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CHAYAKRIT PHETCHUAY : SOIL STABILIZATION BY CALCIUM
CARBIDE RESIDUE AND FLY ASH BASED GEOPOLYMER. THESIS

ADVISOR : PROF. SUKSUN HORPIBULSUK, Ph.D., 159 PP.

STRENGTH/COODE ISLAND SILT/SILTY CLAY/CCR /GEOPOLYMER

Portland cement is commonly used for soil improvement in both unsaturated
and saturated states because it is readily available at reasonable cost. The high unit
cost and energy intensive process for the production of Portland cement are the
driving forces for the constant need within the industry to seek alternative
cementitious binders. Geopolymer is an environmentally friendly cementing agent
and better engineering performance than ordinary Portland cement. The main
objective of this research is to investigate the viability of using Fly Ash (FA) based
geopolymer to stabilize unsaturated collapsible silty clay and saturated marine clay.
Calcium Carbide Residue (CCR), by-products from acetylene gas, is used as a
calcium-rich additive to stimulate the geopolymerization reaction. This thesis consists
of two main chapters (Chapter 11l and 1V).

Chapter 111 investigates the viability of using CCR as an alkaline activator and
FA as a precursor to improve the engineering properties of an unsaturated silty clay to
facilitate its usage as stabilized subgrade material. The influential factors studied are
Na>SiOs/water ratio, FA replacement ratio, curing time, curing temperature and
soaking condition. Strength development is investigated via the Unconfined

Compression Strength (UCS) test. Results show that CCR dissolves the silicon and



v

aluminum in amorphous phase of FA and the Na2SiOz acts as a binder. The maximum
soaked UCS of the FA geopolymer stabilized silty clay is found at Na>SiOz/water
ratio of 0.6 and FA replacement ratio of 15%. The optimal Na>SiOs/water ratio is
approximated from index test, which is a very practical approach. The 7-day soaked
UCS at the optimal ingredient meets the strength requirement for subgrade materials
specified by the local national road authority.

Chapter IV investigates UCS development and the carbon footprint of
Calcium Carbide Residue (CCR) and Fly Ash (FA based) geopolymer stabilized
marine Coode Island Silt (CIS). The liquid alkaline activator used is a mixture of
sodium silicate solution (Na2SiOs) and sodium hydroxide (NaOH). The influential
factors studied are Na.SiO3/NaOH ratio, NaOH concentration, L/FA ratio, initial
water content, FA content, CCR content, curing temperature and curing time. The
UCS of stabilized CIS was found to be strongly dependent upon FA content and
NaOH concentration. The optimal ingredient providing the highest UCS is found to
be dependent on water content. The role of CCR on UCS of FA geopolymer stabilized
CIS can be classified into three zones: inactive, active and quasi-inert. The active
zone where CCR content is between 7% and 12% is recommended in practice. The
carbon footprints of the geopolymer stabilized soils are lower than those of cement
stabilized soil at the same strengths. The outcome of this thesis would divert
significant quantity of CCR from landfills and considerably reduce carbon emissions

due to Portland cement production.
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