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Abstract: To achieve the dual objectives of “solid waste resource utilization” and “using waste to treat

hazards,” this study systematically investigated the improvement effects of two methods—sole marble waste
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powder and composite marble waste powder-xanthan gum—on the engineering properties of Nanning expansive
soil. The expansion and strength characteristics of the modified expansive soil were evaluated through free swell
ratio tests and direct shear tests, respectively, to determine the optimal dosage of each improvement material.
Additionally, scanning electron microscopy tests were conducted to reveal the microscopic mechanisms of the
improvement. The experimental results showed that: (1) The addition of sole marble waste powder effectively
reduced the free swell ratio of the expansive soil, but soil strength decreased with increasing dosage. When the
dosage reached 25%, the expansion inhibition effect was significant, and the strength degradation trend
stabilized. (2) On the basis of 25% marble waste powder, the addition of xanthan gum significantly improved
the cohesion and internal friction angle of the modified soil. At a xanthan gum dosage of 1.5% , the strength
parameters reached their peak values while the expansiveness remained within a controllable range. (3) Marble
waste powder primarily inhibited the expansive deformation by altering the particle gradation and mineral
composition of the soil, while the gel matrix formed by xanthan gum effectively filled soil pores, enhanced
particle bonding, and formed dense aggregates, thereby improving soil strength. Considering all factors, the
material ratio of 25% marble waste powder and 1.5% xanthan gum was determined to be the optimal scheme
for the composite improvement of expansive soil.

Keywords: expansive soil; marble waste powder; xanthan gum; swelling characteristics; strength properties
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