5 53 556 8 0] R - N S ]

N Vol. 53, No. 8
2025 £ 8 H

JOURNAL OF THE CHINESE CERAMIC SOCIETY August, 2025

http://www.gxyb.cbpt.cnki.net DOI: 10.14062/j.is3n.0454-5648.20250023

ST A3 52 2 PRHTS 55 2SR K R 45 B K VS - 1
Wit P

wHEX ', BB, A B 2 B BEG, BEE
(L. 88 TSR AR SR LRI b, 1% %8 2665205 2. kA TEB, Kib 410083)

o OE. W R KRB R R £ K JR TR B T (FCASS-CSAC) I 47 448 3 53 & b4 BHERP) 5 8 1% G0 i 1T A Rk
XA B, {2 FRP 555 FCASS-CSAC MRS HLEE A BT . 29 7 ¥R B =& b A ME B AL MU, AR TAEXS 18 ik
WAFEAT TIRR, 4T T FRP #iFhZ(BFRP Fl GFRP)FIRL 45K FE (5. 7.5d. 10d)*F HALSEMERERZm . 25K XTER
d v 10 mm ) FRP fiidt, TEAFZEMERER T, ZEE FRP(BFRP) S MKk 45 P re im0 T 355 FRP(GFRP)/H, Fokh
Sh9R B AR L GFRP i 5140 40%; 24 BFRP Al GFRP i AL 45K By 5d B RG 285 B 7788wy, Horb BFRP Fh 251k &b 5d Ragh &
BE )RR B 7.5d A 10d 195351 R 20 30% A0 60%. 45 AIRIG4E R, R T R K L) FRP 15 FCASS-CSAC M
CEEFE TR A, T HREEE M RE R0 FRICOT AT, FENSAS 5 o a8k 38 P55 AR VR o - 8 B AT AU TN, R 5 - A o £ 1) T
M3 Hr &5 35 5106 45 R & B

KRR BERERERKUE: M KL EAKEENRE L, KigitERe
PEISES: TUS28  XHEMRETE: A XEHS: 0454-5648(2025)08-2328-12

4% AR AT E] . 2025-05-30

B Bl AR A T o NS
(IR T St SR AN E B R T R i
AW, T ) AR OR R J A SR AR W KR
R RO A TR KRR .
TR Mg HERD Sk AF B ORI, VRIS R L
R G5 R RS BHI A E B IR 3R T R B BOR C oy
TCREBIE FUATUSR ) A i L B 2 R A B
iy BRAE AT K L HERD KB R Dy it TR
it JFURE R il DU T LR PO L T RS A5 B
Bt = W @A A5k —, BB w] AR A
e TR g v Rt . AR, K PR A
AFBETHREAFAE, 0 GEAR i i) 85 1 7] 3
H Bl B e AT Y5 5T A M RL(FRP) 5 2
CABRET 4k BURE LT 4S5 ISRk, o TR
AR — A T RE AT A, BT AR M R
R AERE AL, R A FRP FRAE NG TR EE L B 4

AR E I 2025-01-12 BT H#: 2025-02-20.

FHETH: ERERREIES(U2106219, U22A20244, 52308264); 17
B T A T T AE Q8T 1 BA B8 Bh 10 H (2021KJ019); LR
“FrilZEE” HEL KT H (No.tsqn202408223).

H{EF. MECC1989—), B, @it #R.

BEEE: EEIE0986—), &, [d, Ei#E.

& G 55 T A S50 Ve LA A Tl i) BB, H AT B FE
MgV AR SRR 2T Z R .

B £5 TR 2k 7K Y8 (CSA) R it + IR H B LA
SN R PTB PRI SRR T, B CSA JREELH
S FL AL BsURLE FL B AR 3 /N T3 S8 R R £ /K U VR
Bk 1), T E BT SR L TR AP R SR
(i TIR A 450 TRE . bAh, %5 % CSA ALl
AR B B R, AT HE T IR0 B
2 LR O B ¥ FRP /57 5 CSA IRk 454
85 AT BE A AR i T EE M AP B, Wang
25Ul CSA B REEIR I KYE, JTR T CSA W
H 33 FRP(GFRP) M hr it et 7T, iE—2B &
Y CSA X GFRP fiii B BRIP4 P fe . (272, FRP
W5 IR AR S T RE R S T R AR e,
TR G 2%, ZHMREKE . Hd R &
W R R . Flan, sebr TR R, w5

Received date: 2025-01-12. Revised date: 2025-02-20.

First author: BAO Jiuwen (1989-), male, Ph.D., Professor.

