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ABSTRACT

ABSTRACT

Key word: RC Column, CFRP strengthened, Non-ductile reinforcement

1. Purpose

According to the research recommendations of relevant domestic and foreign
literature, it is mostly assumed that the to-be-strengthened RC column components are
not damaged or cracked. However, in practice, the RC column components are
damaged varying degrees. Moreover, the existing literature has rarely discussed the
effect of cracks on the surface of the column. Therefore, to clarify the cracking
damage of the related column components we assumed that the epoxy resin is
repaired, the effectiveness of the CFRP patch on the reinforcement and the
applicability of previous research results related to the reinforcement of RC columns
with CFRP are verified through structural tests in this study to clarify the

effectiveness of the CFRP reinforcement design.

2. Method and Steps
All four groups of column specimens in this study should have the same

cross-sectional dimensions and reinforcement in the reinforced concrete part. Before
the test, the specimen NDN and specimen NDC had no crack damage, and the
pre-cracks of specimen NDR and specimen NDRC were repaired. Through the
structural test of this study, it is clear that the RC column specimens that are not
damaged or damaged but have been repaired by cracks will affect the seismic
performance of the RC column after being reinforced with CFRP. At the same time, it
was also verified that the damaged cracks of non-tough RC columns, if repaired by
epoxy resin infusion, will affect the usability recovery (elastic stiffness and crack

development) of the RC column specimens.
3



S RC gk bk Bt 55 2wl B il 4 kA §

3. Main Finding

(1)In previous studies, it was assumed that there were no damage or cracks on the
surface of the column specimen. However, if there are damaged cracks within
0.2 mm on the surface of the RC column specimen, it can be applied to the
research recommendations of the undamaged column specimen after the epoxy
resin is used for repair.

(2)The plastic rotation capacity 0, of the test body NDRC is 2.27 times the NDR
of the test body, and the plastic rotation capacity 6, of the test body RNDC2L
from the previous study is 2.91 times the RND of the unreinforced test body,
indicating that the undamaged RC columns with toughness development of
CFRP reinforcement is slightly better than that of damaged repaired RC column
specimens and reinforced with CFRP.

(3)The elastic stiffness of the NDR of the specimen in the undamaged stage is 22.3
kN/mm, and the elastic stiffness after repair is 18.8 kN/mm, the difference in
elastic stiffness between the two is 18.6%. Indicates the crack width within 0.2
mm. After the epoxy resin is poured and repaired, its elastic stiffness decreases
slightly.

(4)Observed from the NDR damage situation of the specimen, if the RC column
has cracks within 0.2 mm, after the epoxy resin is poured and repaired, the

stress cracks mainly develop along the original cracks.

4. Major suggestion



ABSTRACT

Immediate adoption suggestion- If there are damaged cracks within 0.2 mm on
the surface of the RC column, it can be applied
to the research recommendations of the
undamaged column after repairing with epoxy
resin.

Major Office : Architects Association, Structural Engineering Technician

Association, Association of Civil Engineers
Associate Office : Architecture and Building Research Institute Ministry of Interior
The experimental results show that if there are damaged cracks within about 0.2

mm on the surface of the RC column, or the column damage is below grade I1

damage, it can be applied to research after the cracks are repaired with high fluidity

epoxy resin under low pressure. Moreover, when the cracks of the RC column are

repaired, the stress cracks mainly develop along the original cracks.

Immediate adoption suggestion- If there are damaged cracks within 0.2 mm on
the surface of the RC column, the elastic
stiffness will gradually decrease after repairing
with epoxy resin.

Major Office : Architects Association, Structural Engineering Technician

Association, Association of Civil Engineers
Associate Office : Architecture and Building Research Institute Ministry of Interior
The experimental results show that if there are damaged cracks within 0.2 mm on
the surface of the RC column, the elastic stiffness has begun to decrease slightly

after repairing with high-fluidity epoxy resin under low pressure.
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[o 3 (— - 1)fc,0 09fc] (£ 2.3)
Ch max
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AR E R T e B R & A uirdld 025% -~ 05% ~ 0.75 %%
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FRMEITE 1 R I > SRR vl > 64 A 42 100
x50x3mm 2. C 34 le = Kk » £ LAk > 4oB) 217 4700 5 f R R
Wirz %fk > 37N KRR 8k T 5 TOmMM 4 F 5 PVC g # eniz i -

2.2.2 R 1F

dN AT FE2Z AL RERE 22w F R A S AR S 42 B
Fo fLoded ST LA SR L J R R IR AN DY 2
T BRI RBER AR ARSI H R A2 2 (5 AR ]\w/;?
FE T 5 700 mm o ¢ RS 500 mm 7PVC § 0 2t PVC ¢ Gt
FEBET FHREZY > AAREEF RS 228 FEAREFALPVC § b
HEFE SRR EERASL > 4rE 216 T B 2.22 fro7 o

