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A Study on Chloride Threshold Level of Blended Cement Mortar Using
Polarization Resistance Method

Ha-Won Song,” Chang-Hong Lee,” Kewn-Chu Lee,” and Ki-Yong Ann"

"Dept. of Civil and Environmental Engineering, Yonsei University, Seoul 120-749, Korea

ABSTRACT The importance of chloride ions in the corrosion of steel in concrete has led to the concept for chloride threshold
level (CTL). The CTL can be defined as the content of chlorides at the steel depth that is necessary to sustain local passive film
breakdown and hence initiate the corrosion process. Despite the importance of the CTL, due to the uncertainty determining the
actual limits in various environments for chloride-induced corrosion, conservative values such as 0.4% by weight of cement or
1.2 kg in 1 m’ concrete have been used in predicting the corrosion-free service life of reinforced concrete structures. The paper stud-
ies the CTL for blended cement concrete by comparing the resistance of cementitious binder to the onset of chloride-induced cor-
rosion of steel. Mortar specimens were cast with centrally located steel rebar of 10 mm in diameter using cementitious mortars with
ordinary Portland cement (OPC) and mixed mortars replaced with 30% pulverized fuel ash (PFA), 60% ground granulated blast
furnace slag (GGBS) and 10% silica fume (SF), respectively, at 0.4 of a free W/B ratio. Chlorides were admixed in mixing water
ranging 0.0, 0.2, 0.4, 0.6, 0.8, 1.0, 1.5, 2.0, 2.5 and 3.0% by weight of binder(Based on CI'). Specimens were curd 28 days at the
room temperature, wrapped in polyethylene film to avoid leaching out of chloride and hydroxyl ions. Then the corrosion rate was
measured using the polarization resistance method and the order of CTL for binder was determined. Thus, CTL of OPC,
60%GGBS, 30%PFA and 10%SF were determined by 1.6%, 0.45%, 0.8% and 2.15%, respectively.

Keywords : chloride threshold level (CTL), blended concrete, chloride induced corrosion, polarization resistance method
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Fig. 1 Influence of chloride on corrosion and passivation of
iron
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Table 1 Chloride threshold level reported by various authors with varying conditions
Threshold values

Condition Total chloride Free chloride (CIV[OH] Detection method Reference
(wt % cem.) (wt % cem.)
Solution 0.6 Half-cell potential 16)
simulating 0.3 Corrosion rate by polarization 17)
concrete 0.25~0.8 Corrosion rate by polarization 18)
8~63 Corrosion rate by polarization 19)
0.632~0.771 Corrosion rate by polarization 20)
0.44~2.32 Corrosion rate by polarization 21)
0.78(OPC, W/C=0.55) 0.12 0.16
0.93(OPC, W/C=0.45) 0.11 0.26
0.89(OPC, W/C=0.35) 0.12 0.19
0.45(SRPC) 0.10 0.27 Half-cell potential 22)
0.90(15%PFA) 0.11 0.19
0.68(30%PFA) 0.07 0.21
0.97(30%GGBS) 0.03 0.23
0.73+0.025 0.50+0.03 1.76+0.3 Corrosion rate by polarization 23)
1.24~3.08 0.36~1.16 1.17~3.98 Corrosion rate by polarization 24)
0.5~1.0(OPC)
1.0~1.5(GGBS) Macrocell current 25)
Specimen+ 1.0~1.5(PFA)
internal chloride 045-1.15 When CI/OH =0.§, corrosion is 26)
regarded as being initiated
0.35(C3A=2.43% 0.14 i . .
0. 622C3 A=7.59% g 0.17 CI/OH=0.3 (hlf,}: tlr.);:issll:)re pore solution 27)
1.00(C5A=14.0%) 0.22

0.32(C;A=2.43%)
0.58(C3A=7.37%)
0.42(C5A=9.10%)
1.00(C;A=14.0%)

CI/OH=0.3 (Water extraction method) 28)

0.5~2.0 Macrocell current 29)

0.079~0.19 Corrosion rate by AC impedance 30)
0.15~0.69 Corrosion rate by polarisation 31)

0.32~1.9 Mass loss 32)
0.2~0.5 Corrosion rate by polarization 33)

242 Corrosion rate by polarization 34)

1.23(SS304)
0.82(Microcomposite)

