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Abstract

Inrecent years, ship collisions with bridge piers have occurred frequently. Under such impactloads,
reinforced concrete piers are prone to damage or failure, which may lead to partial or complete col-
lapse of the bridge superstructure, resulting in devastating losses. Fiber-reinforced polymer (FRP)
bars offer advantages such as light weight, high tensile strength, and excellent corrosion resistance,
while cement-based composites (CBC) exhibit high strength, good compactness, and superior crack
resistance. The impact resistance and design of FRP-reinforced cement-based composite structures
are therefore important issues worthy of attention. To address this, this study focuses on glass fiber-
reinforced polymer (GFRP) bar-reinforced cement-based composite columns. Through a combina-
tion of pendulum impact tests and lateral static loading tests, the lateral impact resistance and re-
sidual lateral load-bearing capacity of the composite columns after impact damage were investi-
gated. The results indicate that, compared to GFRP-reinforced normal concrete columns, GFRP-re-
inforced cement-based composite columns demonstrate better impact resistance, reducing peak
displacement by approximately 35%. In terms of static load-bearing capacity, they exhibit greater
lateral stiffness and lateral load-bearing capacity, with a 43% increase in static load-bearing capac-

ity.
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THHESE GFRP i st /K eI & AARAE ik AR Ek tE R, IRE I ES TR T T e m A
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N THEFL GFRP B s /K e 25 52 & 4 BHCBC) A ph i Bt Bk A 0l [l AR M e, AR SOt 8 bt
BARSE AAEEEAT RO e 5 S mBGREe,  Dhih A SR RN, 2 EE 4 R GFRP 1Y 5R
3 Y A (GFRP-NC) AT 4 # GFRP $ 38 /K Ve 3 &2 & 4 BHE(GFRP-CBC) . &R () A S HNL 72 1,
Fh bl G R GFRP ffi; F-BF N Al C 73 s R Bt MUK 2 E G40k #0500 30, 45 H1 75
53 | TR AN R (1 b ek A B (07 A 2l M 1) B n4R) s 7B M Rzl T & 7 B A b ik, 30M-1 &
INER BRI T M Y 307, ik 1k, HEoREES KB 7 W Bk fF G-C-30 &8 GFRP
R KRR R AR, eI AZ 30 ks A R AR AR ) iy, SRS HEAT IR SR AR [ T N E

RC J7 FEH B FE 1000 mm, #R LKy 200 mm, AR ZEE N 20 mm, W& 1 fis. R4
ISEARRRER PR R . i@ VR - (SRS N CA0)RI/K YB3 2 &M L (E 191 5 [ TREH M R R
TAEA AR BRI E 4 M ER 16 mm () GFRP 5, FCHIFRN 1.15%; K EZN 6
mm ] GFRP #, [H#E>4 100 mm, BEdEZ N 0.28%. Al s EARALSE S, [A1EE A 20 mm,  PARH (b i
i ib GFRP i 5k EE A AT R IR o A ST FH 045 e VR A ARV 2 B G b R HIR B 1 S 57 1k
PO 98 P {E 23 514 35, 56 MPa. 16 mm EL4% GFRP 7 1% R 58 75 A4 {5t AR 843 i)y 793.7 MPa
H144.3 GPa, 6 mm E4% GFRP fjj FrIH) BIR 56 B2 AR A SRR 53 73] 4 978 MPa Al 42.1 GPa.
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Table 1. Details of RC column specimens
F 1. RC Hik & #

Vs YE BT, JLY D IN=] E _‘m& 2
g M REEE o, BERA WM s 0 EEG RANE
SRR (6 Q) EmY ) Tl Bem )
G-N-0 GFRP NC 0 225 138.1
G-N-30 GFRP NC 0 30 2.26 0.80 199.3 222 122.4
G-N-45 GFRP NC 0.28 45 3.50 1.93 304.5 17.6 118.9
G-N-75 GFRP NC 0.28 75 6.00 5.66 685.4 17.6
G-C-0 GFRP CBC 0 15.6 193.3
G-C-30M  GFRP CBC 0 30 2.26 0.80 304.7
G-C-45 GFRP CBC 0.28 45 3.50 1.93 199.2 8.3
G-C-75 GFRP CBC 0.28 75 6.00 5.66 2214 375 138.2
D6@100
]
AD16
A
(=3
o g 4D16
s
ll_ —ll 20~ 160 1«20
200
D6@100 .
— 1 2z
) 1- 13 i
20~ —180 <29
200

