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Dynamic characteristics and microstructural evolution of

solidified sludge under wet-dry and freeze-thaw cycling
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Abstract: To investigate the feasibility of using magnesium oxychloride cement solidified sludge as
subgrade, dynamic triaxial and microstructural tests were conducted on solidified sludge under different
wet—dry and freeze—thaw cycles and loading conditions. The influences of confining pressure, dynamic load
amplitude and loading frequency on the dynamic characteristics of solidified sludge were studied in terms of
dynamic shear modulus and damping ratio, and a prediction model for dynamic shear modulus considering

wet—dry and freeze-thaw cycle numbers was established. Quantitative analysis of microscopic pore
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parameters revealed the microstructural evolution of solidified sludge after different wet=dry and freeze-
thaw cycle numbers, and correlation analysis was performed between microstructural parameters and
macroscopic mechanical properties. The results show that after wet—dry and freeze—thaw conditioning, the
dynamic shear modulus of specimens decreases while the damping ratio increases progressively, and wet-
dry cycles lead to greater stiffness deterioration than freeze-thaw cycles. As confining pressure and loading
frequency increase, the dynamic shear modulus of solidified sludge increases while the damping ratio
decreases. Wet—dry and freeze—thaw cycles increase the porosity and coarse pores of solidified sludge, and
the pore shape gradually transforms into smooth lamellar. The cycle number and loading frequency have
more significant effects on the dynamic characteristics of sludge than confining pressure and dynamic stress
amplitude. Among the microstructural morphology parameters, porosity has the greatest influence on the
dynamic properties of sludge.

Key words: geotechnical engineering; solidified sludge; dry wetcycle; freeze-thaw cycle; dynamic shear

modulus; damping ratio; microscopic structure
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Fig. 10 SEM scanning results of samples subjected to different cycles (x10 000)
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