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Development and Application of Anti—Corrosive Steel Using Electro—Deposition of Sea
Water (2)— Evaluation of Application Rebar with Electro—Deposition Using Sea Water
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Kwon, Seung Jun Lee, Sang Min Park, Sang Soon

Abstract

When RC (Reinforced Concrete) structures are exposed to sea water, steel corrosion can occur and this leads a
degradation of structural performance. Referring the electro—deposition system with sea water from the 1st step research,
durability and structural performance are evaluated in coated steel and RC members containing it in the 2nd research. In
the durability performance test, Half Cell Potential test is performed and the coated steel is evaluated to have the high
resistance to corrosion, which shows only 35% of corrosion velocity in normal (bare) steel. In the structural performance
test, tensile strength, adhesive strength, and flexural/ shear in RC member are performed. For the electro—deposit coated
steel, increasing ratios of 3.2% and 8.8% are evaluated in the test of tensile strength and adhesive strength, respectively.
For the structural test in RC member, there is no big difference between RC members with coated and non—coated steel
in ultimate load and failure pattern It is evaluated that the chemical compound with CaCOs and Mg(OH)s from
electro—deposition causes slightly increased structural performance. The electro—deposit coated steel can be more widely
applied after performance verification from several tests like fatigue, resistance to impact, and long term—submerging test.
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Table 1 Summarization of 1st step study for electro—deposition

for steel
Temperature 25~28T
Current density 5A/cm’
Duration 7~8 hours
Thickness of coating 400~800 £m
Anode AZ31
Deposition order Mg (OH)2 and CaCOs

1st step Research

Derivation for optimum conditions for electro—deposition of steel
— Analysis of chemical composition through EDS, SEM, XRD

7| — Evaluation of corrosion (Polarization potential and current
density)

2nd step Research

Development for pilot process for steel coating (electro—deposition)

Structural performance
evaluation

Durability performance
evaluation

- Tensile strength

- Adhesive with concrete

- Structural behavior in RC
beam

- Half cell potential test

Improvement and industrialization of coated steel

Fig. 1 Flowchart for this study
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drying coated steel

Fig. 2 Photos for steel coating process

Table 2 Conditions for electro—deposition for this study

Anode Current density | Period for coating | Temperature

Magnesium alloy

(A731) 7~10 hours 25T

5~7 A/m’

Table 3 Mix proportions of concrete for HCP test

for | Slump | w/e Ginax W C Sand | Gravel
(MPa) | (cm) @ | mm) |&e/m®) | ke/m’) | (keg/m’) | (kg/m’)

27 15 45 25 188 420 715 | 1,023
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Table 4 Steel corrosion probability with HCP (ASTM)

Reference over —200mV~ below
(mV, CSE) —200mV —350mV —350mV
.. Low High
Condlt} on (below 10% of steel | Medium (over 90% of steel
(probability) . .
corrosion) corrosion)

(b) test setup

(a) specimens

Fig. 3 Test of HCP
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Fig. 4 Results of HCP test (potential ratio)
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Table 5 Results for tensile strength
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Ultimate force (kN) Yield force (kN) )
Yield
Type standard standard strength
average |  deviation/ average | deviation/ (MPa)
C.OV.(%) C.OV.(%)
control 0.826/ 0.504/
steel 76.77 1.08% 60.96 0.83% 4811
coated 0.265/
steel 78.90 | 0.336/0.43% 62.91 0.42% 496.5
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Fig. 5 Test results for tensile strength
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(@) samples for pull off test (b) test setup

Fig. 6 Samples and test setup for pull off test

Table 6 Results for pull off test

type Load (kN)
Electro— Failure mode
insert depth Control deposition
5D(6.5cm) 58.35 63.48 Pull—off of steel
10D(13.0cm) 63.96 69.63 Pull—off of steel
15D(15.0cm) 75.99 75.81 Yielding failure of steel
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Fig. 7 Adhesive force with different insert depth
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Fig. 8 Load—displacement plot(control steel)
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Fig. 11 RC specimens for structural test

(b) shear failure

(a) flexural failure

Fig. 12 Failure mode of RC beam
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Fig. 13 Load and displacement plot for flexural and shear test
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