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There are two cases for chloride ion measurement. One is that on the surface of structures,
the other is that in concrete. Former can be measured by non-destructive methods by analyze
the surface, while latter is generally measured by taking small pieces of concrete (Normally, it
is taken by cylinder shape so-called coring.), slicing it into some pieces, and measuring the
chloride ion concentration for each piece, then distribution in the depth direction can be
obtained.
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“Limit” in this slide means the upper limit value of chloride ion concentration for causing
corrosion in steels. The magnitude correlation between chloride ion concentration at the

location of steel and the limit is important.

Slide 11

T ORI A 4 VIRE O %2 kD 53T, BUTORTETIE, HraxEEy oAk
sticfibnTws, CoXix, 74 v 7 OIBTEXEMC L TRON, erf IFFRZEREL
Thab. 74y 7 OIHTRERCERERBOERICOVTE, 4 vE2—F v PETHTIZ
L (74 v 7 ofiEOT R, fifIcE 5 &, IREDOEWED D oRWER I, REAE
IS L7 o M CWEPBENIT 28R 2 ERMLL2bDTH B).

The lower left equation is used to obtain chloride ion concentration distributions. This
equation is originally used for durability design of newly-constructed structures in the current
JSCE specifications. This equation can be obtained by solving Fick’s diffusion equation, where
erfis an error function. As for the details of Fick’s diffusion equation and an error function,
you may check them in the internet. Simply to say, Fick’s diffusion equation represents the
behavior that mass moves from locations with higher concentration to those with lower
concentration with a velocity depending on the concentration gradient.

xlFa vz ) — RO OEITTHOME (GHOMIZ S, (IIRERE, Gid=ay
7 ) — FPRINCE T HAEIA A VIR, Dy \3EE, G (FIACH) A A v IREE DY) HHE,
Thab. ZOX%E i O2DfEE ANTHEOC DO RE K OB O MR <, Rt e 3
2222k, LA A v R LEE TRBEL COKRTBb2» 5. b, D, dHEE
RELIEN, a7 ) — L OYMESFICX VIELE S (RARAay 7 ) — M FYEES



BB+ 2 DT, D, DMEAKE V). EBICIR, O0EnsEL 2 e, DOEREZBBLTE S
CYEDBEI LT b7, D, DfEIZOCENORIDEFEL TEDLNEH, OO
Hlhzd L CoBBIIEEIR Cldh v, TR OIEWRE] LiEn2FiAcd s (5
ZFD ap (I apparent DUE) . ChpialE, YLD %2 G BEKEZ Y 2 — MICH
WZBRICER T 2D TH B, EHICIE, @JQ X VRN BHAALE (x=0> 50 F) D
AL A A VIRESKRFT, ZDESRIUEICEL 72 & &, BRHICERERT 5 & Hl X

ns.

xis a distance from the concrete surface to the depth direction (see the lateral axis of the right
figure), tis elapsed time, ( is chloride ion concentration on the concrete surface, D, is a
constant, Ciin 1s initial value of chloride ion concentration. By solving this equation for
several value of ¢ curves shown in the right figure can be obtained. You can see that chloride
ions penetrate in deeper locations over time. D,, is called a diffusion coefficient, which is
determined from property of the concrete (in the case of porous (poor quality) concrete, mass
can transfer with high velocity, resulting larger value of D,,). In fact, the effect of cracks is
also considered to determine the value of D,, because mass can be also transferred through
the cracks. However, mass transfer through cracks is not a diffusion phenomenon. Therefore,
it is called an “apparent” diffusion coefficient (The sub-script ap stands for apparent). Cuiiu
is used for considering initial contents of chloride due to sea sand, sea water, etc. In practice,

chloride ion concentration at the location of steel rebars (x=cover depth) is important. When

it reaches to the limit value, it is considered that corrosion begins to occur.
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As explained in “Deterioration factor and assessment (1)”, there are several factors inducing

deteriorations to structures. However, it is not necessary that they occur independently. There
are the cases that each factor promotes the deterioration each other when several types of
deterioration occur simultaneously, resulting that the degree of damage becomes larger than

that of a summation of the deterioration degree caused by each factor independently. Salt



attack and carbonation have such as relationship. This phenomenon is called combined effect.
When structures are suffered from several deterioration factors simultaneously, what kind of
mechanism and how it affects the material properties and structural performances have not
been clarified. It is one of the targets of research. If you are interested, please visit our website.
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