2.2.3 R AkRE

ARBZ BB AT G 2 B e SRR R B
AR S R A2 R0 A PR S 52 i 8 4k Bmm 2
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%35 RC LIRS S ph Bt 5 2wt B it 4 ST 3
(3) AR L RERISDS Koo RiAT £ @5 0.4 kg/m? o

Stk pl ¥ ALRE

() REHAFFAUT 7 R B EARE AR

(2% 1 & AR Ap PR RS 0 AR E 1 ATE - B AP UL o
MR EFTL o
(Q)#-Tk § Mgz A B E A L& R AR B o Y > F g T
W23 R E > RET R ¥ BFF2LHHFE B2 T @& * o
()3 AP UL RIERRTE%EG o EENAS L F 4 > R A £ 8
3t 0.6 kg/m? o
G)E v pl R aF LR R R B o (8 0 WL REHBABAL] 7 EEF R
G da o RAPRES TG F o RE(E )Y e L FRE R 200
mm 12+ oo
(B)3LpEts 2 E 30 A48 dolfiag F AR 4 o RS F
7RI G o
(MEwpfa® 260865 2 FRF A E 5 K)o 12 RIERHS
B el EFRES e T > RAFRR 2 Z R 0 R A
£ 7 {7 % 0.4 kg/m? o
(8) A& vt b g AR AR ALREFE  ER@)I (M FEFD G - K
B dp fac (6 © 01 AP RS > 2 TR IET - K o
6.% 3
(LB AL P AT 3% 1 15 0 S WA A KB~ A RS WENL > 7
R REE24pENY > DRI GES BEIIE
(Q4rT355 B 5 200 A#HEP T L - % 4oTB5 85 10C > 2EY
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WO X EAG ISmm s W o THEET LS 250 mm 2 [l o
MAREAY A T'/Ejf\*’ oo SRR ER ki so BT E Y R T ERET

TR RALEE G EBTRF SRR BT R ERE IR RRE B

PR A P A TR B EM L R WA R B Buka g 2 Y
2 B e A7 RCHZRMWISDHEE PR3 * B @d T P g wp ?
G b h G CFRP £ 6 Sk B o %> 5 - @M p N6 2 v o
SEME QBRI ¢ B CFRP 4 5 A1 B 10 w /%35 » ¥4 213 #77 ;
R EBFRRRFEH SR FHREE T A% SR 600 #Fg 200 &
HRREE T F% o F RS e B S Y 75 e
Bl 2.14 #7577 o $ed R Y AT il 8 FPFR) 0 4oB) 2.15 41T o AR 2
WAL P AT o GREBEARY fhe BEFEZ ) L B
;¢ (Displacement Control Mode)i& {7 ] =4 frpF » 2 @ e = #H @ 5 5 1
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45 RC 4 LSk Pk BAT 5 2wt Bdt 4 ST g

321 AR M S R

. Sezen(2002)[12] AT AR[9] % % &[13] (2016) V= Y
B & Iy Tiog (2009) [ 28848 56 = ) RND
a/d 2 4 3 2.89 6.74 6.64
s/d 0.2 1.2 0.61 0.56 0.86 0.67
£ (kgflcm?) 134 457 253 210 210 140
fyi(kgflcm?) 3304 5343 4148 4200 4200 4200
o1 1.0% 4.0% 2.3% 2.3% 3% 2.3%
fye (kgficm?) 3234 6609 4359 2800 2800 2800

Dy 0.1% 0.7% 0.3% 0.1% 0.136% 0.143%

P/Ayf! 0 0.6 0.2 0.2 0.20 0.2

KA ASE > &7 Bcdp? & Sezen(2002) #7250 B HE RCHFH TR FRPN - a/d ¥4 BF" 5 s/d: Fw 8 F RS 86
ER LR FURS R fy D S 4 55 KGR B pyt S8 4 55 0L (SAg /D) fyet 1 A 55 R38Rt i 4 8500 (SAg/bes)
P/Agf;,' DdhA b o
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H g A SR
AR >200 >300 | CNS13062
(9/m*/ %)
rb R
460 11 | 690 1 | CNSL3555
(kgf/lcm/ %)
2 —é‘Lf ;i
w 0.11 0.165
(mm/ %)
WE
>17 CNS 13555
(%)
Lo i
R 40 £ 50 | 40 # 50
(cm)
FH kR 442
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NDN 0
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2 cycles of each drift ratio

