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Abstract

This study analyzes 371 publications from the Web of Science Core Collection, spanning 1998 to
2025, employing CiteSpace for visual analysis across multiple dimensions, including temporal evo-
lution, keyword co-occurrence, journal co-citation, and document co-citation. It systematically un-
covers the research development trajectory and hot topics in the field of CFRP for post-earthquake
structural strengthening. The results indicate a consistent exponential growth in publications, re-
flecting sustained academic interest in civil engineering. The research focus has evolved from fun-
damental component behavior to the holistic structural system performance, shifting from macro-
level performance enhancement toward deeper-level mechanical properties. Methodologically,
shake table testing, numerical simulation, and innovative strengthening techniques represent the
primary research approaches. Recent emerging frontiers include stress-strain constitutive model-
ing, structural behavior under cyclic loading, and soil liquefaction effects. This study provides the-
oretical and empirical support for understanding research trends and forecasting future develop-
ments in this field.
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Figure 1. Statistical analysis of annual publication volume on post-earthquake strengthening
research of CFRP
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[FI, AR TR BIRALIERR(Q H) N 0.7013, Q {EHER AR ML ISR RAEWEr, Q MIUETLH A
[0,1], 4 Q> 0.3 W FREH ML 41 A 52 B [10],  PRIAR IR A ) SR S5 00 2 5

H— DG T TR RE BICENTE 1, H T 70 Ak i % 0 32 /5 K ) T 4R ALE o

2 1 ol 5, FERFR R I710, JE35#0 bridge column (FF24E). #3 columns (F£). #2 rc beam (4M 7R
B 232). #9 masonry wall (FI4RSE)FEFIA4 % CFRP 52 5 i [l 14 BEAF FORIAZ o3 AR R o Forbd . BF3AE
XA FREOE R, P HIEG 58 2010 SEF1 2011 4, RPFEF AV, FESGER LT
W7 Rz O A ——HE, MR AE M BTN g S BEAA AF, FE IR 5 0018 5 BB DL€ G i B Ak 22 et
DR I B FE BRI TR AL e 07 IRl 2 05 3 2016 AT 2019 4 SRR T R 1 /8 715 T 45 - SR FIRY) AR 335 1 7 A 51

#12 buckling rpstrained braces
#11 enveloped steel jackets

o #6 éé;nent grout
#8 plastic hinge e.-..
#13 geopolymar eoncrete S @
e #1 shake fable
20 #0 bridgg-golumn

= #3coftgnns
#9 masonry wall @y B #2orcsbéam
b ; . Qﬂ . i ’.:
s THS l@del ol ; ? A
. ® @ o
g : e #ﬁf@galr >
“ B #10 abaqus
n o

#7 liquefaction

Figure 2. Keyword clustering map
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Table 1. Top 10 keyword clustering IDs
=1L XRINRAESH+

RhgwT A5 S P56 BRAE (S 1H) S35 Hh LA ALK
#0 38 0.949 2011 bridge column (FFgAE:)
#1 34 0.955 2010 shake table (#3511 &)
#2 27 0.854 2016 rc beam (4N JH VR & 22)
#3 26 0.923 2010 columns (1)
#4 24 0.927 2014 repair (&%)
#5 24 0.895 2010 model (1Y)
#6 20 0.952 2010 cement grout (ZKJE¥%)
#7 13 0.929 2020 liquefaction (3% 1k)
#8 13 0.862 2016 plastic hinge (¥ 1£4%)
#9 12 0.898 2019 masonry wall (F]{43%)

TERF IR IS 535 0, JE#7 liquefaction (L3R 1K) #8 plastic hinge (B 1H4) /2 5 HATE A1 2%
K, WEERFEEWNAT RET NEIRMG SR T T7 0.« LIREA” BFF0 St iz Sk
MERAESGE EI AP RE I, e 2 3 - HhIE - SEMAMH BEAE R RJE T, SR U TR I R AR A T VA
CFRP JIN[E A 24 “OBIEAR” & 45 M fE R ) IGFERE I OGS X 4, 18I CFRP [ Bk 5] S BBV
HIREAESCRRE X B, e BE S E ML IR, AR It AT 9 B A0 o 2 02 T (R B AR MR RE 3R T, e 1) SE VR R IR
(1) 7371 RERi 7 S A B AL

