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ITTHIKORN PHUMMIPHAN : STABILIZATION OF MARGINAL
LATERITIC SOIL BY HIGH CALCIUM FLY ASH BASED
GEOPOLYMER WITH CALCIUM CARBIDE RESIDUE AND GROUND
GRANULATED BLAST FURNACE SLAG AS ADDITIVES. THESIS

ADVISOR : PROF. SUKSUN HORPIBULSUK, Ph.D., 177 PP.

GEOPOLYMER/FLY ASH/ STRENGTH/ CALCIUM CARBIDE RESIDUE/ SLAG

Marginal soils are traditional stabilized with Portland Cement (PC) when used
as a pavement material. The production of PC is however an energy-intensive process
and emits a large amount of greenhouse gas into the atmosphere. Geopolymer is an
alternative environmentally friendly “green” binder, which has many advantageous
properties, including high strength and durability. This research investigated the
visibility of stabilization of marginal lateritic soil (LS) by Fly Ash (FA) based
geopolymer with Calcium Carbide Residue (CCR) and Ground Granulated Blast Furnace
Slag (GBFS) as additives. To achieve this goal, this thesis consists of three main parts.
First part presents the effects of alkali activator and curing time on Unconfined
Compression Strength (UCS) and microstructural characteristics of LS stabilized with
high calcium fly ash (FA)-based geopolymer, which is novel in the field of pavement
geotechnics. A liquid alkali activator was a mixture of sodium silicate (Na2SiOs: NS)
solution and sodium hydroxide (NaOH: NH) solution at various NS:NH ratios. The
results showed that the UCS increased with the curing time and the 7-day UCS for all
NS:NH ratios tested meets the local national standard as pavement bound material.
The maximum 7-day UCS were found at NS:NH of 90:10 and the maximum 90-day

UCS was found at a NS:NH ratio of 50:50.



Second part presents UCS and microstructural characteristic of LS stabilized
by FA geopolymer with CCR as an additive under different influential factors (curing
times, NS:NH ratios and CCR replacement ratios). Scanning Electron Microscope
(SEM) analysis was subsequently performed to investigate the effect of influential
factors on UCS development. For all NS:NH ratios, the early 7-day UCS increases
with increasing CCR replacement ratio whereby the cementitious products increase
with CCR replacement ratio. The CCR replacement ratio providing the maximum 90-
day strength is found at 20%. FA particles in FA-CCR geopolymer stabilized LS at
excessive CCR replacement ratio of 30% are evidently spongy and cracked. The
maximum 90-day UCS is found to be 18,800 kPa at NS:NH = 90:10 and CCR =
20%.

Last part presents the UCS of LS stabilized by FA geopolymer with GBFS as
an additive. The microstructural development of the FA- GBFS geopolymer stabilized
LS was observed through SEM and X-Ray Diffraction (XRD) analysis. The
significant factors studied consisted of GBFS content, NS:NH ratio, and curing time.
The soaked 7-day UCS of LS-FA- GBFS geopolymer tested meets the standard of
national road authorities. The highest 60-day UCS was found to be 19.97 MPa at
NS:NH = 90:10 and GBFS = 10%. The cementitious products of FA — GBFS
geopolymer stabilized LS were a coexisted Sodium Alumino Silicated Hydrate
(N-A-S-H), Calcium Silicate Hydrate (C-S-H) and calcite. The outcome of this
research enables CCR and GBFS, which are a waste material to be used in FA

geopolymer pavement applications.
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