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Insights into the liquefaction of gravelly soils
Matthew Gapuz CHUA (University of Tokyo)

Liquefaction is a phenomenon where saturated soil behaves as a liquid due to loss of effective stress. The 1964 earthquakes in
Niigata and Alaska have triggered immense research interest in the field of liquefaction. For decades, most of the current research
has been focused on sandy soils. In contrast, gravelly soils have been regarded as non-liquefiable because of their high permeability
and large particle sizes. However, gravelly soils have also been found to have liquefied in the past. Liquefaction may occur when
drainage is impeded by the presence of impermeable layers in the strata or if a pavement is built over the gravelly soil deposit. A list
of case studies of gravelly soils liquefying around the world has been presented in [1]. The cases varied widely from 15-92% gravel
content (GC). The average GC was found to be around 30%. Average grain size was around 6.4mm. Furthermore, these case studies
were observed in both natural and artificial fills, flat and sloping ground, small to large deformation, and high to slow shear wave
velocities. Therefore, it is important to also understand the behavior of gravelly soils.

Sand Layer Sand Layer

R

Figure 1 Schematic diagram and picture of membrane penetration elimination method

Several challenges have been encountered in the study of gravelly soils. For example, it has been difficult to test them in the
laboratory due to their large particle size which require consideration for membrane penetration. In this this study, membrane
penetration was eliminated using a thin sand layer as shown in Fig. 1 [2]. A series of undrained cyclic torsional shear tests were
conducted on a large size hollow cylinder torsional shear apparatus to study different sand-gravel mixtures [1]. This machine is
capable of applying torsional simple shear which is more representative of the real field condition than traditional triaxial testing.
Test cases varied from 0 to 70% GC. A comparison of stress strain curves for GC=0% and GC=30% are shown in Figs. 2 & 3. The
results showed that there was only marginal increase in the liquefaction resistance (Ncypa-;5,) from pure sand up to 30% GC (Fig.
2). However, gravels showed a slower rate of strain development at larger strains (Fig. 3). This meant that even though sands and
gravels had equivalent liquefaction resistance in the lower strain region (Ncyp,_;s:,), gravels were still more resilient at the larger
strain regions. This also reinforces why the average GC was 30% in the case studies. At higher GC, samples showed stronger
resistance to strain development, but not to a degree that impedes the occurrence of liquefaction. The results suggest that gravelly
soils are also susceptible to liquefaction and further research is needed to properly evaluate them.
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Figure 2 Stress-strain curve up to yp,=7.5% Figure 3 Stress-strain curve after yp,=7.5%
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