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Application of Municipal and Industrial Wastes Molten Slag to Concrete Structures
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Summary

In recent years, the importance of the consideration to environment is increasing more and more in every field.
The field of concrete is also unexceptional. There are problems of the environmental impacts by the material,
manufacturing, and construction in environmental problem concerning concrete. On the other hand, effective use
of various by-products such as fly ash and the blast-furnace slag has the positive aspect. The effective use of the
municipal waste and industrial waste molten slag in which the high-temperature smelting treatment is
performed is requested recently.

The municipal waste has been incinerated so far and the produced residues have been reclaimed. However, in
light of less space of reclaimed land and the need to detoxify harmful substances, the incineration of waste
became a problem. In order to make it harmless, high-temperature smelting treatment is being performed.
Through this treatment, however, molten slag is produced as the residue.

Industrial waste has been illegally dumped for more than 20 years in Teshima Island, Kagawa, Japan. The
amount of waste that has been dumped there reached 670,000 tons including the contaminated soil. In order to
make it harmless, high-temperature smelting treatment is being performed since 2007. In addition, it takes
about ten years to process all waste. Application of the molten slag to concrete structures are also expected
because of the amount produced in the treatment.

JIS A 5031 concerningMelt-solidified slag aggregate for concrete derived from municipal solid waste and
sewage sludge]was enacted in 2006. However, the range of the use of molten slag to concrete provided in JIS is
limited. Therefore, the accumulation of wider data is strongly expected. For the industrial waste molten slag, the
quantity of basic data of concrete using industrial waste molten slag is not enough. As a result, it was excluded
from the applicable criterion of JIS. Therefore, accumulation of basic information for the standardization of the
industrial waste molten slag becomes important.

Based on the above-mentioned background, in this study, application of municipal and industrial wastes
molten slag to concrete structures was examined. This study consists of three parts. Firstly, the material
properties of concrete using molten slag were examined. Secondarily, the mechanical behavior of reinforced
concrete members using molten slag was examined. Thirdly, the application of molten slag to concrete structures
was examined. In the first part, the basic properties including strength and durability of concrete using molten
slag as a fine aggregate in concrete were examined. This study was also conducted to examine the effect of
mutual-rubbing reformation of molten slag on the properties of concrete. In the second part, the influence of the
molten slag on the load carrying capacity, deflection, crack behavior, and the bond characteristic of the
reinforcing bar in reinforced concrete beam was examined. In the third part, the influence of the molten slag on
the mechanical behavior of the RC slab was examined.

The findings of this study are summarized as follows:

(1)  In general, the use of the molten slag to concrete causes an increase in strength and decrease in bleeding.
However, the concrete using molten slag has almost the same durability as the concrete in which molten
slag is not used.

(2)  For general use of the molten slag the replacement ratio is about 40% as fine aggregate in concrete.

(8)  The shape improvement of the molten slag by rubbing-reformation decreases the unit quantities of water,
and the decrease of the unit quantities of water restrains the decrease in strength and increase in bleeding.
As a result, the molten slag replacement ratio can be increased.
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The flexural and shear capacities of a reinforced concrete beam using the molten slag can be evaluated
with ordinary methods.

The crack width calculation formula in the Japan Society of Civil Engineers Standard Specifications for
Concrete Structures evaluates the crack widths of reinforced concrete beams using the molten slag on the
safety side.

There is a correlation between average bond stress and the bleeding ratio.

The deflection of reinforced concrete beams using molten slag tends to increase with an increase in the
water cement ratio of concrete.

The axial tension test to arrange a reinforcing bar at the center of the concrete section does not necessarily
show the bond behavior of the reinforcing bar in the reinforced concrete beam. On the other hand, the
eccentric axial tension test designed in this research can represent the bond behavior of the reinforcing bar
in the reinforced concrete beam.

From the result of the field examination by the reinforced concrete slab and the examination of the
reinforced concrete beam both using the molten slag replacement ratio of 40%, the molten slag can be
applied to actual reinforced concrete structures.

INPETHERESR Vol. 39 2007 21



