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Abstract

In corrosive environments such as marine regions, reinforced concrete (RC) columns are susceptible
to reinforcement corrosion, which results in significant deterioration in structural performance un-
der the coupled action of axial compression and lateral impact loading. However, systematic studies
on the dynamic response and failure mechanisms of corroded RC columns strengthened with FRP
grid-UHPC composites under impact loading remain limited. Based on impact test results, finite ele-
ment (FE) models of unstrengthened and FRP grid-UHPC strengthened RC columns were established
and validated in this study. A corrosion simulation approach considering reinforcement cross-sec-
tional reduction, bond degradation, and rust expansion effects was further incorporated into the FE
models. The effects of corrosion rate, strengthening scheme, impact velocity, and number of FRP grid
layers on the dynamic response and failure mechanisms of the specimens were systematically inves-
tigated. The results indicate that reinforcement corrosion aggravates damage concentration at the
column base, causing the failure mode to shift from flexure-shear dominated failure to compression-
shear dominated failure. The UHPC strengthening layer enhances local stiffness and shear resistance,
thereby mitigating damage to the original concrete. Moreover, the FRP grid enhances the tensile force
transfer capacity of the strengthening layer, thereby improving the overall composite action and en-
ergy dissipation capacity. Compared with UHPC strengthening alone, FRP grid-UHPC composite
strengthening increases the total internal energy of the member by approximately 8%. With increas-
ing impact velocity, the damage region expands, and both peak and residual displacements increase
significantly. Increasing the number of FRP grid layers improves deformation control capability, alt-
hough its contribution to the enhancement of total energy dissipation is limited. The findings of this
study can provide a reference for the impact resistance assessment and strengthening design of RC
columns in corrosive environments.
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HIgS . SRR BEAKIT R LA LA S iR e L R AR AE [ 1]-[3]. HA1h S EITEREIBAL AL EI S RC 14
TR AMEAN AR RE 1, 3 BN S IR B 2 MR RS PR RE, PRARAIPFEE A b [F) 52 T PR RE[4] [5]. 3
R, TR A0 T S AR AR 17 b A B SRR % A B LR 3, RC AEAE AR
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VER S AR FAG A, RC AR IRBCIRZS T I8 5 A Sl i) [ 75 FLO 1) b o i 7 52 v o i 55 i
JEACE S Bedi R AT AT A RST S R IR RIFEMA[9]-[ 1170 il ) I /) 2 U A I 32 I [XOBE 77 7K1 A
rhir UL ER AR, (i RC A R IR A2 BT S BORRHIE[12] [13]. 28T, IUA BT L2 LSS RC A
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Figure 1. Detailed reinforcement of specimens and experimental setup
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Figure 2. Finite element model of RC columns
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AR ol ) o A P A M T A2 57 R Y SR P AR S R A B, DA PR AR Y 5 % 2 ) [ I ORI Ay 0% 238 R A2 )
R R RS FE AR X IR T 10 mm K5I R0A%,  DASR i ol F R R 3 2 7 v XIS T SRS
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2.2.2. HRHER

WIHRE T 5 UHPC SR MAT _CSCM JR#E TR TR, B e XSEE 1 558 2 Fos. WM
4l K HH*MAT_PIECEWISE_LINEAR_PLASTICITY #2374, CFRP &K FH*MAT_ENHANCED
COMPOSITE DAMAGE R TR . #5248 K *MAT _ELASTIC ##!, 78K MAT CSCM fi#l 5
TR e AR A

