4y
FHEE BT 7%, N-CO= P, 23 & 7%
S Vet

2.2 FEN ¥ 2EUXe Xz EAM
2.2.1 FadE

Table 2 Measured properties of concrete

Columns COSI:lrI;I:gS:}iVB rfigtsxtllucs Remarks
SUBSTH | (et | esom)
82-PH.S3-PH 335 2.6x10°

S2-PHR,S3-PHR 295 - Mortar

N-CO 252 2.38x10°

2azEEs Yu|EL 831 210kg/cm’E
BANEREE dFsd oy &3 ANFEdn
AAZEREL B Aolg el &£49
715299 BHEAEE Y AAGSEEY =2
2HE Algalg

AdFAT FAAE A¥AS FLRANA
Hepgsld o Algdaz:= 370 AN Fadt
o= 4t

2223

Table 3 Measured properties of rebar

Rebar Yield Tensile Elastic Elong-
strength | strength modulus ation

D10 3.957 6,090 1.85x10° 24.7
(kg/cm?) (kg/cm?) (kg/cm?) (%)

D13 3,942 6.758 1.92x10° 22.1

232E S| H[1132% 1999.4

AL 8SD40, 71852 D13, Az
D10< AH8Rem Al Table 3% 2t}

2.2.3 2 RAE 2 A4

BLAGHE D EAFAE AR TAE A
S AHEslTh dadRqEe] BAXE Az
slatel AZAEE AMEIEoH o FAIFA=
Al g grol ok,

Table 4 properties of CFS and epoxy resin

Carbon Tensile Elastic Thickness
strength modulus
fiber -
sheets 35.509 2,35le 0.11
ke/cm® kg/cm® mm
Compressive Elastic Tensile
strength modulus strength
2 2 2
Epoxy 812.9kg/cm? | 507.2kg/cm® | 691.5 kg/cm’
resin . Poisson’s |Tensile elastic
Elongation X
ratio modulus
33.4x10°
[2)
3.76 % 0.38 kg/cm?

2.3 eExel HA

E AgAe J|FERe 20020022 AA,
AR Figl). A@Ae dde 2 ddAe
TUY dEE 7 71 g RAEE AT

21 RO

6-D13
% DlO@lOO(To 250>

1,000

D13e100

maeeso\|

Stee! Pipe ®50

Qg
IHHIHHIH]HHi

)l

200 500 - 500 1200
L 1,400 J

Fig. 1 Design details of test columns
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Fig. 2 Test set up of column
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Fig. 3 Loading sequence for all test columns
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Fig. 4 Hysteretic response of test columns
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Fig. 5 Comparison of flexural strength envelopes
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Table 5 Comparisons of moment capacity

Columns Calculated | Measured | measured/ i
© {ton - m) | (ton - m) | calculated | "&"°
S2-PH 4.14 @ 3.85 0.93 -
S83-PH 4.14 ® 3.86 0.93 -

1.13

S2-PHR @ 4.35 (@/D)

$3-PHR| - @ 4.52 - L.17
o (@/2)
- 1.46

_ (T =4
S2-H 4.5 ® 5.60 1.24 (G/D)
< 1.59
S$3-H 4.6 ® 6.15 1.34 (©/®)

4 D

Ny

fet fof

(b)Effectively confined

core(Mander)
Fig. 7 Confining action

(a)Confining pressure

fo = fo (2 254\/1+7 94 f’ 2%—1254) (1)

214,
fl= fD/xs
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Table 6 Comparisons of energy dissipation

Columns Energy | Ratio for Remarks
{t -mm) | control
D S2-PH 262 -
2 @ S2-PHR 642 2.45 @/
sheets
3 S2-H 1156 4.41 /@
@ S3-PH 316 -
3 ® S3-PHR| 798 2.53 &/@
sheets
® S3-H 1675 5.30 ®&/®

90% B =7A UEol At AlA7Ae] EEgAd
of Aoz 7z} HAEFA9 oA FFeHE H
A3 T

Table 604 HEe] Abd7tE S 314 @& 4
A (S2-H, S3-H)¥ FE7Z(S2-PH, S3-PH)
of His) 2v] B7e] A$ oF 4.4u), 3vf HA e
7§T 5.34¢] °ﬂ‘*‘]x FEHE /A &3S

e APAge FEAAEAN vE 2, 36R
7& 25 oF 2,549 AR FFedE HERI
ot

b ""J*‘" PR & Ve BEE &3S
AL 715E B AR dodME FEF o
=] *r*o—@" < #33te AL BAF3 Ao

3.3.2 E7}vj 5o wE vlm

Table 7oA BXo] AbdZtEd Ze& 24
B7Yo]l 2,45, 3uf H7to] 3.05819] <A &
Ty T EAen, Azt eA] w2 7
= 4.4149, 6.3999 S vEhAlT

AFAZFE @ A39rt AR eAl @2 Aol

Table 7 Comparisons of energy dissipation

Ener Ratio
Columns 8y for {Remarks
(t - mm)
control

® 82-PH 262 -

Preloading |@ S2-PHR| 642 2.45 @/

® S3-PHR| 798 3.05 /@

@ S2-PH 262 -

None ]
- )
Preloading © s2-H 1156 4.41 /@
©®8sS3-H | 1675 | 6.39 | ©/@
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Table 8 Stiffness of columns at each loading cycle

Cycle {S2-PH|S3-PH|S2-PHR|S3-PHR| S2-H | S3-H

1 0.57 { 0.52 | 0.48 0.48 [0.91]0.83

2 0.34 | 0.29 | 0.33 0.3 | 0.55]|0.54

3 0231 0.2 | 0.24 0.21 1038 -

4 0.16 ] 0.12 | 0.19 0.18 |10.29]0.29

6 - - - - 021 -

8 - - 0.11 0.1 [0.17}0.16
12 - - - - 0.12 | 0.12
16 - - - - - 0.1

3.4.1 A7 o o} & Bl

HaE 3] 4 NolFT AL BAgLe A W
A AolZe ZAgez yirol FAYs(Normal-
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Fig 994 RW 57 A9 A4t 71
7r AFA(S2-PH, S3-PH)el wl&) A sl7t
e AL & F o FEAE g o
Aol A= APRzFEEAl 2& 3ui( S3-H)<l
35 ‘4 4u}, AR7EE S 3ufe] A9 (S3-PHR)
£ 299 ¥Egsd S Jehla o

A7 A9 AMATMEER] e AL
vla] ARSI de A AR AEA)
7S AbAAE ] o8 £4E 2717 0] o}
AopH oz PRl WA vehga gl

Z32IEEHX| H11H2% 1999.4



B $2-PH
! : i & $2-PHR
0.8 . ‘ oS24+

Normalized Stiffness
o
o

818,

(a) 2 Sheets

~

bt
©

o
»

Normalized Stiffness
(=]
o

o
N

=1
o
N
S
@
@
-o‘ =
0
=
3

518,

(b} 3 Sheets
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