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Nonlinear Finite Element Analysis of Bond Property Between Reinforcing Rebar and

Ultra-High Performance Concrete

ZHANG Zhe, LI Shuaishuai, MA Yongchun, YUAN Bincheng, JIANG Gaoxu
( College of Civil Engineering, Hunan University of Technology, Zhuzhou Hunan 412007, China )

Abstract: In view of the bond property of reinforced ultra-high performance concrete (UHPC) member, and by
using the nonlinear spring element of ABAQUS, a simulation and analysis have been made of the bond-slip relationship
of reinforced UHPC with different cover heights, bond lengths and rebar diameters, followed by a further inquiry
into the influences on the bond properties. The results show that the ultimate interfacial bonding stress of reinforced
UHPC increases positively with the increase of UHPC protective layer thickness, while decreases negatively with the
increase of reinforcement diameter and bonding length. The thickness of the protective layer increases from a single
steel bar diameter to 1.5~2.0 times the steel bar diameter, with the ultimate stress increasing by 17.3%~33.3%. When
the diameter of reinforcement increases from 8 mm to 12 mm and 16 mm, the ultimate stress decreases by 16.5% and
28.8% respectively. Furthermore, with the bond length increasing from 4 times of the rebar diameter to 6~8 times the
value, the ultimate interfacial bonding stress decreases by 14.7%~25.3% accordingly. The ultimate bond stress obtained

by finite element analysis is in agreement with the computational calculation results, with a relatively lower error of
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Fig. 1 Bond model of the reinforced UHPC
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Table 1 Design parameters of the finite element model

HIROGEMSGS  WAER dmm  RVREE C HEKEL

Cl-16-L4 16 1d 4d
Cl-16-L6 16 1d 6d
Cl-16-L8 16 1d 8d
Cl1.5-16-L4 16 1.5d 4d
Cl1.5-16-L6 16 1.5d 6d
C1.5-16-L8 16 1.5d 8d
C2-16-L4 16 2d 4d
C2-16-L6 16 2d 6d
C2-16-L8 16 2d 8d
C2-12-L4 12 2d 4d
C2-8-L4 8 2d 4d
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Table 2 Bond-slip curves of reinforced UHPC members
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Fig. 2 Bond-slip finite element model
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Table 3 Reinforcement material parameters

JE I ST /MPa H BRI A%
0.008

W /(kgm™) FAVERTLE /GPa JHAA L
7 800 200 0.25 400

FET A2 s RN BE 1 RS, UHPC #f
BHE AT b ) BSOS, REALHF 48 UHPC
MR T, HIEISEULEE 4.

%4 UHPC #RIBH
Table 4 UHPC material parameters

Bl HUE Z B HBUE
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HPERTE: /GPa 46.4 S H 1.16
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A () 30 TR 0.000 5
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Fig. 4 UHPC material compressive constitutive curve
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Fig. 5 UHPC material tensile constitutive curve
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Fig. 6 Stress and displacement contours of FE models with
different bond lengths
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Table 5 Comparative results of finite element analysis and

existing calculation results
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A7 PR ICHIR 2 2 A BRICHAL

255 /MPa 255 /MPa %

Cl-16-L4 25.57 26.79 477
Cl-16-L6 21.06 21.86 3.79
Cl-16-L8 19.44 19.40 0.21
C1.5-16-L4 30.55 30.04 1.67
C1.5-16-L6 25.12 25.11 0.04
C1.5-16-L8 22.81 22.64 0.75
C2-16-L4 32.62 33.28 1.04
C2-16-L6 27.84 28.35 1.83
C2-16-L8 25.92 25.89 0.12
C2-12-L4 38.29

C2-8-L4 45.83
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