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Influence of specimen size on bond performance between
corroded reinforcing steel bars and concrete
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Abstract; To investigate the influence of specimen size on bond performance between corroded reinforcing steel
bars and concrete, three cube specimens of different dimensions were cast with 10D length per side, where D is the
diameter of longitudinal rebars (D =14 mm,20 mm,25 mm). Pull-out specimens with reinforcement mass loss
percentage of 0% , 0.5% , 1.0% , 2.0% , 5.0% , 8.0% , and 10. 0% were obtained using current accelerated
method. The variation laws of bond characteristics were analyzed considering the influence of reinforcement
corrosion ratio and specimen size. The experimental results show that the expansive cracks appeared earlier and the
maximum crack width was larger as the dimensions of specimens increased. The bond strength and the initial bond
stiffness first increased and then gradually decreased as the concrete deterioration and reinforcement corrosion levels
increased for specimens of different dimensions, and the bond energy dissipation decreased as the mass loss of
reinforcement increased, whereas the specimen with larger diameter (D =25 mm) was more sensitive to the
corrosion than that of the specimen with smaller diameter (D =14 mm, 20 mm). Moreover, the free-end slip and
the bond energy dissipation for specimens of different dimensions decreased slowly before the corrosion-induced
cracks appeared, and then decreased rapidly when the corrosion-induced cracks appeared, which had no significant
effects on corrosion level after the corrosion-induced cracks appeared. Based on the experimental results, the
empirical model of the residual bond stress between corroded rebar and concrete was proposed, which can evaluate
the residual bond strength with different diameter of reinforcement.
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Tab.1 Detailed bar characteristics and properties

D/mm  h/mm  l/mm  f/MPa  f,/MPa  E_/10°MPa
14 1.10 9.0 438.65  585.57 2.02
20 1.61 9.80 466.57  618.59 2.03
25 1.82  12.30  444.66  598.33 2.10
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Fig.2  Electrochemical accelerated corrosion system
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Fig.3 Pull-out test setup
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Tab.2 Test error of steel bar mass loss

W po/ pi/ (g-mm™") 5

'S (gomm~') S1 2 S3 4 S5 /%

err, max

CRO1 2.343 2.335 2.337 2.339 2.341 2.341 0.256
CRO2 2.375 2.373 2.373 2.376 2.377 2.381 0.337
CRO3 2.344 2.340 2.340 2.342 2.342 2.343 0.128
CRO4 2.343 2.339 2.340 2.341 2.346 2.351 0.512
CRO5 2.367 2.351 2.358 2.359 2.362 2.364 0.549
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Fig. 4  Longitudinal rebar with different corrosion level after
cleaning procedure
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Tab.3  Pull-out test for specimens of different dimensions

