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Bond Performance Between Seawater Sea—Sand Alkali Activated Concrete and FRP Bars

CUI Yifei, QU Shihao, ZHANG Peng
(School of Civil Engineering, Qingdao University of Technology, Qingdao 266520, Shandong, China)

Abstract: To investigate the bond performance between seawater sea-sand alkali activated concrete (SSASC) and carbon
fiber-reinforced polymer (CFRP)/glass fiber-reinforced polymer (GFRP) bars, center pull-out tests were carried out at different FRP
bars, FRP bars diameters, bond lengths, concrete strengths, and concrete curing ages. Based on the statistical analysis of existing
experimental data, the bonding performance between alkali activated concrete (ASC) and FRP bars is significantly better than that of
ordinary Portland concrete (OPC). The bond strength can be predicted by the corresponding empirical model. The results show that
the bond strength decreases with the increase of FRP bars’ diameter and bond length, and there is no significant change as the
diameter changes. Concrete ASC30 is mostly destroyed in pull-out failure, while concrete ASC60 is mostly destroyed in
splitting/reinforcement fracture failure, and the concrete with a higher strength also has a higher bond strength. The bond strength
increases with the increase of curing age. The bond strength between OPC and FRP bars is less than that of ASC. In addition, the
bond strength predicted by the empirical model is in reasonable agreement with the experimental data.

Keywords: seawater sea—sand concrete; alkali activated concrete; fiber-reinforced polymer bars; bond performance; bond strength
prediction
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Fig. 1 Particle grading of natural sea sand
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Table 1 Chemical composition of cementing material w/%
Type CaO SiO, ALOs Fe 03 MgO SO; K,O Others
Slag 34.00 34.50 17.70 1.03 6.01 1.39 0.32 1.63

W-Mass fraction.

®2 RRIEHENVIRIERR

Table 2 Physical indicators of natural granite

Water absorption rate/% Moisture content/%

Crushing index/% Density/(kg-m™)

1.5 0.4

10.8 2650

®3I RARBKHBEETIE

Table 3 Anion content of natural seawater

Concentration/ Amount/

Sample No. Time/min  Peak Name  Peak Type  Area/(uS-min) Height/uS m/g Dilution factor . .
(mg'L") (mg-kg )
1 HCOO 0.539 1015.40
2 6.23 CI BMB 0.872 3.034 0.539 1015.40 16.48 16 738.16
3 18.78 S0 BMB* 0.116 0.175 0.539 1015.40 2.17 2202.34
R4 RARBKHBEETFAE
Table 4 Cation content of natural seawater
Sample No.  Time/min Peak Name  Peak Type  Area/(uS-min)  Height/pS m/g Dilution factor Concentrfion/ Amouritl/
(mg'L7) (mg-kg )
1 4.23 Na® BMB* 1.111 5.800 0.548 1 000.700 9.282 9 288.23
2 8.96 Mg2+ BMB 0.276 0.579 0.548 1 000.700
3 11.25 Ca** BMB 0.080 0.140 0.548 1 000.700
RS REIBRYIRUF IR
Table S Physical and chemical indicators of water glass
w(Na,0)/% w(SiO2)/% Baume degree Modulus Transparency
26.96 9.02 39.5-40.2 3.07 =82
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Table 6 Technical indicators of sodium hydroxide analytically pure w/%
Sodium hydroxide Carbonate Chloride Sulfate Al Ca
=99.5 <15 <0.005 <0.005 <0.002 <0.01

%7 FRP FMERMEERRERT

Table 7 Mechanical properties and dimensions of FRP bars

Type Nominal diameter/mm Measure diameter/mm Ultimate tensile strength/MPa Elastic modulus/GPa
GFRP bars 8 7.97 659.5 43.1
10 10.02 751.3 51.6
12 12.11 302.9 423
CFRP bars 8 7.98 1064.8 135.5
10 10.12 905.4 128.6
12 12.07 561.5 113.9

#*8 SSASC XML ALL
Table 8 Mix proportion of SSASC specimens

Mix proportion/(kg'm )

Concrete type Water/cement ratio
Slag Sea sand Granite Seawater Water glass NaOH
ASC30 0.43 420 630 1090 17 210
ASC60 0.42 420 630 1090 17 150 60