CERE R T

o 0.5%
Q25% A AA

0.75%

AAAAA

1%

1.25% 1.5%

ALAAAAR

1.75%

W]

2%

2.5%

3%

3.5%

=

45% 5%

4%

[1%

1%

6%

[1%]

7%

1%
l No. of cycles

2L

12

16

20

24

28

vvvvvv?F“VVVVVVVVVVVVVVV“V

32

36

48

in

56

64 72

80

9 ‘112‘

TAS

W) 2,15 385k B v 4 0 2 A 4L S

(74 %k © ACI-374.1-05 4.4 )

57



S AR RC g sk Pl | A 3 2 Wl Roie 4 AT Y

W 216 R afiz e
(FHR&R: 277

Bl 2.17 F#ra B2 2

(FHER: 2527)

58



R

=3 N
¥ | B

& F2 PVC §
(FH KR 277

W 218 RAATFT A XEBET T

3
=
-

-

B 219 W MARFTA NP ECELFE

(FR &R 2577

59



S AR RC g sk Pl | A 3 2 Wl Roie 4 AT Y

(FH KR 2527)

= 0 ;ﬁ“
.‘ P L -
I | I
3 '
o
! i
. S il
i
= ]
£ i :

W 221 RARREL HE
(FH KR 277

60



TR T

W 2.22 A& RATHCES 2 )
(FH KR 277

W 2.23 F MR B2 ABRE

(FH R : 8 g
R AFEL)

61



i"' R NN 15 4 TSR .
AF RC AL gk S ph oA 58 2 A R 4 S AT §

X

Rt S

F2.24 -2 2Rbg FE
(FH KR 277

B 225 + WL Lapis2 o>

(FH &R A5277%)

62



R A

b2l j\/FjZ)

Bl 227 + b S HFR S @

CEEY RN
IR N

63



% 4F RC HLrt st s S ph it 56 2w il 4 SiA”

S B e NG
228 iR Rl LY
(FR KR x575)

W 229 +mpiREE 2 %Y
(FR kR 27F)

64



e

Iy
il

12345678

®
~
©
i
< 0
"
o~

W 230 ;REL EE B BB
(FR &R : 277)

W 2.31 Rt M aal e

(FH KR 2527)

65



LI RCH B GApL R 2 A Ea 4 HHEAT

W 2.32 10t i R 0 2 HE
(FR&R: 277)

B 233 BEIAERELZ TR

(FHER: 2527)

66



ok M

W 2.35 32M 8L 1F 2 5 2 K AR
(FHxm #51)

67



R RCH B RE R AT 38 2 R 4 R Y

68



FZ R RRmEBREHG
Y% BEHEFEHG

F-& R rapz

AFE T EHEIT4EE RCHEEM G 29 HPREF %R
LA ER %A A FEHREE (0B 2.14) 0 12 B & 600 # (9
w ) B2 2000 (KT ) i RERHE > 27 RCIELFM KL fhs &
KT A 2 e RSk o AR KA BRP L RWLBREFERE T
e 2 e 8 RC L8 NDN- &7 5 5 B30 5 2 12
Eig At o L7 CFRPRES ¢ BAF B F 2 B S i s 4
T OAMA Bt e SRR S CFRP A AN & %
2ZARE AP REESEFERKREL 0 G 2 CFRP 4 5 % 3+
2. £

A RCILEMA S RILF 2 A %RV RL I DR
R A A 313 & 36477 o M ERE LwE o WP AT o
Ped BT P ghd > N R G S Bk 2 20% - FF %
BPy» e Py=flAgi B2 > fl% 28 2 &£ R ALEML F%
R OA R HAET R fFod £33 AT ERRS 5 24.2 MPa
AR AL B 5 13.7MPa (140 kglem?®) > & F % B A K% R
2. 177 % -3+ 8@ (B2 %4cghd 5 725 kN -

BB GRS Y ATEY chip] e b A R Ao B 2,15 97T o
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ARl e B Al2# F 5 1 mm/sec e
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Bl RHMBEHRL P LB LRARE DR EFEF RC L FEW 2w
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4 BEERE (o 7 B 3157 ) FIMEHR LAY £ 8o

