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Experimental Study on the Relationship between Time-Dependent
Chloride Diffusion Coefficient and Compressive Strength
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ABSTRACT Since strength and diffusion coefficient of concrete, representative concrete properties that in change with age, the
time effect must be considered in the analysis of chloride penetration. In this study, an evaluation of correlation between accelerated

diffusion coefficient, apparent diffusion coefficient, and compressive strength in high performance concrete with various mineral
admixtures such as ground granulated blast furnace slag, fly ash, and silica fume was performed. For this work, thirty mix proportions
were prepared. Accelerated diffusion coefficients at the age of 28, 91, 180, and 270 days were evaluated. For apparent diffusion coef-
ficient, submerging test for 6 months was performed. For evaluation of compressive strength with ages, the compressive strength
test was carried out at an age of 7, 28, 91, 180 days. The results of accelerated diffusion coefficient, apparent diffusion coefficient,
and strength were compared, and the correlation was analyzed considering time dependency. From this study, linear relationship
between accelerated diffusion and apparent diffusion coefficient were obtained regardless of concrete age. The linear relations were
also observed in strength-accelerated diffusion coefficient and strength-apparent diffusion coefficient regardless of concrete age.
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Table 1 Properties of cement and mineral admixtures

Items Chemical composition (%) Physwg :
properties
Specific .
Si0, |ALO{Fe,05|Ca0 [MgO|SO; li)é;.s gravity g;‘i?e)
Types (g/em’) &
NPC [21.96| 5.27 | 3.44 63.41/12.13(1.96(0.79| 3.16 | 3214
GGBFS|32.74|13.23| 0.41 44.145.62(1.84{0.2| 2.89 | 4340
FA |55.66|27.76| 7.04 |2.70|1.14(0.49|4.3| 2.19 | 3621
SF {933 0.5 [ 1.21|0.27{1.03(0.02|1.1| 2.21 |190.620

716 | st==32|E5t5

=27 M24A X635 (2012)

&=

[

Table 2 Physical properties of aggregate

29U L Ficke] WAL o8, AT £

Items | G, | Specific gravity | Absorption M

Types (mm)|  (glem’) (%)

Fine aggregate | - 2.58 1.01 2.90
Coarse aggregate| 25 2.64 0.82 6.87
Table 3 Properties of super-plasticizer

Items . . .

Types Type | pH | Main component | Solid | Density

2000R | Liquid | 7.3 Naphthalene [36.5%]| 1.19

Table 4 Mix proportions for high performance concrete

Items Unit weight (kg/m3) Binderx%
wib Binder materials Admixture
Names\  |(%0)| W S| G
of mix. C |GGBS|FA|SF SP | AE
OPC100-37| 37 |168(454| - - | -1767|952| 1.0 {0.017
OPC100-42| 42 |168[400| - - | - 1787|976| 0.9 [0.015
OPC100-47| 47 |168(357| - - | - 1838]960/0.85(0.017
G30N70-37| 37 |168(318| 136 | - | - |762(946| 0.8 | 0.018
G30N70-42| 42 |168(280| 120 | - | - [783]972{0.75]|0.013
G30N70-47| 47 |168(250| 107 | - | - |835[956|0.65]|0.015
G50N50-37| 37 |168(227| 227 | - | - |760(943]0.75|0.017
G50N50-42| 42 |168({200| 200 | - | - [780(969| 0.7 |0.0135
G50N50-47| 47 |168[178| 179 | - | - |832(853| 0.6 |0.015
FION90-37| 37 [168|409| - |45]| - |760|943|0.75|0.018
FI0N90-42| 42 [168|360| - |40| - |780{969| 0.9 |0.021
FION90-47| 47 [168|321| - |36/ - |832]|952(0.75/0.017
F20N80-37| 37 [168|363| - |91]| - |752|934|0.75[0.018
F20N80-42| 42 [168|320| - |80| - |774]|961|0.85|0.025
F20N80-47| 47 [168|286| - |71| - |826(|946| 0.7 [0.017
F30N70-37| 37 [168|318| - |136| - |745]|952|0.75| 0.2
F30N70-42| 42 [168|280| - |120] - |768]|953|0.75(0.015
F30N70-47| 47 [168|250| - |107| - |820|939(0.65|0.019
F10S05-37| 37 [168|386| - |45(23(756|/938| 1.0 {0.023
F10S05-42| 42 [168|340| - |40|20|777|965| 0.9 |0.021
F10S05-47| 47 [168{303| - |36|18(829(950| 0.9 [0.021
F20S05-37| 37 [168{340| - |91(23(749]929| 0.9 {0.023
F20S05-42| 42 {168{300| - |80{20|771]|957|0.85(0.025
F20S05-47| 47 168268 - |71|18(810(/927| 0.9 {0.025
G30S05-37| 37 |168]295| 136 | - [23]759]942|0.75]|0.015
G30S05-42| 42 |168]260| 120 | - [20(765|949|0.75]|0.015
G30S05-47| 47 |168(232| 107 | - | 18(832]952| 0.8 |0.015
G35F15-37| 37 (168]227| 159 | 68| - [751]932]0.65|0.014
G35F15-42| 42 |168]200| 140 |60 | - [773]959]|0.65|0.014
G35F15-47| 47 |168|178| 125 |54| - [804|921| 0.7 |0.014
Note) w/b: water to binder ratio, S: sand, G: gravel, SP: super-

