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Experimental Studies on Improvement of Salt Resistance Performance of Concrete
Using Special Inorganic Fine Powder

Toshio Urano'", Manabu Matsuda?, Yasushi Matsumoto?, Tomohiko Igata?, Yuho Matsumoto? Seiya Shimoda’

In the previous research, the authors clarified that blending using fly ash or ground granulated blast-furnace

slag as an additive improves salinity permeation resistance compared to blending ordinary plain portland

cement. In this report, with the aim of further improving salt resistance performance, special inorganic fine

powders expected for high strength and high durability of concrete are used in combination with the preparation

of the previous report, and salt penetration resistance is compared and evaluated. As a result, fixation of salt

content was promoted by the use of the special inorganic fine powder, the apparent diffusion coefficient of

chloride ions was lowered, and the improvement of salt resistance performance by the special inorganic fine

powder was recognized.
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Table 1 Properties of material

Materials Symbol Density FM.
(g/cm?)
Ordinarily Portland cement N 3.16 —
Blast furnace slag fine powder BS 2.91 —
Fly ash II type FA 2.28 —
Silica fume SF 2.25 —
Special inorganic fine powder 1P 2.37 —
Sea sand SS 2.57 2.51
Crushed stone G 2.92 6.60
Super plasticizer — 1.05 —
Table 2 Chemical composition of admixtures
Materials Si02 Al:03 Fez03 CaO
BS 27.9 11.6 0.27 39.3
FA 49.4 18.1 4.03 2.51
SF 84.4 0.51 0.52 0.18
P 57.9 29.2 0.63 0.06
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Table 3 Mix proportions

Unit volume (kg/m?) Fresh property
Fe W/B
Type sla B SL-Sf Air C.T. Cl™
(N/mm?2) (%) W SS G o .
C BS FA SF P (cm) (%) (C©) | (kgrm?)
30N 48 41.3 324 — — — 748 9.5 1.9 29.0 0.076
30 30BS 46 40.7 165 231 108 — — 20 728 | 1206 11.0 1.0 30.0 0.083
30FA 40 38.2 297 — 100 — 657 12.5 1.8 26.0 0.065
45N 37 38.5 426 — — — 665 12.5 1.1 26.0 0.080
45 45BS 35 37.4 165 310 141 — — 20 634 | 1206 13.0 1.7 25.0 0.064
45FA 32 35.2 396 — 100 — 577 14.5 1.6 25.0 0.030
80 80H 25 44.9 150 450 — 90 60 — 724 | 1008 | 65.5 1.2 30.0 0.032
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Table 4 Test types and methods

Test types Test methods
Compressive strength JISA 1108
Mechanical Flexural strength JISA 1106
characteristics | Splitting tensile strength JISA 1113
Young’s modulus JIS A 1149
Drying shrinkage strain JISA 1129-3
Durability Accelerated carbonation JISA 1153
Apparent diffusion JSCE-G 572
coefficient of chloride ion
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Table 5 Results of various strength tests(Fc=30N/mm?2) Table 6 Results of various strength tests(Fc=45N/mm2)

Various strength Strength increase Various strength Strength increase
rate by IP (%) rate by IP (%)
Type Material age (days) Type Material age (days)

1 14 28 1 14 28 1 14 28 1 14 28
fe — 53.4 | 61.1 — 33.6 | 38.2 fe — 705 | 775 — | 33.1 | 34.5
30N fh — | 6.00 | 717 | — | 10.6 | 11.6 45N fi — | 7.03 1835 | — | 16.4 | 22.6
-W fst — | 373|469 | — 6.7 | 35.3 -W fat — | 429480 | — |17.4 | 20.1
E. — 39.9 | 444 — 12.8 | 21.6 E. — 43.6 | 45.1 | — 7.4 6.6
fe 24.7 | 49.1 | 55.2 | 40.2 | 43.1 | 53.2 fo | 349|624 | 69.4 | 40.0 | 43.2 | 40.7

30N fh — 5.47 | 4.96 — 55.4 | 4.8 45N fb — 503520 — |13.0| 9.6
-S fst — | 386|373 | — | 44.0 | 11.3 -S fat — | 408 | 428 | — |29.4 | 31.0
Ec — 38.0 | 41.4 — 23.1 | 26.6 Ec — 42,1 | 423 | — | 17.7| 6.1
fe — | 624 | 706 | — | 33.3 ]| 35.0 fe — | 781|835 | — | 18.7 | 20.2
30BS fb — 7.27 | 8.17 — 22.3 | 34.8 45BS fb — 8931969 | — | 229 232
-W fst — 4.16 | 5.00 — 15.2 | 28.1 -W fst — 490 | 561 | — | 12,5 | 12.7
Ec — 42.5 | 44.3 — 18.1 | 16.1 Ec — 44.1 | 45.7 | — 3.2 2.4
fe 25.2 | 7.1 | 60.7 | 55.8 | 58.3 | 61.5 fe 34.6 | 71.4 | 75.5 | 28.1 | 35.5 | 31.2

30BS | f» — | 453 | 533 | — | 227 | 24.8 45BS fh — | 526496 | — | 153 | -7.1
-S fst — 3.70 | 4.10 — 37.4 | 42.0 -S fst — 428 | 445 | — | 18.5 | 18.8
Ec — 42.1 | 38.2 — 34.8 | 19.6 Ec — 41.2 | 414 | — 12.3 | 5.6
fe — 58.1 | 66.1 — 32.1 | 33.3 fe — 68.9 | 76.8 | — | 225 | 19.2
30FA | — | 651 | 711 | — | 14.9 | 25.3 45FA fh — | 7.17 | 8.67 | — |39.4 | 21.3
-W fst — | 425 | 479 | — | 46.2 | 48.7 -W fet — | 468|491 | — | 28.8 | 237
Ec — 41.9 | 45.8 — 9.3 18.3 Ec — 45.2 | 44.7 | — | 20.0 | 82
fe 27.1 | 52.5 | 55.9 | 33.0 | 38.8 | 39.3 fo | 36.1|60.2]| 66.1|40.6 | 26.7 | 28.3

30FA fb — 4.45 | 4.68 — 7.6 9.5 45FA fb — 433 | 4.50 | — -0.7 | ‘9.6
-S fst — | 345 | 403 | — | 23.3 | 41.8 -S fet — | 3781439 | — |19.2 | 18.1
Ec — 36.5 | 36.7 — 10.5 | 7.6 Ec — 434 1398 | — 1208 7.9

SOH-W fe — 95.6 | 116 — — — SOH-C fe 31.1 | 101 | 105 — — —
Ec — 47.7 | 49.5 — — — Ec — 46.2 | 484 | — — —

*f, : compressive strength (N/mm?2), f; : flexural strength (N/mm?2), f : splitting tensile strength (N/mm?2),
Ec : Young’s modulus (kN/mm?2)

80% B30N-W B30NS N 80%
© B 30BS-W ©@30BS-S © m45N-W ©45N-S
2 B 30FA-W_ [ 30FA-S = B 45BS-W =E45BS-S
% % B 45FA-W _F45FA-S
£ 60% 23 60%
58S ] 2
2= T
5 4o TE 4% | mE
oS ? o < / :
- ey
< g o] E{)
s 2 o 2
2@ 20% s 20%
= =

o
O% O% 1
1 14 28 1 14 28
Material age (days) Material age (days)

Fig. 1 Increase rate of compressive strength by IP
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