E-mail: baojiuwen@qut.edu.cn

Correspondent author: CUI Yifei (1986-), female, Ph.D., Associate Professor.
E-mail: cuiyifei@126.com



9553 &5 8 W BAMOC SF. U E S APRE S A R AR RD R BRI £ K e TR e L KR S P RE .+ 2329 -

FRP AH7EHFEIREE 1 5 LR S FH R3S 80t
TSRS, 0 AR T v 18 0 B P 8 s A SRR 25 5
E5R A TR 2 PR, AT AE TR oS R PERRS, b
Ab, ARG FRP N E R B2 = b, i AL 25wk
ISR IA A7, SERR O — S i S i
B, FEGTRAARPCR FEC, R CSA TEHE
TRE R I TAL S RE R £h /K e I BL R Th E
(ERERS B S e N N = bl Y IV B O SO 7 N g €/ TR
N, WFEEIREE T CSA TR LI SRS 155
TR IAE 1z 8 Ak, B A X ATZ) 1L
s B0, AN, CSA JBEELS FRP MK
Khgh e Rem T/, P U IRIVE F I i A 1 ai
BRRZ, Fi, WA LERAFA FRP 5
CSA TREE T IIRG 45 A M BE 5 (AU, I s fr T
BRNHEAEENEFE L.

HRT, WP A5 T TR e 1 B 5 0 M 1) Rl &5
PERE O )12 v E . Kazemi ZUHF 5 T 5 %
i VR AV K IR B L AN R R B IRET
IR ZE I RE . BEFR R, &g 250 d IiEIK
5 58 SO K T IR A PR DA, R 5 8 VR g E AN
R 755 1 K VR 1 B B RE 25 5 BE 0 R B T 4
6% 10%, LLK 8%F1 13%. AHF5LKH: FRP
7 1) 2 T AR A 0T G 5 5 Rl &5 1k BB 1 s e R 5
HZ% FRP 5 kL IR foRs 450 i B T
g, Wang P TR R KR FE (30
60 CAl 80 ‘C) N GFRP. Biel4iibsm & &4
(CFRP) i 5 M 8 VR g+ RO AL & e, FE 0BT T A
7] 5 55 W 130, 60d A1 120 d)HIsZma LA, KL
GFRP 5 CFRP fHi#f 52 5 /K =y 592 0 5 FoRG 45 5
R FEAG . Yang ZURF 5 T FRP 5 5 i /K 3
5 R & T (SCAC) KL 45 1t Rg , K I3 5 K7
51 Kk 45 8L 77 W Rk 45 K FE A A AR I B KT O
N, I HBRAE WK IR 1) FRP #i5 SCAC
il 48 PR R 45 90 FE LU bR 1 R B 4 AF R S A BE
. Zhang 7T 7 % B0 FRP(BFRP)A 75 5%
BRI R AR R R S R RE, S
HORHR B A LG, BRI K I 8 B L VR
+ L E ARG S SR . RG5O B A RS &5 N
7. Hussain 25U TR 50 7 g K R0 B M V4 3R 55 R
BFRP fi 5iR&E - 2 M k25 68, < I BFRP
S M A T R ARG 5 T R A T HE KR BE .
Ab . RETR 35 7K U VR T 5 0 I TR R 4h Vi RS AR 2 2
W E BN, Kang U7V 5T T AR A8 VR Bk 1
T B0 258G 25 W B AT IR B e A T TR0 A [

T T HAL SR AT A I A . Wa &1
I A RS 25 W AT R AR 3T R G
Mr, FFHE T IERE L mE NN ERSS
B, U TS S IERE RN e
HHEg—BA . HArE NN EFEE XS FRP HiS
SCAC FIHh 25 1% B 3 AL FUAERE R AR B 2 e 1
KEHFFT, HEXT FRP 55 4 W 315 kg K b
Bt 45 R £ 7K U6 VR %t £ (FCASS-CSAC) K 45 1 g 1B
HALERA 7T EL D o R A% G 1) Ak IR 36 7K e TR gk
Hm e FRP Miph it HE AN CiRA %
%, (BIEART AR R HA B A& RIS A,
BRI T AR TREEM SR RPN S
KIE. Bk, JREEFERE S FRP i CSA
VR 45t 1R 45 1 B I AR AR S TN AR AL B AT, XS
BEHEVEINES T FRP 5-CSA VR ik 1kl 45 M A JE A
e EAEER .

FT I, A TIRARIT FRP 5 FCASS-CSAC
(PRG 25 Ve g aB 1k B4, JF & FRP /5 3 98 (1)
FCASS-CSAC i H O Rk iR, 73 B AR FRP 7
MFHZE(BFRP 5. GFRP )« i [ 0] e Skl
gitkgenysm, TR RER R, 4G
A BRTCEER I T S50AE, $EH B R K
W] FRP M55 FCASS-CSAC ¥hgsig#it 5
s IR S R T b A ) B A A AR SR A
WA .