4.2. XEIALMIHT

SR [B] RSO R ] i — P R AN A E A ORISR FE 5% 0T A, 3R 2 DR TR HE A ET
oSBT, BT IATTIAZ OB S

M 2 ATEN, SoBEIA] “ofrp (MRAF ARG IR &) ILIIIRN 149 IR, RILHUIIR & i S A, 2
AW PO, K B HE SR TT

KR “retrofit CINE)” B/ HLMEN 0.30, s At Pt i OB A] o A A 1 2 PEAS T AT
TEM 2 R R RN, S A FO MR T 0.1 B3R B O HE 1A 1T 58 208 A (R U TAX A5
“retrofit (I [&])” & ¥k H LTI (] 55 511998 4F), R BHMN[E 2 CFRP M RHIEAT R 5 2514 1 B s %0 H
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ETNV PRI

DOI: 10.12677/hjce.2025.1410254 2361 T AT


https://doi.org/10.12677/hjce.2025.1410254

RIRL %

Table 2. Top 10 keyword co-occurrence frequencies

2. REAHLISORAET+

PSiat U By PSR AR bES TR
cfrp (BT 48R E1) 2004 149 0.06 #5
behavior (5 /1174) 2004 127 0.18 #0
performance (14 f%) 2011 94 0.02 #7
fip (AF4EI TG Y)) 2004 93 0.19 #0
strength (3 /%) 2002 92 0.13 #4
retrofit (Jifl &) 1998 78 0.30 #1
seismic behavior (PLEPERE) 2014 71 0.02 #1
earthquake (J17Z) 2002 62 0.10 #0
concrete (Y4t 1) 2002 58 0.22 #6
column (FE) 2002 48 0.17 #3
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Figure 3. Keyword co-occurrence network map
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Table 3. Top 10 keyword burst strengths
3. KEARIEERT+

IR IA] RIFFUEFA RN RFG  RIERE 1998-2025
ductility (ZE1E) 2002 2010 337 o mm———
composite materials (& &+ %) 2004 2011 571 o m————
rehabilitation (f£45) 2004 2013 477 o mm———
joints (719 £) 2008 2015 301 e
frp (L4355 5% 64) 2009 2013 369 e
seismic (PTL/E) 2010 2012 3.54 -—
seismic retrofit (F71 1 [i&l) 2017 2018 4.63 -
stress strain model (N 7 N AR ) 2019 2020 3.62 -
seismic behavior (FLEMERE) 2019 2020 3.37 -
cyclic load (fE¥ i %) 2020 2021 3.25 -

TN W7 e 8 A4 D DG BE A1 R R I L, AT S BRAN [ B 3 S B ] RV R AR B, 32 3 oA R
R RSt

e 3 Al 2010 4FLART 3 BT RS A AR R E, N FISEEN B AARMER BTy
“ductility (JZE1E)”  “composite materials (&4 KL ” . “rehabilitation (125)” « “joints (75 £0)” 1 “fip
(AFAESGSREEEYD)”  ARILT X TAOEERE T SUE SN PERE IR R o X LE IR AR (1) SN (] K, AR
T I SCBER] 7E AN I BRI 8 R BE S R B I

2010 ~2017 AT SEPR TREG G R B B AEERMICEIEN “seismic(Piig)” 1 “seismic
retrofit(BURZEMNIE)” , Z5E 1 1 Al A1, AHICHT T BRI B 7R /NI A) B A PR, X 5 BRIE FE N &
20 E 0 RE A G, 5 B A b G R g A G, S AR R B RE A SC I ST AE IX AN B £ 52 R

2019 2 J5 AER TR B . AR 3R 14 50417 v “ stress strain model (B /3 WA TY)” | “ seismic behavior
(PUBEYERE)” « “cyclic load (TEHM &) 7, REHILPT BT LT NIRRT PR TR Re M B AL k47 5

5. CFRP B R ME#MZ=ATI RS 94

AT 45 51 2 AT B8 8 7 — A ST A S R SR IR, B A S T A, BT DO
FUA T ROE AL SR AR AU L S BTV R I TR 5 .

