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Study on bond performance parameters of GFRP bars based on pull-out test
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Abstract: To obtain reasonable bond performance parameters of GFRP bars, the indoor pull-out test and
numerical simulation are used to study the bond performance between GFRP bars and mortars. Through
the pull-out tests of different reinforcement diameters and mortar strengths, the relation curves between
bond strength and slip under different working conditions are obtained, and the influence of reinforce-
ment diameter and mortar strength on the bond strength of GFRP bars is revealed. Based on the results
of indoor pull-out test, the finite difference software FLAC™ is used to simulate and reproduce the pull-
out test of GFRP bars. The back analysis of the bond performance parameters is carried out in FLAC®P,
and the calculation formulas of the grouting stiffness and grouting cohesion of GFRP bars are modified.
The results show that the bond strength between GFRP bars and mortar is negatively correlated with the
diameter of bars, while positively correlated with the mortar strength. In the absence of pull-out test da-
ta, the ultimate bond strength of GFRP bars should be one fifth of the compressive strength of mortar to
obtain the grouting cohesion. The grouting stiffness of GFRP bars can be calculated by formula of ordi-
nary steel bars, but it should be multiplied by the reduction factor in the interval of (1/10, 1/15).
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Tab. 1 Pull-out test conditions of GFRP bars

T WIGRE WM ER HERE NG
Gt /MPa /mm /m B
M15-22 22 0.5 3
M15-25 15 25 0.5 3
M15-28 28 0.5 3
M20-22 22 0.5 3
M20-25 20 25 0.5 3
M20-28 28 0.5 3
M25-22 22 0.5 3
M25-25 25 25 0.5 3
M25-28 28 0.5 3
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Tab. 2 Properties of GFRP bars with different diameters

GFRP ffigte  SipEfist KRBT Brhis
/mm /GPa /kN /MPa
22 45.3 236.9 623. 20
25 43.3 324.4 660. 86
28 41.9 431.4 700. 61

IR T PR 2 ol R A D L 42, 5 0 T ik IR
FRIKYE IRBRR I K 7 AL - 4% 58 J8E 45 Z D I A I
B .
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Tab. 3 Mixed proportions of mortars with different strengths

WHRE K/ ke w/kg KR K/ ke
M15 310 1500 0. 84 260
M20 710 1219 0.38 271
M25 898 898 0. 45 404
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Specimens and measurement system
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Tab. 4 Bond pull-out test results of GFRP bars

i e U gy B e
i /MPa Tt /kN /Mf;a W
M15-22 22 111. 02 3.21  WHREFH
M15-25 15 25 109. 91 2.80  WPHEFH
M15-28 28 118. 33 2.69  WPHEFH
M20-22 22 179. 26 5.19  #PHEFH
M20-25 20 25 186.71  4.75  fkIRE
M20-28 28 207.30  4.71  AFHMERHS
M25-22 22 217.04  6.28  AFMERL
M25-25 25 25 234.47  5.97  fHMERHS
M25-28 28 235.32  5.35  AiMHEN
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Fig. 2 Failure modes of specimens
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Fig. 3 Bond strength-displacement curves of GFRP bars in
different mortars
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Fig. 4 Ultimate bond strengths of GFRP bars with differ-

ent reinforcement diameters
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Fig. 5 Numerical model of pull-out tests
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Tab. 5 Grouting cohesions under various work conditions

T HESAREE R o/ (kN/m)

G o . ce/cx
M15-22 225. 32 518. 36 2.3
M15-25 190. 07 589. 05 3.1
M15-28 184.73 659. 73 3.6
M20-22 342.12 691. 15 2.0
M20-25 357. 36 785. 40 2.2
M20-28 371. 21 879. 65 2.4
M25-22 468. 60 863. 94 1.8
M25-25 487.173 981. 75 2.0
M25-28 436. 30 1099. 56 2.5

FEF AR R PR I 25 S P M20 w03 1k

PEATHIRTE. AU I 8 o o] PR A M A o e T
DA [ -4 D0 2% 50 A AT 250 T S AR 288 2R i {0 0 79
AR BRORY 45 5 B2 A UL (L A 52 0 B S B0 36 6.
BRABLZE A LA 6.

F6 M0 IR HERESE

Tab. 6 Grouting parameters of M20 specimens

T cg/ (kN/m) kg

i 0. 25 0.50 0.75 l.oo  /MPa
M20-22  8.55ed  1.74e5  2.6le5  3.42¢5 776
M20-25  8.93ed  1.79¢5  2.68¢5  3.57¢5 889
M20-28  9.28ed  1.86e5  2.78¢5  3.7le5 1020
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Fig. 6 Ultimate bond strengths under different grouting
cohesions
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