Table 1. Concrete material model

=1 ORBLMRHER

MID RO NPLOT INCRE IRATE ERODE RECOV ITRETRC
1 2.50e—9 1 0 1 1.1 0.9 0
PRED
0
G K ALPHA THETA LAMDA BETA NH CH
11035.0 14713.0 10.2 0.3460 4.777 0.045 1.0 0.0
ALPHALI THETA1 LAMDAI1 BETA1 ALPHA2 THETA2 LAMDA2 BETA2
0.82 0 0.2407 0.0100 0.76 0.0 0.26 0
R X0 w D1 D2
2.16 87.0 0.065 6.11E-4 2.225E-6
B GFC D GFT GFS PWRC PWRT PMOD
100.0 12.5 0.1 0.833 0.833 5.0 1.0 0.0
ETAOC NC ETAOT NT OVERC OVERT SRATE REPOW
1.440E—4 0.78 9.650E—6 0.36 28.6 28.6 1.0 1.0

2.2.3. EMETESHER

AR ORI, SEA*CONSTRAINED JOINT REVOLUTE € SABAR LR, 3R Sa 5 i
BERlR AR Bl o PRI ARSI A4S AT *BOUNDARY SPC SET HifN4ZIa, DIUSABLREE A b ] =2 A&
S o 5 FEG I 5 T WA o 5 JEE P 92 XA FH, SR FH*INITIAL._ BEAM_ STRESS XHZFF AN 13 kN #I4s%h 7 77
AR A T 5 Y SR FI*CONSTRAINED BEAM IN SOLID #7584 8h45 405, #3448 5. iR
45 M T B AR A S Bl ) 2 2 T8) ) 2 A 22 R FH *CONTACT AUTOMATIC_SURFACE TO SURFACE
X, i BIEBRBUNI 0.3,

MR BB 5 A, R e ) 8 75 () BLAR A BEEAT Bk (2. 1) F1(2.2), DA RN ik T 401 2 S ) 1k e
iBAk. [Fl, RA*CONTROL DYNAMIC RELAXATION FI*LOAD SEGMENT SET X4 /5 J& B R it 1 it
B SVHK R 71[26] (2.3~2.5),  LMESAE W= MK 51 RS0 aadits, Wil 3 Bivs. % RS s aiss
Bk, 454*CONSTRAINED BEAM IN SOLID AI*DEFINE FUNCTION & SRR 5 ket 2 18] () 2k
g - WK R(2.6~2.10), EARTEINSCHR[26]-[28], ST CAESCER29) T T RGHE, &304
i H A HIGE I FE . NC-UHPC FLfI K HI*CONTACT AUTOMATIC SURFACE TO SURFACE TIEBREAK
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L, FHORHERBTR EE do (NFLS) MY AT BY 55 & 70 (SFLS)#E il . AR UK UHPC-NC FH1H~F3 4t i
55 FE AN 40 BY 58 P 43 S A 1.67MPa Al 5.59 Mpa [23], T L NC-UHPC 2% 853 il 284 v (g7 g A H7) )
PR SE, ST ZS AU SR A T AR L UHPC-NC S 254547 M[29] .

Table 2. UHPC material model
2 2. UHPC #H#=5!

MID RO NPLOT INCRE IRATE ERODE RECOV ITRETRC
2 2.50e—9 1 0 1 1.05 0.9 0
PRED
0
G K ALPHA THETA LAMDA BETA NH CH
15339.0 20452.0 24.73 0.3323 16.44 0.01330 1.0 0.0
ALPHA1 THETA1 LAMDAI1 BETA1 ALPHA2 THETA2 LAMDA2 BETA2
0.82 0 0.2407 0.0058 0.76 0.0 0.26 0.0051
R X0 w DI D2
1.96 150.0 0.065 6.1100E-4  2.22500E-6
B GFC D GFT GFS PWRC PWRT PMOD
100.0 15.5 0.1 0.833 0.833 5.0 1.0 0.0
ETAOC NC ETAOT NT OVERC OVERT SRATE REPOW
5.7400E—4 0.78 7.67000E—-6 0.36 58.13 58.13 1.0 1.0
Figure 3. Schematic diagram of rust expansion stress application
3. FKRAREMRE
d’
n=1-4 @.1)
fie=(1-0.57) fio 2.2)
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-5 (2.5)

KA: rov re RN I VIIG LR S B MG RIR YR En v NI =P s B R 5 AL, 29l
I 15 MPa A1 0.47; n NEEWFYIEZAKEL, B 3.0; o AN S5 IREE T S IE X EE, BUEN 12.5 pm.

