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The corrosion potential in concrete varies greatly with exposure and concrete mix conditions. In this study, RC
(Reinforcement Concrete) samples were prepared considering cover depth, chloride concentration, and W/C(water to cement)
ratio as variables, and HCP(Half Cell Potential) was measured, which evaluated comparative potential between embedded
steel and concrete surface. In addition, OCP(Open Circuit Potential) was measured using buried steel and CE(Counter
Electrode). Agar and NaOH solution were used as ion exchange materials and Hg/HgO was used for RE(Reference
Electrode), which was more sensitive to temperature than HCP. Among the influencing factors, the exposure period and
chloride concentration had a relatively greater effect than cover depth and wjc ratio. Additionally, the entire measured HCP
and OCP showed a clearly linear relationship with increasing cover depth and wjc ratio. Through multiple regression
analysis, the relationship between HCP and OCP was quantified, and an improved correlation was obtained with temperature

effect.

JIFE © Bt HRl, HYHR, U= FH, St s, 25, S-AIHE H
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Zielske 2014),
Fe—Fe’™ +2¢~(Anodic reaction) (1)
H,0+1/20, +2¢"—2(0OH)™ (Cathodic reaction) 2)

Fe+1/20, + H,0—Fe(OH),(Overall reaction) 3)

AAT} S5 ABE SIS0 M= 241HE0

g=H, of kY

Fe** +20H —Fe(OH), Ferrous hydroxide (4)
4Fe(OH), + O, +2H,0—4Fe(OH),

Ferric hydroxide (5)
2Fe(OH),—~Fe,0, + H,O0+2H,0

Hydrated ferric oxide(rust) (6)
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Fig. 1. Corrosion mechanism of pitting, crevice, and macro corrosion
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Application of high
temperature and pressure
conditions using autoclave to

Mixing agar powder and KNO;
aqueous solution

Applying agar solution to the
socket and reinforcement of
socket with cement paste

(b) Photos for agar-based sensor and calibration

Fig. 2. Fabrication process and the related photos for OCP measurement

Table 1. Corrosion condition related to half-cell potential (ASTM C876)

Corrosion potential(Z,,,.) values Corrosion probability
(mV vs. SCE") (mV vs. CSE™) (%)
10
E,,.>125 E,,.>-200 . .
corr o (low risk of corrosion)
-126< B, <275 | 200< E, . <-350 Intermediate
90
E,,.<276 E,,.<-350 Lo .
corr corr (high risk of corrosion)
E.,. <426 E.,..<-500 Severe corrosion

*Ag/AgCl, **Cu/CuSO; half cell

HOlA B2l MRIE S-St Table 10 ASTM C 8762] HCP

21t 7|gt BAEY} 7lES LIEIC

3. OCP X HCP £Xg I8t RC AIH Xt
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Fig. 3. RC samples and wire connection for OCP measurement
(Lee and Kwon 2021)

3.1.2 232|E Hig ¥ A2 XE

RC Al HZ= /e OPC(Ordinary portland cement) A|HE
£ A8sIon, J7[ 45 % =-AME H|(W/C: Water—
Cement ratio) 0.4~0.6, 22 600 mmE D245t 232|E bjE
S 2L Table 20| ME Z32|E HIFHE, Table 3 &
Table 40il M= AMIES] St SHO| E4S LIEILHACE 2 ¢
ToA AF2Et 232|E HIBIR 28 27| 4.5 %, 23Z 600
mmS PHESICE £t AAZE=E 30 MPa(W/C: 0.4), 24 MPa

L_|6
(W/C: 0.5), 21 MPa(W/C: 0.6)22 HAI=IRICH 0| ZHESIRICE

Table 2. Mix proportions for the test (Lee and Kwon 2021)

R Unit weight (kg/m’)
Water | Cement | Sand Gravel | Admixtures
1 0.4 180 450 712 966 3.15
2 0.5 180 360 779 974 2.52
3 0.6 180 300 837 966 2.10

Table 3. Chemical and physical properties of OPC (Lee and Kwon 2021)

Chemical compositions (%) Physical properties

. Ig. | Specific | Blaine
SiO, | ALO;s | Fe;0; | CaO | MgO | SOs s | e | (et

21.96 | 527 | 344 |63.41| 2.13 | 1.96 | 0.79 3.16 3,214

Table 4. Physical properties of fine and coarse aggregates (Lee and
Kwon 2021)

Items Specific

Guex (mm) Absorption

Types gravity (%)
Sand - 2.58 1.01 2.90
Gravel 20.00 2.64 0.82 6.87
F.M : Fineness Modulus
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(b) HCP measurement

Fig. 4. The plotos for OCP and HCP measurement
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Fig. 5. Measured OCP and HCP with period (W/C 0.4)
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Fig. 6. Measured OCP and HCP with period (W/C 0.5)
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Table 5. Results of multiple regression analysis for HCP

HCP, = C+ X,(WC,)+ X,(CD,)+ X,(Cl,)
+X,(P,)+ X;(0OPC,)+ X4(T,,)

Parameter W/O temp. With temp.
C -0.07514 0.046131
X -0.07927 -0.08879
X5 0.076797 0.079753
X3 -0.11474 -0.11838
Xy -0.09583 -0.15616
Xs 1.147748 1.101971
Xs - -0.10426
Correlation factor 0.932 0.934
Determination const. 0.869 0.872

HCP,: Normalized HCP, W/ C,: Normalized water to cement ratio,
CD,;: Normalized cover depth,

Cl,,: Normalized chloride concentration of artificial brine,

P,: Normalized test period, OCP,: Normalized OCP,

7,,: Normalized temperature
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Fig. 10. Relationship between HCP and OCP with temperature
conditions
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