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Macrostructural and Microstr@ctural Stud@fon the Expanssive soils stabilized
using Recycled ower-Based Geopolymer

Chemical and polymerjc additives
microstructure. In th ,
response of an expansw@y T
were prepared with varying

lass powder—based geopolymer was employed to modify the strength and structural
| was a bentonite whose dominant clay mineral was montmorillonite. Stabilized samples

ut. The findings indicated that the optimal recycled glass powder content was 15% of the dry
% geopolymer exhibited the most pronounced formation of amorphous phases and changes in
sults are applicable to the stabilization of expansive or problematic clay soils. Results showed a
se: UCS increased from 2.1 kg/cm? (untreated) to 23.19 kg/cm? at 15% RGP, dropped to 12.43 kg/cm?
at 20%, then surged to kg/cm? at 40% RGP (28-day values). Strength gains were consistently greater at 28 days than at 7 days,
and sampleg ed ductile to brittle behavior with increasing RGP content. From environmental and economic standpoints, the
outcomes arg w ficular interest due to the use of eco-friendly materials and waste-derived components.

X-ray diffraction
non-monotonic strength

Keywords: Bentonite Stabilization, Microstructure properties, Recycled glass powder, Sustainable Engineering, Unconfined
compressive strength.



Extended Abstract

Introduction
Expansive clay soils, particularly those dominated by montmorillonite, pose serious risks to infrastructure due to their

high swell-shrink potential. In Iran, calcium bentonite deposits in the Kerman region are a typical example.
Conventional stabilizers such as cement and lime are effective but environmentally costly. Geopolymers synthesized
from waste materials offer a low-carbon alternative. Recycled glass powder (RGP), rich in amorphous silica, can serve
as an aluminosilicate precursor. However, the behavior of calcium bentonite treated with an RGP-based geopolymer
under ambient curing has not been systematically investigated. The key knowledge gap is whether increasing RGP
content monotonically improves strength or if an optimum exists, and how microstructural changes correlate with
mechanical response.
This study tests the following hypotheses: (1) The RGP-based geopolymer will increase unconfine
strength (UCS) of Kerman bentonite relative to untreated soil. (2) The strength gain will be time
values at 28 days than at 7 days. (3) A non-monotonic relationship between RGP content
intermediate drop followed by a sharp rise at high RGP content. (4) The s
formation of amorphous geopolymer gel, increased Si/Al ratio, and reduce
EDS.

The objectives are: (a) to determine the optimal RGP content for maximum
time, and (c) to characterize the microstructural evolution. ? research is

t for gebtechnical engineers and
waste management policymakers, and the pragmatic proach a mixed quantitative—qualitative
(microstructural) design.
Method

Research design and materials
A completely experimental design was used. The soil w 1c bentonite from Kerman (XRF confirmed: SiO:

58.4%, Al20s 16.2%, CaO 4.8%, MgO 2.9%, LOI 12.5%). Re®cled glass powder (RGP) obtained from municipal
waste was ground to pass #200 sieve. Alkali actipator was 5 M so@llim hydroxide (NaOH) prepared from reagent-grade
flakes.

Sample preparation and size
Four RGP contents by dry weight of soil wgre tested:

(control), 15%, 20%, and 40%. For each condition, 3 replicate
days), totaling 4 x 2 x 3 = 24 specimens for UCS. Additional
specimens were pregar
40% RGP). The mi?

Statistical considerations

No formal power analysis was conducted due to the exploratory nature. Mean UCS and standard deviation were
calculated for each group. Effect size (Cohen’s d) was computed post-hoc for pairwise comparisons between 15% and
40% RGP groups at 28 days. All procedures followed institutional guidelines; no human or animal subjects were
involved.

Results

Unconfined compressive strength



The control sample (0% RGP) at 28 days had UCS of 2.1 kg/cm? (SD=0.3). At 15% RGP, UCS increased to 23.19
kg/cm? (SD=1.2) at 28 days. At 20% RGP, strength dropped to 12.43 kg/cm? (SD=0.9). At 40% RGP, a dramatic rise
occurred: UCS reached 63.22 kg/cm? (SD=2.4) at 28 days. The effect size between 15% and 40% groups was very large
(Cohen’s d = 3.8). For all mixtures, 28-day values were 50-70% higher than corresponding 7-day values. Strain at
failure was lowest at 20% RGP (2.3% at 28 days) and highest at 40% RGP (3.1%), indicating a transition from ductile
to brittle behavior with increasing stiffness.

Microstructural findings

XRD patterns of untreated bentonite showed sharp peaks of montmorillonite (d001 = 15 A), quartz, calcite, and albite.
After treatment with 40% RGP, the montmorillonite peak intensity decreased by ~60%, and a broad a

texture with large pores (10-50 pm). In contrast, 40% RGP samples exhibited a dense, gel-co
closed pores (<5 um). EDS analysis showed that the Si/Al ratio increased from 2.1 (control) to

Practical implications: For moderate strength requiremen
pavement subbase), 40% RGP is recommended despite hig
reduces landfill waste and avoids cement-related CO. emissio 1mitation is that only one activator concentration (5
M) and ambient curing were tested; future work should eX@mine higher molarities and temperature effects.
Additionally, durability under wet-dry cycles ot assessed. Mbnetheless, the findings provide a robust basis for
using waste glass geopolymer as a sustainable s for expan@We clays in Iran.
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