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ABSTRACT

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

1.Purpose

The Ministry of the Interior has launched the policy of "Buildings
Anti-seismic Security Inspection and Reinforcement- a home for the
peace of mind". The policy focus on the old buildings in reconstruction
or comprehensive reinforcement. For this we adopted and develop a
strategy of short-term strengthened before the comprehensive
strengthened and rebuilding. During reconstruction or comprehensive
strengthened or planning stage, provide local strengthened to avoid weak
layer damage and reduce collapse risk by the earthquake.

Carbon fiber reinforced polymer composite (CFRP) strengthened. It
has the characteristics of simple construction, short construction period,
no space occupation, low cost and high tensile strength of materials. It
can quickly provide houses with safety concerns, make the RC column
not easy to break, and increase the chance of people's escape. According
to the literature, the research of the RC column reinforcement method, the
CFRP is applied in multiple horizontal directions. However, The

reinforcement method of vertical and then horizontal mixing is common
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in Taiwan. This type of covering method including vertical direction is
rare in existing literature. Therefore, this study will be through structural
tests. Discussion on the CFRP cover direction for the RC column

toughness reinforcement effect.

2.Method and Steps

This study plan 4 of 2 series specimen including ND and NDC. ND
is a typical non-tough rectangular RC column. NDCH specimen is
reinforced with 1 layer of CFRP horizontal overlay. NDCHH specimen is
reinforced with 2 layer of CFRP horizontal overlay. reinforced with 2
layer of carbon fiber, one is horizontal overlay, other is vertical overlay.
All specimens have no crack damage before the test; the loading axial
force ratio is 20%, and the lateral loading test was performed under the

fixed axial pressure.

3.Main Finding

(1)Observing the failure mode of the specimens. The non-ductility
reinforcement (insufficient transverse reinforcement), its failure

mode of the original is shear damage control. After using CFRP



e

strengthened, the failure mode can be converted to flexural damage
control.

(2)Comparing the results of the specimen ND and the specimen NDCH,
they show that one layers of carbon fiber (i.e. 300 g of carbon fiber
per square meter) make plastic drift ratio can be increased 42.9
percentage, and the ductility improvement effect is obvious.

(3)Comparing the results of the specimen NDCH and the specimen
NDCHH, increase the horizontal CFRP layer from 1 layer to 2
layers make plastic drift ratio can be increased 44.2 percentage,
maximum lateral force strength increased only 4.0 percentage. The
RC column is horizontally reinforced with CFRP to improve the
plastic drift ratio, obviously better than the effect on the maximum
lateral force strength.

(4)Comparing the results of the specimen NDCH and the specimen
NDCVH, NDCVH posted one layer of vertical CFRP, plastic drift
ratio is only increased 14 percentage and the maximum lateral force
strength is only increased 0.7 percentage. NDCVH specimen is
covered with more than one layer of vertical CFRP, which have
limited benefits on column plastic drift ratio and maximum lateral

force strength.
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(5) When the specimen is also covered with two layers of CFRP,
specimen NDCHH plastic drift ratio can be increased 27 percentage
and the maximum lateral force strength is increased 3.5 percentage
than specimen NDCVH. RC columns are reinforced with CFRP, and

the covering should be applied in the horizontal direction.

4. Major suggestion

Immediate adoption suggestion- For the "toughness" reinforcement
effect of RC columns, if the CFRP
patch is applied horizontally, it will
be significantly Dbetter than the
vertical method.

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 the application of carbon fiber

patches in the horizontal direction can provide better confinement
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effect for the column member concrete, so the improvement of the
toughness reinforcement effect is significantly better than the vertical
application method. In the domestic practice of RC columns with CFRP
patch reinforcement method, the reinforcement effect of the vertical
and then horizontal mixing method is often not better than the method

of horizontally covering.

Immediate adoption suggestion- CFRP patches are used to reinforce
the column members. CFRP patches
should be applied to the entire
column to prevent damage from
occurring in unexpected locations.

