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Durability of Steam-Cured Concrete Incorporating a High-Resistance Admixture for
Chloride Attack

by

Koichiro YAMATO *, Takeo ISHIDA *, Noritsugu YAMAIJI **,
g

Shunji TSuGO ** and Isamu YOSHITAKE ***

Since the Great East Japan Earthquake, many concrete seawalls for reconstruction and tsunami prevention are being
built. Concrete having high resistance of chloride attack has been demanded for such coastal structures. To reduce future
maintenance cost, concrete structures must be highly durable to environmental effects in addition to the chloride attack
resistance. The authors have developed a pozzolanic admixture with excellent resistance to chloride attack as well as
excellent general durability. The admixture is a mineral fine powder with a BET specific surface area of 10 m?*/g of higher.
The pozzolanic material (general mixture of 20-40 kg/m®) can be used as an alternative binder of Portland cement like
fly-ash. The admixture is useable even in precast concrete factories having fewer storage facilities such as extra silos.
The study focuses on properties of steam-cured concrete to consider the use of admixture in such precast concrete
production. The experimental study examined various properties of the concrete incorporating the admixture, such as the
chloride penetration resistance; compressive strength; dry shrinkage; carbonation; sulfate resistance, and freeze-thaw
resistance. Pore distribution of the concrete was also investigated to confirm the effect of the powder material. The test
result confirms the excellent higher resistance to chloride penetration of the concrete. In addition, the study presents that
the durability of the concrete is comparable with or higher than that of conventional concrete without the admixture.
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Table 1 Fundamental properties of admixture (Ad).

BET SiO2 | A2Os | Na2O | K20

fineness Ccr
(%) | (%) %) | (%)

(%)

Density
(g/cm?)

(m¥/g)
2.36 133 | 712 | 233 | 027 | 027 | 0.029

Table 2 Materials.

Ordinary Portland cement (N)
Density 3.16g/cm?, Blaine fineness 3280cm?/g

Cement
Blast-furnace slag cement (BB)

Density 3.04g/cm’, Blaine fineness 3720cm?/g

Sea sand (S1)
Density 2.57g/cm?3, Absorption 1.66%, F.M.

Fine 2.97

Crushed sand (S2)
Density 2.68g/cm?, Absorption 2.52%, F.M.
2.71

aggregate

Crushed stone (G), Maximum size 20mm,
Density 2.70g/cm?, Absorption 0.65%, F.M.
6.77

Coarse

aggregate

High-range water-reducing agent (HW)
(Polyether-based)

Chemical | Antifoaming agent (AF)

admixture | (Polyalkylene glycol derivative)

Air entraining agent (AE)
(Alkyl ether-based)
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Table 3 Mixture proportions and fresh properties.

Unit weight (kg/m?) Chemical admixture (B X %) Fresh properties
. W/B Non AE AE Non AE AE
Mix. ID ; .
%) | W C Ad SI S2 G Slump  Air | Slump  Air
HW AF | HW  AE
(m (o) | (em) (%)
N 420 0 298 466 0.55 0 0.55 0.003 10.0 1.4 10.0 5.5
N-20kg 400 20 296 463 0.60 0.010 | 0.60 0.003 9.5 1.7 8.0 5.2
N-40kg 380 40 294 459 0.65 0.010 | 0.65 0.006 9.0 1.8 10.0 5.8
40 | 168 1050
BB 420 0 293 458 0.55 0 0.55 0.003 10.0 1.2 10.0 5.2
BB-20kg 400 20 291 455 0.60 0.010 | 0.60 0.007 10.0 1.7 8.0 52
BB-40kg 380 40 289 452 0.65 0.010 | 0.65 0.009 9.5 1.7 10.0 6.0
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