455 o5 4 W E T B 5 T B & 3 Vol. 45 No. 4
2025 4 8 A EARTHQUAKE ENGINEERING AND ENGINEERING DYNAMICS Aug. 2025

X E RS :1000-1301(2025)04-0180-11 DOI:10.13197/j.eeed.2025.0418

CFRP fin [E] $% 7 iR % L HE SRR M REFR 32

22 1,2,3,4 201 21 12 | ) 1

P A A F K
(1. BB AR U TR S @M b, Wl =3 065201 2. 1 [ HUZ Ry # ST A WL 95 4 5 05 5286 58, Jl b =3 065201
3.3 TAREEH 2R ERIME S5 R 2L B HARBF LG, WAL =T 065201 4. ERY5 T TARES MBI & 5 520028, il dt =3 065201)

B OyUeE AR TR BT RE , R IRLT AL R L G BEL (carbon fiber-reinforced polymer,
CFRP) JI [ 54 77 TR - HEZRAE S AR 0L 7 X AR 6, B 1 0 2 44 A o 190 o400 790 TR 6 AR e
R FRERETIF T i R AR R AR DA RSB S5 7 T A 52, 186 45 S 2R B . CFRP i [ A5 7
FRIRR BIR 7R 2 7 A0 B MO T RE A 3 )42 5 43.89% .39.27% .30.10% ; 3 T RUE A R S B AL 5% |, 8 1k 48
TN TR AEAT N TR AR e A DU B A DTk, 3R TR EF AR AL Ak iR T R, U R R
WA SR CFRP 4 10 [ R0 2575 T 56 90 9 TR - HE AR R | S (AR 2 by Py e B 7R 2 ) A 1k RIFE BE RE 735
A ARV 2 (4 e, (AR A St R N, Rt PR 1 O, e ORI PR AR 2 A B IR 1) S B AR T 4% 5 [
ff, AT CERP A [ LRI CFRP 22 [ 4 ] 5 0 0 R = 25 W B I B R, ST SO R, 45 T 1
L n) B HE A A EELUE A 1.00~ 1.25,

KRR R LT ARG RIS MR s AR TR A 5 L 130 s A BT U AL s PR Pk

R E 43S TU375.4; TB332; P315.9 XERFRRES ;A

Research on seismic performance of reinforced concrete frame
retrofitted by carbon fiber-reinforced polymer

ZHOU Yang"*** | LIU Xiangyu', ZHANG Xuetan'

(1. Collage of Earthquake Engineering and Construction Safety, Institute of Disaster Prevention, Sanhe 065201, China; 2. Key Laboratory of Building
Collapse Mechanism and Disaster Prevention, China Earthquake Administration, Sanhe 065201, China; 3. Hebei Technology Innovation Center for
Multi-Hazard Resilience and Emergency Handling of Engineering Structures, Sanhe 065201, China; 4. Langfang Key Laboratory of
Anti-Seismic Collapse of Engineering Structures, Sanhe 065201, China)

Abstract ; In order to improve the seismic performance of reinforced concrete (RC) frames, carbon fiber-reinforced
polymer (CFRP) was used to retrofit reinforced concrete frame structures. The effects of CFRP on the failure
mode, the energy dissipation characteristics, the lateral stiffness degradation patterns, the ultimate bearing capacity
degradation and the ductility of RC columns were investigated by the pseudo-static tests. The results show that the
peak bearing capacity, initial stiffness and ductility of the CFRP reinforced model are increased by 43.89%,
39.27% and 30.10% , respectively. Based on the parametric study of the finite element model, the contribution of
CFRP to the seismic upgrading effect of RC columns was quantitatively revealed, and the optimized design of CFRP
retrofitted was proposed. The results indicated that the peak load, ductility and energy dissipation capacity of the
whole structure are improved by using CFRP full-wrap reinforcement and strip reinforcement models with different
coverage areas. The damage degree of column decreases, the damage degree of beam increases, and the failure
mode changes from “column hinge” to “beam hinge”. Simultaneously, different CFRP reinforcement areas and the
distance between strip-shaped CFRP have different reinforcement effects on concrete structures. Based on the

investigation results, the recommended ratio of the width of CFRP strip to its spacing is 1.00 to 1.25.
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Fig. 1 Schematic diagram of pseudo-static tests
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Fig.2 Dimensions and reinforcement drawings of beams and columns
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Table 1 Performance parameters of materials
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Fig.3 Experimental loading device diagram
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Fig.4 Experimental loading regime diagram
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Fig.5 Failure conditions of unretrofitted columns
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Fig.6 Failure conditions of retrofitted columns

1.4 REERHW
e [l 2R A T AR R KO 7 B4R R S5 A R R e 3 - TE O 2R, SO T S5 A8 1R A TE P RE IR Ak K



184 WwoE L B 5 T ®B & 3 545 45

RESEAER A RRPE . 2 2R s [l 2 UL IR 7 8T 8 b s [l it 2okt LU AT R0, A [ ASS AU AR B AR 487 90 4 W
FE/INTIMERAY | H s ] ih A7 W R e 4 SRR AR RABRERE 1A 2 | K1 iR MLl ™
50.0 mm TBEARZR T AR BR AR 2 F7 1) 56.92% ; CFRP i [ 45 50 A% B AR 28 77tk 35 B2 T EL i [ gy £ A0 o 50
M3, 1E 50.0 mm T30 K28 138 10 B R AR J1 19 80.91% , AT HAT %5 Sy BRAR (AR AR B 1, A0 131 5 HE 2R 2 — 4
R R HA T FEAR Y FERE RE 1 AN AE 1