plasticizer, AE: air entrainer
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Table 5 Conditions for rapid chloride penetration test

Conditions Levels Setup
Cathode O.;z/é(;le
Electrolyte
Anode Saturated
Ca(OH),
Applied voltage (V) 30
Thickness (mm) 50
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Table 6 Diffusion coefficients from RCPT with ages

Items Dyepa (m’/s)

Mix. 28 days | 91 days | 180 days|270 days
OPC100-37 1.3E-11 1.1E-11 | 8.0E-12 | 7.0E-12
OPC100-42 1.5E-11 1.4E-11 1.1E-11 | 9.4E-12
OPC100-47 1.8E-11 1.6E-11 1.5E-11 | 1.2E-11
G30N70-37 9.3E-12 7.1E-12 | 6.7E-12 | 4.3E-12
G30N70-42 1.1E-11 7.6E-12 | 7.6E-12 | 5.4E-12
G30N70-47 1.2E-11 8.4E-12 | 8.0E-12 | 6.4E-12
G50N50-37 6.3E-12 3.7E-12 | 2.5E-12 | 2.4E-12
G50N50-42 8.6E-12 53E-12 | 4.7E-12 | 3.2E-12
G50N50-47 1.1E-11 7.2E-12 | 6.5E-12 | 4.3E-12
F10N90-37 1.4E-11 9.1E-12 | 7.7E-12 | 6.3E-12
F10N90-42 1.5E-11 1.0E-11 | 9.4E-12 | 7.6E-12
F10N90-47 1.7E-11 1.2E-11 1.1E-11 | 1.0E-11
F20N80-37 1.3E-11 6.6E-12 | 5.7E-12 | 4.5E-12
F20N80-42 1.6E-11 1.0E-11 6.9E-12 | 5.8E-12
F20N80-47 1.9E-11 1.1E-11 | 9.3E-12 | 7.0E-12
F30N70-37 1.3E-11 72E-12 | 5.0E-12 | 4.7E-12
F30N70-42 1.6E-11 8.1E-12 | 54E-12 | 5.2E-12
F30N70-47 2.2E-11 9.5E-12 | 74E-12 | 6.2E-12
F10S05-37 6.9E-12 42E-12 | 3.1E-12 | 2.4E-12
F10S05-42 7.8E-12 54E-12 | 4.1E-12 | 3.3E-12
F10S05-47 8.9E-12 6.7E-12 | 4.8E-12 | 3.6E-12
F20S05-37 6.0E-12 | 4.1E-12 | 3.5E-12 | 2.9E-12
F20S05-42 7.1E-12 6.4E-12 | 4.8E-12 | 4.5E-12
F20S05-47 8.8E-12 73E-12 | 6.4E-12 | 6.1E-12
G30S05-37 5.3E-12 3.3E-12 | 2.3E-12 | 2.2E-12
G30S05-42 58E-12 | 4.1E-12 | 2.8E-12 | 2.5E-12
G30S05-47 6.1E-12 4.8E-12 | 3.1E-12 | 2.9E-12
G35F15-37 5.0E-12 3.8E-12 | 3.1E-12 | 2.7E-12
G35F15-42 6.5E-12 4.0E-12 | 3.6E-12 | 2.9E-12
G35F15-47 8.8E-12 54E-12 | 4.5E-12 | 4.3E-12
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Fig. 1 Accelerated diffusion coefficient with ages
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Table 7 Results of time exponent (m) with various HPC
Mix m R’ Mix m R’
OPC100-37| 0.2506 | 0.9198 |F30N70-37| 0.4786 | 0.9855
OPC100-42| 0.1720 | 0.8289 |F30N70-42| 0.5357 | 0.9774
OPC100-47| 0.1399 | 0.8148 |F30N70-47| 0.5895 | 0.9726
G30N70-37| 0.2680 | 0.8138 |F10S05-37| 0.4473 | 0.3584
G30N70-42| 0.2740 | 0.8815 |F10S05-42| 0.3584 | 0.9858
G30N70-47| 0.2603 | 0.9498 |F10S05-47| 0.3539 | 0.9534
G50N50-37| 0.4540 | 0.9828 |F20S05-37| 0.3103 | 0.9921
G50N50-42| 0.3940 | 0.9475 |F20S05-42| 0.1887 | 0.8868
G50N50-47| 0.3612 | 0.9196 |F20S05-47| 0.1645 | 0.997
FI0N90-37 | 0.3434 | 0.9920 |G30S05-37| 0.4110 | 0.9845
F10N90-42 | 0.2892 | 0.9596 |G30S05-42| 0.3676 | 0.9784
FI0N90-47 | 0.2426 | 0.9179 [G30S05-47| 0.3231 | 0.9321
F20N80-37 | 0.4743 | 0.9716 |G35F15-37| 0.2613 | 0.9918
F20N80-42 | 0.4424 | 0.9949 |G35F15-42| 0.3505 | 0.9738
F20N80-47 | 0.4242 | 0.9827 |G35F15-47| 0.3451 | 0.9633
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Fig. 3 Comparison of m-exponent with test and Life 365
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Table 8 Results for apparent diffusion coefficient (6 months)

