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Development of Environment-friendly Block Made of Steelmaking Slag
as an Alternative to Concrete
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Synopsis:

A block and an artificial stone without using cement and natural aggregates has been developed from steelmaking slag,
and its applicability to marine structure has been investigated. The slag block has the following features: (1) Similar-man-
ufacturing process for manufacturing conventional concrete can be used. (2) It has sufficient strength, satisfying adapt the
standard of marine concrete. (3) It has excellent abrasion resistance characteristics and does not raise pH value of sur-
rounding seawater. (4) More biofouling organisms than concrete were observed after exposure to tide way. In the repair
work of Mizushima Port, artificial stones and cover blocks made of steelmaking slag totaling 140 thousand tons were used

and their easiness of construction and low impact to ecology were confirmed during this work.
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Table 1 Chemical composition of materials

(massl )
Materials Ca0 SiO, MgO Al,O, P,05 S Total Fe
Pre-treatment slag 34 15 2 4 5 0.2 18
Blast furnace slag 42 33 7 13 0 0.8 0.1
Fly ash 1 63 0 28 — 0.4 5
cf. Converter slag 44 12 7 2 2 0.1 17
Ore Coke Lime Lime Doromite 000000000000 Table20 0000000000000
A a A a A 00000000O0JISA 000000000 110 0000
L*JL--i nfsfafafalufuluulal
Pigiron De-Si, P, S De-C  Steel

D el O D

Blast furnace slag  Pre-treatment slag Converter

-

23500 X 10* t/y 10 640 X 10° t/y

Fig. 1 Steel-making process and generated slags
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Fig. 2 Manufacturing process of Ferroform
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Fig. 3 Growth of compressive strength of Ferroform

Table 2 Specified mixes of Ferroform

Specified mix (kg/m?) Slump Air

PT BFS Fly ash Ca(OH), Water Ad (cm) @)

A 1462 607 0 61 291 0 9.0 —
B 1415 607 0 61 291 0 19.0 —
C 1463 313 313 38 238 2.2 20.0 2.5
D 1773 421 0 41 246 0 13.0 2.3
E 1743 276 138 41 242 0 15.0 1.7
F 1824 307 0 30 274 0 11.0 2.7
G 1829 205 103 30 260 0 12.0 2.3
H 1446 620 0 62 277 0 10.5 —
I 1410 403 202 61 270 0 10.5 —

PT: Pre-treatment slag, BFS: Ground granulated blast furnace slag,
Ad: Water-reducing admixture
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Table 3 Comparison of physical properties between Ferroform
and concrete

Properties Ferroform (fgo_g_czrg ﬁ)
Tensile strength* (N/mm?) 2.14 2.22
Flexural strength* (N/mm?) 3.89 4.05
Elastic modulus* (N/mm?) 21500 26100
Abrasion ratio* (cm?®/cm?) 0.043 0.095
Density (t/m?®) 2.5 2.3
Average pore size (4 m) 0.02 0.1

*At 30 N/mm? of compressive strength
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(a) Concrete (18-8-20N, W/C = 650 )
(b) Ferroform (Without fly ash, Mix: H)
(c) Ferroform (With fly ash, Mix: I)

Fig. 4 pH change of artificial sea water after immersion of block
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Fig. 6 Change of compressive strength after immersion into sea
water at 40°C
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Table 4 Specified mixes of Ferroform and concrete

Ferroform
Type Design strength Slump Size of Agg. Specified mixes (kg/m?)
(N/mm?) (cm) (mm) BFS FA PT slag W CH
SL-1 21 15 0-40 613 0 1433 274 61
SL-2 21 5012 0-80 345 246 1378 268 35
Concrete
Type Design strength Slump Size of Agg. Specified mixe (kg/m?)
(N/mm?) (cm) (mm) BB G SS cS W Ad
BB 18 8 0-40 245 1137 560 240 157 2.45

Agg: Aggregates, BFS: Ground granulated blast furnace slag, FA: Fly ash, PT: Pre-treatment slag, W: Water, CH: Calcium hydroxide,
BB: Portland blast furnace slag cement B-type, G: Gravel, SS: Sea sand, CS: Crush sand, Ad: Admixture

Table 5 Comparison of properties of fresh Ferroform and concrete

Type Test items ﬁgeﬁﬁ(ﬂg transgf(fszaﬁon
Slump (cm) 14.9 14.3
Ferroform Air (O) 1.8 2.0
Bleeding (O) 0.40
Slump (cm) 8.5 8.3
Concrete Air (O) 4.8 4.8
Bleeding (O0) 2.70

Photo 1 Breakwater blocks and cover blocks of Ferroform at
Mizushima Port (Exposure from February, 2000)
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Fig. 7 (a) Amount of biofouling and (b) number of species on
Ferroform and concrete
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Photo 2 Revetment artificial stones and cover blocks of Ferro-
form at Mizushima Bay
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Fig. 8 pH variation of seawater of construction zone
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Table 6 Specified mix of concrete

Specified mix (kg/m?)
w/C Fine Coarse .
Cement, N Water aggregate aggregate Admixture
65.8 248 163 940 1002 0.6
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