T:{SXG,SSSM 2.6)
0, s>s,
G =0.02536+6.15 (2.7)
7, =0.0816+52.192 (2.8)
TM
= (29)
Hrb: o RGN T G RSB & s NN S IREE L AR & o Fl s 20 0 NRE S IR IR R
PR ) 5 1 PRI # &
Liu FE[26]H H 5 RAR 28N 5 il el 1 5 VR Bk kG AR A0 32 H T R 3 ke
k. = ! 7= 0% (2.10)
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2.3. ERIGF
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Figure 4. Comparative analysis of RC columns
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(c) TREEL
Figure 5. Comparative analysis of FRP-UHPC strengthened RC columns
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LR LFiR, P ST FRP AR HI-UHPC s RC LA R e e b5 5 afh b P00 A4 6 o o 4r A P
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3. EER THMENBITIIES

BT OIUEMA ROBEAL, AT T NN RN, 7 ik, @S AR T RC AT R FUmEI B, JF
S BT AR A A kRN ] 7 206 RC AR b e SRR LA 5200 . 1B HX CO-A0.1. C20-A0.1. C20-U-A0.1 FI C20-
GU-AO0.1 PURhBLAS THLEAT X B, Hodr CO Fl C20 43 R n A AR A B 26 0% A1 20%, AO0.1 K%
JEEEH 0.1, U A GU 43537~ UHPC BnfE #1 FRP ##-UHPC E4& 0l . e N, Rrsgm i
REmFERLSE I, RN St RC APt PERE M A AE R I FRP #&-UHPC 524 Il i e il
il

3.1. HiGiER

B 6 mr 0L, DU COLRI 035 B ARt T AT R X ek, 28 BH A I 2 b s A5 0 ) v S R0 FH R B0 5%
FRAGR IO AN L0 AR YE L SRR K iR e LR iR i AR B R R, ULHAN A S
Tt UHPC fin[& JZ#1 FRP A% M52 52 0 RC A o il IR K

XTLE CO-A0.1 F1 C20-A0.1 AT 51, AW ME AR X R4 K, JFmiE S EER R, TR EE
LR AR A s, R A S R A RO R S YA I SE B B R B KR . X TR T
B R B AT AN TR LR AR SRR, M BRI R X3P S E R 7 [F
Bl A R i T AR IR 2 X N 9K, 3E—2D 5 T R B R RRAE

X EG C20-A0.1 A1 C20-U-A0.1 AT UL, &5 UHPC M ZE G, AR50 X BN, #Hifim Ly
52 B, BB UHPC N & JZ A2 e A DX ) J NI FE AT BT e g, IR A ph b far 22 N [ 2 5 R RC
SR 2 IV H A, IR R A 3545 o (H N SRR AT e R R 5517, R B 8 — UHPC JinfE K &
BRI R e A B . 3B XL C20-U-A0.1 1 C20-GU-A0.1 A %1, ECE FRP #&HE, AhEBmdfix
AP R RE R A 38— AR, it E R R TR G X . 38 FRP &Ml AEE 290 UHPC 248K &,
SELZ M 2N BB Ak, FEI SR n[E 2 5 5 RC A2 (R B FIAL FE, A A Aioh o 1 BE
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Figure 6. Damage modes of specimens under different loading conditions
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LR G5B A S K R, T HI S5 R BTN IR AR T RE ) . 5 C20-A0.1 #HEL, C20-U-A0.1 F1 C20-GU-
AO.1 FVEAEAL B FOTR AR A% Yo B S BRI, S0 R ]2 T 2880 R 1) AR i JR3 30 28 T I 5 ) o o 5 K 52 e
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Figure 7. Displacement responses under impact loading
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Figure 8. Energy dissipation of each component and total energy under impact loading
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