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APICHIT KUMPALA : MECHANICAL PROPERTIES OF CALCIUM
CARBIDE RESIDUE - FLY ASH STABILIZED SILTY CLAY. THESIS

ADVISOR : PROF. SUKSUN HORPIBULSUK, Ph.D., P.E., 148 PP.

ENGINEERING PROPERTIES/POZZOLANIC REACTION/SOIL

STABILIZATION/ WETTING-DRYING CYCLES / RECYCLED MATERIALS

This thesis aims at investigating the mechanism controlling the engineering
properties of a problematic soil by calcium carbide residue (CCR) and fly ash (FA), to
determine the optimal mix proportion for the other clayey soils stabilized and to
examine the possibility of using the recycled CCR-FA stabilized clay as fill and
pavement materials. The CCR is a by-product of acetylene (C,H;) production process
through the hydrolysis of calcium carbide (CaC;). The CCR is generated as an
aqueous slurry and is composed essentially of calcium hydroxide (Ca(OH),;) with
minor parts of calcium carbonate (CaCOj;), unreacted carbon and silicates. The
chemical composition of the CCR is similar to those of the hydrated lime. Fly ash
(FA) is one of the waste pozzolanic materials extracted from flue gases of a furnace
fried with coal of an electric power plant. Its generation is far in excess of utilization.
This thesis presents engineering properties of the CCR stabilized silty clay and the
recycled CCR stabilized silty clay to ascertain its performance in pavement base and
subbase applications. The input of CCR, which reduces the plasticity index of the
clay, increases the optimum water content, OWC and decreases the maximum dry unit
weight, 3 max of the stabilized clay. The CCR fixation point simply obtained from the
index test is proved as a practical indicator for determining the CCR content to obtain

the required engineering properties at a particular molding water content. For a
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particular CCR content, the optimum water content is the most appropriate in terms of
strength, and durability. The strength improvement is classified into three zomes:
active, inert and deterioration. In the inert and deterioration zones, the input fly ash at
optimal content reacts with the excess Ca(OH), from the CCR and hence a significant
improvement of the strength and durability. The optimal FA content is found at about
20%. The strength analysis shows that the durability is directly related to the
unsoaked strength (prior to the w-d cycles). Consequently, the relationship between
the w-d cycle strength and unsoaked strength is proposed. It is useful for quick
determination of the unsoaked strength for mix design to attain the target strength at
the design service life.Scanning electron microscopic images show that the recycled
particles arc larger than the CCR and clay particles due to the attached pozzolanic
products. The large grains reduce linear shrinkage and free swell ratio of the recycled
material. For the same compaction energy and CCR content, the unit weight of the
recycled material is lower than that of the stabilized clay because the harder attached
pozzolanic products resist the compaction. The strength development and the
reduction in void ratio with time confirm that the pozzolanic reaction still prevails
even after remolding, The remolding of stabilized clay breaks down the cementitious
bonds between the CCR-clay clusters and the unreacted CCR and clay particles in the
clusters are then free to interact with water. The research outcome reinforces the

possibility of using the recycled CCR stabilized clay as fill and pavement materials.
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