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4.1 prediction of landslide velocity and displacement prediction
It is noted that the content concerning this topic has been published, and in this report, we will mainly introduce
the abstract and conclusions. More details could be found in:
» Haibo Miao, Gonghui Wang (2023): Prediction of landslide velocity and displacement from
groundwater level changes considering the shear rate-dependent friction of sliding zone soil.
Engineering Geology 327:107361.



4.1.1 Abstract of this study

In reactivated slow-moving landslides, the prediction of velocity and displacement is a crucial issue for
understanding landslide kinematics and realizing warning systems. A variety of data-based numerical models
have been used to predict landslide displacement; however, kinematics-based models, which consider the shear
behaviors of soils within the sliding zone that fundamentally control landslide movement, have been relatively
limited. In the present research, the Tangjiao landslide in the Three Gorges Reservoir (TGR) in China was taken
as a case study. The monitored ground displacement from March 2007 to September 2016 and deformation signs
observed in the field survey show that the Tangjiao landslide experienced slow movement with the ground
displacement increasing stepwise in response to seasonal rainfall and periodic fluctuation of the reservoir water
level. We performed a rate-stepped continuous ring shear test on two specimens remolded from the sliding zone
soil at shear rates ranging from 0.01 to 10 mm/s. The test results show that the residual strengths of both
specimens show a nonmonotonic shear rate dependency, i.c., a weak negative shear rate dependency (fitted by
an exponential law) followed by a significant positive dependency (fitted by a linear law). The transition from a
negative shear rate dependency to a positive shear rate dependency may be attributed to the change in shear
mode when the shear rate exceeds a critical value. This complex shear rate-dependent residual behavior regulates
the movement of the Tangjiao landslide in the reactivated state. On this basis, a kinematics-based model for
predicting landslide velocity and displacement was proposed by taking into account the shear rate-dependent
friction of the sliding zone soil. This model can reproduce the velocity and displacement of the Tangjiao
landslide from the change in groundwater level (i.e., stress perturbations in this paper). The results suggest that
by using this model, the well-investigated material parameters can enhance the prediction reliability and
accuracy of landslide behavior. Our proposed approach, with the ability to reliably predict landslide velocity and
displacement, such as the Tangjiao landslide in this work, has important implications for predicting movement
trends and developing early warning systems for reactivated slow-moving landslides, especially translational

landslides under similar geological conditions.

4.1.2. Conclusions of this study

In this study, the deformation characteristics of a large-scale reactivated landslide in the Jurassic strata in the
TGR, China, were analyzed first. Ring shear tests on two specimens remolded from the sliding zone soils in two
boreholes were carried out to examine the shear rate dependency of the residual strength by increasing the shear
rate stepwise. The residual strength indices were also determined. On this basis, a kinematics-based model taking
into account the shear rate-dependent frictional strength of the sliding zone soil was proposed to predict the
landslide velocity and displacement. Finally, the implications for landslide reactivation from the shear rate
dependency and the applicability of the prediction model were discussed. The following conclusions can be
drawn:

1) The Tangjiao landslide is a slow-moving landslide that is now undergoing intermittent reactivation with
the ground displacement increasing stepwise as a result of the seasonal rainfall and periodic fluctuation of
the RWL.

2) The sliding zone soil of the Tangjiao landslide shows a nonmonotonic shear rate dependency of the residual
strength, i.e., a weak negative shear rate dependency (fitted by an exponential law), followed by a
significant positive shear rate dependency (fitted by a linear law). The transition of shear rate dependency

may be due to the change in the shear mode when the shear rate exceeds a critical value (i.e., 0.5 mm/s).



This complex shear rate dependency of the residual strength regulates the reactivated movement of the
Tangjiao landslide.

3) The intrinsic viscosity of the sliding zone soil of the Tangjiao landslide obtained by back analysis is
approximately 130 times higher than that determined by the ring shear test. This discrepancy between the
laboratory-scale and the field-scale intrinsic viscosities indicates a disparity between laboratory-scale and
the field-scale sliding resistance, which will lead to unreliable prediction of the landside velocities.

4) The SRF model considering the shear rate-dependent frictional strength of sliding zone soil can reproduce
the velocity and displacement of the Tangjiao landslide from the changes in the recorded groundwater level.
When using this model, well-investigated material parameters and accurate recorded groundwater levels

would enhance the prediction reliability and accuracy of landslide behavior.

