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Abstract: The increasing emphasis on developing environmentally friendly cementitious binders with low carbon
footprints to replace traditional binders such as ordinary Portland cement for stabilizing soft soil is particularly significant
under the background of “double carbon”. In this study, a geopolymer known as fly ash (FA) based geopolymer with soda
residue (SR-FAG) was formulated to stabilize soft clay with water content exceeding the liquid limit. Various tests,
including unconfined compression strength test (UCST), permeability test (PT), scanning electron microscope test
(SEM), X-ray diffraction (XRD) analysis, and Fourier transform infrared reflection spectrum (FTIR) analysis, were
conducted. These tests aimed to examine the influence of SR content, FA content, and curing time on the unconfined
compression strength (UCS) and permeability of SR-FAG stabilized soil, while also discussing the underlying
improvement mechanism. The results indicate that the SR content significantly affects the early strength development of

SR-FAG stabilized soil. At 7 days of curing, the UCS can reach 56% to 89% of the UCS at 28 days of curing, with late
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strength development primarily influenced by the content of fly ash (FA). Specifically, at an SR content of 30% and an

FA content of 25%, the UCS of SR-FAG stabilized soil at 28 days of curing can reach 1.6 MPa, with a continuous

increase observed with curing time. Additionally, the permeability coefficient decreases by nearly an order of magnitude

after 90 days of curing, reducing to 1.344x107® cm/s from its initial value before stabilization. The mechanism underlying

these improvements involves C-S-H gels filling the macropores and cementing the soil particles (aggregates), promoting

early strength development and reducing permeability in SR-FAG stabilized soil. Late-stage strength growth is closely

associated with the cementation of aluminosilicate gels.

Key words: soft clay; fly ash based geopolymer; soda residue; stabilization; unconfined compression strength;
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