3.1.2 34 NDC

#FMNDC 2 A XL A2 B4 SR L8 &3
G SRR R RIS RT 2 e pb R 2 K CFRP RE S - 3 X
LEFRA 2 ERA -

#48 NDC A =45t 2t 0.25%p% > #2846 BER 7 CFRP > & &
BTG Nz A2 o f = H 5-05%5pF 2 g RI%A L
251 30 24§ F > CFRP % 6 H | -k T Bl 5 o =8 £-0.75%
PEoGERE A Rl p RN 253 302 A 2 65 2 A Az kT A ko
AEKT g R R RE T AR E S REY A 1%
#FHWA 2 AR AL 255 30 24 R EME G LR D
CFRP » 7 S i | KT B s o ¥ =40 & 2.5%FF » 32482 7§
AIVA L H5 20 E o CFRP £ 6 % 24 & fechg ¢ 34 > (5 =
ik 3.5%FF 0 EAM e PR IR S ) KT e A o A
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3 RIA ALY 03 30 24 R A Az B E AR B TR R
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BBl 2 3ns 25 CFRPREY » 2 B aper - 508 > Aimg
10%FF » FE Pl e 5 R FE S M > 2 F 5% o 78 NDC & 22 4 @) 2
Bl ERBEESVEHBIERERY 0 dofror B 3.2 0 i f &
BRI2R O TEREESBEHBETRE > ofrT B 3.3 B
34 7 FHW NDC*Ek A2 sk - B 3.5 2% 3.6 %7 4%
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Y% BhEEEH

23148 pi BhEERE

"t Ra R T EELI T S M E % O Pl B
A% 55 AR A 55
e e
WHE | THE |k | THOE | #FHRE | THE | #HRE T iaiE
357 497 29 -
D10 SD280 355 360 488 496 31 29.7 - -
366 503 29 -
461 680 20 1.48
D19 | SD420W | 463 462 680 679 19 19.3 1.47 1.47
462 678 19 1.47
444 645 15 1.45
D25 SD420W 431 437 628 636 22 21.0 1.46 1.45
436 634 26 1.45
H i~ : MPa
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LI RC AL B ARE R AT 8 2 7t Bde 4 BREF Y

£ 32 BUMAH 28 A P2 FIRLEHABRER

B R Wit R 28 % FR % A 28 % T MpLR 55 B
(MPa) (MPa) (MPa)
. 43.4
2 2020/08/10 27 40.5 42.0
3 42.0

5t R ] 2. 150x 300 mm

233 LEMEL 28I P2 AHLFEFHAREAR

e R Ea i 28 % FUR % B 28 % T PR 55 B
(MPa) (MPa) (MPa)
. 24.3
2 2019/07/19 14 24.1 24.1
3 24.0

3 45 2 F] 41150300 mm
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Yz § BHhEroH

234 FRRIMEFURERR
R R T 328 5 2 s B (MPa)
]+ 3 88 Yo 5L AN IE R I
(MPa)
1 28 24.3
2 28 24.1 24.1
3 28 24.0
4 78 26.5
5 78 25.8 26.3
6 78 26.6
7 82 25.7
8 82 27.2 26.3
9 82 26.0
10 84 27.9
11 84 27.5 27.2
12 84 26.1
T o 26.0
35 FRAMHREL RS

B2k ) B ¥R

NDC 2020/11/05 78

NDR 2020/11/09 82
NDRC 2020/11/11 84
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LI RC AL B P B AT 58 2 f Roat 4 BREFT L

236 A HEHNBEREF 2 BRI DHERL

- Hpear | Ofpear | Hpear | Ottpoar | 65 8y LM 8% 0y 0, | T20,
(kN) | (mm) | (kN) | (mm) | (mm) | (mm) [ (mm) | (mm) | (%) | (%) | (%)
NDN* - - - - - - - - - - -
NDR 153.77 39.5 -177.11 | -52.8 20.8 -26.2 71.4 -72.8 3.07 -2.83 2.95
NDC 152.30 52.8 -178.28 | -109.7 23.3 -29.6 124.2 -124.4 6.11 -5.74 5.93
NDRC 144.75 55.5 -204.67 | -109.5 26.4 -24.8 145.3 -127.1 7.21 -6.20 6.70

* ook NDN FIR & BR o sl > R

a2 o Sl O B
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LI RC AL B ARE B AT 8 2 7t i 4 BREF Y

FE

NDC N
n -025 %) i ST
L -4 mm |

le 1

(b) 0 = -0.25%

===

NDG

NDC N
it '-0.15 % 7‘
L -2 mm
s 7

(e) 0 = 0.75%

(f) 0 = -0.75%
W32 #YNDCF i 2RLEEBLEHAFFVRY
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iy )

w1 % |
ol 16 mm [N
e 10

(g) 6 =1.0%

(k) 6 = 1.5%

W 32 FWMNDC T EA2RMEEHBEHBEFVER Y (F)
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Y2 R FERERS

“NDC N
0

P 4 % & \ .
s 16 mm (AR
10

(h) 0 = -1.0%
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