Major Office : Architects Association, Structural Engineering

Technician Association, Association of Civil Engineers

Associate Office : Architecture and Building Research Institute

Ministry of Interior
CFRP patch for toughness reinforcement may change the non-
reinforced (insufficient transverse reinforcement) column from a

failure mode controlled by shear force to a situation where the main
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control is damaged by flexural. Flexural plastic hinge to cover the
CFRP patch. When the RC column specimen reaches the limit
deformation, if the chamfer angle of radius is 3 cm and a 20 cm overlap
length along the direction of the carbon fiber, the carbon fiber patch

should avoid unexpected damage.

Immediate adoption suggestion-The corner of the rectangular RC
column specimens are chamfer angle
of radius is 3 cm and the lap bond
(length is 20 cm) was applied along
the carbon fibers. CFRP at corners
and overlaps can be prevented from
being damaged unexpectedly.

Major Office : Architects Association, Structural Engineering

Technician Association, Association of Civil Engineers

Associate Office : Architecture and Building Research Institute

Ministry of Interior
The corner of the rectangular RC column specimens are chamfer

angle of radius is 3 cm. When the RC column specimen reaches the limit

10
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deformation, the carbon fiber does not break due to the stress
concentration of the corner. Moreover, the lap bond (length is 20 cm)

was applied along the carbon fibers, they have no damage by the

insufficient bonding of carbon fibers.

11
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(1) %21 %B27 3 B2 BFPHF> ML L A2 %S
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(2) 4o & ~ 21k ~ G F S TBAPH B AR F > 80U
#wa1 o 53 iﬁ;{}!f@ﬁ;}%%’aﬁ%ﬂ o
% &k

(D) RFEL 25 * 7 KFRUBF R 7k 5 R M 8k

(2) » 7R *pPEFN - ok * £ o BAF2 2 H 2
FOfC | oot g et B fefi ¢ X SR T
W3R L REV P EFZHE TR
* o

(3) Rk = RiEBHIZZ %G > RiA* £ @M1 0.4
kg/m’
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(D) pgat gLy r &7 8 ko o 4 £ .

(2) %1 6 Kk ApfPicfrt RiA%w1AQE- B LD
VRN WP IR ¥ S

(3) #-Th § Moy 2 2 A 2 A (&) i 7 3 2fe vt B 3 3o
Y X PHMERLIRLE  RETR R
EER Y S L I S I A

(4) B EF R L REHTEG &AL 5 4> Tk
F Rt r B2 @ 0, 6kg/m’ e

(5) B o sk S # ZLPE SN B % G & 150 0 L BIR & He
A7 EFRBS o T B RS T 2R e
Ba(E ) w2 R RF 200 ot

(6) Abpbfs 2 ¥ 30 A48 > ok B G 5 & AT H 2
B R A B R BT B .

(M ErRRKRT 26 %G5 2 k%ki 5 0F 0
B> 2 RERHRAHAR 7 EFRE S T #
BB 2T R R A 2 T 0.4
kg/m” o

()@ K v b s apk P Ap AR £ B (DI (T)H 3
FEET G - KA AR L1 P R

—%?{;f%—r~% °

(1) e ap 2w 15 Z®LA K8~ A%
FO VR RRA REE 24 FL T RL
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E = S

FEH WEREIAIARFER

MW kG AR LISMMZ T 0 FHEE Y D/ 5 250 mm

Sy

ZZFla3t s Al d 2 n*v'fiéi?]{fi’# v oA R ;‘?Ef’ﬁ%é’ﬁ:&@ﬁ%:hﬁ

W TE R TR R

e

FETRCSEZER T LR R E
HBRPEBRE LR > RRE BB o B d TI00 F g
M2 T WLkt B9 Bifa g S H 2 B A 7 RCELER
PHEE R 0 RS T IR R NN S
B 2CFRP4 6 £z Ho % > H- HREHMA NG 2 F o it 2
KEQu %32 RCFRP# o R X 102 & %35 540 B 2.10%7 77 5