4 NI EIIRRHE R T EAT, 8 I I e T 52 0 (R e K2y X AT Gt s BT R R
71, R FRFRMSCRIFILER S % . & 4 "TE1, 5CT CFRP & 5 MERERT 78 B AH G SR 2R RAE AR
THE. BEMRAFIER S B BOBAT] o Hodr, LR 54K s = 1) (Engineering Structures) &1
R LREEE S E A PPRS H AU TRGIA T, 52 R 15051 (IF = 6.4), KRLEZIH T 7R CFRP
Tn i AR FIHLEE . B AN PR AR T OR E AR S 5 SR A, mAEg s TR s T
{Construction and Building Materials) {Composite Structures) #1 {Composites Part B-Engineering) 2544
BEEHEIEIIT], XK CFRP &G YRR 70 2 0L H 2 2 AR 5 i 85 2 BB S R E: 4h, [T
e, FEEVREE L2 (ACI Structural Journal) T EAR G20 A+ AN (IF = 1.5), H L4 550 =
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Table 4. Top 10 journals by co-citation frequency
= 4. BARIHASIBURAT+

AH LA TR LERTIES IF 2024 PRBERIINX 2025
296 Engineering Structures 6.4 THEFA 1 X TOP
260 Journal of Structural Engineering 3.9 THEHAR3 X
259 Journal of Composites for Construction 3.9 THEAR3 KX
254 Construction and Building Materials 8 THEHEA 1 X TOP
220 Composite Structures 7.1 MEFRE 2 X
209 ACI Structural Journal 1.5 THEREAR 4 X
156 Composites Part B-Engineering 14.2 #EFF 1 X TOP
98 Earthquake Engineering & Structural Dynamics 5 THEEAR2 X
89 Journal of Earthquake Engineering 2.7 THEAR3 KX
86 Materials and Structures 3.9 TRHEAR 3 X

(209 ), XS TATMERRE L AREXS T T REN AT 7T (5200 77 o
£ LRIk, CFRP & JatERET FURIFIRIR RAKIL T AR TR SRR A IR &, JF h— R sKF
ARIAFIIE[F SCHE, BT W B Ry R A T A SR A B R

6. CFRP B ME o #5194

SCHRIEA 5] o dfr e — P B T B R U AU UR, AR FR @ Z AR SR & VR, TRIL X
S IAZ 0 SCHR I A e R ik . & 5~38 8 LRSI, APl RILGREE . Sigma {HIX 1A
FRFRAHR PR HET AT 10 B3R5 SCIREEAT T Sitt, RS, Bk a IR DOAS B (i AT brds, DA
RISC R EERERE: 1) 4Lt ENriEtrRms Pt Il 4 RIGSCHR; 2) I fEairfetaRis it
I3 RMISCHR; 3) B th: R HTHRbRRAE R L B 2 IRIISCHR; 4) B . fE T iRAnRAg R I 1 1k
PISCHR. B2, R4 5~38 8 LIl 2 IR LA EISCHRIC S 2242 9, 4 B 7 MU ) SC B SR

5 NP SIS T 10 BSCHR, 75 EE RIS, R SRR 0 R AR AR 4 A B e
ST AL S B, T AR AR A B e b ) S| AR

6 NRIEFEAEAATT 10 BISCHR.  RIL A DhRe v] i8I & A 18 ER SCHRTE SRR 28 I TRV 4E FE N IR DG FE AR AL
SRR TSR, R HERRI SCHR ) T A THEAFAE o FAZOAE TARIE SCIRBE S IA0R . N EE B AT BT
PRI RAG T, TR AR O P B SE R . SRECIR ) DG SCHR, £R L TR E M B
AR ST 3R HR SR BRI BT 7 ), 9 Jm B4 58 7 1] (A0 4E 5 A AR A T i 1 3 B 2R AR -

g O PR i B OCHRE I 28 S kg rh “RR AR R IARAR, &R S rhoO P SCRRE A E AN R
WFFE5r 3 ARBEAIRIR AN R AL . % 7 23 1 /oot AR AT 10 A2 095k, Fedh HE AT 2 190k
rh O VERME S 0.1, B ST AR OSCER, X 2R A S A PR IR SCHRTE I £ 5 A4 v o 4 B AT
B, REN B GRS F AI T FERRR,  RAEERR AZE FE AU N AR EUZO BRE  R B W IR SR SR,
FLAE T NS5 RN 0 PR AR I R A A R k2« 09R ARUA ROCIK A HEE S 5 L

