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Bond Properties of GFRP Rebar with
Cover Thickness and Volume Fraction of Steel Fiber

Yun-Chul Choi"”
"Dept. of Building Services Engineering & Fire Protection System, Chungwoon University, Hongseong 350-701, Korea

ABSTRACT The purpose of this study is to investigate bond properties of GFRP used in SFRC (Steel fiber reinforced concrete)
and normal concrete. The experimental variables were rebar diameter (D13, D16), steel fiber volume fraction (0~2%) and cover
thickness (1.5dy, 5.4d;). The experimental results showed a different failure mode depending on the cover thickness. Through the
tested specimens, splitting failure occurred for the specimens with small cover thickness and pull out failure occurred in the spec-
imens with large cover thickness. Introduction of steel fiber caused the specimens to have more ductile behavior of bond stress-
slip after peak stress, but they did not increase the bond strength significantly. These failure modes were shown in both steel rein-
forcement and GFRP. However, from the difference of micro structure of bond failure mechanism between steel rebar and GFRP
rebar, more ductile behavior was observed in GFRP-specimens after maximum bond strength was reached.
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Table 1 Mix proportion of concrete

Sfox Ww/C Admixture |V
ey | @) | LY e | e
21 57.7 1 [0.58(2.95]|3.06 0.5 1

2

Table 2 Properties of steel fiber
¢ (mm) | L (mm) |f,, (MPa)

0.49 31.84 1195.5 200

Fiber type Ey(GPa)

Hook
¢: diameter of steel fiber, L: length of steel fiber, . yield
strength of steel fiber, £y elastic modulus of steel fiber
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Fig. 1 GFRP coupon tests

Table 3 Mechanical characteristics of reinforcements

Nominal . Yield Elastic
. Cross-section
Index diameter area (mm’) strength | modulus
(mm) (MPa) (GPa)
Steel 12.7 126.7 398 198
reinforcement 15.9 198.6 403 203

Table 4 Mechanical properties of GFRP bars

Nominal Cross- Tensile | Elastic | Rupture
Index | diameter | section | strength | modulus| strain
(mm) |area(mm’) | (MPa) | (GPa) | (%)

for: compressive strength of concrete, W/C: water to cement
ratio, C: cement, W: water, S: sand, G: coarse aggregate, Vi vol-
ume fraction of steel fiber
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Fig. 2 Shape and site of specimen (cover thickness = 1.5d},)
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Fig. 3 Shape and site of specimen (cover thickness = 5.4dy,)
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Table 5 Test specimens and variables

Type of Dia. of Cover Vy
No. rebar rebar (mm) | thickness | (%) Index
1 13 0 S-13A0
2 16 S-16A0
3 13 S-13A1
—  Steel 1
4 16 S-16A1
5 13 5 S-13A2
6 16 S-16A2
1.5d,
7 13 0 G-13A0
8 16 G-16A0
9 13 G-13A1
—— GFRP ] —
10 16 G-16A1
11 13 5 G-13A2
12 16 G-16A2
13 13 0 S-13B0
14 16 S-16B0
15 13 S-13B1
—  Steel 1
16 16 S-16B1
17 13 5 S-13B2
18 16 S-16B2
5.44d,
19 13 0 G-13B0
20 16 G-16B0
21 13 G-13B1
—— GFRP ] ——
22 16 G-16B1
23 13 5 G-13B2
24 16 G-16B2

Fig. 4 Setting of test specimen

Fig. 5 Setting of LVDT
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Table 6, 7, 83} ZELE}

Table 6 0% volume fraction of steel fiber

Index 7, (MPa) S, (mm)
S-13A0 7.26 0.97
S-16A0 9.95 0.45
G-13A0 7.14 0.68
G-16A0 6.45 2.19
S-13B0 9.30 2.12
S-16B0 12.38 1.26
G-13B0 8.47 1.51
G-16B0 6.07 2.53

Table 7 1% volume fraction of steel fiber

Index 7, (MPa) S, (mm)
S-13A1 7.45 0.43
S-16A1 10.27 0.51
G-13A1 7.26 0.92
G-16A1 5.74 2.11
S-13B1 9.58 1.61
S-16B1 15.27 0.97
G-13B1 8.89 1.13
G-16B1 7.82 2.03

Table 8 2% volume fraction of steel fiber

Index 7, (MPa) S, (mm)
S-13A2 7.65 0.92
S-16A2 12.17 0.67
G-13A2 7.49 1.54
G-16A2 7.33 1.80
S-13B2 10.26 1.58
S-16B2 17.17 0.88
G-13B2 9.57 1.54
G-16B2 9.14 0.84
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Fig. 6 Bond stress-slip relation (cover thickness): 0% vol.
fraction of steel fiber, D13

Fig. 7 Bond stress-slip relation (cover thickness): 0% vol.
fraction of steel fiber, D16
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Fig. 9 Bond stress-slip relation (fiber vol. fraction): steel rebar
with 5.4d, cover thickness

Fig. 10 Bond stress-slip relation (fiber vol. fraction): GFRP
rebar with 1.5d, cover thickness



Fig. 11 Bond stress-slip relation (fiber vol. fraction): GFRP
rebar with 5.4d, cover thickness
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