Figure 1. Dimension and reinforcement details of RC column specimens

(Unit: mm)
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Figure 2. Test setup
B2 RiEREE
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FIRIZK T INARS B, N8R 5 0 A S 8 22 ) LA B T T T T 5 R 0 0 e b 2 ) 35038 o~ T 0% 85 [
I, SE S AETAT AT A e 3 Hoet 7K P gk s B B R TP, A ORAIE T T TR BN I 0 R 2 AR
FEACF IR ZS o B8R FH A A% 12 AR R AT AT SRR N A, 388 8 T 7 TO006F 482t o 7K ST ) s 252,
B R AERIR.

RIS, SRR b 7 R PR D0 e 43 a2 B R Sk 1 I AR SR A S (R 200
tv SREMIFN 51.2 kHz)#HATM & . N T AmEicF b dE e, AT il EALWIER Y 1000 fi/FR)xt
T AT . thAh, RIGIERA Imetrum JEEAMA I RSN B RS T AR S5 B R, Chen 25[25]

DOI: 10.12677/hjce.2025.143050 447 TARTHE


https://doi.org/10.12677/hjce.2025.143050

by

%

&

5 R R R 6 ELBGAIE T I B G A
3. LR
3.1 REMEAHGFRAELER

3.1.1. HUFFHEFMEHIER

3 Ay g UG Sl B AR it . RIS BROTIRAES R S50 B3 #T, R B GFRP-NC 4
5 GFRP-CBC #: 2HLH ARG HE . % GFRP-NC #, G-N-30 iR fF EE LI NS 87845, B
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SRS, (EAHEEE T, CBC MR ASZE Kt /1, RERMEMERL, HIERRLER
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Figure 3. Final failure modes of the columns after impacts
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K4 250 T SR R b ol I R 2R . 5T NC A, 3 Ml iE il 77 i R i 2 S B AR B =
BURMIE: el NZ 39 I 22 58— f SZ BRI %, Bl S IR0 2258 U E AR I, SRR N TR I BOT
BEAE . RIS LE RR M, SRERE T RN SR — I R BRI G-N-30 A —IE(E N 199.3 kN,
1M G-N-45 Il G-N-75 43714 4= 304.5 KN Fl1 685.4 KN, 18155 AL 2] 52%H1 244%; AL T, B4R
FAEEXT 3 WA RN, =AM B EE B 4 7 112.2 kN 189.5 kN 1 245.0 kN, 341l 433l 69%
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Figure 4. Impact force time histories for each specimen under impact loading

B 4. il RS M TR E e iR
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5 R 1R by UE FE AL RS I R M 2k . Ee 25 BRI, 6P T NC #E, B il 5 T,
FERIEAE A7 B RO R AR AL F L AP K ds . BRI S, G-N-30 A HIIEEAIFE )9 6.4 mm, 1fif G-N-45 5
G-N-75 #4354 %2 12.0 mm 1 56.6 mm, 34153 7118 2 87%H1 784%. X T CBC 4, G-C-30M-1 Al #
PERZEFSEO A A EAR SR, G-C-75 a4 0l PR v o ok P o v B0 R e 7, s 1 fs S 0 o0 i 2k
JUE I, AR TR S CBC AR AL A e SRR . B v el BE ARSI, CBC Ay mid iy FEE 14 U
EA RN FRE R BT, Hp G-C-45 AR IE(E N 7.8 mm, G-C-75 W AFNIIAE] 37.5
mm, &I 381%, X —H4IE 5 NC FEEM RIS T 372% 1S IRIE A 2 . EE & i seibd, B G-
C-30M IR AFIIER 7 B m sk, (BT WS R, BEAE S5 NG IR0, A 0 WA AL R AR AR 7% 1% T
A EREENE, UEEAGRERNL 75 R E M A RE R, 5 G-C-75 ik AHEL, G-C-30M ik
P AR AL R FIFR AL RS 43 ) N B T 70%F1 90%, IXRIACEAHFIGERE &M N, EE &R B
TN, KA A A SR X 3

