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Finite element analysis of concrete structure reinforced by terminal
embedded the CFRP strips

WU Fan, WU Pan,PENG Hui, DENG Jihua
(School of Civil Engineering, Changsha University of Science & Technology, Changsha 410114, China)

Abstract: To solve the end peeling problem of externally bonded and near surface mounted CFRP
reinforced concrete structures, a new terminal embedded ( TE) reinforcement method was proposed in
the present study. Single shear pull-out tests with different reinforcement lengths were designed to
compare and analyze the bonding capacity, the failure mode and the CFRP strain distribution.
Nonlinear numerical analysis is conducted by using ABAQUS software to study the effects of various
factors such as concrete grade and slot size on the bonding behavior of model interface. The test results
show that the slippage between CFRP strips, concrete and resin glue can be simulated by using the
Spring2 nonlinear springs. The TE method can effectively improve the interface bonding performance.
The embedding section shows good anchoring performance. However, the bonding stress along the
width of CFRP strip is not uniform. It is suggested that proper groove width and high-grade concrete
can improve the bonding performance at the interface between the CFRP strips and the concrete.
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Table 1 Properties of reinforcement materials
PUpomEr,  sebERLE bRk BURERE/
R FR

MPa GPa % MPa

CFRP 4 2561.1 140.20 1.96

AR IR 31.9 2.63 1.47
C40 33.36 41.38
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Fig. 1 Section of single shear pull-out specimen
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Table 2 Design of test parameters
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ETR= K& /mm K E/mm [iig3eae 373 mm
mmXmm
1L500+200 500 200 60%25 C40 750
L400+200 400 200 60%x25 C40 650
1.300+200 300 200 60%x25 C40 550
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Fig.2 Loading device for shear pull test
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Table 3  Test results

WIS BhEREI/KN HHE/mm IR
L.500+200 145 9.85 CFRP#E
L400+200 140 11.05 CFRP 35
1.300+200 125 11.79 CFRP#| &

4 L500+200 XA 3R
Fig. 4 The destruction of the L500+200 specimen
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Fig. 6 The destruction of the L300+200 specimen
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Fig. 7 Load-displacement curves
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Fig. 8 CFRP strip strain distribution of the L300+200
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Fig. 9 Finite element model
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Table 4 Comparison of test and simulate values

i B21%
RUHS  BeRES WE
) AR WM
kN mm
L500+200 146 8.75 0.7 10.2
1.400+200 144 9.17 2.8 17.0
1,300+200 118 10.72 5.6 9.0
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Fig. 10 Comparison curves load-displacement
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Table 5 Finite element simulation results

- BB WRE V%?t?ﬁéﬁ
kN mm Y1 J1/MPa
L400+200-C20 102 7.54 433
L400+200-C30 124 8.75 5.08
L400+200~-C40 144 8.97 5.32
L400+200~-C50 147 7.5 5.56
L400+200-C60 150 7.35 5.59
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Fig. 12 Load-displacement curves of specimen with different
strength
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Table 6 Results obtained by finite element simulation

o mmREAY WBEY RARG
ENEE e »
kN mm BTV J1/MPa

L.400+200-W60 144 8.97 5.32
L400+200-W70 140 8.87 5.17
L.400+200-W80 132 8.03 4.81
1400+200-H15 132 7.95 4.72
1.400+200-H35 148 7.35 5.08
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Fig. 13 Load-displacement curves of specimen with different
slot size
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