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Method of AnalysisMethod of Analysis

FFast ast LLagrangianagrangian AAnalysis of nalysis of CContinuaontinua

• 2-D Finite Difference Program with Dynamic Option

• Advantages with respect to other available codes:

• Commercially available

• USACE experience (8 Districts)

• Programming language that enables the user to define new variables and 
functions, including the option to use user-defined constitutive models other 
than those included with FLAC
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FLAC Constitutive ModelsFLAC Constitutive Models

Rock: elastic model (built in FLAC)

All non-liquefiable materials and all materials in post-
liquefaction stage with residual strength:
Mohr-Coulomb model         (built in FLAC)

Liquefiable materials:
– Corps does not use Finn/Byrne model built in FLAC
– User-written constitutive models: -

 

URS
-

 

UBCSAND
-

 

UBCSAND 904aR (C++)
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Empirical Liquefaction AssessmentEmpirical Liquefaction Assessment
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Existing Dam Evaluation -
 
MeshExisting Dam Evaluation -

 
Mesh

FLAC Mesh at Station 28+50:FLAC Mesh at Station 28+50:
•• Should accommodate any future Should accommodate any future 
additions (additions (bermsberms, buttress), buttress)

•• 66--8000 quadrilateral zones8000 quadrilateral zones
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Existing Dam Evaluation -
 
ModelsExisting Dam Evaluation -

 
Models

UBCSANDUBCSAND UBCSANDUBCSAND

MohrMohr--CoulombCoulomb

MohrMohr--CoulombCoulomb
ElasticElastic

Constitutive models:Constitutive models:

•• elasticelastic

•• MohrMohr--CoulombCoulomb

•• UBCSAND 904aR (C++)UBCSAND 904aR (C++)
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Post-Liquefaction StabilityPost-Liquefaction Stability

Switch UBCSAND model to Mohr-Coulomb model in all liquefied zones 
(ru > 0.7 at any time during dynamic loading)
Reduce strength to post-earthquake condition (residual strength), Sr
Drop stiffness to post-liquefaction value: Gmax = 10 Sr
B = 100 Gmax 
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Summary of N1,60
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RESIDUAL STRENGTH
 of Liquefied Materials

 

RESIDUAL STRENGTH
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Construction and Reservoir Filling SimulationConstruction and Reservoir Filling Simulation

6) Construct modified embankment dam
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Existing Embankment EvaluationExisting Embankment Evaluation

Materials Materials 
and FLAC and FLAC 

MeshMesh

Steady Steady 
State State 

Seepage Seepage 
ConditionCondition
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Vertical Vertical 
Displacement Displacement 
(Contours at (Contours at 

55--foot foot 
intervals)intervals)

Maximum Maximum 
Shear Strain Shear Strain 
IncrementIncrement

Existing Embankment Evaluation (MCE)Existing Embankment Evaluation (MCE)
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Materials Materials 
and FLAC and FLAC 

MeshMesh

Steady Steady 
State State 

Seepage Seepage 
ConditionCondition

Remediation Alternatives: 
#1 - Downstream Modification (1) 

Remediation Alternatives: 
#1 - Downstream Modification (1)
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Maximum Maximum 
Excess Excess 
Pore Pore 

Pressure Pressure 
RatioRatio

Horizontal Horizontal 
Displacement Displacement 

Contours Contours 

(5(5--foot foot 
intervals)intervals)

Downstream Modification (2)Downstream Modification (2)
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Vertical Vertical 
Displacement Displacement 
(Contours at (Contours at 

55--foot foot 
intervals)intervals)

Maximum Maximum 
Shear Strain Shear Strain 
IncrementIncrement

Downstream Modification (3)Downstream Modification (3)
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Remediation Alternatives:
 #2 –

 
Upstream-Downstream Modification
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Upstream-Downstream Modification

Extent of Extent of 
liquefactionliquefaction

((rruu

 

> 0.7)> 0.7)

Deformed Deformed 
shape and shape and 
horizontal horizontal 

displacement displacement 
contours (1 ft)contours (1 ft)

Vertical Vertical 
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cements cements 
(1 ft int.)(1 ft int.)
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CONCLUSIONSCONCLUSIONS
•• FLAC, in conjunction with UBCSANDFLAC, in conjunction with UBCSAND--RevisedRevised

 

constitutive model provides constitutive model provides 
both state of practice and state of art evaluation of the seismiboth state of practice and state of art evaluation of the seismic c 
deformations of the embankment dam, instrumental for both evaluadeformations of the embankment dam, instrumental for both evaluation of tion of 
the existing dam and the remediation design.the existing dam and the remediation design.

•• Parameter uncertaintyParameter uncertainty

 

effect requires parametric analyses to evaluate the effect requires parametric analyses to evaluate the 
sensitivity of the model to input parameters and to develop a rasensitivity of the model to input parameters and to develop a range of nge of 
potential response over a likely range of input parameters.potential response over a likely range of input parameters.

•• Parameters that have been identified as important include: Parameters that have been identified as important include: site site 
characterization with soil parameters, the earthquake time histocharacterization with soil parameters, the earthquake time historyry, , polarity polarity 
of the time historyof the time history, , selection of the residual strengthselection of the residual strength, and , and the reservoir the reservoir 
levellevel

 

at the time of earthquake occurrence.at the time of earthquake occurrence.

•• Acceptable deformations are ensured by various remediation optiAcceptable deformations are ensured by various remediation options.  ons.  
Selection of the preferred variantSelection of the preferred variant

 

should also consider economic, should also consider economic, 
constructability, and quality control aspects.constructability, and quality control aspects.
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