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A Experimental Study on the Chloride Diffusion Properties
in Concrete
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ABSTRACT

Since the mechanism of chloride diffusion and its ratio in concrete depend on structural
conditions and concrete as a micro-structure, if these are analyzed quantitatively, the
long-term ageing of structures can be predicted. Although, a quantitative analysis of
concrete micro-structure. in which the results are affected by various parameters, is very
difficult, this can be done indirectly by the durability test of concrete. In this study, the
compressive strength. void ratio and air permeability of concrete are chosen as the
parameters in concrete durability test, and these effects on test results are analysed
according to changes of mixing properties. The relationships between parameters and
chloride diffusion velocity is used for prediction models of chloride diffusion.

The developed prediction models for the chloride diffusion according to mixing and
physical properties, can be used to estimate the service life and corrosion initiation of
reinforcing bars in marine structures.

Keywords : chloride. diffusion. coefficient, prediction, corrosion period. marine
structure, mixing properties, physical properties
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Table 1 Properties of ordinary portland cement

Compressive strength

L ! (kgf/cm®)
gravity (cm’/g) Ir:ettlél Fslglél 3days | 7days | 28days

3.15 13,227 | 1:78 | 5:29 | 184 | 304 | 372

Specific|Blaines Setting time

Table 2 Physical properties of aggregate

. . Unit :
Specific | Absorptio . Abrasion
Gravity n(%) F.M. \(Nte/ng?t (%)
'm”)
Sand 2.60 1.27 2.64 1.537 -
Gravel| 2.68 0.45 6.69 1.560 16.8
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Table 3 Physical properties of superplasticizer

A nce Specific H Solid contents
ppeara gravity P (%)
Dark brown . .
liquid 1.212 7~9 41~45
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Table 4 Mixing design

Itemsg i W/C|S/A| Unit weight(kg/m®) | SP |Slump| Air
NO. @ | (%) (%) C W s [ g [(C9%) (em) [(98)
Nw-1 | 191 45 | 45 [ 350 {157.5/854[1044] 0.75] 1 [2.1
ww-2 | » [ 50 [45]350] 175 |833]1018{0.55| 6 [2.0
NW-3 | ” | 55 |45 (350]192.5|812]993] 0 8 [2.1
Nw-4 | » | 60 [45][350] 210 {791]967] o0 | 11 [2.1
Nw-5 | » | 65 |45]350[227.5[770]942] 0 | 18 [1.9
ns-1 |19 55 [ 35 (350 [192.5]632[1173] © 6 (23
Ns-2 | » | 55 [ 40| 350 [192.5[722[1083] 0 7 [2.0
NS-3 | » | 55 | 45[350]192.5(812{993] 0 6 [2.1
NS4 | 7 | 55 | 50[350][192.5[902] 902 | 0 6 [2.2
NS5 | 7 | 55 | 55[350192.5{993|812] 0 8 1.9
NC-1 |19 55 [ 45 250[137.5]916[1119]0.71] 1 |21
NC-2 | » | 55 | 45300 165 |864|1056{046] 2 [2.1
NG-3 | » | 55 | 45| 350[192.5/812/993] © 7 |21
NC4 | » |55 |45[400] 220 |760/929] 0 | 14 |19
NC-5 | » | 55 | 45| 450 [247.5]709] 866 0 | 25 [2.2
Hw-1 [ 19| 30 [ 45450 135 {843[1030[ 0.82| 0 {21
w2 | » 135 [45]450[157.5[816/997]045| 0 [2.0
Hw-3 | » [ 40 [45[450] 180 |789]964] 0 3 [2.2
HW-4 | » | 45 | 45 450[202.5/762] 932] 0 8 121
HW-5 | » | 50 | 45450 225 [735]899] o | 12 |22
Hs-1 |19 40 [351450] 180 [614,1140] © 4 |19
us-2 | 7 | 40 [ 40[450][ 180 [701[1052] © 5 [2.1
us3 | » | 40 [45]450] 180 {789/ 964 0O 3 {2.2
Hs-4 | » | 40 [50[450] 180 [877!877] 0 4[24
Hs5 | v | 40 [55]450] 180 [964] 789 ] © 5 2.3
He-1 1 19] 40 [ 453501 140 [875[1069[ 085 0 [2.3
Hc-2 | | 40 [45[400] 160 [832[1017{ 065 1 [2.3
Hes | » | 40 [ 45450 180 |789| 964 [ 0 0 |22
nod |+ 140 | 451500 200 [746{912] 0 0 ]2
He-5 | * | 40 [ 45550 220 |703]860] 0 0 [2.0
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Fig. 1 The variation of f.
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Fig. 4 Relationship between Cr and G
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Table 5 Chioride diffusion coefficients
{Time : 210days)
De De
Sample No. (%10 5 Sample No. (x10"
cm™/sec) cm?/sec)
NW-1 | 4.3144 HW-1 | 1.1411
NW | NW-2 | 4.6332 HW | HW-2 1.554
- NW-3 | 6.0242 - HW-3 | 2.5685
series | NW-4 6.8553 series | HW-4 3.7614
NW-5 7.8179 HW-5 5.3428
, NS-1 6.1851 HS-1 | 3.1477
rt NS-2 5.2944 H_ HS-2 | 2.8146
| NS4 6.4383 | HS-4 | 3.6316
senies NS5 | 6.8593 | *°T° [THs-5 | 3.8127
NC-1 5.4278 HC-1 | 2.8935
C HC

N N(C-2 6.3067 B HC-2 2.7033
L LNe-4 6.6856_| | HC-4 | 3.4644
SeresITNes | 66006 | T THCs | 3.9423
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Levenberg — Marquardt Algorithm :

C = A-e 5
Conversion :
C=D,, x= wc, llx = clw
D, = 47.326e % (x10 % em?/s)  (6)

2(6)2 Lin"'"9] a7Aze} F7173%0] F4}
AR w/cHl F7to] mE Gaole EiHA49
F7HEoNE Aol E AYx ok Ling w/cHl ¢}
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Fig. 11 Relationship between Vrp and D.
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Table 6 Regression analysis results for mixing properties

Regression Analysis Result

Multiple correlation Coefficient 0.981751
Determination Coefficient 0.963835
Modified Determination Coefficient 0.96069
Standard Error 0.11588
Sample No. 26
Sum of | Average of F-Ratio
Squares Squares
Regression 8.2310 4.115534 306.48
Residual 0.3088 0.013428
Sum 8.5399
15 o
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Fig. 15 Comparison of experimental data and multiple
regression data (1)
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Table 7 Regression analysis results for physical

properties
Regression analysis result
Multiple correlation coefficient 0.966557
Determination coefficient 0.934233

Modified determination coefficient | 0.924838

Standard error 0.130734
Sample No. 25
Sum of | Average of F-Ratio

squares squares
Regression | 5.098522 | 1.699507 | 99.4368
Residual | 0.358918 | 0.017091
Sum 5.45744
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