FLUIDIZATION OF THE KURUMIZAWA LANDSLIDE IN NIIGATA PREFECTURE,
JAPAN IN MARCH 2021
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ABSTRACT

On 3 March 2021, a snowmelt-induced landslide occurred in the Kurumizawa area of Itoigawa City, southwestern Niigata Prefecture, central
Japan. The landslide mass was transformed into a mudflow, which finally reached a small village about 1 km downstream about 12 hours
later. The objectives of this study are to better understand the transition from landslide mass to mudflow and to find geotechnical and geo-
logical constraints on the long-distance travel. It is concluded that the reason for the long-distance travel on the 7-to-8-degree slope is that
the fine graining due to particle crushing prevented drainage, high pore pressure and consequently low shear strength was maintained for

a long time.

INTRODUCTION

Fluidized landslides (Usuki et al., 2005; Kimura et al., 2016) have occurred frequently in Niigata Prefecture, central Japan. The Kurumizawa
landslide, a typical snowmelt induced fluidized landslide, occurred in the Kurumizawa area of Itoigawa City, southwestern Niigata Prefec-
ture, at about 22:30 on 3 March 2021. According to the report of the Landslide Disaster Management Council of Niigata Prefecture (2021),
the Kurumizawa landslide is described below.

(1) Time of occurrence

The landslide occurred at 22:30 on 3 March 2021.

(2) Damage

Five houses, power lines, roads and rice fields were destroyed. Fortunately, no one was killed or injured.

(3) Topography and geology

The landslide occurred on the north-facing 23-degree slope. The bedrock consists of upper Miocene to Pliocene marine sedimentary rocks,
which are sandy siltstone and alternate fine-grained sandstone and siltstone of the order of a few centimeters. These sedimentary rocks are
concordantly overlain by volcanic rocks (Nagamori et al., 2018).

(4) Aspect of the landslide

The size of the landslide was 330 m in length, 120 m in width, 15 m in maximum depth, and the remaining landslide mass was 180,000 m3.
(5) Mudflow sediment

The flow distance from the toe of the landslide body reached about 1 km downstream, the maximum sediment thickness was about 7 m,
and the total volume of the mudflow deposit is about 90,000 m3.

(5) Witness information

A collapsed power pole was confirmed at 0:05 on 4 March. At 3:00 am on 4 March, the mudflow approached the stream just above Kuri-
aizawa village. At 08:30 on 4 March, the mudflow reached the Nishikawa Bridge in Kurumizawa village.

Key factors expected to contribute to fluidization include (i) characteristics of the bedrock geology and weathered soils such as consistency,
grain size distribution, water content, shear strength, permeability, and mineral composition, (ii) topographical conditions such as slope
angle and flow path shape, and (iii) hydrological conditions such as snowmelt behaviour and surface and groundwater catchment area.
The objectives of this study are to better understand the transition from landslide mass to mudflow and to identify geotechnical and geo-

logical constraints on long-distance mudflow propagation.

METHODS

Consistency tests, grain size tests, X-ray diffraction for clayey materials, permeability tests, flow tests, vane tests and ring shear tests were
carried out on the weathered siltstones that compose the landslide mass, and mudflow deposits in accordance with the standards of the
Japan Society of Civil Engineers (2015).

The velocity of the mudflow can be determined from witness information, i.e., where and when it was seen. In this study, the shear strength
was also estimated from the rheology of the mudflow and compared with the results of vane and ring shear tests. The mechanism of the

mudflow is then discussed.
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RESULTS AND DISCUSSION
As a result of consistency tests, the values of the liquid limit of the weathered siltstones that compose the landslide mass, and the mudflow

deposits are in the range of 42.3% to 52.8%. This means that relatively low water contents are required to induce liquid behaviour.

The results of the grain size tests show that the mudflow deposits tend to become finer grained from the mudflow initiation point at the toe

of the landslide to the downstream movement.

On the other hand, X-ray diffraction results show a similarity between the clay-mineral composition of the weathered siltstone from the
landslide mass and the mudflow sediments, suggesting that the entrainment of fine grains from the rice field soils is minimal. In other words,
the fine-grained mudflow sediments were transformed by particle fragmentation of the weathered siltstone.

The permeability test results show that the weathered siltstones have an average permeability coefficient = 2.3 x 10-7 (m/s) and the mudflow
sediments have the coefficient = 1.9 x 10-9 (m/s). These results suggest that mudflow sediments are difficult to separate and exclude pore

water by the process of flow down if water is retained.

