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 Failure mechanisms

 Failure process 

 Large deformation behavior

Maokong Gondola,Taipei. in 2008

Natural disaster

 Heavy rainfall 

 Earthquake

Wulai, New Taipei, in 2015

Disaster mitigation and 

prevention plan

 Influence area 

People ?

House ?

Road ?

Infrastructures?
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1. Introduction of MPM
Large Deformation Problem in Geotechnical Engineering 
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1. Introduction of MPM
Large Soil Deformation
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1. Introduction of MPM
Basic FEM Approaches

Difficulties with mesh distortion
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1. Introduction of MPM
Mesh Distortion in Classical FEM
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1. Large-scale failure analysis based on continuum description of material flow 
using an Eulerian–Lagrangian approach

2. Capable of simulating from the beginning of the process (small displacement 
regime) to the very end, after extremely large deformation

3. The implementation is intuitive for users of FEM

4. The application of boundary conditions is more straightforward than other mesh-
free methods

5. Equipped with history-dependent soil constitutive models (stress history)

6. Capable of simulating dynamic coupled hydro-mechanical process of soil and 
water interaction

Soga, K., et al. (2016). "Trends in large-deformation analysis of landslide mass movements with particular emphasis on the material point 
method." Géotechnique 66(3): 248-273.

8

1. Introduction of MPM
Advantages of MPM
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LEM

LEM FEM DEM MPM

Failure mechanisms O O O O

Failure process X O O O

Post-failure behavior X X O O

Large deformation X X O O

Factor of safety O O X X

Constitutive model X O X O

Coupled hydro-mechanical X O X O

Software SLIDE PLAXIS PFC3D Anura3D

FEM
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1. Introduction of MPM
Comparison with Other Numerical Methods
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1. Introduction of MPM
MPM Examples

NTU Civil Engineering Geotechnics for Disaster Prevention and Sustainability Lab.

Sliding Blocks
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https://youtu.be/wMGpr7yOZPA
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1. Introduction of MPM
MPM Examples
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Column Collapse
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https://youtu.be/JoHCT5i1SNM
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1. Introduction of MPM
MPM Examples

NTU Civil Engineering Geotechnics for Disaster Prevention and Sustainability Lab.

Overtopping Induced Dike Failure
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https://www.youtube.com/watch?v=fZtAHRWwJ30
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1. Introduction of MPM
MPM Examples
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Debris Flow acting on Dam
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https://youtu.be/AjbE_0KcL_A
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1. Introduction of MPM
MPM Examples
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Earthquake induced Landslide



Eulerian 

mesh

Lagranian

points

Material 

point 

method
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1. Introduction of MPM
Computational Procedure 



ATC 3 & 10NTU Geo-Environmental and Geo-Disaster Engineering Lab

2. Background of the Guanghua Landslide
History of Sliding Activity

-Since 2002, slowly sliding

-2018, investigation and monitoring

-2021.1, sliding accelerated 

(100~200 mm/day)

-2021.5, movement slowdown  

-2021.8,  Return to a stable state

NTU Civil Engineering Geotechnics for Disaster Prevention and Sustainability Lab.
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2. Background of the Guanghua Landslide
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2. Background of the Guanghua Landslide
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2. Background of the Guanghua Landslide
Slope Profile and Subsurface layers
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Inclinometer

Piezometer

Satellite Imagery

Borehole Rod 

Extensometer

UAV

Extensometer

Subsurface (upper slope):
1. Inclinometer
2. Borehole soil sampling
3. Borehole rod extensometer
4. Piezometer
5. Ground resistance

Ground surface:
1. Lidar -> Digital elevation model DEM (1 m) 
2. Historical Satellite imagery
3. UAV imagery
4. Global Navigation Satellite Systems (GNSS)
5. Extensometer
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2. Background of the Guanghua Landslide
Field Investigation
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Instrumentations and Monitoring

2. Background of the Guanghua Landslide
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Topographic Constraints

2. Background of the Guanghua Landslide
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Topographic Constraints

2. Background of the Guanghua Landslide

without Topographic constraints with Topographic constraints

NTU Civil Engineering Geotechnics for Disaster Prevention and Sustainability Lab.
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1. Subsurface investigations for the lower slope is not feasible because the lower slope is very 

steep.

2. The lack of subsurface data can lead to a less comprehensive understanding of landslide 

potential, ultimately affecting the accuracy of landslide hazard and risk assessments. 

3. The slope displacement unexpectedly began to decelerate in May 2021 and then returned to 

a stable state; however, the reason was not clear. 

2. Background of the Guanghua Landslide

Challenges

NTU Civil Engineering Geotechnics for Disaster Prevention and Sustainability Lab.
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1. A single profile cannot represent the Guanghua landslide 

behavior.

2. The landslide area has clear boundaries and a constricted 

lower slope.