Diftfusion Diftusion

Mixture coefficient Mixture coefficient
(m*/sec) (m/sec)
OPC100-37 4.1E-12 F30N70-37 3.9E-12
OPC100-42 5.2E-12 F30N70-42 4.3E-12
OPC100-47 7.3E-12 F30N70-47 5.9E-12
G30N70-37 2.1E-12 F10S05-37 2.2E-12
G30N70-42 3.0E-12 F10S05-42 2.8E-12
G30N70-47 3.2E-12 F10S05-47 3.3E-12
G50N50-37 1.4E-12 F20S05-37 2.5E-12
G50N50-42 1.6E-12 F20S05-42 3.6E-12
G50N50-47 1.7E-12 F20S05-47 3.8E-12
F10N90-37 3.5E-12 G30S05-37 1.4E-12
F10N90-42 5.2E-12 G30S05-42 1.8E-12
F10N90-47 6.2E-12 G30S05-47 1.9E-12
F20N80-37 3.2E-12 G35F15-37 1.8E-12
F20N80-42 4.0E-12 G35F15-42 1.9E-12
F20N80-47 5.9E-12 G35F15-47 2.3E-12

Fig. 4 Apparent diffusion coefficient with various HPC
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Fig. 5 Relationship between apparent and accelerated dif-
fusion coefficient
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Table 9 Compressive strength with different ages in HPC

Ages Compressive strength (MPa)
Mixture 7 28 91 180
OPC100-37 43.5 49 55.4 60
OPC100-42 37.8 443 50.1 55.2
OPC100-47 29.2 38.5 43.6 458
G30N70-37 40.4 47 58.3 62.4
G30N70-42 31.8 40.5 53 56.4
G30N70-47 28.1 37 48.7 49.8
G50N50-37 40.9 473 60.8 64.8
G50N50-42 31.1 42.6 54 58.1
G50N50-47 24 382 43.1 472
F10N90-37 38.2 442 53.1 62.5
F10N90-42 322 38 47.8 543
F10N90-47 26.4 343 41.9 48.2
F20N80-37 37.1 42.5 56.2 65.4
F20N80-42 30.5 373 46.8 54.4
F20N80-47 243 323 40.1 46.8
F30N70-37 30.4 38.2 55.6 63.2
F30N70-42 26 33 46.7 52
F30N70-47 22.1 28.5 40 45.1
F10S05-37 43.5 49 63.2 70.5
F10S05-42 37.8 42.6 56.1 62.2
F10S05-47 324 38 51.2 55.8
F20S05-37 38.3 452 59.6 65.4
F20S05-42 32 40.9 55.2 58.4
F20S05-47 28.6 36.1 52.4 55.4
G30S05-37 39.6 49.1 61.3 68.9
G30S05-42 33.5 43.6 56.8 64.4
G30S05-47 29.9 36.3 50.7 60
G35F15-37 35.2 48.1 59.8 66.1
G35F15-42 28.5 41 55.7 61.5
G35F15-47 22.5 36 50.7 57.6
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Fig. 6 Diffusion coefficient and compressive strength with
different ages
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Fig. 7 Relationship between compressive strength and diffusion coefficient (RCPT) in various HPC

