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Crack and Time Effect on Chloride Diffusion Coefficient in Nuclear Power Plant

Concrete with 1 Year Curing Period

Ju-Hyun Chun', Hwa-Sung Ryu’, Yong-Sik Yoon’, Seung-Jun Kwon"*

Abstract: Concrete structure for nuclear power plant is mass concrete structure with large wall depth and easily permits cracking in early age due to
hydration heat and drying shrinkage. It always needs cooling water so that usually located near to sea shore. The crack on concrete surface permits
rapid chloride intrusion and also causes more rapid corrosion in the steel. In the study, the effect of age and crack width on chloride diffusion is evaluated
for the concrete for nuclear power plant with 6000 psi strength. For the work, various crack widths with 0.0~1.4 mm are induced and accelerated
diffusion test is performed for concrete with 56 days, 180days, and 365 days. With increasing crack width over 1.0mm, diffusion coefficient is enlarged
to 2.7~3.1 times and significant reduction of diffusion is evaluated due to age effect. Furthermore, apparent diffusion coefficient and surface chloride
content are evaluated for the concrete with various crack width exposed to atmospheric zone with salt spraying at the age of 180 days. The results are

also analyzed with those from accelerated diffusion test.
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Park et al., 2012b; Gerard and Marchand, 2000; JSCE, 2007).
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Table 1 Mix proportions for nuclear power plant concrete

Grade Guax W/ Sa Binder Coarse  Fing
(psi)  (mm) B C FA Agg Age

6,000 19 40 444 1628 3255 814 938.8 7489

W/B: Water to binder ratio, S/a: Sand to aggregate, W: Water, C:
Cement, FA: Fly ash, Agg.: aggregate

Table 2 Physical properties of aggregate

Items Gmax  Specific gravity ~Absorption M

Types (mm)  (gem’) (%) s
Fine aggregate - 2.58 1.01 2.90
Coarse aggregate 25 2.64 0.82 6.87

F.M.: Fineness Modulus



Table 3 Physical and chemical properties of binder

Ttems Chemical composition(%o) Physical properties
. Specific gravity Blaine
Types SiO, AlLOs Fe 05 CaO MgO SO; Ig. loss (@/em’) (cmg)
OPC 21.96 5.27 3.44 63.41 2.13 1.96 0.79 3.16 3,214
FA 55.66 27.76 7.04 2.70 1.14 0.49 43 2.19 3,621
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Table 4 Process of the test including mix, crack-inducing, and
measuring stage
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Fig. 3 Crack width and enlarged diffusion coefficient
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Table 5 Normalized crack width and diffusion coefficient

Averaged Increasing ratios
crack width 56 days 180 days 365 days
0.05 1.000 0.616 0.215
0.15 - 0.625 0.260
0.25 1.141 0.630 0.231
0.35 1.514 - -
0.45 1.263 0.773 0.388
0.55 1.946 0.873 0.432
0.65 1.906 0.778 -
0.75 1.846 0.915 -
0.85 - - -
0.95 - - 0.633
1.05 2.120 - 0.561
1.15 - - 0.670
1.25 - - 1.138
1.35 - 2.946 -

Increasing ratio (56 days)

4000 Increasing ratio (180 days)

Increasing ratio (365 days)
——exponent regression (Increasing ratio (56 days))
——exponent regression (Increasing ratio (180days))
——exponent regression (Increasing ratio (365 days))
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Fig. 5 Normalized crack width and changes in diffusion coefficient
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