1.1 #&

K PR B iE A SR 1) GFRP Al BFRP /),
HEAEASHWE 1 Prn. BEM R EFF LR L
JEMzHE % 72.5 2% CSA, HLREA N 478 mP/kg, H:
FERAT IR 2 Frons e Fo AR 2 5 m 8] 43
%24 166 min A1 208 min, 1. 3 d Al 7 d MIHiJE5m
FE43 58 59.3. 70.2 MPa 1 80.5 MPa. 1 k%
FIRLAE A 4.75~9.50 mm. 9.5~16.0 mm (K] 3 35 1 )
(CA), HHRFEEWE 1 FiR. fEMHATTEX CA
HEATHERE . JE B W TSR, kiR CREELH
M kL) (T/CECS 10090—2020)!" 14 K45,
i 43 % B 4.75~16.00 mm [IRIFE, £F & Bk g i
BOR, HYHEMERESHIR 3 Fion. dERhEAH
& R . 1 B0 KR TR K,
HETFEEWME 4 PR, KAV R R
JBE A PR 2 ] AR 77 1 v oK R, S P R R
PRIV THEA KBRS 2] .



+ 2330 - CRERR R 2540 J Chin Ceram Soc, 2025, 53(8): 23282339 2025 4

F 1 FRP BB 15154 x3 THEERIEERYIB LR
Table 1 Mechanical properties of fiber reinforced polymer Table 3 Basic physical properties of coral aggregates(CA)
(FRP) reinforcement Loose bulk , Apparent , Porosity/ 24 h water Cc}ggllsreéssive
Bar Diameter/mm  Elastic modulus/GPa Tensile strength/MPa density/(kg'm™) density/(kg'm™) % absorption/% strength/MPa
GFRP 10 51.5 756.3 864.03 2449 33.21 17.8 2.6
BFRP 10 49.1 1091.0
GFRP is glass fiber reinforced polymer. BFRP is basalt fiber reinforced x4 BKPBETEE
polymer. Table 4 Ion content in seawater
Region/ . Degree of Concentration/ Total content/
Type . lity/uS 73 - -
R2 REBMBEEELERS ¢ smin) PUYMS gitution  (mgL)  (mgkg’)
. e . e . Na** 1.111 5.800 1000.7 9.282 9288.23
Table 2 Chemical composition of binding material wW/%
CaO ALO; Si0, SO, MgO Fe,0; Others cl- 0.872 3.034 1015.4 16.48 16 738.16
4359 3348 829 805 188 1.86 2.85 80477 0.116 0.175 10154 217 220234
2+
W is mass fraction. Mg 0.276 0.276 1000.7
Ca** 0.080 0.080 100.7

FCASS-CSAC & 1T KRN 0.38, ALé b
W S fon. fEIRE MRS ES, Emiiiee
TN CA, IR IERET NN — & & 1K 3T
RACEE, HtRE R R, HHERS (BE
RIS N FHHARFRUEY JGI/T 12—2019) 1 ER .
TR AL SE S, AR HEL) 2 min, DLRERE RS
ARG SRE R R AR L 7KIE,
HAER I FE P IE D5 N & — E BR0KF B+
K. P IR B EM IR &P M LR 08 3 51 G
[F S YK TR R A RO AR, S VRt AR T B .
TERINSERD KPR FE FH K S5 » 4RS84 FEZ) 2 min,
VAR R BT A SR AR 78 R A, T 38 20 I TR e
PEW. ERMEFRY %M TRy 28d )5, WER
BT RIR I PUE SRR, BT CA HEPLE
G52 v (SR R S/ = R S O D B e N N W A
JE M RO, R 72.5 2% CSA #14% CA R
e PSR I N 40.1 MPa.

(b) Particle size is 9.5-16.0 mm
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g gl N \\\ Coral aggregates Table S Concrete mix proportion of fully coral aggregate
é I seawater sea sand CSAC kg/m®
é 60 | Cement CA Seasand Total water Water reducer Pre-wetting water
§ 40 _ 500 692 933 190 2.5 62.28
F 1.2 7%
S ool Wit T 18 ANA KN 150 mm FI3d 5 325 A E T
46 8 10 12 14 16 18 b hriRE, Wi 2 s, W2 H, 5
Aggregate size/mm N BFRP VR #&E A1 GFRP VR -1, Hp
(c) Coral aggregate grading curves BFRP-G1 %n GFRP-G1; iﬁ%ﬁﬂi@%?ﬁ{iﬁiiﬁ{#%
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Fig. 1 Coral aggregates used in this study and grading curves REEHKIEE 50, 75 mm A 100mm 1) 3 Fift. 9 T
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Fig.3 Schematic diagram of the loading device of central pull-out
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Fig. 4 Typical failure modes of central pull-out specimens
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Table 6 Test results of central pull-out experiments

