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Introduction

• Embankment dam that we will analyze is 66.8 meters in 
height.

• Section includes:
• Clay core
• Sand filter
• Gravel filter
• Gravel shell
• Riprap

Clay Core

Gravel Filter Gravel Shell
Sand Filter

Riprap

Foundation
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Seismic Induced Damages

He and Rahje (2024)

• Three types of damage may occur as a results from 
earthquakes:

• Cracking
• Sliding
• Post-earthquake internal erosion

• Crest deformation is generally a good indicator of the 
damage level. 
(Fell et al., 2000; Swaisgood, 1998)



4

Evaluation of Crest Settlement

He and Rahje (2024)

•

•

•

•

•

•
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Material Properties

Name E (kPa) ν γ (kN/m3) γ_sat 
(kN/m3)

E50ref 
(kPa)

Eoedref
(kPa)

Eurref
(kPa)

Failure
Ratio

Ref.
Pressure

(Pref) (kPa)

Power of
Stress
Level

Dependenc
y

Internal 
Friction 

Angle (Φ)

Dilatency
Angle (Ψ)

Cohesion 
(kPa)

G0ref 
(kPa)

Threshold 
Shear Strain

Permeability 
(m/s)

01A-ClayCore-HSS 40000 0.3 18 19 22000 22000 66000 0.9 100 0.95 18 0 40 64034.8 0.0004 3.00E-08

03A-FilterSand-HSS 45000 0.3 18 19 24750 24750 74250 0.9 100 0.6 35 3 0 134220 0.0075 0.0005

02A-FilterGravel-HSS 55000 0.3 20 21 30250 30250 90750 0.9 100 0.5 40 8 0 134220 0.0075 0.005

04A-GravelShell-HSS 60000 0.3 22 23 33000 33000 99000 0.9 100 0.5 35 8 20 134220 0.0075 0.005

05A-RipRap-HSS 65000 0.3 24 25 35750 35750 107250 0.9 100 0.5 45 13 0 134220 0.0075 0.1

06A-RiverAlluviums-HSS 55000 0.3 20 21 30250 30250 90750 0.9 100 0.5 44 12 0 134220 0.0075 0.01

01A-ClayCore-HSS(Saturated) 40000 0.3 18 19 22000 22000 66000 0.9 100 0.95 18 0 10 64034.8 0.0004 3.00E-08

03A-FilterSand-HSS(Saturated) 45000 0.3 18 19 24750 24750 74250 0.9 100 0.6 35 0 0 134220 0.0075 0.0005

02A-FilterGravel-HSS(Saturated) 55000 0.3 20 21 30250 30250 90750 0.9 100 0.5 40 8 0 134220 0.0075 0.005

04A-GravelShell-HSS(Saturated) 60000 0.3 22 23 33000 33000 99000 0.9 100 0.5 35 3 5 134220 0.0075 0.005

05A-RipRap-HSS(Saturated) 60000 0.3 24 25 33000 33000 99000 0.9 100 0.5 45 13 0 134220 0.0075 0.1

06A-RiverAlluviums-HSS(Saturated) 50000 0.3 20 21 27500 27500 82500 0.9 100 0.5 44 12 0 134220 0.0075 0.005
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Modeling an Earthfill Dam with Construction Stages
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Useful Tools for Modeling
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Auto Change of Saturated Material Parameters
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Auto Change of Saturated Material Parameters
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Results

Analyses 
Type

Maximum Horizontal 
Deformation (m)

Maximum Vertical 
Deformation (m)

End of 
Construction

0.06 0.49

Impoundme
nt

0.05 0.035
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Challenges in Dynamic Stability

The project is in a seismically active zone. 

Recommended PGA value in Seismic Hazard Analysis 

Report was 0.7g.

Initial design of the dam had no benches and slopes 

were too steep. Thus, factor of safety in pseudo-static 

method is lower than 1.

We lowered the steepness of the slopes and put a 

bench in the middle of it. It effected the dynamic 

stability greatly.

Static methods cannot capture 

oscillatory nature of earthquake 

ground motion, so dynamic 

analysis in a finite element 

software assess the seismic 

performance of the slopes better 

than limit-equilibrium methods.
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Dynamic Analysis
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Sloshing Fluid Boundaries
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Sloshing Fluid Boundaries
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Eigenvalue Analysis
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Eigenvalue Analysis
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Boundary Conditions for Dynamic Analysis
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Boundary Conditions for Dynamic Analysis
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Preparation of Dynamic Step of Construction Stages
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Defining SRM Inclusion & Post-Earthquake SRM Analysis
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Results of Dynamic Analysis
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Evaluation of the Results
Analysis Type Earthquake Vertical Disp. (m)

Relative Settlement 
(%)

Minor Damage

End of 
Construction

Tabas Iran H1 0.54 0.78 Major
Tabas Iran H2 0.38 0.55 Major

Loma Prieta H1 1.07 1.56 Severe
Loma Prieta H2 0.27 0.39 Moderate
Northridge H1 0.21 0.31 Moderate
Northridge H2 0.21 0.31 Moderate

Impoundment

Tabas Iran H1 0.75 1.09 Major
Tabas Iran H2 0.77 1.12 Major

Loma Prieta H1 1.08 1.57 Severe
Loma Prieta H2 0.54 0.78 Major
Northridge H1 0.27 0.39 Moderate
Northridge H2 0.43 0.63 Major

Analysis Type Earthquake Vertical Disp. (m)
Relative Settlement 

(%)
Minor Damage

Moderate 
Damage

Severe Damage

End of 
Construction

Tabas Iran H1 0.54 0.78 1.00 0.71 0.12

Tabas Iran H2 0.38 0.55 1.00 0.57 0.06

Loma Prieta H1 1.07 1.56 1.00 0.89 0.34

Loma Prieta H2 0.27 0.39 1.00 0.44 0.03

Northridge H1 0.21 0.31 0.99 0.34 0.01

Northridge H2 0.21 0.31 0.99 0.34 0.01

Impoundment

Tabas Iran H1 0.75 1.09 1.00 0.81 0.21

Tabas Iran H2 0.77 1.12 1.00 0.82 0.22

Loma Prieta H1 1.08 1.57 1.00 0.89 0.34

Loma Prieta H2 0.54 0.78 1.00 0.71 0.12

Northridge H1 0.27 0.39 1.00 0.44 0.03

Northridge H2 0.43 0.63 1.00 0.62 0.08
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Results of SRM

Analysis Type Earthquake
F.S. After Earthquake 

with SRM

End of 
Construction

Tabas H1 2.75

Tabas H2 3.2

Loma Prieta H1 2.1

Loma Prieta H2 2.5

Cape Mendocino H1 3.05

Cape Mendocino H2 2.8

Impoundment

Tabas H1 2.9

Tabas H2 2.5

Loma Prieta H1 3.4

Loma Prieta H2 3

Cape Mendocino H1 2.8

Cape Mendocino H2 2.65
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