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Fundamental Properties of Blocks which Set Steel Slag by Hydration Reaction and
Biofouling Build-up Properties on Exposure to Marine Environment

Hisahiro MATSUNAGA, Masato TAKAGI and Fumio KOGIKU

Synopsis : Block without cement and natural aggregates has been developed from steel slag, and its applicability to marine structure has been investigat-

ed. The slag block has the following feature: (1) Similar-manufacturing process to conventional concrete can be :qsed, (2) It has sufficient

strength to adapt the standard of marine concrete. (3) It has excellent abrasion resistance characteristics. (4) The lower rate of dissolution of

alkaline elements in soaking seawater. (5) The biofouling growth on slag block was significantly more than that on the concrete block in the

intertidal area at Mizushima Port in the Inland Sea. This was true both with respect to the total biomass of biofouling organisms as well as

the number of species.
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Fig. 1. The manufacturing process of slag block.
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Table 1. Specified mix formula of slag blocks.

Proportion Maximumf Slump | Air Amount of composition (kg/ma)
No. diameter o : :
steemaking slag Water | BFS* [Fly ash Steeslln;\:klng h(;::f;:i?e rg:la;.:;g
(mm) (em) | %) agent
A 40 210 | - | 268 | 574 0 1339 57 0.0
B 40 210 | 28 | 196 | 374 | 267 1497 39 3.9
Cc 20 150 | 1.7 | 242 | 276 | 138 1743 ‘41 0.0
D 20 105 - | 277 | 620 0 1446 62 0.0
E 20 105 - | 270 | 403 | 202 1410 61 0.0
F 20 80 | 25| 222 | 364 | 260 1458 36 2.3
*Ground granulated blast furnace slag
Table 2. Example of chemical compositions of raw materials.
(mass%)
Raw material Total Fe| CaO | SiO, | MgO | Al,O3| P,Os | MnO
Steelmaking slag
(Hot metal pretreatment slag) 18 34 15 2 4 5 4
?round granulated blast 0 4 33 7 13 0 0
urnace slag
Fly ash 5 1 63 0 27 0 0
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Fig. 2. Relationship between compressive strength and
curing period.

Table 3. Properties of slag block and concrete.

Item ’ Slag block (N‘C\;)V’}g:(tsg%)
Elastic modulus”™ (N/mm?) 21500 26100
Tensile strength* (N/mm?) 2.14 222
Flexural strength® (N/mm?) 3.89 4.05
Abrasive coefficient” (cm®/cm?) 0.043 0.095
Density (t/m°) 24~25 23
Median pore size (um) 0.02 0.09

*Compressive strength:30N/mm2
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Fig. 3. Variation in seawater pH observed after the immer-
sion of test blocks in the laboratory.
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Table 4. Specified mix formula of slag blocks used for the present study for the test of biofouling organisms.

Maximum Slump | Air Amount of composition (kg/m®) Compressive
diameter of - : strength at
steemaking slag Water | BFS* Steeslra\:kmg h(jcai:'(::ir(?e 28 days
(mm) (cm) &%) (N/mm?)
40 15.0 1.8 274 613 1433 61 22.4

*Ground granulated blast furnace slag

Table 5. Specified mix formula of concrete blocks used for the present study for the test of biofouling organisume.

Maximum | Slump| Air | W/C Amount of composition (kg/m°) Compressive
diameter of Water | Cement Fine Coarse | Air entraining strength at
aggregate (BB) |ageregate | agaregate| and water 28 days
(mm) (em) [ (o) | W reducing agent| (N/mm?)
40 8.0 48 64 157 245 800 1137 2.45 279
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Fig. 4. Biofouling growth on slag block exposed to seawa-
ter for a period of 27 months.
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Fig. 6. Change in total number of species on slag and con-
crete blocks exposed to sea.
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Table 6. Species encountered on slag and concrete blocks exposed to sea for a period of 10 months.

Enteromorpha linza
Cladophora sp.

Slag block Concrete block
Group Species names Group Species names
Algae Ulva pertusa Polychaetes | MNephtys sp.

Neanthus sp.
Lepidonotus sp

Balanus albicostatus
Balanus amphitrite
Balanus trigonus
Platochestia platensis
Paracerceis japonica
Gnorimosphaeroma sp.
Paranthura sp.
Dinordes sp.
Nanosesarma gordon

Polychaetes Eunice sp. Dexiospira sp.
Branchiosyllis Molluscs Nodilittorina granularis
Ophiodromus sp. Septa sp.
Nephtys sp. Stomatia sp.
Hololepidella sp.1 Puncturella nobilis
Hololepidella sp.2 Pollia sp.
Harmothoe sp Modiiolus difficilis
Lepidonotus sp. Modliolus philippinarum
Dexiospira sp. Crassostrea sp.
Molluscs Nodilittorina granularis Spondilus sp.
Septa sp. Arthropods Chthamalus challengeri
Stomatia sp. Balanus albicostatus
Puncturella nobilis Platochestia platensis
Pollia sp. Paracerceis _japonica
Mytilus edulis
Modiolus difficilis
Modiolus philippinarum
Crassostrea sp.
Crassostrea gigas
Arthropods Chthamalus challengeri
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Fig. 7. Change in the total number of species of individual
groups on slag block exposed to sea.
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Fig. 8. Change in the total number of species of individual
groups on concrete block exposed to sea.
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Fig. 9. Change in the biomass of individual groups of or-

ganisms on slag block exposed to sea.
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Fig. 10. Change in the biomass of individual groups of or-
ganisms on concrete block exposed to sea.
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Table 7. Specified mix formula of concrete for the trial
calculation of environmental load.

w/C Amount of composition (kg/m°)
Water | Cement Fine Coarse | Air entraining
(N) aggregate | aggregate and water
(%) reducing agent
65 163 254 932 1000 2.54
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