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The Comparison of Apparent Chloride Diffusion Coefficients in GGBFS Concrete
Considering Sea Water Exposure Conditions

Yong-Sik Yoon', Gi-Chan Jeong®, Seung-Jun Kwon®"

Abstract: In this study, the time-dependent chloride ingress behavior in GGBES concrete was evaluated considering marine exposure conditions and
the properties of concrete mixtures. The concrete mixture for this study had 3 levels of water to binder ratio and the substitution rate of GGBFS, and
outdoor exposure tests were performed considering submerged area, tidal area, and splash area. According to the evaluation results of diffusion coefficient
considering properties of concrete mixtures, as the substitution rate of GGBFS increased, the decreasing rate of the diffusion coefficient decreased based
on exposure periods of 730 days(2 years). As the evaluation result of the diffusion behavior according to the marine exposure conditions, the diffusion
coefficient was evaluated in the order of submerged area, tidal area, and splash area. In tidal area, a relatively high diffusion coefficient was evaluated
due to the repetition of wet and dry seawater. In this study, the effects of GGBFS substitution rate on the decreasing behavior of apparent chloride
diffusion coefficient was analyzed in consideration of exposure conditions and periods. Linear regression analysis was performed with apparent chloride
diffusion coefficient as output value and GGBES substitution rate as input value. After 730 days of exposure, the effect of GGBES on diffusion coefficient
was significantly reduced. Even for OPC concrete, after 730 days, the diffusion coefficient was as low as that of GGBFS concrete, so the gradient of
the regression equation decreased significantly. It is thought that improved durability performance for chloride ingress can be secured before 730 days
through the use of GGBES.
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Table 1 Mix proportions for OPC and GGBFS concrete (Yoon et al.,
2019)

Unit weight(kg/m>
W/B g (gé . ) c S.p
(%) W C GGBFs "¢ L0aSe (%)
Agg. Agg.

37 168 454 0 767 952 1.10

OPC 42 168 400 0 787 976  1.00
47 168 357 0 838 960  0.95

37 168 318 136 762 946  1.30

GGBFS30 42 168 280 120 783 972 1.10
47 168 250 107 835 956  1.00

37 168 227 227 760 943 1.40

GGBFS50 42 168 200 200 780 969  1.20
47 168 179 179 832 853  1.10

W/B : Water to Binder ratio, W : Water, C : Cement,
GGBEFS : Ground Granulated Blast Furnace Slag,
S.P : Super Plasticizer

Table 2 Physical properties of fine and coarse aggregate (Yoon et al.,
2019)

Items G  Specific gravity ~ Absorption M
Types (mm) (g/em’) (%) o
Fine aggregate - 2.58 1.01 2.90
Coarse aggregate 25 2.64 0.82 6.87
F.M. : Fineness Modulus
Table 3 Properties of super-plasticizer (Yoon et al., 2019)
Items Main . .
Types Type pH component Solid  Density
2000R Liquid 67 Fobeabonic 50, o8

Acid
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Fig. 1 Mimetic diagram of marine environment exposure test site
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Fig. 2 The view of marine environment exposure test site
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Fig. 3 The chloride profile for GGBFS 50-37 in 1,825 exposure days
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Assumption error function
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x = depth(m), t = exposure period (sec)
€ = chloride contents at x and ¢
€, = initial chloride contents (kg/m?)
€y = surface chloride contents (kg/m?)
D,,,, = apparent chloride diffusion coefficient
(m?/sec)
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Fig. 4 The flowchart for evaluation of apparent chloride diffusion
coefficient by regression analysis
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Table 4 Apparent chloride diffusion coefficient in submerged area

Apparent chloride diffusion coefficient
(x10"m?%s)

Yoon et al., 2019 This study

180 365 730 1,095 1,460 1,825
days days days days days days

37 275 145 089 038 030 024

OPC 42 39 199 122 046 034 028
47 6.00 3.09 1.69 053 038 032

37 134 0.67 044 034 027 020

GGBFS30 42 177 087 053 038 029 024
47 192 095 055 041 033 028

37 104 044 020 020 020 020

GGBFSs50 42 127 056 024 024 023 021
47 132 058 028 025 024 023
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Table 6 Apparent chloride diffusion coefficient in splash area

Apparent chloride diffusion coefficient
(<10”m?s)

Yoon et al., 2019 This study

180 365 730 1,095 1,460 1,825
days days days days days days

37 152 075 051 034 025 021

OPC 42 166 079 052 036 028 0.22
47 194 102 061 039 030 025

37 075 036 026 024 021 0.16

GGBFS30 42 082 041 026 024 022 0.18
47 087 047 030 028 025 0.21

37 062 026 011 0.10 0.10 0.10

GGBFS50 42 065 031 014 013 012 0.12
47 071 040 0.19 017 0.16 0.15
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Fig. 9 The relative apparent chloride diffusion coefficient considering
Fig. 8 The result of apparent chloride diffusion coefficient in splash area marine exposure conditions
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Table 7 The results of linear regression analysis considering GGBFS eftect

D =aXxXGGBFS+b
D = diffusion coefficient(x 10"*m%s),
GGBFS = GGBFS substitution rate(%o)

Exposure period a b R?
180 days -0.062  4.023 0.932
365 days -0.034  2.083  0.946
730 days -0.021  1.230  0.975

Submerged area
1,095 days -0.004 0469  0.925

1,460 days -0.002  0.348 0.945
1,825 days -0.001  0.282 0.990

180 days -0.034 2914  0.981

365 days -0.019 1466  0.993

, 730 days -0.013 0917 0996
Tidal area

1,095 days -0.004  0.441 0.908

1,460 days -0.002 0322 0.960

1,825 days -0.001  0.261 0.980

180 days -0.022  1.637  0.926

365 days -0.011  0.823  0.937

730 days -0.008  0.541 0.990
Splash area

1,095 days -0.004  0.369  0.976
1,460 days -0.003  0.286  0.900
1,825 days -0.002  0.232 0.948
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Fig. 10 The gradient of diffusion coefficient by linear regression
analysis considering GGBFS effect
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