I EE T AT AR, EANFE P, CBC by Al AL R i N 1Y BB T NC A, B
AR : TE A5 75" phii MR, CBC AL F% 73 I B T 350%F1 34%, HIE 75° il 1
PRI /N o X LK 7 /IR, GFRP-CBC AH R A Bkt i M AT /E 11, ook, BE&
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Figure 5. Displacement time histories of the height of each
specimen at the impact point
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3.2.1. KM =S - (LFERRLE

K6 JRILT 5 ARRPRIE R S INE A R - s 2. i mT AN, XFF NC ik, BEE R
PRAT L AR, CA FR 00 ) D FEE 5 00 1 5 S AR 2 ) SR I R ) R B B o FESEES TR, NC A
(AR ff 2 135 KN, TAEZRE 30°F0 45° i hnak fa,  FLUEAEL A #1070 il B 42 122.4 kN 1 118.3 kN, il
5399 9% 12%. FiH, G-N-45 A IEEAE 7 808 G-N-30 ik — DK T 3%, LM Bt Al
N EAFER N, R TaiEs R0 A G-N-0 ek RIS AT a5, h4E 7B RSB, I
ENEL) 10 mm AiFe, I AEVERIRREE. T WL, BEAE ph PR, GFRP 3%5% NC A1)
0 ] D1 P88 0k 4 7 8K 0 320 535

X CBC i, H ks fEr G-C-45 W iy nad s ds bl gk, SEOLEI S I H I 8k
TR M 6 RRTLUEH, EAHFEM AT, CBC M MAHAE 1 E# T NC ##, &I CBC
BABEROMARIE. SR, E852 45 phdinds, HAIam R E R L, § &) WA Jn
# N 193.3 kN [£% 138.2 kN, [EfiE Ny 28%. XKW, K& CBC MELEF RS MAIMHENIEE, (HHX
A U0, e PR REAE X ER5S «

Zx BATR, GFRP-NC &M M %R 5 b R % V)M C, i CBC Mkl EABAT &
MIILERIEE, (HHPirh SR e = .

3.2.2. RHRAWFHES

Al AR AR ) 5 BRI BRI 25 RS, SR A X e B RSt 1 i AR SR T A dn
7 Fioc. BRI, GFRP-NC HEAESLFR Sy gk, whdi kL pps f5 0 =FpisCF, LA maR
B — e A, RIONEERBT IR, F=RIZAE AT TIN5 H A4 (T 220 200 mm & 54
Tz, HAE 150 mm & E4Ab, GFRP fiflWid. SR1f0, Bl vl BRIk, AR QR B L AR AL 22
S RN BRI B b R TN Bk AE T, AR B — I BT DDA s A s B ik S
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Figure 6. Load-displacement curves of each specimen under
static loading
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Figure 7. The final failure mode of each specimen
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T ek P B T IR A R Bt B R BT RS DA R R B ISR T TG N Ab, L PR B VR
S ORYR I ERTEARE SRR, HRSRAE NN . IR, ph il RSN T2 GFRP i 5 %8R
et Z [ADRSSEVERE T, B BE M B — BT YDA B A N BT 1) 5 R A5 A I B A A

Xt GFRP-CBC %, £ =Aiin Bt e K AR AR I AR L, B DURRAA BT DIREA &
P B B SR RORG G5 BEOR R AR AT T RIS A M T 22 250 mm gAY, HoA R AAERE . (HA
TEERE, EALF IR, CBC AEMIA I AR H B4 5 21 4 RO R B R I L, X5 NC A
MBI AEATAE DR (22 5% o £E 45" iy SR AN, X PHERASUBTRE T T I, RE S5 RSO I 4357 0 0 21
YEMR; TIAE 75 EARM T, f BN AR, SBTRE LT e e k. W T E R RER
i CBC £, B ARERIZIL 75 I M E L fe R, T ERIDvob o X8 B8, R H
LB 1 BT D) BORG £S5 R
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PUE FIPLBTRE Sy DL U (Y 248 5 R ) . CBC HERERS PR LY 35% B AR, FRAE Rl ph i N A 2
IR RO . BhAl, CBC 55 GFRP i Al Kk 45 Mk B fEph b fr 2k R RBUEAR, (B7E i ph o 5 2>
BT R
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e N ERE GFRP i RS 250 . (KR R B by IR R, AR 508 R TR R I
M EAR R e B R SE N, R AR AT A B A R R .

3) fEEF JIIMESEAT T, GFRP-CBC A:FR I H BRI [mI W AN A& Jy, g &K L GFRP-NC
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