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Influence of Sand Grain Size and Clay Mineralogy on Suffusion
of Sand-Clay Mixtures
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Abstract

Suffusion is a type of internal erosion caused by the detachment of fine particles. Additionally, continuous suffusion reduces the
stability of geotechnical infrastructures. In this study, the impact of clay mineralogy and sand grain size on the suffusion of sand-clay
mixtures was investigated using two-dimensional laboratory experiments on nine different sand-clay mixtures made of three types
of sands (K3, K4, and K5) and clays (kaolinite, illite, and bentonite). The breakthrough curve for each sample was obtained for
the top/middle/bottom outlets of the designed cell to measure and analyze the amount of detached clay. It was observed that as
the sand grain size decreased, the amount of detached clay was more and clays with kaolinite exhibited greater suffusion than
those with illite. Bentonite exhibited the lowest amount of detached clay owing to its high swelling potential. The influence of
clay mineralogy and sand grain size on the suffusion has been discussed based on the obtained breakthrough curves.
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Fig. 1. Schematic Drawing of Clay-Sand Mixture Subjected to
Hydrodynamic Forces
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Table 1. Properties of Sand and Clay Used in This Study

G; €max €min dso Cy
(mm)

K5 2,65 | 096 | 0.71 0.83 1.79
K4 2,65 | 097 | 0.70 1.22 1.51
K3 265 | 098 | 0.69 1.7 1.64
Kaolinite | 2.47 - - 10.5 x 10° | 11.87
Ilite 2.71 - - 9.0 x 10° | 6.43
Bentonite | 2.12 - - 1.0 x 107 -

Note: G, = specific gravity, em, = maximum void ratio,

emin = Minimum void ratio, dsp = median grain size,

C, = coefficient of uniformity.
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Fig. 2. Particle Size Distribution of Sand Used in This Study

Table 2. X-ray Fluorescence Results of the Clay Used in Study
(Analysed by the Korea Basic Science Institute)

. Mass percentage (%)
Composition — - -
Kaolinite Ilite Bentonite
SiO, 51.6 60.7 50.8
ALOs 33.8 20.2 15.7
CaO 9.16 0.175 3.14
Fe,0; 2.81 9.35 22.1
K>,O 0.855 6.97 0.247
Na,O 0.85 0.471 1.94
MgO 0.38 0.572 2.6
TiO, 0.285 1.11 1.45
P,0s 0.114 0.159 0.476
SrO 0.09 0.017 0.064
MnO 0.026 0.129 0.084
CuO 0.02 - 0.055
ZnO 0.011 0.02 0.056
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Fig. 3. X-ray Diffraction Patterns of (a) Kaolinite, (b) Illite and
(c) Bentonite Used in Study (Analysed by the Korea Basic Science
Institute)
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Fig. 7. Observed BTCs of 3% Kaolinite for (a) K5 Sand, (b)
K4 Sand and (c¢) K3 Sand
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