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Tensile Properties Test and Simulation of Non-uniform
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Abstract: The non-uniform corrosion morphology of steel bars is the key to determine the mechanical properties of
corroded steel bars. The accelerated corrosion method of ‘electroosmotic-constant current-dry-wet cycle’ and 3D
scanning technology were combined to obtain the corrosion morphology of 13 steel specimens with different corrosion
degrees and diameters. The effects of corrosion degree and steel diameter on the mechanical properties were studied
through monotonic tensile test and numerical simulation. The results show that the nominal yield strength, nominal
ultimate strength, nominal elastic modulus, hardening initial strain and nominal peak strain of steel bars decrease
with the increase of corrosion degree, and the strength characteristic value of small diameter steel bars is more
significantly affected by corrosion. However, the analysis results of micro-section method show that the deterioration
of nominal mechanical properties of corroded steel bars is caused by the weakening of cross-sectional area, and the
actual mechanical properties do not change. According to the test data and simulation results, the degradation law
of each mechanical property parameter is calibrated with the maximum cross-section corrosion rate and the average

mass corrosion rate as the quantitative indexes of corrosion degree, then the tensile constitutive model of non-uniform
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corroded reinforcement is established.

Key words: non-uniform corrosion; 3D scanning; mechanical property; constitutive model
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Table 1 Design parameters of specimens

Accumulative

Specimen Diameter/  Length/ Strength Total d.ryfwel electro motion Target corrosion /% 0t %
mm mm grade cycle time/d duration/d rate/ %

DI-1 16 304 HRB400 0 0 0 0 0
DL-2 16 304 HRB400 21.60 12. 60 3 2.56 2.34
DL-3 16 304 HRB400 36. 10 21.10 5 3.97 3.42
DL4 16 304 HRB400 72.90 42.90 10 10. 50 7.59
DL-5 16 304 HRB400 113. 20 65. 20 15 22.87 15.34
DL-6 18 320 HRB400 0 0 0 0 0
DL-7 18 320 HRB400 23.20 14. 20 3 3.48 3.12
DL-8 18 320 HRB400 38. 80 23.80 5 4.45 3.13
DL-9 18 320 HRB400 127.30 73.30 15 16.13 12.88
DL-10 20 336 HRB400 0 0 0 0 0
DL-11 20 336 HRB400 44. 40 26.40 5 5.48 3.19
DL-12 20 336 HRB400 92. 60 53.60 10 13. 24 8.80
DL-13 20 336 HRB400 141. 50 81. 50 15 15.95 13.96
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Fig. 1 Accelerated corrosion test device
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Fig.2 P-A curves and o-¢ curves of specimens
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Fig. 3 Schematic drawing of micro segmentation
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Fig.4 Comparison of P-A curves of corroded steel bars
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Table 2 Summary of tensile data of corroded reinforcement

Ref. Diameter/mm Corrosion condition Measure method Corrosion factor
This study 16,18,20 Electroosmotic-constant current-dry-wet cycle 3D scanning s My

[7] 20 Electrical(0. 8 mA/cm?) 3D scanning Nes M

[6] 14,16 Electrical(0. 4 mA/cm?) 3D scanning e M

[9] 13 Electrical Mass M

[10] 13,19 Electrical(0. 6 mA/cm?) Mass /R

[11] 8,12,16,20 Electrical(0. 1 mA/cm?) Mass N

[12] 16 Artificial chloride solution Mass /R

[13] 12 Electrical(0. 1 mA/cm?) Mass M
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Fig. 5 Variation of characteristic parameters of nominal constitutive model and corrosion rate of steel bar
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Fig. 6 Validation of tensile constitutive curve of corroded steel bars
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