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ABSTRACT High performance concrete mixes are selected and corresponding test specimens are made for the study of chloride
diffusion coeftficient at reference time. The concrete mixes were same designs as those used in construction of bridges located in
a marine environment. Mix design variables included binder type, water-to-binder ratio, mineral admixtures to total binder weight
substitution ratio, fine aggregate source, chemical water reducer admixture type for high strength and high flowability, and target
slump or slump flow. The test results showed that the diffusion coefficients at reference time varied significantly according to the
type of mineral admixtures and their substitution ratios. A model for diffusion coefficient at reference time considering the type
of mineral admixture and the substitution ratio was developed. Diffusion coefficients from the developed model were compared
with those from literature review, a previous model, and additional test results. All of the comparisons verified that the developed
model can reasonably predict diffusion coefficients and the application of the model to the durability design against chloride pen-
etration is appropriate.
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Table 1 Physical properties of cements

Setting time | Fine- | Compressive strength

Density  (min) | ness (MPa)

Cement

/em’
(g/em) Initial | Final [(m*/kg)|3 days |7 days [28 days

OPC | 3.15 | 232 | 260 |347.8 | 283 | 46.8 | 66.6

Slag
cement

3.06 | 285 | 370 |388.1| 194 | 299 | 56.2

Low
heat | 2.82 260 490 | 398.3 | 12.3 179 | 37.7
cement

Table 2 Physical properties of fine aggregate

Fine |Density| Absorp- wli?l;t Weight of passing M
aggregate| (g/cm’) | tion (%) & g/rg;f) No. 200 sieve (%)

S1 2.61 0.99 1,453 2.24 2.69

S2 2.56 1.45 1,534 1.9 2.54

Table 3 Physical properties of coarse aggregate

Coarse |Gmax | Density |Absorption| Unit weight M
aggregate | (mm) (g/cm3) (%) (kg/m3)
Crushed | 15 | 5 68 1.73 1,533 | 6.63
rock
Table 4 Physical properties of mineral admixtures
Admixture Specific gravity Fineness (m’/kg)
OPC 3.15 347.8
SC 3.06 388.1
FA 2.19 360.7
Table 5 Properties of superplasticizer
M 0,
Super- | Specific Quantlty. (%) Main
lasticizer| gravit pH (by weight component
P gavity of cement) P
SP1 1.036 | 6.4 0.3~4.0 Polycarboxylate
SpP2 1.050 | 6.4 0.7~3.0 Polycarboxylate
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Table 6 Mix proportions of concrete

Unit weight (kg/m’ iffusi
Sand Sul.) e'r i slsu]rlrllrlr)l};]Z:N Vz/b i/a Cement type'” Binder%) e Slz Avezi:ﬁc:iif;l: .
plasticizer (mm) (%) | (%) \\% opcl sc | FA TLEC S G | (Bx%) (<1 0" m? s)

