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DIFFUSION BEHAVIOR OF CHLORIDE IONS IN CONCRETE
OF THE BUILDINGS NEAR THE COAST AREA VICINITY
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This research is the rearrangement of the survey results which were conducted approximately 60 reinforced concrete buildings in
1985-88 for the purpose of accumulating data of the salt attacks. As the results, in the actual structures, chloride ion content of concrete
surface is larger than the standard value and the diffusion coefficient in concrete is smaller than the values of accelerated or exposure test.
In the distribution in which the peak of chloride ion is not located at surface area, the diffusion coefficient is expected from analysis in

which the provisional surface is set and the wholesome concrete is targeted.
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Table 1

Data of building using investigation

lzpil— - Comp- B;glledtl)l;g gf}:‘ft‘ﬁ: Thicknessof Amount B_uil— - Comp- B;{;Ld:}g ]f)ri)srirtll:: Thicknessiof Amount
g Location® leted surve; coast mortar of cores ding Location* leted surve coast mortar f cores
No. Y (mm) No. Y (mm)
(years) (m) (years) (m)
1 Hakodate-shi, Hokkaido 1961 25 590 15~34 4 27 Tokoname-shi, Aichi 1973 12 40 Non 2
2 Mutsu-shi, Aomori 1969 17 40 Non 1 28 Maizuru-shi, Kyoto 1978 8 150 21~28 4
3 Mutsu-shi, Aomori 1969 17 140 Non 3 29 Hannan-cho, Osaka 1970 15 50 23~46 4
4 Aomori-shi, Aomori 1973 12 20 2 2 30 Hannan-cho, Osaka 1970 15 10 29~31 2
5 Zougata-cho, Akita 1979 7 150 Non 6 31 Akashi-shi, Hyogo 1969 16 150 21~28 4
6 Sakata-shi, Yamagata 1975 11 800 27~54 5 32 Kobe-shi, Hyogo 1977 8 100 Non 4
7 Choushi-shi, Chiba 1963 24 20 7~14 8 33 || Kusimoto-cho, Wakayama 1973 13 10 24~30 2
8 Choushi-shi, Chiba 1984 3 20 Non 3 34 Tomari-son, Tottori 1972 14 10 17~34 6
9 Katsuura-shi, Chiba 1965 22 10 10~60 6 35 Hamada-shi, Shimane 1970 16 80 21~40 5
10 Katsuura-shi, Chiba 1965 22 10 Non 6 36 Hamada-shi, Shimane 1971 15 60 I1~25 4
11 Katsuura-shi, Chiba 1966 20 50 Non 4 37 || Hiroshima-shi, Hiroshima 1969 15 50 Nom 2
12 Kominato-cho, Chiba 1694 21 50 Non, §~20 4 38 Ube-shi, Yamaguchi 1972 13 250 22~29 5
13 Kominato-cho, Chiba 1970 15 30 Non 4 39 Imabari-shi, Ehime 1967 19 5 Non 6
14 Futtsu-shi, Chiba 1970 18 50 Non 13 40 Hokujyo-shi, Ehime 1975 10 350 Non 3
15 Niigata-shi, Niigata 1958 28 1200 19=-32 2 41 Karatsu-shi, Saga 1955 30 500 11~31 7
16 Niigata-shi, Niigata 1965 21 120 15255 6 42 Nagasu-shi, Kumamoto 1973 12 300 20~23 3
17 Shinminato-shi, Toyama 1971 15 360 10~26 4 43 Nagasu-shi, Kumamoto 1975 10 300 21~24 3
18 Uchinada-cho, Ishikawa 1971 15 700 28~48 4 44 Misumi-cho, Kumamoto 1967 19 25 20~22 2
19 Numazu-shi, Shizuoka 1969 15 700 14~21 3 45 Usa-shi, Oita 1970 15 550 17~59 2
20 Numazu-shi, Shizuoka 1969 15 700 21 1 46 Usa-shi, Oita 1975 10 450 15~20 2
21 Numazu-shi, Shizuoka 1970 14 700 14~32 3 47 Nango-cho, Miyazaki 1976 9 5 27~36 3
22 Numazu-shi, Shizuoka 1971 13 700 16~24 2 48 Nichinan-shi, Miyazaki 1967 19 2000 40~43 2
23 Fuji-shi, Shizuoka 1976 8 350 |Non, 18~33 4 49 |Kagoshima-shi, Kagoshima| 1961 24 200 12~21 2
24 Fuji-shi, Shizuoka 1976 8 250 20~40 3 50 |[Kagoshima-shi, Kagoshima| 1961 24 200 16~29 2
= Suji e izt 1975 . i b 4 * Location is the name of the time investigated.
26 Fuji-shi, Shizuoka 1976 8 230 Non 2
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Fu Hakodate-shi, Hokkaidou (25 yeaes) —— Mutsu-shi,Aomori(17yeaes) =" Mutsu-shi, Aomori (17 yeaes) " Aomori-shi, Aomori (12 yeaes) | T~ Zougata-cho, Akita (7 yeaes) [~ sakata-shi, Yamagata (11 yeaes) |
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Fig.2 Relationship between distribution chloride ion content and depth from concrete surface
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Table 2 Characteristic values of diffusion equation.