7b

B

FHFRERFRDOEHE  FRAEE G ;é%?f#iﬁ ~ 600 g
22200 MR MR R ETHEY FER FH A RS E D B S
2 BEd (75 0 FEACRI2.11A7 o o HEW EB P ATE Y e 2 B PF
Bl 4-B12.124777 o A AT 2 BB AR S B A HILEW T o 4 (B
AR fhd IR K)o L= ¥4 H# 5 (Displacement Control

Mode):& 7 Rl » =4 FEPF > H ¢ Rle =24 # F 51 mm/sec -
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S
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o
[Te]
F2(45 cm)
F1(5 cm) _ER
LR
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Drift ratio(%)

3 cycles of each drift ratio

2 cycles of each drift ratio

%
6%
45% 5%
350 A%
25% 3% | [
oy 125% 1% 175% 2%
oas0 05% O75%

e I10/ 1%
.nnnﬁhhﬁﬂmﬁnﬁl\ﬁ“hhﬁﬁhﬂ ﬁ 1;,/ 1T ‘ | \ IL\I;.ofcycles
uvvvvvvvuuvyvvvvvvvvv | \IL \ V

Peak
drift (mm)

4 8 12 16 20 24 28 32 36

48 | |56 | 64 || 72| 80 96

F \ \

EL SIS N2 1) 3-
(F# %k : ACI-374.1-05 £ )

112

® 2.13
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W 2.18 & & ##
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(FH KR 27 7)
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(FRXR: 27 F)

W 2.20 & B 37 #0182 3
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W 222 B2 FREEHLT
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LS T

Egﬂ: 3
W ME L BB 4ot

Sts@fE: 140 kg/cm?

AIBEE:ERLIES ﬁ
= R E °c &
4 1% S~ cm

kg/m® |
£y ok ;
'9,8 EE 7 ﬁ /7 : £

NN

A A S

Wl 2.28 523385 B B E%

(FHRLXR: 277)
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W 220 3 M
(FHRXR: 22 F)

A Nl e ‘
W 230 L IERINGEFLHF
(FR*R A7)
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W 231 BERIFAZARL2Z TR
(FHR &R 227)

W 232 +#%REd he ¥ 2 % &
(FRXR: 2= %)
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AP R HiT4 e RCLFY > D" AR %P <
A B %O ANFHREE(FLE 2.11) 12 %L 600 *R( b )
#2007 (KT ) b BB 2T RCHBMH AL phd & T4
2HEW ES o AR A GEP LR RSB P ERILR
A, 2hir e 5 RC 43848 ND 2202 CFRP ¢ B4t 5 2tir e 3 RC
HHREARFZ 242 FRFERAZEYIFRALAETERAKERERR S
> w27 BT %ﬁﬂ ,‘J”f#‘a%%? RCHEFH B a2 sy

AT RCAELFMA S OB R 2 LR R8P RN Dk
B FAcd 301 2 % 3.6 577 o M AERR LwE o P Ao o FEd
FEH AT hd o S RIS R 2 20% FFERRP,
B Py=flAgdt B 2 o f{G 28 X HIREI P EMLBEHRRAE
£33 @4 AT fA 307 MPa Aji LG 4 A F2%
‘ehd 5 921 kN o

vk W B Y TR DR e B P Ao B 2.12 AT e
AP FHEE AR BTN WA K T F L o FRER
fht A E  BHTEFFFF W RN e P REZ

£ & =4 4] 40 5¢ (Displacement Control Mode) 4e §% 2 = # f p&
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Bl e J g2 # F 5 1 mm/sec o

A7 RCHFEH Y 2% HRFEPLIAE M REHZ &

P

B FE gt - L& S HRAPHIEY BHRAL 2 THE 0 B
FHERLP LB RRRE T I RCHEM AR -
RC @tz PR Ko fhd & o & %05 R 82 0.75H,,, % &2
B2 AT 0 e 321 4T o R BB ST R ' Ko 1T
Oy h AT B R 0.85H g2 A0 F K - i Bl KM T
B2 s L & R K 0.85Hppq 2 FF 0 RIB- 2 B2 B =4 o 32

