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Numerical simulation study on the influence of experimental methods on
the bond performance between corroded rebars and concrete
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(Beijing University of Technology) , Beijing 100124, China)

Abstract: To investigate the influence of different experimental methods on the bond performance between corroded
rebars and concrete, numerical simulations were conducted on pull-out tests and beam tests. Corresponding pull-out
and beam models were established, and the effects of non-uniform corrosion of tensile rebars and confinement
conditions ( thickness-diameter ratio and stirrup confinement ) on bond performance were analyzed. In the
numerical models, mechanical interlocking forces were simulated by fine modeling of the tensile rebar and the
surrounding concrete, while frictional forces were reflected through face-to-face contact ignoring chemical bond
forces. The corrosion heterogeneity within the cross-section of tensile rebar was also considered. A two-stage
numerical analysis method was adopted, in which the influence of corrosion on the bond behavior between the
rebars and the concrete interface was simulated by applying enforced displacements and then the bond performance
of corroded specimens was analyzed. The results show that the experimental methods have a significant impact on
the failure mode and bond stress-slip curve of the corroded specimens. The existing corrosion-induced cracks are
deepened and widened in both the beam and pull-out models when the bond failure occurs, but the beam model
also generates diagonally traversing cracks throughout the bond area. The bond strength and descending segment
slope in the pull-out model are significantly greater than those in the beam model. Stirrups barely influence the
bond strength. As the thickness-diameter ratio increases from 2.0 to 3.5, the bond strength in the beam model and
pull-out model increases by 16% and 32% respectively at 3% corrosion rate. After demonstrating the validity of

the aforementioned numerical model through comparing numerical results with experimental results, a normalized
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model was established for bond strength applicable to different test methods. Subsequently, comparison between the

results calculated by this normalized bond strength model and those obtained from numerical simulations reveals

good agreement, thereby confirming the reliability of the proposed normalized model.

Keywords: experimental method; beam model; pull-out model; failure mode; bond stress-slip curve; numerical

simulation
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Tab.2 The radius and rib size of corroded rebars'>’
H/% e/ % R, /mm HE ) 5/ mm i 98/ mm R/ mm Y5/ mm
e 2.0(ny) 19. 80 1.68 1.19 2.08 1.98
3.0(ny) 19.70 1.65 1.18 2.06 1.97
30 2.5(ny) 19.75 1.68 1.18 2.07 1.97
3.5(y) 19.65 1.67 1.18 2.06 1.96
s 3 4.4(np) 19.56 1.66 1.17 2.05 1.96
6.2(ny) 19.37 1.65 1.16 2.03 1.94
- 5.3(np) 19.46 1.65 1.17 2.04 1.95
7.1(ny) 19.28 1.64 1.16 2.02 1.93
8.8(my) 19. 10 1.62 1.15 2.00 1.91
10.3
11.8(ny) 18.78 1.60 1.13 1.97 1.88
. 3 7.0(n¢) 19.29 1.64 1.16 2.03 1.93
9.6(ny) 19.02 1.62 1.14 2.00 1.90
£3 FHNFEEREMRT
Tab.3 The radius and rib size of corroded rebars !
H/ % (nx/Mp)/ % R, /mm N 5/ mm FE RN 98/ mm P =/ mm A 58/ mm
0.46 0.46 11.97 1.20 0.70 1.60 1.50
0.80 0.80 11.95 1.20 0.70 1.59 1.49
3.92 3.92 11.76 1.18 0.69 1.57 1.47
6.96 6.96 11.57 1.16 0.68 1.54 1.45
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Fig.6  Concrete plastic damage model
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Fig.8 Schematic diagram of corrosion expansion effect
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Tab.4  Parameter values for A ~ F group beam model and pullout model
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