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Model of Reinforcement Incipient Corrosion in Coral Aggregate Concrete
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Abstract: The time-varying of the corrosion potential and corrosion current of coral aggregate concrete reinforce-

ment at different voltage values was analyzed by linear polarization resistance and electrochemical impedance

spectroscopy. The resistivity and porosity of coral aggregate concrete and ordinary concrete were tested. The

critical chloride ion concentration of two kinds of concrete was studied. The results show that the stable period

of corrosion potential and corrosion current of coral aggregate concrete is shorter than that of ordinary concrete

under the same voltage. The critical chloride ion concentration of coral aggregate concrete is lower than that of

ordinary concrete.

Key words: coral aggregate concrete; critical chloride ion concentration; incipient corrosion; linear polarization

resistance; electrochemical impedance spectroscopy
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Table 1 Chemical compositions of cement and fly ash
kg/m*

Material CaO  SiO, ALO, Fe,0, MgO SO, Na,0 K,0 TiO,

Cement 57.70 18.48 4.82 3.26 1.51 1.83 0.33 1.07 0.23
Flyash 21.14 35.71 16.57 8.92 1.41 1.94

F2 kil TR TR B0 4 B AR
Table 2 Physical properties of cement and fly ash

Compressive

Flexural strength/

Water requirement of Setting time/min . . Moisture
. . strength/MPa MPa Specific surface  Density/ .

Material normal consistency % 2 71) ( 73) Fineness content(by

area/(cm”* scm
(by mass)/ % & J mass)/ %

Initial  Final 3d 28 d 3d 28d
Cement 25 102 152 24.6 56.5 5.6 8.4 390 3.09
Fly ash 101 2.16 10.2 0.5

*3 RELIEAL

Table 3 Mix proportions of concretes

Mix proportion/(kg+m™*)

G my/
roup Fly  Water Fine Coarse e
Cement Water B
ash  reducer aggregate aggregate
030 370.80 0 1.48 163.00 658.40 1222.70 0.44

S30 446.25 78.75 2.63 183.80 900.00 600.00 0.35
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Table 4 Physical properties of coral coarse aggregate and

coral sand
Coral coarse
Property Coral sand
aggregate
Bulk density/ (kg-m™) 904 1181
Void content(by volume)/ % 45.8 23.2
Cylinder compressive strength/MPa 2.27

Fineness modulus 2.8

w(chloride ion) /% 0.025 0.050
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(a) Appearance

(b) SEM morphology
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Fig.1 Coral aggregate
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Table 5 Properties of steel bar
w/ %
Yield strength /MPa  Tensile strength /MPa Elongation/% Yield strength ratio
C Si Mn P S Fe
0.250 0.310 1.080 0.015 0.025 98.32 480 630 14.2 1.29
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(a) Reinforcement concrete
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(b) Device for accelerating corrosion
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Fig. 2 Electro-migration chloride ion device for accelerating corrosion of steel bar
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Fig.3 Metal anodic polarization curve
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Fig.4 Determination of corrosion current density of steel bars
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Fig.5 Corrosion potential of reinforcement
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Table 6 EIS fitting results

Group No. R./(Q-cm®) R./(Q-cm?) C?jl /(Q7 e em® 8" n R/(Q-cm?) %}.S:Z/(Q*l-cmz's") n

S30-0.6 V 0.017 0 2796 54.80Xx 107 0.422 196 944 18.56x10* 0.720
S30-1.0V 0.002 5 3638 495.00X 107 0.455 162 485 18.35x10* 0.715
S30-2.0V 0.3980 8334 32.50x10 7 0.445 170 010 7.48x10* 0.526
S30-3.0V 0.040 0 8732 32.50x10°7 0.599 164 752 9.68x10* 0.529
030-0.6 V 0.048 0 2737 806. 00X 10’ 0.468 223613 14.55%10 * 0. 689
030-1.0V 0.0530 6 106 70.00x 107 0.578 186 695 7.07x10* 0.625
030-2.0V 0.063 0 8035 40.40x10°7 0. 569 158 813 10.75x10* 0.636
030-3.0V 0.0010 4200 623.00x10 7 0.488 171 366 8.98x10 * 0.744
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Fig. 10 Nyquist diagram when steel bars begin to rust
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