J1/kN 607
40t

-60 60
77 i #%/mm
2ot
_e60l
7 RINENEZR LR i O] i 2% E 8 CFRP hnEHEZR LR 7 [ #h 2
Fig.7 Hysteretic curves of the unretrofitted Fig.8 Hysteretic curves of the CFRP-retrofitted
frame structure model frame structure model

B AR i 2SR 1 il 2 45 G0 280 ey 2 M 1 S A R A5 3 I 2% 1l £k BB S N R IR AT A N 2 7K SF
o AR KB, S0 o WK R AR R A A A AR 25 2 1 2 A AR 1 B 2R i 4 (1B 9) B W SR Ak il £k
(& 10) AT, AXTF AN E AR, CFRP Ji [ J5 455 A & 48 42 T4 B3, LRI A — 8 T2 1 Y 42
Fho I AR AR FR AR 2 88 T 43.89% , W IR NI EE 4 R T 39.27% , SEMERE = T 30.1% , 155 45 SR R W
CFRP JE RS F A R B 5 A B 1) [RIB ,  2 H B8  1 2854 (A R 7R 38T P TR

14
— RINECEEE)  J1/kN 60; 12 — ARnfE
— F i 3E) 10 _ — CFRPHNH
—— CFRPJIJHE (35 118) I 5 10
—— CFRPJIN & (26 31%) 20 z 8
. IR x 6
—60 =40 =20 20 40 60 2,
fi#/mm
2
ol
0 5 101520 25 30 35 40 45 50 55
 #%/mm
B9 2AKRBEKFRMLE B 10 2 AEBERI IR 2k
Fig.9 Skeleton curves of the two groups of models Fig. 10  Stiffness degradation curves of the two groups of models
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Table 2 Experimental results of the two groups of models

il W FRAFS JiE RS e B A 2% % EHER % WILR R %
/mm /mm /kN kN/mm
TR A [ 34.57 7.54 40.37 — 4.59 — 8.94 —
RIS CFRP fin[# 33.50 5.95 58.08 43.87 5.97 30.07 12.44 39.15
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Fig. 11  Finite element models
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Fig. 12 Material constitutive relation diagram
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Table 3  Material parameters of finite element models

C30 JREE+ CFRP
R/ AR N YRR . PR B, Yrhsg
(kg/m?) E./MPa T /MPa HIL/ (kg/m) /(x10* MPa) /MPa JAIE
2400 30764 0.2 34.44 1560 21 3145 0.2
CFRP HPB300
g/ PR E, - T M wE PPN £, S T M
(ke/m')  /(x10'wpay DRI /MPa /(kg/m?)  /(x10° MPa) TR /MPa
7800 20 0.3 335 7800 20 0.3 300
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Fig. 13 Damage of the unretrofitted frame model Fig. 14 Damage of the frame model retrofitted by CFRP
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Fig. 15 Steel cage stress diagram of the unretroffited frame

24 HEHEMELSEREE

I
OFH): 75%) ! —
"

.......

[TTTTTTTTTTT

B 16 CFRP hnEHEZR WA %A /1 E
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Table 4 Comparison between experimental and finite element results

I 2H
B /mm /mm /kN

WERAZR  JEARARS  RERATEK B mE/o  EHRE BE/%

T4 W EE

=t
D3/ % /(kN/mm)

/%

98 A [ 32.30 7.18 20.19 —

4.50 — — 4.47 —
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A4 PIEER BN o= Aw/Ay THEAGEN, Forp w 0 SEPE R B Au S BRON 12 8% | B B R A 280 T B
2 859 X RL A1) 7% 5 Ay S JE HROLAS , ARG b A5 12 4 i Bzt s SR AR

3 ZFHEMEBARTSHLSH

31 BRTARIE
SRt AE5E CFRP Jin [ 5 22 %o 4K A3 R 6 A 2R 0 5% 1 B8 1 5% ), 76 i T S0 e I AL S Al 1 D)
CFRP i & 4B E | 4571 8 B M40l 2480, %11 6 Bl CFRP i [E 45 A1 )& S50k i 55, CFRP Jin & R4 2
BOULER 5, s Hrisa AL LA 21,
x5 IEREERSH

Table 5  Frame column model parameters

LAl Ese TR AR F/mm HEE/mm  CFRP 454 M AY/ mm? CFRP 457 4[] 15/ mm CFRP 17 & %/ mm
A 120x120 1000 — — —
AO 120x120 1000 480000 0 1000
Al 120x120 1000 192000 600 200
A2 120x120 1000 288 000 200 200
A3 120x120 1000 289920 132 151
A4 120x120 1000 288 000 80 100
A5 120x120 1000 285120 58 74
A6 120x120 1000 211200 80 55
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Fig.21  CFRP retrofit column diagram
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Table 6 Finite element analysis results of different reinforcement models

woppgy VRO WROE BB e | merw mee | DOUE g

A 34.80 7.45 20.70 — 4.67 — 4.67 —
AO 43.50 7.10 29.06 40.42 6.13 31.26 6.75 44.54
Al 35.00 7.70 24.46 18.17 4.55 -2.57 5.63 20.56
A2 35.75 7.00 25.63 23.46 5.11 9.42 5.77 23.55
A3 37.15 6.30 26.92 30.08 5.90 26.34 5.89 26.12
A4 45.40 7.15 26.53 28.20 6.35 35.97 6.11 30.84
A5 40.80 6.70 28.58 38.08 6.09 30.41 6.33 35.55
A6 40.95 7.10 24.74 19.55 5.77 23.55 5.56 19.06
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