
Investigating the Influences of  Various Complexity of  Hydrogeological Models on 

Pore Water Pressure Buildup Triggered by Seismic Wave Propagation

Name: Agustina Shinta Marginingsih

Advisor: Prof. Shih-Jung Wang

Date:2022/10/07



Pore Water Pressure and Soil Liquefaction

Introduction

This mechanism can be stated by the principle of  effective stress, introduced by Van Terzaghi (1936):

σ′=σ−p

When the pore water pressure increase the effective stress is decrease and full liquefaction occurs when 
the effective stress is equal to 0, where,

σ=p

σ ‘: Effective stresses

σ : Total stress

p : Pore-water pressures

Ground failure or loss of strength that causes soil to behave temporarily as

a viscous liquid.

The phenomenon occurs in water-saturated unconsolidated soils affected by

seismic which cause ground vibrations during earthquakes.

Source: https://www.britannica.com/science/soil-liquefaction
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Before Liquefaction After



Seismic Wave Propagation in Soil Layer

(Huded et al. 2020)

Example:

The seismic waves propagate from bedrock are modified by the presence of  layered soil. Recent studies have shown that the 

presence of  a liquefiable soil layer can significantly reduce inertial load. Liquefaction of  soil layer prevents the transmission of  

seismic waves acting as shield protecting the above layers (Huded et al. 2020).
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Do you see the difference between the input acceleration

(Kobe Earthquake of 1995) and the acceleration

measured on the ground surface?

This study shows how seismic waves modified by the presence of  

liquefiable soil layers.

Traditional Study:

Homogeneous system

Perfect layer system

How about various hydrogeological models?



Vertical Displacement (Ground Settlement)

Example 2:

The generation of  excess pore water pressure takes the main role in the ground settlement mechanisms which is excess pore water 

pressure dissipation will induce the ground settlement. In the undrained saturated sand, the volume condition is maintained 

because there is no drainage to let the excess pore water pressure dissipate, and vice versa (Bray and Seed, yrs)
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Rahmani et al. (2012) try to compare the experiment

(centrifuge test) and the numerical analysis for the ground

settlement.

Example 1:

Luque, R., & Bray, J. D. (2017) try to analyze non-uniform

ground settlement in area under the structure (Interior

Column) and ‘free field’ area (Exterior Column).



Finite Element Method

The basic equation for the time-dependent movement of  a volume under the influence of  a dynamic load is described 

by (Galavi, 2013):
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Where:

𝑀 = Mass matrix

𝑢 = Displacement vector

𝐶 = Damping matrix 

𝐾 = Stiffness matrix 

𝐹 = Dynamic force vector 

𝑴 ∙ ሷ𝒖 + 𝑪 ∙ ሶ𝒖 + 𝑲 ∙ 𝒖 = 𝑭



UBC-Sand Model

Elastic Response 

Where:

𝐾𝐺
𝑒 = Elastic shear modulus number

𝑛𝑒 = Elastic shear modulus index

𝑃𝑟𝑒𝑓 = Reference pressure (atmospheric pressure)

𝑃′ = Effective confining pressure

𝑃𝑡 = Maximum shear stress

𝜈 = Poisson’s ratio

Assumed to be isotropic and specified by 

elastic shear modulus (𝐺𝑒) and bulk modulus (𝐵𝑒):
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Plastic Response

Where:

𝜏 = Current shear stress

𝜏𝑓 = Failure shear stress

𝑅𝑓 = Failure ratio

𝑛𝑝 = Elastic shear modulus index

𝐺𝑖
𝑃 = 𝛼𝐺𝑒 and 𝛼 depends on relative density

Plastic shear modulus (𝐺𝑝):  

The UBC-SAND model is a simple elastoplastic stress/strain model for simulating the liquefaction phenomenon of  sand 

with a relative density less than 80%.