Table 10 Results of regression analysis of compressive stre-
ngth (28 days) and diffusion coefficient (RCPT)

Linear relationship D, =4 x fos + B (f24: strength at 28 days)
Mix- 28 days 91 days 180 days 270 days
we | A | B | A B]Aa][B]A]B
R R R R
OPC100F0-4778]36.323-0.4711[34.365[-0.6676 40.661 |-0.4757] 3034
series | 0.9970 0.9696 0.9995 0.9986
G3oN7010.2689]21.927]0.1233] 12.817]0.1311] 12.873 0.2049) 13.868
series | 0.9995 0.9104 0.9978 0.9794
GsoNs0P0.5162]30.674[-0.384121.802[0.4399] 23.35 [0.2084]12.197
series | 0,999 0.9953 0.9985 0.988
F10N90[-0.288426.533]-0.2777] 24.15 10.3272]22.074 [0.3568]21.822
series | 0.892 0.8757 0.9839 0.9042
F20N80J-0.5882]37.978]10.4329]25.374]-0.3521]20.458 [0.2451]14.926
series | 0.9999 0.9162 0.9600 0.9999
F30N704-0.918847.535 10.2355] 16.092 | 0.243 [14.010[0.1531] 10.456
series | (.9472 0.9725 0.8418 0.9472
F10805-10.1792]15.609[-0.2248] 15.143-0.1547]10.681 |-0.1111]7.8984
series | 0.9771 0.9863 0.9999 0.9655
F20505-10.3086] 19.87 [10.3485]20.128[-0.319[17.892]-0.3513] 18.809
series | 0.9917 0.9241 0.9992 0.999
G308050.0614]8.3719]-0.1161]9.0571 [0.006145.3719]0.0547)4.8851
series | 0.9505 0.9858 0.9505 1.000
G3sF1510.3071]19.574]:0.1252]9.6224 [0.11278.4312][0.1252[8.5224
series | 0,952 0.763 0.9322 0.763
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Fig. 8 Apparent diffusion coefficient and compressive strength
with various ages
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Fig. 9 Relationship between strength and apparent diffusion
coefficient in various HPC
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Table 11 Results of regression analysis of compressive strength
and apparent diffusion coefficient

Linear relationship C;=A4 x D, +B
Mix- 7 days 28 days 91 days 180 days
we | A | B | A|B|]A][B]A]B
R R R R
OPC100H4.419361.287]-:3.2125[61.709]:3.6091] 69.67 [-4.4426]78.249
series | 0.9962 0.9681 0.9857 1.000
G30N70-10.684]62.994|.8.5194] 65.07 [17.8592]75.077]9.9903] 83.84
series | (.9842 0.9677 0.9171 0.8627
GsONS0-55.286] 118.61-29.35788.693 |-55.429] 139.47]-55.071] 142.98
series | 0.9904 0.971 0.8992 0.8968
F10N90[4.2809] 53.528]-3.6646[ 57.034 4.038567.658 | -5.246 [ 81.055
series | 0.9809 1.000 0.9681 0.9959
F20N80J4.4731[50.166]3.5702]52.956-5.5217] 71.811 [ 6.3657) 83.33
series | 0.9392 0.9424 0.8965 0.8912
F30N70{3.6607[43.372]4.2679] 53,292 -6.7679| 79.242 | 7.6964]89.607
series | 0.8704 0.8658 0.8376 0.7951
F10505-110.071]65.764[-10.02270.927| -10.94[87.099]13.379]99.849
series | (.9986 0.9983 0.9972 0.9995
F20805-16.8776]55.663 |-5.959260.399|-5.0204 72.301 [ -7.2449] 83 641
series | (.9568 0.8397 0.9375 0.9767
G308054-18.214]65.298|-22.214]80.764|-18.357|87.474 | 15.929)91.512
series | 0.9659 0.8378 0.8334 0.8968
G3sF15422.429] 73.59 20.857]83.414 | 16.57188.543]-14.929] 91.59
series | (.8724 0.8237 0.9255 0.8617
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