ML B L0, A IR E R EB ML E % 1R HE AR L

iL #E Fﬁg Fé‘%ﬁpé‘gg’ ‘L";‘ 5$}ibb’&7 H’ﬁt% "}1‘-"%\ 36 5‘T’Fr °

3.1.1 #% ND

2B OND R4 eha 225 B £/ 5 140kgf/em® > 4 & 22 Bp % %
ReE A e R 4 s S [14,15] 3588 ND 2 % 2+ » 4o 2.10
TR HETR K e fi S hIRE L 00 R WA 2HAREPN RS K
rév:}‘ﬁ%: 5 EEP 20cm > FH % ERE 2 30cm B AR 5 50cm o B A
FXRUAEFLTPEEUCEXIYRCZAA[L LT L2 BRAL -

FHOND A # e 0.25%PF > & W3 FE e Blp RN 20 &
50 = & e ® Al p ARIRA L 50 \A}%@ Bode o w3 0F 2 4 0%

el ok TR W @ Rlp AIRAL 50 o A g RIR G4 0]
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kA R A 1% H B A S KX
207.38 kN > 4r# 3.6 757 o A= f vt iE 0.5%PF > A EM A S 2 L
Bl p ARINALY 1024 R pAIRTAN L 2B YT 2L L
e o iz 15%pF > La s plp RIMAL 20 2L > g AR
BT 45 BT 4 HMA S o F s 2% 0 5 Rl p RN 3 15
N e BOANRREI M F O EF S 25%FF 0 5 B p
IR 20 24 g2 AR p RV 203 30 24 R &R

)

R

s

WEL T AL TS R ART A AE A AT
BX 23 320K b 25% B E s S KX R4
% -194.96KN o B {8 > A A5 3%PF 0 AR 70 o 4§ fgE
METREDEBT AL > 2 RIZ AR ALY 70 24 R4 KR
R R 2AE 0 p AL 20 3 40 o A g SR 0 65 90 R ¥
G B ERBBRAEEMN B F K

FAND & &4 R 2 R0 A B RS ERTAR T O AT
Bl 3.1 32 a2 @ 3 & EH W EHBIEEGRY o Ao T
Bl 3.2 B 33 53R ND*EH L L2 BLHEBY - 3.4 28355
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CFRP 4 % b % = = $F RC 4o mf & {200 B2 552 %RBF 7

L 31BN RS A

4 KR T, PR f, §E 9 P
P gﬁ
SRR | T | RAE | THE | REE | THE | #AE By
303 472 32 -
D13 SD280 366 339 526 449 24 26.7 - -
349 499 24 -
455 645 22 1.42
D19 SD420W 446 449 670 658 22 22.7 1.50 1.47
445 660 24 1.48
# = : MPa (FR%E: 275 )
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232HFMAF 28 I Y2 FILBRRBRER

P2 REHRESFEEH

o I AEE P ;{(;Pﬁi))i 28 —‘k(ij{bf)éﬁ B 28 = l(;j;;@ W
! 20.1
2 2019/07/10 14 20,8 20.1
3 19.5

3 1R % 41 150%x300 mm

2 33 L HWE 28 I Y2 N HFERBRREA

(FHR LR 27 7)

kR

HE P

®w R

28 X LR B B

28 ® T OFUR %R

(MPa) (MPa) (MPa)
1 32.0
2 2019/07/19 14 30.2 30.7
3 39.8

30 R 2% [F] 41 150%x 300 mm

(FHRXR:22F)
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CFRP 4 %% Bt & = o % RC ol 2 14 a0 82 482

“~

2344 REIFRLERARBRRER

N o 1w Bt w R T353R 5 4 5% R (MPa)
Fl 438 18 5 RS (MPa)
1 28 32.0
2 28 30.2 30.7
3 28 39.8
4 88 35.7
5 88 35.2 35.7
6 88 36.2
7 91 34.9
8 91 34.6 35.0
9 91 35.5
10 95 36.4
11 95 34.4 35.6
12 95 36.1
13 102 38.2
14 102 38.4 37.6
15 102 36.1
T oya g 34.9
(FR LR AP F)
% 35 LA HERL GRS
Gkl e p HiE&
ND 2018/10/15 88
NDCH 2019/10/18 91
NDCVHH 2019/10/21 95
NDCVH 2019/10/22 102
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230t RBFHBREFLBAA LR

