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Development of Performance-Based Seismic Design of RC Column Using
FRP Jacket by Displacement Coefficient Method
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ABSTRACT In the current research, the scheme of displacement-based seismic design for seismic retrofit of concrete structures
using FRP composite materials has been proposed. An algorithm of the nonlinear flexural analysis of FRP composite concrete
members has been presented under multiaxial constitutive laws of concrete and composite materials. An algorithm for performance-
based seismic retrofit design of reinforced concrete columns with FRP jacket has been newly introduced to modify the displacement
coefficient method used in reinforced concrete structures. From applications of retrofit design, the method are easy to apply in the
practice of retrofit design and give practical prediction of nonlinear seismic performance evaluation of retrofitted structures.

Keywords : FRP jacket, displacement coefficient method, displacement-based seismic design, seismic retrofit of concrete

1. M =

odrhol] LS dEe] gvd FF AW (IHAAXD)
2 v]=+¢] Northridge X% (LARZ)el 98k ti=A] A
ZE 2 ARHA A slsls FREY WIAAY &
3 2L AR 84S AMFT FRE dE
WRAANA, 71F9 ZEAA A A Nd
oz ool A FZ4HA HAS 19908 S
01%@ »5*47:1101] 719k & WA ANde SR
5 Z19 EHsHAit— TFRE Y &AL
% o}Ei A A P& ?1 o,
Ao vlXFAF &
ks -? = wmx} UEE %Eé}@ A5
o 7 J% T AA7L o|FAREF XA HU
ol AzFEIYE 7&%& T FA| tist
AFFAA N B3 ATE 1990dH
A Es] Ay e B 1A 3
9, Al&A] FRP HHAE 52 83 A2 +2 §
A N2 A 4 712 ZIHE FE2E U A
% 7I€ FRP 2 E FxE g Wzl 54 A

5
olr riN

i

*Corresponding author E-mail : chocg@knu.ac.kr
Received January 15, 2007, Accepted May 18, 2007
(©2007 by Korea Concrete Institute

#3 A7 A AAHE A AAH YA VL 3
t}, 71&e ZAYE FZEY vl BEFANEE &
AzA FRP 2AIE 72 A & 4% /A€ FRP 2
APE T2 BA A2 72 FAY | Z7 9
oA BA F Uy, Agd 2 A4 AF S £ &
F7t dgo] olv] B ATFES B3l °‘254%1E‘r”)

A, YA TAAE A% dlN 7HLE ZFAoEA
= Ae s AR @A, m%, E}X}%Eﬁﬂ 5
2 BN 9 uAdAEd nE 3] &9 52 gEF
o7 wds F 4 owA AFExyF HyshA AA
A48 4 e 2dol a7HTh olF YA BAY
2 pushover 3143 Hhgo] o] AxAE o3 A=
Atk BA vAFEASE FEaRAASTHA o3 gt
o] AZEAE 7159 WARTAHEAE AT G
= Sl el Wesu AANE AASHReH”, of
WS 7122 &t AR T2 978 Aol
XMFJ‘R}DP”

ZE2o] X g HHPS Hrhsky] AT W
EH Az AHEY WY (capacity spectrum method,
csMyol Hzz2 AAEHATY. Pushover s143e] ofsf 4F
B F2EY A% FF FAo) 4F SESHEHS
=g A9E .7 Az el o BRI S
Aol WE A4 B BIPt TPeES ST 71¥ 9

491



o 2

EY g NAdste viey a7 AHERS
AM-E QEF W ER W d °
AN, At we] aRAE Uy T2E A&
HAY WAASAAE A 9% A9 E H 2
B8 A4 pushover 4] Hal=

oflA ANl = At

Newmark-Hall (1982)2] ¥4 % H|EHAg AA ~HEH
I BA 6AE BAE 5+ AFFeta, 248 B2

722y AAE yHste, IEAYE T2 FAlo Wt
2% HY-719F A (direct displacement-based design
method, DDM) 2 A% 37} ol AA =AU
g G #A e+ (FEMAXS UY F2E dig iz
A 2R AT BIHE AT WHeEA MAATH
(displacement coefficient method, DCM)S & sk}
o Mol ME WY a7gkel FARAL FI doid
A8 71 F3 AFEH vied He 2FEH o3

APHES AT

2 d7e BHe, SUAEE 243 d5 /NE FRP
tﬂallé TE FAE AR B rEEC] U Wi
AeaAZIEE AL, olg Bl EAE TxEE
oA Hg 2t R FELEE Agshs Bt P
A M pxEe A g HA TS ) 2 AE
shevl Atk o1& flsf £ A7= FRP 35 57 9
eI 2ANE BAC] B vy AR @)
A 71 A8, Wl AN EA 71l i A