9 SSASC IIRHVHMIER SIZF 1 RE
Table 9 Mechanical properties of SSASC specimens

Concrete type Cube compressive strength/MPa Splitting tensile strength/MPa

ASC30 33.1 32.6 29 3.0
325 3.0
322 3.0

ASC60 62.0 64.5 3.9 4.0
66.4 4.1
65.2 4.1
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Fig. 4 Physical images of concrete and FRP bars that have undergone pull-out failure
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Table 10 Results of central pull-out test
Tmax/MPa _ _ _
Sample No. Age Specimen 1 Specimen 2 Specimen 3 7, /MPa Ty /MPa Ty /MPa
G-60-8-2.5 30d 35.8-P 38.9-p 33.7-p 36.1 36.1
G-60-8-5 21.2-S 20.3-P 25.3-S 20.3 233 223
G-60-8-7.5 17.7-S NA 18.4-S 18.1 18.1
G-60-10-2.5 32.3-P 31.3-S 32.1-S 323 31.7 31.9
G-60-10-5 21.5-S 18.3-S 19.8-S 19.9 19.9
G-60-10-7.5 NA 16.7-S 21.3-S 19.0 19.0
G-60-12-2.5 30.8-P 30.7-P 26.2-P 29.2 29.2
G-60-12-5 23.7-S 25.7-S 27.3-S 25.6 25.6
G-60-12-7.5 18.0-S 16.6-S 15.3-S 16.6 16.6
C-60-8-2.5 41.8-P 42.1-P 41.4-P 41.8 41.8
C-60-8-5 35.6-S 23.9-S 26.8-S 253 253
C-60-8-7.5 22.9-S 22.2-S 27.5-S 24.2 24.2
C-60-10-2.5 38.0-P 35.4-p 35.9-S 359 36.4
C-60-10-5 28.7-S 29.8-S NA 293 293
C-60-10-7.5 29.2-F 28.1-S 32.4-S 299 29.9
C-60-12-2.5 33.6-S 34.2-P 35.8-S 342 34.7 345
C-60-12-5 NA 30.0-S 29.8-S 299 29.9
C-60-12-7.5 19.9-S NA 24.3-S 22.1 22.1
G-30-8-2.5 15.5-P 14.9-P 16.9-P 15.8 15.8
G-30-8-5 16.3-P 14.1-P 15.2-P 15.2 15.2
G-30-8-7.5 7.5-P 8.6-P 10.8-P 9.0 9.0
G-30-10-2.5 10.8-P 8.5-P 11.4-P 10.2 10.2
G-30-10-5 8.8-P 13.3-P 9.6-P 10.6 10.6
G-30-10-7.5 11.5-F 13.8-P 12.8-P 13.3 11.5 12.7
G-30-12-2.5 17.9-P 16.6-P 18.2-P 17.6 17.6
G-30-12-5 15.6-S 15.0-F 13.7-F 14.8 14.8
G-30-12-7.5 11.9-S 9.3-F 9.5-F 10.2 10.2
C-30-8-2.5 14.9-p 19.1-P 17.7-P 17.2 17.2
C-30-8-5 15.7-P 17.3-P 10.9-P 14.6 14.6
C-30-8-7.5 12.6-P 10.9-P 13.0-P 12.2 12.2
C-30-10-2.5 11.8-P 16.2-P 14.2-P 14.1 14.1
C-30-10-5 18.5-P 15.4-P 20.5-P 18.1 18.1
C-30-10-7.5 18.1-P 17.2-P 16.9-P 17.4 17.4
C-30-12-2.5 13.4-P 15.4-P 14.7-P 14.5 14.5
C-30-12-5 19.2-P 18.7-P 19.3-S 19.0 19.3 19.1
C-30-12-7.5 17.1-S 18.8-P NA 18.8 17.1 18.0
G-30-8-2.5-180 180 d 17.8-P 18.1-P 18.7-P 18.2 18.2
G-30-8-5-180 15.2-P 14.8-P 16.9-P 15.6 15.6
G-30-8-7.5-180 14.6-P 15.4-p NA 15.0 15.0
G-30-10-2.5-180 16.5-P 11.9-P 15.4-P 14.6 14.6
G-30-10-5-180 14.0-P 12.6-P 14.5-P 13.7 13.7
G-30-10-7.5-180 9.5-P 13.6-P 11.7-P 11.6 11.6
G-30-12-2.5-180 15.8-P 18.3-P 16.5-P 16.9 16.9
G-30-12-5-180 13.4-P 15.2-P 11.5-P 13.4 13.4
G-30-12-7.5-180 11.6-P 13.4-P 9.2-P 11.4 11.4

S—Splitting; P—Pull-out; F—Fracture; NA—No data.
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(a) Comparison of ultimate bond strength

(b) Comparison of bond-slip curves
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Fig. 6 Influence of concrete strength on bonding performance

(a) Comparison of ultimate bond strength

(b) Comparison of bond-slip curves
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Fig. 7 Influence of curing age on bonding performance
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(a) Comparison of ultimate bond strength

(b) Comparison of bond-slip curves
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Fig. 8 Influence of anchorage length on bonding performance
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(b) Comparison of bond-slip curves
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