72 8 v Sigma fHHEA AT 10 ISCHR, Sigma FEEL(IC N X)& CiteSpace H T PEA% 15 s BT AU 1 G852
HiEbR, HAZOAE T BE T AUE HEMRHE, — 77 758 Mg f b Bz /g, Birhsprds
% (centrality); 73— 77 I AT s 7ERS [ 48 B _E FIBh A 0E AL, B 58Kk P (burstness), 18I H /i H 0
PESRRIEHATIRBACAR S, SEIIN T A “ RN 5 “INpEaE " ERa B THE . X3R5 PR
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HFEBEZFEH[10], THEAXN:

)bursmess

Sigma = (centrality +1

M

Table 5. Top 10 literature by co-citation frequency
5. BRI SISURAT+

5 AL SR

Sk

Obaidat YT (2019), CONSTR BUILD MATER, V198, P313-322,

! 12 DOI:10.1016/j.conbuildmat.2018.11.267

2 9 Ilia E (2019), ENG STRUCT, V194, P300-319, DOI:10.1016/j.engstruct.2019.05.070

3 9 ACI318 (2019), BUILDING CODE REQUIREMENTS FOR STRUCTURAL CONCRETE:ACI318-19

4 8 Al-Salloum YA (2007), ] COMPOS CONSTR, V11, P575-589,
DOI:10.1061/(ASCE)1090-0268(2007)11:6(575)

5 3 Sharma R (20}9), CQNSTR BUILD MATER, V195, P376-389,
DOI:10.1016/j.conbuildmat.2018.11.052

6 8 Mostofinejad D (2019), ENG STRUCT, V183, P987-998, DOI:10.1016/j.engstruct.2019.01.038

7 8 Jiang SF (2016), ENG STRUCT, V106, P317-331, DOI:10.1016/j.engstruct.2015.10.037

8 8 Khan MI (2018), COMPOS STRUCT, V200, P103-119, DOI:10.1016/j.compstruct.2018.05.080

9 7 Pampanin S (2007), ] COMPOS CONSTR, V11, P211-226,
DOI:10.1061/(ASCE)1090-0268(2007)11:2(211)

10 6 Alsayed SH (2010), ] COMPOS CONSTR, V14, P195-208,

DOI:10.1061/(ASCE)CC.1943-5614.0000067

Table 6. Top 10 literature by co-citation burst strength
= 6. SRR SIRIBERT+

Fe RILIRE R4 RILEE R SR

Obaidat YT (2019), CONSTR BUILD MATER, V198, P313-322,

L 48l 2022 2025 1y5140.1016/j.conbuildmat.2018.11.267
Al-Salloum YA (2007), ] COMPOS CONSTR, V11, P575-589,
2 446 2000 2012 110 1061/(ASCE)1090-0268(2007)1 1:6(575)
s 39 2010 201, Pampanins (2007), ] COMPOS CONSTR, V11, P211-226,
DOL:10.1061/(ASCE)1090-0268(2007)1 1:2(211)
Alsayed SH (2010), ] COMPOS CONSTR, V14, P195-208,
439 20100 2012 50 1061/(ASCE)CC. 1943-5614.0000067
S 345 2020 2025 1lia E (2019), ENG STRUCT, V194, P300-319, DOI:10.1016/j.engstruct.2019.05.070
6 34 201 2025 ACI318(2019), BUILDING CODE REQUIREMENTS FOR STRUCTURAL CON-
: CRETE:ACI318-19
Mukherjee A (2005), COMPOS STRUCT, V70, P185-199,
/ 318 2009 2010 DOI:10.1016/j.compstruct.2004.08.022
Mostofinejad D (2019), ENG STRUCT, V183, P987-998,
o Slls A s e v A OIS
Sharma R (2019), CONSTR BUILD MATER, V195, P376-389,
S L O e e
0 296 2017 2010 YangY (2015), CONSTR BUILD MATER, V78, P405-420,

DOI:10.1016/j.conbuildmat.2015.01.010
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