4.2 On the effects of nanomaterials on the residual shear strength of dry sandy mixtures
It is noted that the content concerning this topic has been published. Here we will also just introduce the abstract
and conclusions. More details could be found in:

»  Shengshan Wu, Gonghui Wang (2024): Mechanical effects of nanomaterials on the residual shear
strength of dry sandy mixtures: Implication for the high mobility of rock avalanches. Engineering
Geology : 107569 (Accepted: May 26, 2024; published online: May 28, 2024)
https://doi.org/10.1016/j.enggeo.2024.107569

4.2.1.Abstract

Nanoparticles found in rock avalanches and natural faults were inferred to be the reason for the ultra-low shear
resistance of the materials along the shear surface. Nevertheless, this inference has not been physically verified
yet. To investigate the role of nanoparticles in the shear behavior of granular materials, we conducted a series of
ring shear tests on silicon dioxide nanoparticles (SN), silica sand (S8), and mixtures of the S8 with different
contents of SN, under varying normal stresses (o) and shear velocities (7). Our results showed that the shear
strength (p) of SN is high when 6 is small (< 215 kPa at our test range), even though the maximum shear velocity
is about 210 cm/s, but shows a great decrease under higher 6 (> 619 kPa). The shear strength of mixtures varied
with SN content. For S8 (M0) and the mixture of 10% SN (M10), when sheared under small o, p first decreased
slightly with increasing / when V is smaller than 1 cm/s, after that it increased slightly with further increase of V.
Nevertheless, this kind of shear-rate dependent behavior was not observed in the tests under higher . When the
content of SN in the mixture was <20%, p increased with the increase of SN content. However, with further
increase of SN content, pu decreased. Under high normal stress conditions, distinctive powder rolls were observed
on the shear surface formed on the tests. When the mixtures with lower SN content (<50%), the powder rolls
were not observed. We inferred that powder rolls can be produced under high SN content and high normal stress
conditions, and this structure altered the particle movement mode from sliding friction to rolling resistance,
resulting in a significant decrease in the shear strength. These findings provide valuable insights into the shear
behavior of granular materials with nanoparticles and then provide evidence for a better understanding of the

high mobility of rock avalanches.

4.2.2.Conclusions:

To clarify the role of nanoparticles in shear behavior and investigate their potential as lubricants to weaken



shear strength during high-velocity shearing, we conducted a series of ring shear tests on SN, S8, and mixtures
of the two, under varying normal stresses and shear velocities. The following conclusions can be drawn from
our study:

1. The shear resistance of pure nanomaterial SN is high and stable at lower normal stress levels,
even though the maximum shear velocity is approximately 210 cm/s. However, with the increase
of applied normal stress (619 and 1030 kPa in this study), the shear resistance decreases
significantly.

2. The shear strength of the mixtures of S8 depends on the SN content. When the SN content is less
than 20%, the shear strength of the mixture increases with SN content. However, a further increase
of SN in the mixture will result in a significant reduction in the shear strength. These results
indicate the different roles of SN in the shear behavior of the mixture, namely, the SN with less
content will reduce the void space, resulting in the increase in the contacting areas of grains,
while further increase of SN in the mixture will result in the fact that the main shear behavior will
be mainly controlled by the nanoparticles.

3. The SEM observation on the shear surfaces formed in the tests on SN and mixtures of S8 with
high content of SN under higher normal stress (619 and 1030 kPa) revealed the formation of
powder rolls laying above the sliding surface and being perpendicular to the sliding direction.
When the applied normal stress or the content of SN in the mixtures is higher, the presence of
powder rolls becomes denser. Therefore, it is inferred that the significantly lowered shear strength
of SN or mixtures with higher content of SN under higher normal stress results from the formation

of these powder rolls, which enable the particle movement mode from sliding to rolling.

Finally, it is noted that although our test results showed that the shear resistance of the mixtures can suffer from
significant reduction when the applied normal stress or the content of nanoparticles is high enough, the
application of our test results to natural rock avalanches needs further scrutiny. In most cases the rock avalanches
featured by large scale enable the displaced materials to be loaded by high normal stress during the transportation
due to the great thickness, however, the content of nanoparticles in the sliding mass (or along the sliding zone)
will be a key issue in affecting whether the weakening mechanism as shown in Fig. 5 can occur or not.
Nevertheless, our results provide insight into understanding the possible roles of nanoparticles in the
hypermobility of rock avalanches, because the threshold of nanoparticle content in the mixture could be different
under differing normal stress, and the content of nanoparticles may increase due to the continuous pulverization
of rocks with the progress of movement. The threshold of nanoparticle content may also be differing for different
types of nanoparticles. Concerning this, further study by using different types of nanoparticles will be necessary

and are undergoing.
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