36.0 | 47.0 OPC 168 | 467 805 | 918 | 5.14 15.35
36.0 [ 47.0 SG19 168 | 234 | 234 805 | 918 | 4.67 9.04
36.0 | 47.0 SG38 168 467 805 | 918 | 3.74 5.17
150 35.5 |146.5| SG36FA05 | 166 444 | 23 795 | 926 | 3.74 10.60
35.0 | 46.5 | SG34FA10 | 166 427 | 47 789 | 918 | 3.79 11.17
33.8 | 46.0 | SG32FA15 | 165 415 | 73 772 | 917 | 3.90 12.61
34.0 | 46.5 | SG40FA20 | 166 488 | 800 | 931 | 3.90 8.14
S1 SP1 35.4 [ 46.0 oPC 168 | 475 760 | 935 | 5.70 14.70
35.4 | 46.0 SG19 168 | 238 | 238 760 | 935 | 5.23 5.70
200 35.4 | 46.0 SG38 168 475 760 | 935 | 4.75 6.90
35.0 | 46.0 | SG36FA05 | 166 451 | 24 772 | 916 | 4.75 9.23
34.0 | 45.5| SG34FA10 | 164 434 | 48 759 | 920 | 4.82 8.74
33.0 [ 45.0 | SG32FAl15 | 163 420 | 74 744 | 919 | 4.94 8.62
600 32.0 {475 SG19 163 | 255 | 255 806 | 901 | 6.12 9.32
32.0 | 47.5| SG32FA15 | 163 433 | 76 791 | 884 | 5.10 7.43
37.5 | 48.0 OPC 169 | 451 805 | 910 | 5.41 15.89
37.5 | 48.0 SG19 169 | 226 | 226 805 | 910 | 4.96 10.04
37.5 | 48.0 SG38 169 451 805 | 910 | 4.51 6.02
150 37.0 [ 47.5| SG36FA05 | 167 429 | 23 817 | 914 | 4.52 10.78
36.0 [ 47.0 | SG34FA10 | 165 413 | 46 805 | 918 | 4.59 11.69
35.0 | 46.5 | SG32FA15 | 164 398 | 70 790 | 920 | 4.68 11.40
34.0 | 47.0 | SG40FA20 | 165 485 | 774 | 913 | 4.37 5.82
S2 SP1 354 1470 OPC 169 | 477 787 | 929 | 5.72 13.85
354 1470 SG19 169 | 239 | 239 787 | 929 | 5.25 5.40
200 354 [47.0 SG38 169 477 787 | 929 | 4.29 5.53
35.0 [ 46.5| SG36FA05 | 165 448 | 24 782 | 911 | 4.25 8.96
34.1 | 46.5| SG34FA10 | 165 436 | 48 774 | 932 | 4.36 12.11
33.5 |1 45.5| SG32FAl15 | 162 411 | 73 757 | 949 | 4.36 447
600 32.0 | 47.5 SG19 163 | 255 | 255 806 | 901 | 6.12 7.63
32.0 [ 47.5| SG32FAl15 | 163 433 | 76 791 | 884 | 5.10 4.29
39.5 [ 48.0 OoPC 164 | 415 833 | 938 | 3.32 15.32
39.5 [ 48.0 SG19 164 | 208 | 208 830 | 935 | 3.32 10.20
39.5 | 48.0 SG38 164 415 827 | 932 | 3.32 4.64
150 39.5 | 48.0 | SG36FA05 | 164 394 | 21 824 | 928 | 3.32 8.84
39.5 | 48.0 | SG34FA10 | 164 374 | 42 821 | 925 | 3.32 8.34
39.5 | 48.0 | SG32FAl5 | 164 353 | 62 818 | 921 | 3.32 9.45
39.5 | 48.0 | SG40FA20 | 164 415 | 820 | 924 | 3.32 7.29
37.5 | 48.0 oPC 169 | 451 813 | 915 | 4.51 13.37
S2 SP2 37.5 | 48.0 SGI19 169 | 225 | 225 810 | 912 | 4.51 9.54
200 37.5 | 48.0 SG38 169 451 807 | 909 | 4.51 7.68
37.5 | 48.0 | SG36FA05 | 169 428 | 23 803 | 905 | 4.51 8.36
37.5 | 48.0 | SG34FA10 | 169 406 | 45 800 | 901 | 4.51 8.96
37.5 | 48.0 | SG32FA15 | 169 383 | 68 796 | 897 | 4.51 9.71
32.0 [ 455 OoPC 170 | 531 739 | 920 | 5.58 8.78
600 32.0 | 455 SG19 170 | 266 | 266 736 | 916 | 5.58 597
32.0 | 45.5 SG38 170 531 733 | 912 | 5.58 5.83
32.0 [ 45.5| SG32FAl5 | 170 452 | 80 721 | 898 | 5.58 5.27

YOPC = ordinary portland cement, SG19 = OPC 50% + slag cement 50%
SG38 =slag cement 100%, SG36FA05 = slag cement 95% + fly ash 5%
SG40FA20 = ternary low-heat cement
®OPC = the weight if ordinary cement, SC =thw weight of slag cement
FA =the weight of fly ash, LHC =the weight of ternary low-heat cement (OPC:SG:FA=40:40:20)
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Fig. 1 Procedure for NT BUILD 492
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Fig. 2 Average diffusion coefficient at reference time
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tog : 715409 (= 28 days in Life-365)
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Table 7 Preliminary regression analysis with the linear effect
of mineral admixture substitution on diffusion coeffi-
cient at reference time (s=t=1)

Scope Coefficient of regression .
Super- Ad]zuosted
Sand plasticizer| « s Y o R)
S1 SP1 |-12.6481| 5.0343 | 1.4863 |-3.1083 | 60.19
S2 SP1  |-13.2224| 6.4704 | 1.4052 |-2.9340 | 52.14
S2 SP2 |-11.9184| 2.7513 | 1.3520(-0.7912| 81.23

S1,S2| SP1,SP2 |-11.6093 | 2.0045 | 1.3471 | -1.2944 | 48.82
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Dy = 1.16D,,; +032x 1077 (R*=0.96) (11)

Table 8 Regression analysis with the linear effect of mineral
admixture substitution on diffusion coefficient at ref-
erence time with the exception of out-of-trend results
from diffusion coefficient tests (s=t=1)

Scope Coefficient of regression .
Super- Ad]zuosted
Sand plasticizer « P 4 o R0
S1 SP1  [-12.3640| 4.2983 | 1.4356 | -2.3655 | 71.93
S2 SP1 |-11.9463 | 3.0397 | 1.4849 (-2.9592 | 82.68
S2 SP2  [-11.9205]| 2.7413 | 1.1541 | -0.4083 | 85.78

S1,S2| SP1,SP2 |-11.3835| 1.4152 | 1.3237 | -1.4718 | 63.42

Table 9 Mix conditions showing out-of-trend experimental

results
Sand | Superplasticizer Mix conditions
S1 SP1 SG19(200™)
© - SG19(200), SG34FA10(200)
SG32FA15(200), SG32FA15(600)
S2 SP2 SG38(150), SG32FA15(600)

OSlump or slump flow in mm
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Fig. 4 Measured and predicted diffusion coefficients
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Fig. 5 The effect of mineral admixtures on diffusion coefficient
at reference time

Fig. 6 Experiment data from literature’® and predicted values
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Fig. 7 Diffusion coefficients for various mixes from the devel-
oped model and the diffusion coefficient over time from
the conversion of Life-365 model into Dgg,

Fig. 8 Predicted diffusion coefficient from the developed
model and experimental distribution from additional
tests
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