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Introduction, slate belt of Taiwan

>

Deep-seated gravitational
slope deformation (DSGSD)
dominated by cleavage is
widely distributed.
Landslide prone area from
disaster history.

Contain half of key large
landslides of Taiwan.
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Introduction, study area: Chingjing region, Taiwan
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Introduction, why is the Chingjing region
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Introduction, motivations & objectives

Motivation:

» DSGSDs originate from deep structure regulation, then manifest slope
morphology changing, and could transfer into rockslides.

» In the study area, large landslides recognized previously seem to be at
different stages in the DSGSD process.

Objective:

» The geological models of the large landslides in the study area were
inferred mainly based on borehole data and inclinometers. Can the
geological model be supported by mechanical modeling and provide
more information on the DSGSD process?

» Large landslides in the study area have been monitored mainly based on
GNSS. A survey approach with higher spatial coverage is necessary to
assist the identification/characterization of the DSGSD’s activity.



Methodology, distinct element modeling

Rock mass properties described by Discontinuity properties for
Mohr-Coulomb constitutive model (Weng et al., 2017, 2022) the Mohr-Coulomb constitutive law
UDEC e\ ceovre I T T
Distinct-Element Modeling of
Jointed and Blocky Material in 2D Joj Density 2,700 kg/m3 Normal stiffness 5.00 GPa
(Itasca Consulting Group, Inc., 2018)
H X K Bulk modulus 5.00 GPa ki Shear stiffness 5.00 GPa
Y
Incision block
C Cohesion 132.43 kPa o Tension 0 MPa
o, Tension 131.90 kPa O Friction angle 10 °
® Friction angle 34 °
H/2 Set-up for the parametric study
q I o Y o
H/2 Slope angle
B Joint dip angle 60 80 10 °
[ A
Tk, H Slope height 200 400 100 m
@ Mesh element ke
(Zone) " >  Focus on the models with 35" and 40’ slope angles, 80
Deformable block  Joint contact cleavage dip angle and 300-m slope height in the following.



Results, DSGSD process
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Results, internal structures of the DSGSD
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Results, evidences from the boreholes Basal shear zone
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Methodology, PSInSAR analysis
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(a ) Ascending orbit track Descending orbit track

> Sentinel-1 A

> Time interval:
2018 — 2020 (3 years)

Number of images:
* 90 for ascending track
e 87 for descending track

> Processors:

 stacking of coregistered:
ISCE2 (Fattahi et al., 2017; Rosen
et al., 2012)

e time-series analysis:
StaMPS (Hooper et al., 2004

[ ] Image frame
of ascending orbit

Image frame A
of descending orbit
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Results, validation of the PSInSAR products A0 A 1 # T e
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Results, kinematic movement & present-day activity "

Dip-in or
daylight
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DSGSD
Dingyuan

DSGSD
Shouting
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Results, DSGSD characterization
from PSInSAR products
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Concluding remarks

Distinct element modeling:

v’ captures the full process of DSGSD in the cataclinal slopes (cleavage dip direction
parallels to the topographic downslope direction)

v’ reproduces the features of deep structures and basal shear zone observed in the
borehole data

v’ recognizes the kinematic movement of DSGSD process at any location in a slope

PSInSAR analysis:

v’ provides high spatial coverage velocity data to improve delineation

v' demonstrates the characterization of DSGSD stage based on kinematic movement
(decomposed displacement vectors)

v’ sheds light on future monitoring strategy for DSGSDs in the slate belt of Taiwan
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