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Internal visualization study of the effect of porosity on the internal
stability of granular soil
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Abstract: The internal stability determination of granular soil is important for the prevention of dyke and levee incidents.
Ignoring the effect of porosity on internal stability of soil may increase disaster risk. This paper used transparent soil and
PLIF (Planar Laser Induced Fluorescence) technology to conduct seepage failure soil column tests on materials with the
same particle size distribution but different porosities. From a macroscopic hydraulic perspective, the measured critical
gradients were close to the Terzaghi critical gradient, indicating that the two groups of specimens behaved like internal-
stable soils. However, the internal images of the two groups of specimens show different failure modes. The denser one
heaved and thus it is indeed an internal-stable material. As for the looser one, its fine particles migrated to the top, and the
structure of the coarse particles remained stable. It is a typical piping phenomenon and thus the looser specimens should
be determined as internal-unstable. It means that there is a deviation in the internal stability assessment based on traditional
hydraulic phenomena. The porosity affects the internal stability of granular soil and thus should be considered in the
internal stability criterion. Subsequently, this paper proposes a modified image segmentation method based on the

cumulative gray-level curve. The regional deviation and fluctuation of images grayscale are avoided by the
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image discretization and the relative grayscale transformation. Using this method, a quantitative analysis of the global

internal behaviors throughout the entire process was conducted to validate the internal stability conditions of the samples.

At last, seven existing internal stability criteria were summarized in this paper. A comparative analysis was carried out

according to the experimental results. It is found that most of the criteria that do not consider the effect of porosity are

unsafe, while those considering the porosity effect are too conservative. The criterion proposed by KOVACS incorporates

the effects of porosity and particle size showing the most promising potential.

Key words: porosity; internal stability; internal visualization; transparent soil; PLIF (Planar Laser Induced Fluorescence)
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