Study Area
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• Identify the wave propagation in various hydrogeological models

• Assess the dynamic distribution of  displacement and pore water pressure

• Discuss the liquefaction events based on the assessment result

Objectives
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Flow Chart:

Methodology

Fault systemPerfect layer system Lens System

Boundary condition and parameter setting

Dynamic displacement and pore water pressure 

simulation

Assess the acceleration behavior and the 

distribution of  displacement and pore water 

pressure

Assess the soil liquefaction events
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Simplified Synthetic Hydrogeological Model

Real case model

Study area: Hsin-Hwa, Tainan City, Taiwan

Shallow Hydrogeological 

Soil Profile

Deep Hydrogeological 

Soil Profile



Model Set up

Soil ParameterSimplified Synthetic 

Hydrogeological Model 

Input and Boundary condition
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Cross Section Simplified

Perfect Layer System

Pinch-out (Fault 

Dislocation) System 

Lens (Riverbed 

Deposit) System (Lu et al. 2020)



Soil ParametersSimplified Synthetic 

Hydrogeological Model 

Input and Boundary condition

Modulus of  elasticity (E) 877 kN/m2

Elastic shear modulus number (𝐾𝐺
𝑒) 1,100

Elastic shear modulus index (ne) 0.5

Plastic shear modulus number (𝐾𝐺
𝑝

) 310

Plastic shear modulus index (np) 0.4

Poisson’s ratio 0.1 

Undrained Poisson’s ratio 0.495

Unit weight (𝛾𝑢𝑛𝑠𝑎𝑡) 18 kN/m3

Unit weight (𝛾𝑠𝑎𝑡) 20 kN/m3

Cohesion (c) 0 kPa

Peak friction angle (∅𝑝) 33.8

Constant volume friction angle (∅𝑐𝑣) 33

Earth pressure coefficient (𝐾0) 1

Post liquefaction calibration 0.6

Reference pressure (𝑃𝑟𝑒𝑓) 100 kN/m2

Failure ratio (𝑅𝑓) 0.9
(Huded et al. 2020)

Sand Layer:
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Model Set up



Soil ParametersSimplified Synthetic 

Hydrogeological Model 

Input and Boundary condition

Modulus of  elasticity (E) 8500 kN/m2

Poisson’s ratio 0.3

Undrained Poisson’s ratio 0.495

Unit weight (𝛾𝑢𝑛𝑠𝑎𝑡) 16 kN/m3

Unit weight (𝛾𝑠𝑎𝑡) 20 kN/m3

Cohesion (c) 10 kN/m2

Frictional angle (∅) 20

Dilatancy angle (𝜓) 0

Earth pressure coefficient (𝐾0) 1

(Huded et al. 2020)

Clay Layer:
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Model Set up

Rock: Modulus of  elasticity (E) 8,011.000 kN/m2

Poisson’s ratio 0.3

Undrained Poisson’s ratio 0.495

Unit weight (𝛾𝑢𝑛𝑠𝑎𝑡) 22 kN/m3

Unit weight (𝛾𝑠𝑎𝑡) 22 kN/m3

Cohesion (c) 10 kN/m2

Frictional angle (∅) 20

Dilatancy angle (𝜓) 0

Earth pressure coefficient (𝐾0) 1



Soil ParameterSimplified Synthetic 

Hydrogeological Model 

Input and Boundary Condition

Driving Seismic Wave

• The wave simulation will use the sinusoidal (a max: 0.2 g) wave as input. 

• The sinusoidal wave will be generated 20 s at the bottom of  the domain horizontally. 
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Model Set up
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Soil ParameterSimplified Synthetic 

Hydrogeological Model 

Input and Boundary Condition

Model Set up

Boundary Condition Sketch
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Undrained Condition Drained Condition

Saturated Medium
2D

Saturated Medium

2D



Soil ParameterSimplified Synthetic 

Hydrogeological Model 

Input and Boundary Condition

Model Set up

Boundary Condition for Displacement

15

• Surface: soil and water free to move in y direction

• Side: soil and water are free to move in x and y directions

• Base: free to move to the x direction, the vertical displacement is fixed

(Taiebat,2020)

Saturated Medium

2D



Excess Pre Water Pressure



Perfect Layer System
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Drained Pinch-out (Fault Dislocation) System 
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Undrained Pinch-out (Fault Dislocation) System 
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Drained Lens (Riverbed Deposit) System
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Undrained Lens (Riverbed Deposit) System
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Drained Excess Pore Water Pressure Ratio

(Unjoh, 2012)

Result comparison
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Perfect Layer System Lens (Riverbed Deposit) SystemPinch-out (Fault Dislocation) System

Input Acceleration



Vertical Displacement and Drained Simplify Hydrogeological Model
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Perfect Layer System Lens (Riverbed Deposit) SystemPinch-out (Fault Dislocation) System

Result comparison
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The accumulation of pore water pressure at the corner

sand layer leads to the higher ground settlement.



