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Study on bond behavior of GFRP bars and self-compacting

concrete mixed with seawater sea-sand and high-volume fly ash
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Abstract; In order to solve the problems of shortage of freshwater river sand resources and high energy consumption
of cement, seawater sea sand is used to replace freshwater river sand and fly ash is used to replace 50% of cement
to produce seawater sea-sand high-volume fly ash self-compacting concrete ( HVFA-SCC ). Also, to solve the
corrosion problem of steel bar induced by the use of sea water and sea-sand, fiber reinforced polymer (FRP) bar is
used instead of steel bar. In this paper, nine groups of pull-out specimens were fabricated to study the bond
behavior between glass fiber reinforced polymer (GFRP) bar and seawater sea-sand HVFA-SCC. The effects of the
type of concrete materials, the diameter and type of reinforcing bar on bond failure mechanism, bond strength and
bond-slip curves were discussed. Furthermore, the accuracy of different bond-slip constitutive models for predicting
bond-slip curves between GFRP bars and seawater sea-sand HVFA-SCC was analyzed. Finally, the parameters of
double « bond-slip model were verified by using the data of bond-slip curves of FRP reinforced concrete. The results
showed that the type of concrete materials had little influence on the bond strength after excluding the effect of

concrete strength. The bond strength decreased with the increase of reinforcement diameter, and the bond failure
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mechanism changed from shear failure to abrasion failure of the resin layer. The type of the reinforcing bar (GFRP

bar, BFRP bar and steel bar) had barely effect on the bond strength. Based on the data of bond-slip curves, the

expressions of double a bond-slip model for specimens with different parameters were obtained.

Key words: GFRP bar; seawater and sea-sand; HVFA-SCC; bond behavior
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Fig. 2 Tensile test of reinforcing bar
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Tab. 1 Properties of reinforcing bars
9T FidrkAE HA/mm W& /mm O WEEE/mm HUisRBE/MPa JEARGEEE/MPa BERIE/GPa
G13 GFRP 13 0.71 11.97 1028 - 47
G16 GFRP #j 16 0.56 12.02 950 - 46
G19 GFRP #; 19 0.45 8. 94 914 - 46
B12 BFRP 12 0.87 9.20 1 160 - 51
S12 Gl 12 0.89 7.73 642 571 197
1.1.2 iREELAE B K i N T R, FEEC G b 225 S0k

AU S F B ) = 2H 98 Bk - (KRR HV-
FA-SCC. it 7K it b 36 i B - I 7K ol 100 5 3l i
Bet). =MREE LA S WA 20 AR
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REAN T2 PEREIN I, 25 2R ULEE 3.
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Tab.2 Mix proportion of concrete (1 m*)
TR e 28 KA Kik/kg WM /kg KGOk /kg  WF/kg T /kg K /kg WK/ g
HVFA-SCC KRS 232. 46 309. 95 77. 49 946. 17 685. 15 148.78 1 239.80
R EE KD 542. 41 0. 00 77. 49 946. 17 685. 15 148.78 2 169. 66
R B 1 HRAKFS 542. 41 0. 00 77.49 946. 17 685.15 148. 78 2 169. 66
x3 BREIVHEMY
Tab. 3 Properties of concrete materials

e YIEYRE  VRNE 7 dYUERE 28 dPUESRE 56 dHUESRE 56 d Bk

/mm Tso0/s /MPa /MPa /MPa /GPa

1K HVFA-SCC 772 2 44. 8 59. 2 59.5 33.5

K R i IR e+ 698 5 32.6 37.5 38.5 27.1

TR AT 1 3 Y e 575 5 40. 6 47. 4 50. 3 31.2
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Fig. 3 Size of pull-out specimen
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Tab. 4 Detail of pull-out specimens ik%?ﬁ%ﬁi
. ik B )
RN TR ] TR R 2R
/mm

G13SWSS-0% 13 GFRP SWSS-NC

G13FWRS-0% 13 GFRP FWRS-NC

G13SWSS-50% 13 GFRP i SWSS-HVFA-SCC

G16FWRS-0% 16 GFRP % FWRS-NC

G16SWSS-50% 16 GFRP fff SWSS-HVFA-SCC

G19FWRS-0% 19 GFRP % FWRS-NC

~ - 0 ~ Vorn - _ N

G19SWSS-50% 19 GFRP 5 SWSS-HVFA-SCC ES

B12SWSS-50% 12 BFRP i SWSS-HVFA-SCC

Fig.5 Pull-out test
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Tab. 5 Summary of test results

R ES TR P../kN tm/MPa w/MPa  S,u/mm S, . /mm  S,i/mm S, /mm B
G13SWSS-0%-1 51. 27 19. 31 19. 35 3.07 3.63 1.38 2. 22 P
G13SWSS-0%-2 46. 44 17. 49 2.27 1.47 P
G13SWSS-0%-3 56. 36 21.23 5.55 3. 82 P
G13FWRS-0%-1 58. 81 22.15 22.79 3.06 3.91 1. 51 2.01 P
G13FWRS-0%-2 59.71 22.49 4.28 2.28 P
GI13FWRS-0%-3 62.98 23.72 4. 38 2.24 P
G13SWSS-50%-1 75.72 28.53 26. 30 5. 20 4. 86 2. 45 2.08 P
G13SWSS-50%-2 68.53 25. 82 4. 89 2. 42 P
G13SWSS-50%-3 65.18 24.55 4.50 1.35 P
G16FWRS-0%-1 68. 60 17. 06 14. 40 5.76 5.02 3.53 3. 07 S
G16FWRS-0%-2 59. 66 14. 84 5.02 3.17 P
G16FWRS-0%-3 56.15 13. 96 4.28 2.51 P
G16SWSS-50%-1 73.26 18.22 17. 68 4.10 4.30 1.67 2.17 P
G16SWSS-50%-2 68.97 17. 15 4. 34 2. 27 P
G16SWSS-50%-3 91.78 22.82 4,47 2.58 S
G19FWRS-0%-1 25. 84 4.56 4.79 3.18 2.81 2.78 2. 39 P
G19FWRS-0%-2 27.99 4. 94 2.59 2.15 P
G19FWRS-0%-3 27. 66 4. 88 2.65 2.23 P
G19SWSS-50%-1 48.92 8.63 7.45 3. 67 3.24 3. 26 2. 80 P
G19SWSS-50 %-2 44. 85 7.91 2.83 2. 42 P
G19SWSS-50%-3 32.95 5. 81 3.20 2.71 P
B12SWSS-50%-1 54. 84 24. 24 26. 42 2. 66 2. 88 0.74 0.79 P
B12SWSS-50%-2 63. 65 28. 14 3.18 0.85 P
B12SWSS-50%-3 60. 79 26. 87 2.81 0.78 P
S12SWSS-50%-1 62.03 27.42 27.26 6.28 6.77 0. 64 0.52 P
S12SWSS-50%-2 60. 36 26. 69 5. 22 0. 34 P
S12SWSS-50%-3 62.57 27. 66 8. 80 0.58 P
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bond strength
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Tab. 5 Parameter results of pull-out specimens
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A gm = a o
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G19SWSS-50% 0.808 0.639  39.317 45.227 115.0
B12SWSS-50% 0.444 0.319 157. 8 156.426 99.1
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