%y‘*
Jir
el

R 2

- Hpeak | Ofpear | Hpeare | Otipear | 2 35H, 40 | 85 5t 57 05 6, |20,
(kN) | (mm) (kN) | (mm) (kN) (mm) | (mm) | (mm) | (mm) (%) (%) (%)
ND 194.04 | 31.7 | -207.38 | -27.4 200.71 20.1 -15.5 39.3 -40.0 1.17 -1.48 1.33
NDCH | 220.04 | 39.8 | -225.14 | -31.3 222.59 21.1 -16.6 48.5 -51.8 1.66 -2.12 1.90
NDCHH | 230.44 | 44.4 | -233.59 | -45.5 231.02 21.7 -28.7 65.3 -75.7 2.65 -2.84 2.74
NDCVH | 224.16 | 38.6 | -224.16 | -38.1 224.16 21.8 -20.4 59.5 -53.9 2.28 -2.03 2.16
(FHR KR 227 )
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=
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B T S e

(h) 8 =-1.0%
=

¥

ot 125 %
Displ. -20 mm
cycle 13

(j) © = -1.25%
[ "

4.1

'
55
5

i 45 %
Displ. 24

RS )

(1) 8=-1.5%

W31 FHMNDaEL2RNMLEEHEHARAEFGRT(F)

(FH %R
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it 15 %
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52 J‘)

b 2 % = a2 %
P L | -
cycle “ {9
(0) 8=2.0% (p) ®=-2.0%
BE o =1

il

=

M\

=

Il i dIE . e
N el & 4 LA

AEEE!

(q) 6 =2.5% (r)®=-2.5%
W31@RWMNDEFEA2RM™EEHBEHBAZFHR Y (HN)
(FHRXR: 22 F)
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(s) 8=3.0% (t) 3#5%& % &
W31l #WMNDFEA2RMWEESEHABZFVR S ()
(FHRXR: 22 %)
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(a) © = 0.25%

(e) ©=0.75% (f) =-0.75%
W32 #FHNDAEs 2RMWEEHBVEHBEZFVRY
(FHR R A7 7))
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(g) 6 = 1.0% (h) 0 = -1.0%

(k) 6 =1.5% (1) 8 =-1.5%
W32 #FWMNDAEs 2R?WEEZHBVEHAKZFHGERY(F)
(FHR R A7 7))
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(q) ©=2.5% (r)8=-2.5%
W32 FMNDLEa 2RMWEEHIHBJREGRY(H)
(FHRER: 22F)
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3.1.2 :#% NDCH

#4 NDCH @t &k » W R- A8 o 5 kT o2
CFRP pE 5 o % =45 v+ 0.25%Pp* > %4 NDCH # o pL % 9 CFRP> # %
o ABEEDG AR A4 o =B L 0.5% G pE o EM A Rl R
AP 203 23244 CFRP 26 NI A Y 1 2w e ] kT4
Moo A5 it 0.75%PF 0 A G RIZ AR A RINALY 20 1 25 2 A
Bl »CFRP # 6 I i | kT Be > £ AU kI hugd 3 EMLd
Bl o BEFEE =M E 1%FF > FWe PIE AR AL 385 43 o
A AR IR kT R o F A 2000 0 B R E Al B
<R R 4 5 -22514 KN > 402 3.6 %77 & F =4 & 250 >
FAs RIp RICAL 103 20 24 0 CFRP 4 6 # 4 & jiccha
hptAe o pBE AL A H205%F > H R FEME R S KL PR 4 5
+220.04 KN > 40 % 3.6 #757 o {8 S =45 vt iE 3%pPF > 228 A ) & 30 A
A2 DA o 4 DR edbde IR f oo B F F A0t i A%PE > R
BRARIVAE 0L 6024 FENMS Ak el AR 25
N FE 32 MR A G A R T AR E AL 03X 50 2

