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Influence Evaluation of Fiber on the Bond Behavior of GFRP Bars
Embedded in Fiber Reinforced Concrete
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ABSTRACT Though steel reinforcing bars are the most widely used tensile reinforcement, corrosion problems are

encountered due to the exposure to aggressive environments.

As an alternative material to steel, the fiber reinforced

polymers have been used as reinforcement in concrete structures. However, bond strength of FRP rebar is relatively
low compared to steel rebar. It has been reported that fibers in matrix can resist crack growth, propagation and
finally result in an increase of toughness. In this study, high-strength concrete reinforced with structural fibers was
produced to enhance interfacial bond behavior between FRP rebar and concrete matrix. The interfacial bond-behaviors
were investigated from a direct pullout test. The test variables were surface conditions of GFRP bars and fiber
types. Total of 54 pullout specimens with three different types of bars were cast for bond strength tests. The bond
strength-slip responses and resistance of the bond failure were evaluated. The test results showed that the bond
strength and toughness increased according to the increased fiber volume.
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Fig. 1 FRP bars
Table 1 Material property of rebars
' Diameter | Arca Tensile | Elastic
Bar type | Fiber (mm) | (mm?) strength | modulus
(MPa) | (GPa)
Steel - 12.7 126.7 560 200

GFRP-SC | E-glass 12.7 129 690 42.0

GFRP-HW | E-glass 12.7 144.8 617 40.8
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Table 2 Properties of structure fibers

. Tensile | Elastic
. Length | Diameter
Fiber (mm) (mm) strength | modulus
(MPa) (GPa)
30 0.56 1,100 200
Hookend steel
fiber
30 0.5 600 7
(Polypropylene)
30 0.66 900 29
PVA
(Polyvinyl alcohol)
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Table 3 Mix proportion of concrete

Unit materials contents (kg/m’)

Mix | W/B C m
type | (%) | ¢ | w oarse. | Fine. | o | b
agg agg
Plain | 45 | 397 | 177 | 1040 | 697 1 0
1 40
Steel | 45 | 394 | 177 | 1040 | 697
1.97 80
4.5
PP 45 | 394 | 177 | 1040 | 697 | 0.75
9.25
1.5 6.5
PVA | 45 | 394|177 | 1040 | 697
1.97 13

HWA : high water reducing admixture



Table 4 Test specimens

. Volume fraction of fiber 0% 0.5% 1.0%

Steel fiber S-PC-1,2,3 S-ST0.5-1,2,3 S-ST1.0-1,2,3

Steel PP S-PC-1,2,3 S-PP0.5-1,2,3 S-PP1.0-1,2,3

PVA S-PC-1,2,3 S-PVAO0.5-1,2,3 S-PVA1.0-1,2,3

Steel fiber SC-PC-1,2,3 SC-ST0.5-1,2,3 SC-ST1.0-1,2,3

GFRP-SC PP SC-PC-1,2,3 SC-PP0.5-1,2,3 SC-PP1.0-1,2,3
PVA SC-PC-1,2,3 SC-PVAO0.5-1,2,3 SC-PVA1.0-1,2,3

Steel fiber HW-PC-1,2,3 HW-ST0.5-1,2,3 HW-ST1.0-1,2,3

GFRP-HW PP HW-PC-1,2,3 HW-PP0.5-1,2,3 HW-PP1.0-1,2,3
PVA HW-PC-1,2,3 HW-PVA0.5-1,2,3 HW-PVA1.0-1,2,3
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Fig. 2 Compressive strength of fiber reinforced concrete
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Fig. 3 Bond test specimens
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Fig. 4 Bond test set-up
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Fig. 5 Load vs slip behavior of GFRP rebars in fiber reinforced
concrete
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Table 5 Test results of bond stress - slip