Flow tests were carried out on weathered siltstone samples with grain sizes ranging from 2.0 to 4.75 mm using a rotating drum stirrer. As
the samples were filled with water (water content = 50%) for 24 hours, the grains fragmented into finer sizes and the fine-grained fraction
reached approximately 30%. The sample was then rotated with the agitator at 29 rpm for 60 minutes as the estimated flow distance for the

first hour was approximately 500 m. As a result of the tests, the finer grains < 0.075 mm were further increased from 30% to 45%.

The shear strength of the mudflow deposits was estimated rheologically using the method of Kishimoto (1973). The mudflow started from
the toe of the landslide mass at 22:30 on 3 March as the first point. The sighting points at 0:05 and 3:00 on 4 March were the second and
third points, respectively. The Nishikawa Bridge, which the mudflow reached at 8:30, was the fourth point. The distance between the first
and second points was 595 m, and the average slope angle was 12.3°; the distance between the second and third points was 160 m, and
the average slope angle was 7.2°; and the distance between the third and fourth points was 150 m, and the average slope angle was 7.7°.
The relationship between the time and distance of mudflow at each point and the relationship between the mean slope and flow velocity
were obtained. These relationships and the assumed Bingham flow layer thickness = 0.1 m, average thickness of mudflow deposits = 3 m,
saturated volume weight = 1.86 t/m3 and gravitational acceleration = 9.8 m/sec2 were used for calculations. Shear strength calculations gave
6.6 <t <71 kPa.

Vane shear tests were performed with each sample adjusted to a grain size <2.0 mm and a water content ratio = 50%, which is close to the
liquid limit. A cross-shaped vane (15 mm x 30 mm vane) was rotated (20°/min) in the sample to measure the rotational resistance force,
which was converted to shear strength. The results of the vane tests showed that the shear strengths of the four samples taken from the
mudflow sediments were in the range of 6.6 < T < 7.9 kPa, which is almost consistent with the shear strength estimated from the rheology

of the mudflows.

Ring shear tests were performed by saturating and consolidating the samples at a normal stress of 150 kPa, then leaving the shear box
undrained and increasing the shear displacement. The fully softened strength was determined at various normal stresses at a shear rate of

0.005 cm/s after the shear box was drained.

The results of the ring shear tests showed that the fully softened strength in the drained condition was t (kPa) = 17.1 + ¢'tan25.5°. The time
series of shear stress, pore water pressure, displacement and effective stress path under undrained conditions are shown in Figure 1 and
Figure 2. Due to the low permeability of the samples, the excess pore water pressure is generated in the shear zone. Based on the stress
path, we assume that particle fragmentation in shear causes excess pore water pressure which significantly reduces the shear strength and
converges to a failure line near T (kPa) = o'tan7.5°. Substituting the vertical stress = 54.7 kPa for a 3.0 m thick mudflow into this equation, the
shear stress is 7.22 kPa. This value is an acceptable difference compared to the shear strength estimated from the rheology of the mudflow

movement or the shear strength from the vane tests.
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Figure 1. Time series data from an undrained ring shear test on a saturated mudflow deposit after normal consolidation at 150 kPa.
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Figure 2. Effective stress path by the same ring shear test as shown in Figure 1. A red line showing the shear strength envelope estimated from the stress path. A green line showing the

Fully softened shear strength envelope under drained conditions for comparison.

CONCLUSIONS
(D) The shear strength estimated from the sediment movement (velocity of movement) was almost concordant to the results obtained from
the vane shear test and the ring shear test. On the other hand, some of the assumptions made in the calculations are different from the real

phenomena and need further investigation.

(2) During the flow process, the permeability was reduced by two orders of magnitude as the result of the progression of finer grain size

due to particle crushing, and it is presumed that drainage from the sediment became difficult.

(3) Thus, as particle fragmentation by shear progresses under near undrained conditions, excess pore pressure is generated, and shear

strength is significantly reduced.

(4) The reason for the long distance travelled on the 7 to 8° slope is that the fine graining, as described above, prevented easy drainage and

high pore pressure or low shear strength was maintained for a long time.

(5) The distance travelled by sediment varies greatly depending on the equivalent friction coefficient, sediment volume, channel shape,

topographic catchment conditions and other factors. A comprehensive analysis taking these factors into account is a future task.

(6) Landslides with late Miocene to Pliocene siltstone bedrock in Niigata Prefecture tend to be fluidised. The commonality of the bedrock
geology is also noteworthy.
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