Real Case 1: Shallow Hydrogeological Soil Profile
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• Surface: soil and water free to move in the y direction

• Side: soil and water are free to move in x and y directions (No absorbent boundary)

• Base: free to move to the x direction, the vertical displacement is fixed 

(roller boundary) 
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Real Case 2: Deep Hydrogeological Soil Profile
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Boundary Condition Set-up

• Surface: soil and water free to move in the y direction

• Side: soil and water are free to move in x and y directions 

(No absorbent boundary)

• Base: free to move to the x direction, the vertical displacement is fixed 

(roller boundary) 
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29=Analysis Point
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Acceleration and Hydrogeological Model Complexity
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Perfect Layer System
Lens (Riverbed Deposit) 
System

Pinch-out (Fault Dislocation) 
System

Result comparison (Undrained Condition)
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Profile

Shallow Hydrogeological Soil 

Profile

Input Acceleration

0

-0.1

-0.2

0.2

0.1

52.5 7.5 10

Time (s)

A
c
ce

le
ra

ti
o

n
 (

g
)

Homogeneous Clay Layer 

-0.15

0.083

-0.034

0.024

-0.093

t = 0.66 s

Clay

The acceleration decreases due to soil liquefaction and

the frequency increase due to the complexity of the

hydrogeological model (reflection of the wave

propagation).



Conclusions
• Pore water pressure generation: 

The presence of the angle in the pinch-out, lens, and real case system led to an accumulation of pore

water pressure in the corner area, which has a high potential to reach the liquefaction limit.

• Horizontal acceleration: 

Results prove the presence of sand layer altered (decrease) the wave propagation. The complexity of the

hydrogeological model affects the frequency of the acceleration.

• Vertical displacement:

The pinch-out system has non-uniform ground settlement as well as the lens system which lead the

higher risk for the building to collapse due to soil liquefaction.

So, the difference in the geological model significantly affected the transient behavior of  acceleration, pore water 

pressure, and vertical displacement.
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Thank You 



Soil ParameterSimplified Synthetic 

Hydrogeological Model 

Input and Boundary Condition
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Model Set up

Absorbent boundary equation: 

Where:

𝑓𝑥, 𝑓𝑦= Tractions added 

𝜌 = Density

𝑐𝑝, 𝑐𝑠= P-wave and S-wave velocity

𝑣𝑚 = Velocity of  model boundary

𝑣𝑓𝑓 = Velocity of  free field domain

𝐴 = Domain Area

𝜆 = Volume modulus

𝐺 = Shear modulus (𝐺 = Τ𝐸 2 1 + 𝜈 )

൯𝑓𝑥 = −𝜌 𝑐𝑝(𝑣𝑥
𝑚 − 𝑣𝑥

𝑓𝑓

൯𝑓𝑦 = −𝜌 𝑐𝑠(𝑣𝑦
𝑚 − 𝑣𝑦

𝑓𝑓

𝑐𝑝 = 𝜌𝐴
𝜆 + 2𝐺

𝜌

𝑐𝑠 = 𝜌𝐴
𝐺

𝜌





Problem 2
Sand Layer:

Clay Layer:

(Borowiec, 2016)

Stiffness drastically decreases



Comparison
Excess Pore Water Pressure Ratio
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: Top Left

: Bottom Left

: Top Right

: Bottom Right

: Top Sand Layer

: Bottom Sand Layer

Popescu, 2006 

Perfect Layer System



Undrained

Undrained

Undrained

Drained
Sand

Clay

Clay

Sand

Sand

Clay

Sand

Clay

Expectation:

Undrained: Drained:

Problem: this only occurs when the upper layer is

the drained sand layer.

Problem 1
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