Specimens T, Sy 7, Specimens T, S T, Specimens T, S T,
S-PC-1 27.83 1.35 - SC-PC-1 16.33 0.19 - HW-PC-1 23.73 3.37 -
S-PC-2 28.02 | 1.39 - SC-PC-2 15.99 0.29 - HW-PC-2 25.3 5.08 -
S-PC-3 27.93 1.34 - SC-PC-3 10.66 0.28 - HW-PC-3 23.97 3.76 -

S-STO0.5-1 2946 | 1.59 | 3.83 SC-STO0.5-1 22,73 | 11.01 | 2.95 HW-STO0.5-1 26.07 9.73 | 3.39

S-ST0.5-2 29.50 | 1.24 | 3.83 SC-ST0.5-2 19.57 | 16.5 2.54 HW-ST0.5-2 25.25 469 | 3.28

S-ST0.5-3 29.27 | 1.31 | 3.80 SC-ST0.5-3 2325 | 17.53 | 3.02 HW-ST0.5-3 23.97 529 | 3.12

S-PP0.5-1 30.70 | 1.35 | 3.99 SC-PP0.5-1 17.66 | 10.12 | 2.30 HW-PP0.5-1 23.87 722 | 3.10

S-PP0.5-2 28.50 | 1.57 | 3.70 SC-PP0.5-2 1842 | 13.73 | 2.39 HW-PP0.5-2 23.20 8.01 3.02

S-PP0.5-3 29.03 1.35 | 3.77 SC-PP0.5-3 19.33 | 10.12 | 2.51 HW-PP0.5-3 22.06 6.83 | 2.87

S-PVAO0.5-1 30.13 1.37 | 3.92 | SC-PVA0.5-1 | 20.10 8.14 | 2.61 HW-PVAO.5-1 25.83 8.31 3.36

S-PVA0.5-2 | 30.31 1.82 | 3.94 | SC-PVA0.5-2 | 20.15 9.96 | 2.62 | HW-PVA0.5-2 24.25 493 | 3.15

S-PVA0.5-3 | 30.22 | 1.28 | 3.93 | SC-PVA0.5-3 | 21.86 8.21 | 2.84 | HW-PVAO0.5-3 22.68 9.69 | 295

S-ST1.0-1 3194 | 1.23 | 4.15 SC-ST1.0-1 12.89 036 | 1.68 HW-ST1.0-1 26.21 1.2 3.41

S-ST1.0-2 3394 | 1.05 | 4.41 SC-ST1.0-2 13.13 028 | 1.71 HW-ST1.0-2 26.69 442 | 347

S-ST1.0-3 3399 | 1.16 | 4.42 SC-ST1.0-3 21.34 032 | 2.77 HW-ST1.0-3 26.88 3.47 | 3.49

S-PP1.0-1 30.89 | 1.68 | 4.01 SC-PP1.0-1 19.14 6.89 | 2.49 HW-PP1.0-1 2191 478 | 2.85

S-PP1.0-2 3098 | 1.25 | 4.03 SC-PP1.0-2 19.67 | 10.7 2.56 HW-PP1.0-2 24.35 6.62 | 3.16

S-PP1.0-3 30.65 1.62 | 3.98 SC-PP1.0-3 19.67 | 11.36 | 2.56 HW-PP1.0-3 23.83 7.06 | 3.10

S-PVA1.0-1 | 30.13 1.37 | 3.92 | SC-PVA1.0-1 | 2091 | 10.11 | 2.72 | HW-PVA1.0-1 21.07 276 | 2.74

S-PVA1.0-2 | 3094 | 123 | 4.02 | SC-PVAL1.0-2 | 21.29 | 139 277 | HW-PVA1.0-2 25.73 7.08 | 3.34

S-PVA1.0-3 | 31.79 | 1.28 | 4.13 | SC-PVA1.0-3 | 23.73 | 11.46 | 3.08 | HW-PVAL.0-3 22.87 1.64 | 297
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Fig. 6 Bond strength and slip of rebars in fiber reinforced
concrete
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