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“Frontier rockTM,” an Artificial Stone Made by Steel Slag Hydrated Matrix
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Abstract:

The technical guideline of hydrated matrix, “Ferroform” with iron and steel-slag has published by Coastal

Development Institute of Technology in 2003. After that, the improvement on its reduction of heat of hydration and
workability (pumping easiness) have been carried out then it can be used for high-quality concrete structures for
the harbor construction, etc. In this paper, the manufacturing, basic property, and the applications of the hydrated

matrix and the artificial stone “Frontier rock ™" are introduced.
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Table 1 Composition of pretreatment slag

(mass%)
Composition | Total-Fe | SiO |CaO |Al,O; | MgO | MnO | P,Oq
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2.1

Pretreatment slag 5-25 mm L
Aggregate Pretreatment slag 0—5 mm
. Ground granulated blast-furnace slag —{Measurement P Mixingl—b Casting| P{Crushing| P{Curing
Binder |Fly ash —
Oudinary portland cement
|Water  |Tap water —
|Admixture Water-reducing admixture —
K1 &RETO-
Fig.1 Manufacturing process of Frontier rock™
x2 (FERER
Table 2 Specification of used materials
Material Mark Specification Supplier Density (g/cm®)
Ground granulated blast-furnace slag BP Fineness: 4 400 cm*/g | Fukuyama Works, JFE Mineral 2.89
Fly ash FA JIS 11 class Chugoku Electric Power, Co., Inc. 2.2
Ordinary portland cement C — Taiheiyo Cement Corp. 3.15
Pretreatment slag PT 0-5 mm, 5-25 mm Kurasiki Works, JFE Mineral 3.6*
Water-reducing admixture Ad 21LV-B Kao Corp. —
Water W Tap water — —
*Density in saturated surface-dry condition
x3 BEER
Table 3 Specified mix proportion
Binder-water ratio Quantity of material per unit volume of concrete (kg/m?)
Aggregate sla - -
(BP+2C+0.35FA)/W w BP | FA | C | PT:0-5 | PT:5-25 | Ad | Air content| Density (kg/m’)
Pretreatment slag 2.6 60 174 316 | 63 | 57 1279 832 2.61 2% 2721
Fa4 JLyPaary)— bOMRK
Table 4 Properties of fresh concrete
Immediately after mixing 30 min after mixing
Temperature ("C)| Slump (cm) | Air content (%) | Density (kg/m?) | Temperature (°C)|  Slump (cm) Aircontent (%) | Density (kg/m®)
26.3 10.5 4.2 2.64 26 5.5 4 2.65
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(a) Casting

(b) Marking
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Photo 1 Manufacturing process of Frontier rock™
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Photo 2  Piled stone from 100-300 kg/piece in weight
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Fig.2 Relation between compressive strength and curing time
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Table 5 Properties of Frontier rock ™ and natural stone

Compressive strength

Reference value

Classification

(N/em?) Absorption (%) Density (g/cm’®) | Bulk density (t/m®) | Angle of internal friction (°)
Frontier Rock 3000 From 8 to less than 10 | From2.4t02.6 | From 1.2to 1.7*? More than 35*2
Hard stone More than equal to 4 903 Less than 5 From 2.5t0 2.7 — —
Semi-hard stone | From 981 to less than 4 903 | From 5 to less than 15 From 2 — —
to less than 2.5
Soft stone Less than 981 More than 15 Less than 2 — —

*Density in oven-dry condition
*2Uc is more than 5
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Photo 3 Appearance of bank protection work using Frontier rock ™
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Immediately after construction| Six manths after construction

Frontier rock

Natural stone
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Photo 4 Appearance of the comparison examination of natural
stone and Frontier rock™ for the creation of marine
forest
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