Initial chloride content (kg/m3)

Diffusion coefficient (cm?/year)

Ellrilg (1) Shallowest | (2) Shallowest | (1) Shallowest | (2) Shallowest
No. =max CI # max Cl’ = max Cl # max Cl’
Min-max | Mean |Min-max | Mean |Min-max | Mean |Min-max | Mean
2 - = (n=1) | 0.48 = - (n=1) | 0.20
3 ]0.15-0.19] 0.17 | (n=1) | 0.14 |0.19-0.35| 0.26 | (n=1) | 0.27
5 |0.36-0.53| 0.42 = — 10.03-0.44| 0.13 — =
8 ]0.00-0.63| 0.23 = — ]0.11-1.08| 0.24 — —
10 |(0.00-0.41| 0.21 |0.00-0.09| 0.03 |0.71-0.95| 0.82 |0.40-0.63| 0.48
11 (n=1) | 0.00 |0.04-0.17| 0.11 (n=1) 0.32 |0.13-0.17| 0.16
12 (n=1) 0.30 = — (n=1) 0.08 — T
13 — — (0.00-0.43| 0.23 —_ — 10.01-0.38]| 0.08
14 [0.00-0.37| 0.10 |{0.00-0.80| 0.29 [0.00-030| 0.04 |0.05-0.60| 0.11
23 - (n=1) | 0.07 — = (n=1) | 0.36
25 | (=1) | 0.10 — — (=1 | 0.27 — —
26 [0.04-0.08| 0.06 - — [0.02-0.42| 0.10 — —
27 ~ — 10.71-0.76| 0.74 — — 10.09-0.13] 0.11
32 — — 1.08-1.30| 1.20 — — 10.01-0.16| 0.03
37 ||1.38-1.62| 1.50 — — [0.14-0.66| 0.30 _— =
39 [0.02-0.08| 0.06 (n=1) 0.00 ]0.01-0.37| 0.03 (n=1) 0.10
40 — = (=1 | 2.05 = = (n=1) | 0.02
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In general, for evaluating the durability of concrete on exogenous type salt attack, standard values of diffusion
coefficient and chloride ion content of concrete surface are used. These standard values are shown in the specification
of Architectural Institute of Japan and Japan Society of Civil Engineers, however these are established on the basis of
accelerated tests or exposure tests, because of the lack of the reports on the investigated date in actual buildings.
Accordingly, using standard values are estimated on the safe side, but it is uneconomical, so cannot be applied hard.

This research is the rearrangement of the survey results which were conducted approximately 60 reinforced concrete
buildings in 1985-88 by the Building Research Institute of the Ministry of Construction (Ministry of Land,
Infrastructure and Transport) for the purpose of accumulating data on actual structures subject to the salt attacks.

These buildings were constructed before the notification of the regulation on total salt content in 1986, and located
less than 2km from the coast. Furthermore, surface finishes of these buildings were sorted to undressed concrete or
covered mortar. On these buildings, this research is examined using the distribution of total chloride ion content in
concrete.

As the results, in the actual structures, chloride ion content of concrete surface is larger than the standard value of
JASS 5 for durability design. On the other hand, the diffusion coefficient of concrete is smaller than the values of the
accelerated test or exposure test. Moreover, it clarify that on the covered mortar, the diffusion coefficient is the same
level with concrete.

Furthermore, in the actual structures, the peak of chloride ion distributes moves inside from surface in concrete,
because of carbonation and so on. In this case, the treatment of the surface layer is not clear in conventional analysis
for durability evaluation. In such a distribution of chloride ion, the diffusion coefficient of concrete is expected from

analysis in which the provisional surface is set and the wholesome concrete is targeted.
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