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Abstract

The reason for many failures due to earthquake is presence of loose up to semi
compacted, and saturated deposits is liquefaction. Passive improvement of a site is
a novel concept which indicates reducing the risk of liquefaction without
interfering with developed sites or high rise and sensitive structures which are
susceptible to liquefaction during an earthquake. The effectiveness of the passive
improvement method depends on the used additive in the method. Colloidal
nanosilica with a viscosity close to that of water is capable of penetrating a wide

range of soils. It has very good compatibility with the environment, and a very low


mailto:fadaee@srbiau.ac.ir
https://ndea10.khu.ac.ir/jeg/article-1-3001-fa.html

[ Downloaded from ndeal0.khu.ac.ir on 2026-06-13 ]

cost -performance ratio. Thus, it has been used for passive improvement of site in
this research. The Previous research works have investigated the liquefaction
potential of sand and colloidal nanosilica-improved sand with small amounts of
plastic and non-plastic fine-grained particles. Therefore, studies on passive
improvement of site with colloidal nanosilica in sandy silt soil have been very
limited, with the liquefaction potential of colloidal nanosilica-improved sandy silt
soil yet to be adequately investigated. The present research considers the
liquefaction potential of sandy silt soil (composed of sand (40%) and silt (60%))
upon improvement with colloidal nanosilica at different dosages (i.e., 5, 10, and 15
wt.%) using cyclic triaxial loading tests under different cyclic stress ratios (CSR)
with the final purpose of passive improvement of the site. Optimization of the
nanosilica dosage for lowering the risk of liquefaction down to an acceptable level
and determination of optimal chemical composition of the colloidal nanosilica for
enhancing its effectiveness in the soil improvement process were further
performed. In this study, the acceptance criterion for liquefaction potential was an
ru value of 1. The results indicated that, before the passive improvement, higher
CSRs (CSR = 0.2) led to soil deformation in early cycles, making the sample
liquefied. However, adding the colloidal nanosilica at even a low dosage (5 wt.%)
improved the resistance to liquefaction significantly. On the other hand, with
increasing the dosage of the colloidal nanosilica in the samples, improvements
were observed in the resistance to liquefaction and deformation under cyclic
loading. Introduction of colloidal nanosilica to the sample at 5 wt.% increased the
resistance to liquefaction significantly. Nevertheless, further increase in the
resistance to liquefaction upon adding the colloidal nanosilica at 10 and 15 wt.%
was not as high as the initial increase achieved with 5 wt.%. In conclusion, one
may stipulate that incorporation of colloidal nanosilica into a 40% snad-60% silt
soil can attenuate the risk of liquefaction abruptly, while the use of this additive at
higher dosages is economically inefficient. That is, considering the range studied in
this work, the optimum dosage of the colloidal nanosilica is 5 wt.%. Finally,
liquefaction curves were presented for non-modified soil as well as improved soils

with colloidal nanosilica at different dosages.
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