1.91(SS316LM) Corrosion rate by polarization 35,36)
0.09(ASTM A 615)
0,1(5)'222(1152;?2)@1 d) Corrosion rate by polarization 37)
0.5~1.5 Half-cell potential 38)
Specimen+ 0 (6)57(1)(5(")PPC1232A
external chloride 0:50530 ‘QPFA; Mass loss 39)
0.20(50%PFA)
1.8~2.9 Corrosion rate by polarization 40)
0.5~1.4 Not mentioned 41)
1.6~2.5 Corrosion rate by polarization 42)
0.5 Mass loss 43)
0.6~1.4 Macrocell 44)
Structure 0.2~1.5 Mass loss + visual examination 45)

grolol A= 2,400 cm’/g, LEESY IR ELLS 4,000 cm’/g, 2 0] 2Fe 0.02% olEkAith ALgAl 7o 3etd AFe
A2 7S (150,000~300,000 cm’/g)el™ OPCe] W% <4 Table 2] “HERH AT
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Table 2 Chemical composition of various binder

CaO SiO, ALO; Fe,05 MgO Na,O K,O Mn,O; TiO; Ign.”
OPC 64.7 20.7 4.6 3.0 1.0 0.13 0.65 - - 1.30
PFA 1.7 48.7 18.8 7.7 1.0 0.4 1.9 - 0.9 1.52
GGBS 412 342 11.7 1.43 8.81 0.29 0.31 03 0.58 1.29
SF 031 94.9 023 0.07 0.04 0.15 0.56 - - 35
* Ignition loss
3.2 A\|Ho| XM|Z & FEH| AF =42 93 potential sweep rate= 10 mV/min 2
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Fig. 2 Experimental set-up for corrosion test
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Fig. 3 Polarization curves for steel in mortar specimens. (a)
OPC (b) 40%0OPC+60%GGBS (c) 70%0OPC+30%PFA
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Table 3 Polarization parameter and results for steel in OPC,
60%GGBS, 10%SF and 30%PFA binder with different
concentration of chlorides

Chloride Polariza- | Corrosion
OCP |. . .
System level -mV) vs. tion resis-| current Vlsual.
(% of SCE tance(Rp): (Icm):2 observation
binder) ohms/cm’| pA/em
0.0 -59.9 415.1 0.0421 |No pitting
0.2 -106.9 171.7 0.1082 |No pitting
0.4 -170.5 244 4 0.0737 |No pitting
0.6 -26.7 119.3 0.1979 |No pitting
OPC 0.8 -141.0 239.9 0.0865 |No pitting
1.0 -123.7 2494 0.0849 |No pitting
1.5 -243.6 15.5 2.6632 |No pitting
2.0 -316.8 9.0 3.5651 Pitting
2.5 -326.4 33 19.6822 | Pitting
3.0 -392.1 2.0 58.3568 | Pitting
0.0 -286.4 118.1 0.2218 |No pitting
0.2 -297.1 0.0 544.8405 |No pitting
0.4 -48.3 283.3 0.0647 |No pitting
0.6 -200.4 166.4 0.1496 |No pitting
0.8 -358.4 9.1 9.1249 Pitting
60% GGBS —
1.0 -428.8 5.7 16.9235 | Pitting
1.5 -336.0 14.7 2.6579 | Pitting
2.0 -341.1 14.1 3.3263 Pitting
2.5 -309.5 444 0.6207 Pitting
3.0 -335.7 7.1 10.0268 | Pitting
0.0 -356.2 58.9 0.4944 |No pitting
0.2 -80.3 129.1 0.1379 |No pitting
0.4 -145.2 24.4 1.5969 |No pitting
0.6 -395.5 11.7 3.0080 | Pitting
0.8 -303.5 10.3 4.8330 | Pitting
30% PFA —
1.0 -454.2 13.1 2.7640 | Pitting
1.5 -292.9 94 3.6075 Pitting
2.0 -538.8 52.9 0.3024 | Pitting
2.5 -523.4 - 0.0013 Pitting
3.0 -513.4 9.5 2.7056 Pitting
0.0 -55.3 51.2 0.5889 |No pitting
0.2 -108.2 232 2.3820 |No pitting
0.4 -69.3 433 0.9178 |No pitting
0.6 -125.8 49.2 0.7056 |No pitting
0.8 -131.5 81.9 0.3050 |No pitting
10% SF —
1.0 -92.1 164.6 0.1448 |No pitting
1.5 -232.0 11.6 3.5385 |No pitting
2.0 -238.4 7.7 7.6925 |No pitting
2.5 -334.2 22 39.9479 | Pitting
3.0 -338.8 32 15.8094 | Pitting

—-1452~-3955mV 2 -2384~-3342mV7} ¥ 23}
At

T3k Table 39 AFERE, OPCY A= 1 mA/m’
ool RAAFHSANME A%kl —20~-170 mVE]
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