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Abstract: Considering three concrete strength grades (C30, C40 and C50) and three GFRP bar dia-
meters (8, 12 and 16 mm), 18 GFRP anchors with pre-drilled holes and concrete pull-out specimens
were fabricated based on the Embedded Through-Section (ETS) strengthening technique for Fibre Rein-
forced Plastic (FRP). The central pull-out test was used to study the influence of bar diameter and con-
crete strength grade on the interface bonding performance of GFRP anchor rods and concrete. Compared
with the traditional drilling anchor rod method, this method is easier to operate and avoids the local
damage to the concrete caused by drilling. The results show that the bar diameter and concrete strength
have significant effects on the bond failure mode, load-slip curve and bond strength. When the interface

is debonded, the bond slip curve presents three stages: rising, falling and stable. In case of concrete
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splitting failure or FRP bar fracture, the bond-slip curve has only an ascending segment. As the con-

crete strength grade increased from C30 to C50, the bond strength of specimens with diameters of 8 mm

and 16 mm is increased by 37.35% and 13.23%, respectively. However, when the bar diameter is

12 mm, with the increase of concrete strength, the failure mode of the specimen changes from GFRP bar

fracture to concrete splitting, and the lack of the concrete confinement leads to a significant decrease in

the bond strength. With the increase of bar diameter from 8 mm to 16 mm, the increase of bond length

leads to the enhancement of the non-uniform distribution of interfacial bond stresses, and the bond strength
of C30, C40 and C50 concrete specimens decreases by 40. 76% , 47. 82% and 51. 16%, respectively.
Key words: ETS-FRP bar strengthening technique; pullout test; bond strength; failure mode
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Fig. 1 Measurements of tensile properties of GFRP bars
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Tab.1 Mix proportion and mechanical parameters of concrete

TREET K/ K/ p % aF/ ST ARBUE BEZLRL SRR

MEEHR  (kg-m”®)  (kgem?) (kgrm”?)  (kg-m?) ST/ MPa W/ MPa GPa
€30 195 325 696 1184 31. 88 2.77 33.2
€40 195 433 603 1170 41.21 3.35 34.6
€50 195 420 800 832 50. 54 3.78 36.4
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Fig. 2 Schematic diagram of pullout specimens (unit:mm)
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Fig. 3 Specimen fabrication
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Tab. 2 Pullout test results

BAEHS  KSKE/mm M ER/mm fLA/mm KiESREE/MPa  WRFRATEL/KN  RIEmE/KN BRI
C30_D08_1 40 8 16 18. 56 18. 66 7. 84 e
C30_D08_2 40 8 16 21.33 21. 44 11.73 iZEL G
C30_D12_1 60 12 24 17.08 38. 64 — P AL T
C30_D12_2 60 12 24 20. 64 46. 69 — FiAA T
C30_D16_1 80 16 32 11. 64 46. 80 — TRBE+BF R
C30_D16_2 80 16 32 11.99 48.22 — TREE LB
C40_D08_1 40 8 16 23.29 23.41 11.02 AR
C40_D08_2 40 8 16 26.29 26.43 12.53 ILZEL G
C40_D12_1 60 12 24 20. 94 47.37 — L[
C40_D12_2 60 12 24 21.76 49.23 — A e
C40_D16_1 80 16 32 11.03 44.36 — TREE B
C40_D16_2 80 16 32 14. 84 59. 66 — TREE B2
C50_D08_1 40 8 16 28.36 28.51 20.98 Tz, G
C50_D08_2 40 8 16 26.43 31.39 15.57 L2k G
C50_D12_1 60 12 24 12.90 29. 17 — TR B
C50_D12_2 60 12 24 15. 67 35.45 — RBE+BF
C50_D16_1 80 16 32 13.16 52.90 — TR B
C50_D16_2 80 16 32 13. 60 54.69 — TREE LB
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Fig. 8 Effect of concrete strength on bond strength
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