Al TN P Rk T e M Nl 3 ARG

bu
=
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s

AIRA 0% 50 A g e (8 A 5 45%F > e B2 A

Blp RIMAY 0L 25 oAb imE > SRk T PR > HHYE
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TAROLE AR METFERBEIREL KSR NS CFRP R
A R BT o B s 0 At BOPF o EE AR RIMAL G 30 2
AfeFl CFRPRLF - FRREF 2 G Rrl 28K

MR e g R AREEK S B FH

254 NDCH & 244 0] 2 fa] » 3% & (=5 v 3B 4 BLH 25 B8 5 o oot
O 3.6 TR R B S R 2 Gl 0 A N EHBEER S
dootn B 3.7 B 3.8 5 x4 NDCH 2% 5 d 2 sLH B ¥ - § 3.9 &

Bl 3.10 & 7 :#4% NDCH ik jF e B (R4 & =B FRFY R) 25 R
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Fealt |

(e) 8=0.75% (f) 8=-0.75%
W 3.6 4 NDCH & g4 2 RI* & B EHAKFARY
(FR KR 277 )
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(k) @ =1.5% ()9 =-1.5%
W36 FWNDCHG &2 2R* L& =B v FHBEZFHR S (F)
(FHRXR A7)
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CFRP # 5% Bk~ & % RC it Bpic 8 02 %ewF 1

e lattadd
[ NDCHN {388

(p) 6 = -2.0%

> :
25 %
40 Wm
26
(q) ©=2.5% (r) 8=-2.5%

W 3.6 FMWNDCHG &2 2RI & =B &BHAKFHGER Y (F)
(;l‘f-*" o j\fﬂm)
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(W) © = 4.0% (x) 8 = -4.0%
W 3.6 #ENDCH & &4 2 R* & =8 EHBFKFHR L (K)
(F# KR 277)
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(bb) 6 = -5.0%

(cc) # 2k & &
¥ 3.6 %‘#iﬂ NDCH & g # Zfﬁﬂ*"% > % ‘“Eﬁﬂl%ﬁ-ﬂ}% I{L(ﬂ‘)
(FRXR: 42 7)
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it 075 %
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n 0B %
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(e) 8=0.75%

) (f) © =-0.75%

W37 #FWMNDCHRAEZ s 2R®»E BV EHARZFHRY
(FA KR A )
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Displ. 16 mm
cycle 10 = pispl. -16 mm
B cycle 10

= pispl. 20 mm
cycle 13

i 15 % e
Displ. 24 mm bt 45 %
tycle 16 ; Displ. 24 mm

= cycle 16

(k) 8 =1.5% (1) 8 =-1.5%
W37 #WNDCHR &5 2R3 % =81 szﬁmfis'!%-";ﬁﬁ * ()
(FHREXR: 277 )
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mit 115 %
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cycle 19

2 %

orift

Cycle 22

prit 25
Displ. 40 mm
gycle 26

pispl. 32 mm §

(q) 8=2.5%

2% BEHEEFENH

it 1715 %
Displ. -28 mm
cycle 19

(n) 6 = -1.75%

pit 2 %
pispl. -32 mm
cycle 22

nar o o (r) 8 =-2.5%
FHWNDCHR 13 2RI & B HBEKFHR L (F)
(FHRR: 227 F)
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pin 3 % e
pisl. 48 mm PREREE A it -3
gycle 28 pispl. -18 mm
‘ cycle 28

(s) 6=3.0% (t) 6 =

‘uli" g ]

| pispl. 56 mm B , it 35 %
cycle 31 s — Displ. -56 mm
| cycle 31

(U) 6 =3.5%
wmh’ﬂmu

| pispl. 64 mm . £ o
| cycle 33 : : pispl. -64 mm
cycle 33

o 7(w) 0 =4.0% (x) ©

W o =-4.0%

B NDCH X &2 a 2R3 & 2B v FHBHFHR P (F)
/..1 >

(FRXR: 27 F)
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WpOHS [
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cycle 38 pispl. -80 mm PR
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3.7 ¥ 3 21
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/ E TR !
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