3D MPM analyses are conducted to:

1. Investigate the post-failure process and kinematic behavior of 
the landslide (the depth of failure surface, the volume of 
sliding mass, and the extent of landslide's influence).

2.  Evaluate the 3D effects of the topographic constraint on the 
landslide kinematics.

3. Objectives of the 3D Analysis

Objectives

Limitations of 2D Analysis

NTU Civil Engineering Geotechnics for Disaster Prevention and Sustainability Lab.
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✓

邊坡崩塌災害多尺度作業與判釋流程圖

預測分析
釐清崩塌機制與運動行為，
並建立客製化邊坡早期災
害預警與應變機制

量化邊坡變形速率與滑動深度
以評估潛在崩塌風險

細部監測

廣域篩選

初步辨識具崩塌潛勢
之斜坡區域或單元

能建立監測資料（如降雨、水位、位移）
與安全係數之相互關聯性

需足夠地形與土層參數

需高效能運算資源

✓ 能即時獲得真實性資訊

僅能獲得空間上有限資訊

設備需定期維護

覆蓋範圍廣、監測效率高

無法掌握地層內部資訊

易受氣候與植被干擾

✓

3. Objectives of the 3D Analysis
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Peng, Y.P., Yang, K-H, Lee, W.L., Rus, T.Y., Cheng, S-

H., Wang, J-Y., and Kuo, C-P. (2025) “Three-

Dimensional Material Point Analyses of Guanghua

Landslide influenced by Topographical 

Constraints”, Landslides.
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4. 3D Model and Validation

3D Geometric Model
AutoCAD, GiD

Model Setting
Parameters, boundary conditions, MPs

NTU Civil Engineering Geotechnics for Disaster Prevention and Sustainability Lab.
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Property Unit Colluvium Fractured argillite Intact argillite

Type of analysis
Saturated

Fully Coupled

Saturated

Fully Coupled
Dry

Constitutive model Mohr-Coulomb Mohr-Coulomb Linear-Elastic

Unit weight, g kN/m3 20.1 26.5 26.5

Porosity, n - 0.3 0.3 0.1

Cohesion, c′ kPa 35 60 -

Friction angle, 𝜙′ ° 25 25 -

Poisson ratio, v - 0.3 0.3 0.3

Young’s modulus, E′ MPa 7 420 6,900

Saturated permeability, ks m/s 10-3 10-4 -

Note: the input permeability values of colluvium and fractured argillite were increased 100 times to speed up 

the computation time of fully coupled analysis 

NTU Civil Engineering Geotechnics for Disaster Prevention and Sustainability Lab.

4. 3D Model and Validation
Soil Parameters
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Lab.

4. 3D Model and Validation
Initial Sliding Depth

Inclinometer reading



4. 3D Model and Validation
Surface Deformation Pattern

Digital Elevation Model (DEM)

2021/3 DEM 2021/8 DEM
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2021.8

K-C3(2021/8)

Road (2021/8)
Road (2021/3)

Predicted: 9.5 m

Measured: 8 m

Measured: 13 m

Predicted: 14 m

K-C3

Road

K-C3(2021/3)

NTU Civil Engineering Geotechnics for Disaster Prevention and Sustainability Lab.

4. 3D Model and Validation
Slope Surface Deformation
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5. Failure Mechanism and Kinematic Behavior

NTU Civil Engineering Geotechnics for Disaster Prevention and Sustainability 

Lab.

Normalized Time Factor t *



ATC 3 & 10NTU Geo-Environmental and Geo-Disaster Engineering Lab

5. Failure Mechanism and Kinematic Behavior
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5. Failure Mechanism and Kinematic Behavior

NTU Civil Engineering Geotechnics for Disaster Prevention and Sustainability Lab.

Shear Band Development
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5. Failure Mechanism and Kinematic Behavior

NTU Civil Engineering Geotechnics for Disaster Prevention and Sustainability Lab.

Displacement Velocity

Displacement and Velocity
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• S1, S2: 2 sides 

 Shear force

• S3, S4: tips

 Normal stress

6. The Topographic Constraints

NTU Civil Engineering Geotechnics for Disaster Prevention and Sustainability Lab.

Normal and Shear Stresses
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6. The Topographic Constraints

NTU Civil Engineering Geotechnics for Disaster Prevention and Sustainability Lab.

Velocity Vectors of Slope Movement
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1. In the 3D analyses, the Guanghua Landslide develops two shear bands during 
the failure process.

2. Initially, the movement of the upper slope dominates, and as the second shear 
band develops and merges with the first one, the individual sliding behavior 
transitions into a whole movement.

3. The 3D analysis demonstrates that the sliding of the lower slope of Guanghua 
gradually stops due to topographic constraints.

4. MPM can effectively analyze the post-failure large deformation behavior and 
the influence of topographic constraints on their sliding.

7. Conclusions

NTU Civil Engineering Geotechnics for Disaster Prevention and Sustainability Lab.
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