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Excess foundry system sands are commonly landfilled at great expense to the generator.  However, new legislation promotes the reuse of foundry sands, as well as other industrial by-products, in various geotechnical applications.  Controlled low strength material, or flowable fill, is an application in which foundry sands have been shown to be an adequate replacement for virgin aggregates.  Currently, flowable fill containing foundry sand is designed on a case-by-case basis because each foundry sand generator produces a slightly different by-product.  If the behavior of flowable fill containing foundry sands can be generalized, the mix design process can be simplified and the marketability of flowable fill containing foundry sand can be enhanced.


A testing program was conducted to characterize flowable fill containing various combinations of foundry sand, fly ash, portland cement, and water.  Unconfined compressive strength, flow, setting time, and environmental degradation tests were conducted.  Project goals included examining the effects of each mixture component on the overall performance of flowable fill and designing flowable fill containing foundry sand that meets Wisconsin Department of Transportation specifications.


For low strength mixtures, the unconfined compressive strength was found to be affected by the cement content more strongly than by the water-cement ratio.  For two mixtures having the same type and amount of sand, fly ash, and water, the strength decreased as cement content decreased.  The bentonite content of the foundry sand did not affect the strength, while fly ash content in excess of 400 kg/m3 usually led to excessively high strengths.  Flowable fill containing fly ash also showed greater gains in strength after 90 days of curing than did flowable fill without fly ash.


Flowable fill made with foundry sands having bentonite content > 6% flowed adequately without the need for fly ash.  Flowable fill containing foundry sands with bentonite content < 6% required some fly ash to prevent segregation of the mixtures.  Relationships were found that help determine the water and fly ash contents necessary to produce a mixture that does not segregate and flows properly.  Mixtures containing blends of two foundry sands or foundry sand and silica sand obey the same flowability relationships as mixtures containing a single foundry sand with the same bentonite content.  The loss of flowability over time due to bentonite hydration and cementation can be significant.  The presence of fly ash in the mixture has a more profound effect on the flow loss than does the presence of bentonite, although both are significant.  Addition of water just before placement was found to be a simple way to restore the flowability of the material.


Setting time was typically too slow for mixtures that met flow and compressive strength specifications.  Mixtures that did set within the specified time exceeded the maximum compressive strength limit.  More research is required in accelerating the setting process without exceeding long-term strength limits.


Environmental degradation tests indicate that the flowable fill mixtures tested were unaffected by freeze-thaw cycles without access to free water during thawing and wet-dry cycles.  Mixtures containing foundry sands were severely weakened when subjected to freeze-thaw cycles with access to water during thawing.  Consensus must be established on proper testing procedures and apparatus before judging mixtures as resistant or non-resistant to environmental distresses.


Mix designs were developed for flowable fill containing foundry sand based on the bentonite content of the foundry sand.  These mix designs propose using fly ash only when necessary to prevent segregation of the mixture during placement.  These mix designs can act as a starting point for foundry sand generators and flowable fill designers who seek to incorporate foundry sand into flowable fill.
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