M./ % 7,/MPa S/ w/  BEIR M./ % 7,/MPa S/ w/ W
LRSS - LR .
E Avg E Avg mm mm Avg E Avg mm mm  fE
D14 -0 -1 0 0 21.09 20.99 0.82 0 # ||D20-2.0-3 1.92 34.80 1.91 0 Wi
D14 -0 -2 0 19.40 1.06 0 W ||D20-5.0-1  6.65 5.91 27.80 23.79 0.16 0.48 E¥z
D14 -0-3 0 22.48 1.07 0 #i ||D20-5.0-2  4.36 22.19 0.11 0.62 kit
D14 -0.5-1 0.74 0.56 27.73 24.70 0.90 O #i ||D20-5.0-3  6.73 21.38 0.13 0.72 $kiH
D14 -0.5-2 0.52 23.12 1.18 0 # ||D20 -8.0 -1 8.58 8.29 20.80 19.58 0.12 1.2 $kiH
D14 -0.5-3  0.42 23.22 0.94 0 #H ||D20-8.0-2  8.84 21.15 0.14 0.82 i
D14 -1.0-1 1.17  1.18 26.60 27.61 1.27 O i ||D20-8.0-3  7.44 16.80 0.20 0.74 HkiH
D14 -1.0-2  0.99 31.10 0.71 0 #ifh ||D20-10.0-1 11.66 10.43 17.66 17.88 0.22 1.86 #kiH
D14 -1.0-3 1.37 25.13 0.83 0 # ||D20-10.0 -2 10.56 19.52 0.20 1.75
D14 -2.0-1 2.41 2.37 29.30 30.80 1.11 O #H ||D20-10.0-3 9.07 16.45 0.10 0.92 #LH
D14 -2.0-2 2.06 27.96 0.37 0 #with ||D25 -0 -1 0 0 24.74 23.06 2.54 O W
D14 -2.0-3  2.65 35.13 0.27 0 i ||D25-0-2 0 21.50 2.04 0 #
D14-5.0-1 4.48 4.42 26.75 28.30 0.18 0.43 $&H |[D25-0-3 0 22.93 1.64 0 W
D14 -5.0-2 4.15 27.72 0.12 0.45 i ||D25-0.5-1 0.65 0.59 26.84 30.01 0.37 O K
D14 -5.0-3 4.63 30.42 0.23 0.38 it ||D25-0.5-2  0.56 28.69 0.62 0 W
D14-8.0-1 7.38 7.57 28.06 25.18 0.18 0.54 4gH |[D25-0.5-3  0.57 34.49 1.000 0 Wi
D14 -8.0-2 7.34 25.19 0.17 0.54 ## ||D25-1.0-1 0.95 0.99 33.31 37.64 1.06 0 W
D14 -8.0-3  7.98 22.30 0.07 0.64 i ||D25-1.0-2 1.04 39.50 0.63 0 K
D14 -10.0-1 10.35 10.38 25.01 22.85 0.16 0.62 &% |D25-1.0-3  0.97 40.10 1.08 0 Wi
D14 -10.0-2 11.33 23.68 0.13 0.74 #HH ||D25-2.0-1 1.76  1.76 20.94 22.41 0.34 0.92 4&H
D14 -10.0-3 9.46 19.85 0.09 0.90 B¥% ID25-2.0-2 1.90 20. 86 0.18 0.84 il
D20 -0 -1 0 0 18.70 18.95 1.34 0 #wi ||D25-2.0-3 1.63 25.44 0.18 0.30 HkiH
D20 -0 -2 0 19.12 1.53 0 # ||D25-5.0-1  6.02 5.42 16.06 15.50 0.21 1.16 #iH
D20 -0 -3 0 19.02 1.80 0 # ||D25-5.0-2  5.82 13.37 0.84 2.12 i
D20-0.5-1 0.56 0.52 30.64 26.47 0.39 0 Wi ||D25-5.0-3  4.43 17.08 0.62 1.80 HkiH
D20 -0.5-2  0.58 24.09 1.48 0 #ifh ||D25-8.0-1  7.81 8.05 12.46 12.99 0.13 2.74 i
D20-0.5-3 0.43 25.49 0.62 0 i ||D25-8.0-2  7.59 12.83 0.10 1.72 i
D20 -1.0-1 .10 0.99 35.37 30.78 0.78 O # ||D25-8.0-3  8.76 13.70 0.24 2.26 i
D20-1.0-2  0.99 29.44 0.67 0 #i ||D25-10.0-1 12.81 12.30 8.21 8.51 0.02 4.18 kit
D20-1.0-3  0.88 27.52 0.56 0 #i ||D25-10.0-2 11.79 8.81 0.04 4.59 Fkih
D20 -2.0 -1 3.18 2.38 31.51 31.54 0.19 0.66 & |[D25-10.0-3 — — — - — —
D20-2.0-2 2.03 28.31 0.35 0.26 it
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Fig.7 Bond stress-slip curves at various reinforcement corrosion levels with different dimensions of specimens
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