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Experimental analysis on bond properties of PVA-ECC and BFRP bars
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Abstract; To investigate the bond properties of polyvinyl alcohol fiber reinforced engineered cementitious
composites ( PVA-ECC) and basalt fiber reinforced polymer ( BFRP) bars, the surface form of BFRP bars
(wrapped ribbed, sandblasted wrapped ribbed) , anchorage length ( 5d, 7d, 9d ), diameter (8, 10, 12 mm)
thickness of PVA-ECC protective layer (70, 25, 15, 5 mm) and PVA-ECC strength (C50, C80) are taken as
parameters, and 28 bond anchorage specimens of PVA-ECC and BFRP bars were designed and manufactured by
pull-out test. By observing and analyzing the failure mode, bond strength and bond-slip curve of each specimen,
the influence of various factors on the bond performance of PVA-ECC and BFRP bars were explored. Finally, by
analyzing the applicability of the existing constitutive model, the bond-slip constitutive model of BFRP bars and
PVA-ECC were established with reference to the test results. The results show that the specimens with smaller
protective layer thickness (5 mm) are prone to fracture failure, and the bond strength is only 39.59% of that of
normal specimens. Sandblasting on the surface of BFRP bars could increase the maximum average bond stress.
With the decrease of anchorage length, the bond strength between BFRP bars and PVA-ECC increase gradually.
Keeping the relative rib height unchanged while increasing the diameter of BFRP bars could avoid the negative
effects of increasing the diameter of BFRP bars on the bond properties. When the strength of PVA-ECC increases
from 50. 5MPa to 81. 3MPa, the bond strength increases by 45. 53% . Avoiding the smaller protective layer
thickness of BFRP bars or increasing the diameter of BFRP bars while keeping the relative rib height unchanged
could ensure that PVA-ECC and BFRP bars exhibit sufficient bond strength.
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Tab.1 Physical and mechanical properties of BFRP bars

T HA%/mm Jth 9/ mm Jihi 1] 5./ mm fh/mm  MRIR/%  WERB R/ MPa B R/ GPa
B 8 8 9.5 0.54 6.75 1348 49.3
B 10 8 9.5 0.67 6.70 921 45.2
B 12 8 9.5 0.80 6.67 953 44.3
BS 10 8 9.5 0.67 6.70 963 53.9
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Fig. 1 Surface characteristics of BFRP bars
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Tab.2 PVA-ECC Mixture proportions (kg-m™)

S KR OBBOR RER SN BUKA ARk K
C50 600 600 100 20 2.0 678 400
C80 600 500 200 20 3.0 677 360
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Fig.2 Specimen structure
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Fig.3  Pull out test device
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Fig.4 Bond failure pattern
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Tab.3 Result of pull-out test of PVA-ECC and BFRP bars

R F,/kN F,/kN 7,/ MPa 7,/MPa a7 s

E50B-70-D5-10-1 20.05 20.90 12.77 13.31 P
E50B-70-D5-10-2 23.64 20.90 15.05 13.31 p
E50B-70-D5-10-3 19.00 20.90 12.10 13.31 p
ES0BS-70-D5-10-1 30. 80 27.77 19.61 17.68 P
E50BS-70-D5-10-2 24.74 27.77 15.75 17.68 p
E50B-70-D7-10-1 24.55 25.89 11.16 11.77 P
E50B-70-D7-10-2 26.96 25.89 12.26 11.77 p
E50B-70-D7-10-3 26.15 25.89 11.89 11.77 P
E50B-70-D9-10-1 33.29 29.98 11.77 10. 60 p
ES0B-70-D9-10-2 32.35 29.98 11.44 10.60 p
E50B-70-D9-10-3 24.30 29.98 8.59 10. 60 P
E50B-69-D5-12-1 32.65 35.78 14. 44 15.82 p
E50B-69-D5-12-2 38.90 35.78 17.20 15.82 P

E50B-71-D5-8-1 7.60 7.38 7.56 7.34 p

E50B-71-D5-8-2 7.50 7.38 7.46 7.34 p

E50B-71-D5-8-3 7.05 7.38 7.01 7.34 p
E50B-25-D5-10-1 24.89 23.92 15.84 15.23 p
E50B-25-D5-10-2 24.53 23.92 15.62 15.23 P
E50B-25-D5-10-3 22.33 23.92 14.22 15.23 p
E50B-15-D5-10-1 17.80 17.94 11.30 11.41 P
E50B-15-D5-10-2 17.15 17.94 10.91 11.41 p
E50B-15-D5-10-3 18.88 17.94 12.02 11.41 p

ES0B-5-D5-10-1 11.55 9.47 7.35 6.03 S

E50B-5-D5-10-2 8.10 9.47 5.17 6.03 S

E50B-5-D5-10-3 8.75 9.47 5.57 6.03 S
E80B-70-D5-10-1 30.13 30.43 19.18 19.37 p
E80B-70-D5-10-2 35.65 30.43 22.70 19.37 p
E80B-70-D5-10-3 25.50 30.43 16.23 19.37 p

T F, R 7, S35 B R AR (0 8 757 2 RO (L B 485 10, R 7, 9 R R 1) - S5 9 R 7 20 A T S R (1 B 45 R 1

T A T A

(a) TCWIHYBFRP (b) B BFRPH
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Fig.5 Bond-slip curves of pull-out failure
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Fig. 6  Bond-slip curves of free ends with different surface forms
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Fig.7 Bond-slip curves under different anchorage lengths
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Fig.8 Bond-slip curves of free ends with different diameters
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