A 2 ool #g A daFE AANES S
°lg 93 71ed B2 2 %E% PE FxE A8
 HASE DCMS
¥ RAE EagE xﬂOﬂ tH Eis *é% 1%@171171‘?.34
& 7S Hrtetaial g

2 oox

2. WSOl o5 LTS A £

FE= W7 WA AA B WA worE
i A E, FEMA-2738] MAAE (DCM)] < 2

i oox Ao

E weigke Qukgoz XQsE o8 page ¥
FRAAY A Weghe sk 2o ve 4o
4B

5, = CC 0,658, —=

2

4n

A7NA, S FREY FEF7] T dgds M=

ZHEY, gu THIEECM, C~Gkd 74 ATH
24 g PuE o8 4% Bt o] 3

2 WA Z7r AA S dF) 2RE e

&?‘fo HY ATAZ °1°l H?ﬂi VeRd 739 o Fig. 1

=
>

A A

'y

Fig. 1 Bilinear force-deformation and effective stiffness

sro|t} (FEMA-273).
C\e o 2o o8] g Er.

¢, = 1.0, 7,27,
0+(R-1T,” &)
O LOHR-DIT,
R
A71M, TE AR 259 54 F7], RE 2= &
T BN WE FEA S ARHE HEE JoR
thE 43 o] gejdn
¢ ;
R= et )
vV, W C,

3 Ao rE SRR RNy FE 712 38

AW, g FREY FAolT

C; W2 Table 13} o] A% A wetx FHAS
g a3

9, B3y 2@ e yg solMe 34 2 FE A
3t #ake] AL Yehdth o) & ukgste, g5 ol %
7yAo] oke] ol ;=10 o8 u#E, 284 &
3 A9ole FE o)F PAH aBHE TR o] A
49}

C 1.0+ |od (R = 1)3/2 @)

3. FRP 1|5 RC 7|52l H|ME &35 & M

w7k AR FAAE fsre FAS vags)

Hg Fastolo} sui, magshs el YoM E T
Ause NAY 43 Wol 4% AAdAE $22
Gge a7l "k

b B Ajoias FRP H&E B ASFAZE

Table 1 Modification factor of C,

Performance level T,=0.1sec T,> T, sec
. 1.0 1.0
Immediate occupancy life 13 1.1
safety collapse prevention 1' 5 1' )




3
74 BAE 8T FRP 23ES ¢= AT o

& N1Z2", Fig. 29 o] o]& 24 M4
2 FA 4 1HE A AXE
A 4aElE&L Fig 33 2t

7NZE] Apsl Awsle] B ) mde] pME 2 =
Ao, TAYEY AL 3349 uF 8 A #A
of 71x3% &4 MER Tt OgE-gHAFE FHolA
= o) T4 A4S AR, FRP 29 73

2 Ao 7128 FRP 28] 2349 7
FHFES F Aol wcA e FRP AR
E olgA AY ¥ WY 21 37

SKiTh. metd AdkE ERP BB 74 mde

udE 4 o8

% 9 WY 9EF MAYE P& Ade nwo
Ao vHAAG
A RRE ¥ 28 AR s W 3

/an g,
lDL/al
T
P
A
A

FRP Layers

(b) Stresses of FRP and concrete

Local and global axes in a lamina

FRP confined concrete Concrete

(a) FRP lamina

stress

Ja j E, B
, b R 1
Pttty
l—> i
t Ot B : FRP-confined concrete
[t
RO 2R i
A : unconfined concrete
i strain
Oyt

&, &'y £,

IZ cf

(c) Sectional equilibrium (d) Stress-strain relations of concrete

p laminated FRP jacket

" by 2D constitative law A Classmalelgmmatuon

Concrete in compression

layer ® B
Y/ B 8
A — unconfined concrete K A
B — confined concrete L
by 3-D constitutive law strain

(e) Flexural analysis of FRP concrete members

o4

oct

Compressive

criterion

Tensile Meridian ~ Pou
-

Meridian Plane

Deviatoric Plane
(f) Triaxial failure surface of FRP RC columns

Fig. 2 Flexural model of FRP RC columns
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Table 2 Seismic performance of RC column with/without
retrofit by FRP jacket

RC RC column with FRP
Design parameters column | Design by |Test by Priestley
DCM et al. (1996)
Design thickness of
CFRP jacket - 14.5 mm 13.8 mm
Yield displacement| 18 mm 25 mm -
Total displacement| 88 mm 155 mm 190 mm
Ductility factor 4.89 6.2 -
Yield shear force | 4,100 kN | 4,400 kN 4,474 kN
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