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Justification

e Corrosion of steel reinforced concrete is caused by
chloride ingress

» Widespread occurrence and high cost of repair.
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*Nernst-Planck equation
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Diffusion term Migration term

c(x,t) = e""xercf(XJraDtj +ercf(x_aDt]
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a = ZFE/RT
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nordtest method

NT BUILD 492

Approved 199911

1(8)

CONCRETE, MORTAR AND CEMENT-BASED REPAIR UDC 691.32/601.53/691.54

MATERIALS:
CHLORIDE MIGRATION COEFFICIENT FROM

NON-STEADY-STATE MIGRATION EXPERIMENTS

Key words: Chlorides, concrete, diffusion, mortar, repair materials, migration, test method

1 SCOPE

This procedure is for determination of the chloride migration
coefficient in concrete, mortar or cement-based repair mate-
rials from non-steady-state migration experments.

5 SAMPLING

The method requires cylindrical specimens with a diameter of
100 mm and a thickness of 50 mm, sliced from cast cylinders
or drilled cores with a minimum length of 100 mm. The
cylinders and cores should meet the requirements described
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0o non-steady-state migration coafficient, m?s;

Fatential {D.C.) absolite value of fon valence, for chiorids, 2= 1;
Faraday constant, F = 3,648 x10% J(V-mol};

z
F
U absolute value of the applied voltage, V;
A
T

Rubber sleave

gag constant, A = 8314 J{K-mal);

avarage valua of tha initial and final tamparatures in
the analyta zolution, K

thicknass of the speciman, m;

Anolyte

Stainless steel anode Stainless steel Cathode

==

Xp  averagevalue of the penetration dapths, m;
Support t test duration, seconds;

Sample

: inversa of amor function:

chloride concentration at which the colour changas,
£y= 0.07 N for OPC concrals;

chloride concentration in the catholyte solution,
E'DEEN.

Catholyte 7 Plastic Box
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Electro-diffusion model for chlorides in concrete

oc zF
 Nernst-Planck equation: J =D, —+—D.C
ox RT

Diffusion Migration

e Charge electroneutrality (Kirchoff’s law): 0= FZ; J
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Definitions

* Multi-species
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Definitions

C, : free ions per unit volume of liquid
Cs: total ions per unit volume of the solid
a: binding capacity factor

€. porosity
CS
a=—
G
F=D,, dC;  The flux is calculated per unit area of the porous material and
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Numerical Model
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Optimization Model

Data base
Transport properties E_Iectl_'o-
o diffusion
mntrinsic diffusion coefficient (CI) \ model: \ Experiments
« Intrinsic diffusion coefficient (OH") Voltage
« Intrinsic diffusion coefficient (Na*) control _ Current
* Intrinsic diffusion coefficient (K*) - Membrane potential
 Porosity (€) Artificial
 Chloride binding capacity factor (a) Neural
e OH- conc. of the pore solution Network /
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2,500

Intrinsic Concentration [molfim?)]
“alence Diffusion fin liquid) Capacity
z D m¥s negative | in sample | positive factor
Chloride 1.90 1010 1900 0.00E-+J0 a 1
Mo of cells: o00 Sarmple length [m] 0.05
“oltage caorrectian? NO sample radius [m) 0.05
Tirne step [s): 1 Room temp [K] 295
Fun time [hours]: & Cell volumes [m?); 1
Forosity: 1 Heat loss fact [JK]: 0.3
Applied valtage [V]: g |
Intrinsic Concentration [molim?) .
“alence | Diffusion (in liquid) C?apcatglrtj,f
L O mifs negative | in sample | positive
hydrowyl -1 7877E-1 1] 239973 300 0.171
chloride -1 1.904E-10 15900 0.00E-+H10 0 0.3583
sodium 1 2061E-11 15900 7 92EHN 300 0.171
potassium 1 4 099E-12 1] 1.61EHY 0 0.171
Mo of cells: 500 sample length [m] 0.05
“oltage correction? YES sample radius [m] 0.05
Time step [s]: 1 Room temperature [K] 295
Run time [hours]: 8 Cell volumes [mé]: 0.03
Forosity: 0.171 Heat loss factor [WK]: 0.30
Applied voltage [V]: 8 |
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The chloride profile at 6.4 hours had a penetration of 9.3

mm when the concentration was 70 mol/m3
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—+— 1) Multi-species model

—i— 2) Analytical Equation 1 (DCI=5.23E-11 m2/s)
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