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Accelerated Corrosion of Steel Bars in New and Old Concrete Structures
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(1. College of Environment and Architecture, University of Shanghai for Science and Technology, Shanghai 200093, China;
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Abstract: Until now, many studies have been carried out to investigate the effect of reinforcement corrosion on concrete cracking due
to chloride attack, but they mainly focus on monolithic reinforced concrete structures, and few studies on the durability of new and
old concrete structures. Eight integral casting and secondary casting concrete specimens with different water-cement ratios (i.e., 0.60
and 0.53) were fabricated, and the semi-immersion accelerated corrosion was examined. The development law of rust expansion
cracks on the concrete surface and the changes in the mechanical properties of the rusted steel bars for the secondary-casting
specimens were investigated and compared with the integral-casting specimens at different theoretical corrosion rates of steel bars of
4%, 6% and 8%, respectively. The results show that the integrally poured concrete specimens only produce longitudinal cracks along
the reinforcement, while the secondary-casting concrete specimens firstly produce interfacial transverse cracks and then produces
longitudinal cracks. The steel bar in the integral-casting specimen is uniformly corroded, while the steel bars in the secondary pouring
specimens are non-uniformly corroded, and the steel corrosion at the interface between unused and used concrete occurs most serious.
The mechanical properties of the steel bars are reduced in the secondary-pouring specimens compared to the integral-pouring
specimens due to the serious loss of the steel bar section at the interface between unused and used concrete. The influence of concrete
strength on the mechanical properties of steel bars in the integral-casting specimens can be ignored, but it has an influence on the
mechanical properties of steel bars in the secondary-casting specimens.
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Table 1 Main parameters of specimens

Specimen Casting Theoretical Concrete
No. method corrosion rate/% strength/MPa
1-b Integral casting 8 30.2
2-b Secondary casting 4 30.2
3-b Secondary casting 6 30.2
4-b Secondary casting 8 30.2
5-b Integral casting 8 41.9
6-b Secondary casting 4 41.9
7-b Secondary casting 6 41.9
8-b Secondary casting 8 41.9
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Table 2 Mix proportion of concrete kg/m’
‘Water-cement ratio (r) Cement (P.042.5) Slag (S95) Fly ash (F-I) Sand Stone (5-20 mm) Water
0.60 350 0 0 719 1170 210
0.53 300 60 60 895 940 160
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r is water-cement ratio.
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Table 3 Comparison among theoretical corrosion rate, mass loss ratio and section loss ratio of steel bars

Specimen No. . Casting method Theoretical corrosion Mass‘ loss Averaged Asection Maximun? section
rate/% ratio/% loss ratio/% loss ratio/%
1-b 0.60 Integral casting 8 7.75 7.96 8.14
2-b 0.60 Secondary casting 4 3.92 4.74 6.82
3-b 0.60 Secondary casting 6 5.94 7.14 9.57
4-b 0.60 Secondary casting 8 7.96 9.71 11.93
5-b 0.53 Integral casting 8 7.50 7.76 7.90
6-b 0.53 Secondary casting 4 3.85 4.19 5.85
7-b 0.53 Secondary casting 6 5.90 6.57 8.44
8-b 0.53 Secondary casting 8 7.93 9.04 10.70
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Table 4 Mechanical properties of corroded steel bars

Specimen Casti thod Ultimate strength/ Ultimate strength Yield strength/ Yield strength
r asting metho
No. & MPa reduction ratio/% MPa reduction ratio/%
1-b 0.60 Integral casting 394 15.27 274 12.74
2-b 0.60 Secondary casting 443 4.73 299 4.78
3-b 0.60 Secondary casting 388 16.56 264 15.92
4-b 0.60 Secondary casting 369 20.65 246 21.66
5-b 0.53 Integral casting 395 15.05 276 12.10
6-b 0.53 Secondary casting 450 3.23 304 3.18
7-b 0.53 Secondary casting 393 15.48 265 15.61
8-b 0.53 Secondary casting 375 19.35 269 14.33
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