Bond stress/MPa

Failure Morphology

Average pull-out Average non-pull-out Maximum bond

bond stress z,/MPa bond stress %,,/MPa stress 7,/MPa

Type Specimen 1 Specimen 2 Specimen 3 Specimen 1 Specimen 2  Specimen 3
B-5 13.7 14.6 12.5 C C
B-7.5 10.7 10.3 9.8 C C
B-10 9.2 6.6 ND S F
G-5 9.6 10.4 10.1 C C
G-7.5 5.5 4.6 5.7 C C
G-10 5.7 6.5 3.2 C C

C 13.6 14.6
C 10.3 10.7
M 7.9 9.2
C 10.0 10.4
C 53 5.7
C 55 6.5

C is pull-out failure. F is the breaking failure of FRP bar. M is the splitting failure of FRP bar. S is the cracking failure of the concrete matrix. ND is no data.
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Fig. 5 Bond-slip curves of central pull-out specimens
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Bonding Performance Between Fiber Reinforced Polymer Bars and Full Coral Aggregate
Seawater Sea—Sand Sulphoaluminate Cement Concrete

BAO Jiuwen', SHAN Lianfei!, LIU Peng?, LI Ran', SUN Jianwei!, CUI Yifei!
(1. Engineering Research Center of Concrete Technology under Marine Environment, Ministry of Education, Qingdao University of
Technology, Qingdao 266520, Shandong, China; 2. School of Civil Engineering, Central South University, Changsha 410083, China)

Extended Abstract

Introduction In marine environments, the conventional steel reinforcement is prone to corrosion, leading to severe damage to

concrete. Additionally, the deficiencies of ordinary concrete in terms of resistance to marine corrosion and impermeability
significantly shorten the service life of marine concrete structures, which has attracted widespread attention. To enhance the durability
of marine concrete, researchers are actively exploring new solutions. Among these, the use of FRP (Fiber Reinforced Polymer)
reinforcement to replace traditional steel bars effectively addresses the issue of steel corrosion. Calcium sulfoaluminate (CSA) cement
concrete, with its characteristics of early strength, high strength, corrosion resistance, and excellent impermeability, is particularly
suitable for marine concrete structures that require high early-strength and durability. Based on this, the present study investigates the
specific impact of different bond lengths of GFRP (Glass Fiber Reinforced Polymer) and BFRP (Basalt Fiber Reinforced Polymer)
reinforcement on the bonding performance of the FRP-CSA full-coral aggregate concrete system.

Methods This study investigated the influence of different bond lengths of FRP bars in full coral aggregate seawater sea-sand
sulphoaluminate cement concrete (FCASS-CSAC) on the bond properties. This study used two different types of bars (GFRP and
BFRP) and three different bond lengths (5 d, 7.5 d, 10 d, where d represents the diameter of the bars) to cross combine into 6 different
types of specimens. All specimens were demolded after 24 h treatment and cured for 28 d in a standard curing chamber (temperature
of (20£2) C, relative humidity of 95%). Subsequently, compressive strength tests and central pull-out tests were conducted to
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investigate the bond performance between FCASS-CSAC and FRP bars.

Results and discussion When the bond length of BFRP and GFRP reinforcement bars is 5 d, the bond stress is generally higher
than when the bond length is 7.5 d or 10 d. Specifically, for BFRP bars, the bond strength at a bond length of 5 d is approximately
30% and 60% higher than that at bond lengths of 7.5 d and 10 d, respectively. The bonding performance of BFRP and GFRP
reinforcement bars was compared, and the results show that, in the absence of ribbed features, BFRP reinforcement typically exhibits
superior bonding performance, with the bond strength generally about 40% higher than that of GFRP bars. This suggests that BFRP
reinforcement has a potential advantage in providing stronger bond strength, which may be related to its material properties and the
way it interacts with the matrix.

Conclusions The main conclusions of this study are summarized as follows. The bonding performance of BFRP reinforcement with
FCASS-CSAC is generally superior to that of GFRP reinforcement, with an overall bond strength about 40% higher. The bond
strength of both types of reinforcement decreases as the bond length increases, with BFRP reinforcement showing a significantly
higher bond strength at a bond length of 5 d compared to 7.5 d and 10 d. Based on the experimental results, an empirical formula for
predicting bond strength was proposed. Furthermore, finite element simulation analysis was conducted, and the analysis results
showed good agreement with the experimental findings.

Keywords sulfoaluminate cement; coral aggregate; seawater sea—sand concrete; bonding performance



