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PurposePurposePurpose

Provide Overview of 
How T-wall Design 
Procedure Was 
Developed so 
Designers 
Understand its Basis 
and Limitations
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OutlineOutlineOutline

• FLAC Overview
• GeoMatrix numercial analyses and report 
• Product Delivery Team (PDT) analyses
• FLAC to Design Procedure

•• FLAC OverviewFLAC Overview
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•• FLAC to Design ProcedureFLAC to Design Procedure
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Soil Structure Interaction and Load Transfer 
Mechanism of Pile Supported T-Walls 

in New Orleans, LA
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FLAC 
(Fast Lagrangian Analysis of Continua)

FLAC FLAC 
(Fast (Fast LagrangianLagrangian Analysis of Continua)Analysis of Continua)

Two-dimensional continuum code for modeling soil, 
rock and structural behavior. 

• General Program – model together soil, structure, 
pressures, etc. to evaluate deformation, loads 
stresses

• Linear or Non-linear soil models
• Mohr-Coulomb (bilinear: linear elastic perfectly plastic LEPP)
• Fully non-linear

• Soil Structure Interaction
• Factor of Safety (c-phi reduction technique)

TwoTwo--dimensional continuum code for modeling soil, dimensional continuum code for modeling soil, 
rock and structural behavior. rock and structural behavior. 

•• General Program General Program –– model together soil, structure, model together soil, structure, 
pressures, etc. to evaluate deformation, loads pressures, etc. to evaluate deformation, loads 
stressesstresses

•• Linear or NonLinear or Non--linear soil modelslinear soil models
•• MohrMohr--Coulomb (bilinear: linear elastic perfectly plastic LEPP)Coulomb (bilinear: linear elastic perfectly plastic LEPP)
•• Fully nonFully non--linearlinear

•• Soil Structure InteractionSoil Structure Interaction
•• Factor of Safety (cFactor of Safety (c--phi reduction technique)phi reduction technique)
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T-Wall Product Delivery Team (PDT)TT--Wall Product Delivery Team (PDT)Wall Product Delivery Team (PDT)

Headquarters
• Anjana Chudgar, P.E.
• Don Dressler, P.E.

ERDC
• Reed Mosher, Ph.D.
• Noah Vroman, P.E.
• Ronald Wahl
• Don Yule, P.E.

GeoMatrix
• C. Y. Chang 
• Faiz Makdisi, Ph.D, P.E.
• Z. L. Wang  

HeadquartersHeadquarters
•• AnjanaAnjana ChudgarChudgar, P.E., P.E.
•• Don Dressler, P.E.Don Dressler, P.E.

ERDCERDC
•• Reed Mosher, Ph.D.Reed Mosher, Ph.D.
•• Noah Noah VromanVroman, P.E., P.E.
•• Ronald WahlRonald Wahl
•• Don Yule, P.E.Don Yule, P.E.

GeoMatrixGeoMatrix
•• C. Y. Chang C. Y. Chang 
•• FaizFaiz MakdisiMakdisi, , Ph.DPh.D, P.E., P.E.
•• Z. L. Wang  Z. L. Wang  

New Orleans DistrictNew Orleans District
•• Charles Brandstetter, P.E.Charles Brandstetter, P.E.
•• Thomas Hassenboehler, P.E.Thomas Hassenboehler, P.E.
•• Richard Pinner, P.E.Richard Pinner, P.E.
•• Mark Woodward, P.E.Mark Woodward, P.E.
•• OTHERSOTHERS

Mississippi Valley DivisionMississippi Valley Division
•• AllenAllen Perry, P.E. Perry, P.E. 
•• KentKent Hokens, P.E.Hokens, P.E.
•• Michael Michael NavinNavin, Ph.D., P.E., Ph.D., P.E.
•• NeilNeil Schwanz, P.E.Schwanz, P.E.



One Team:  Relevant, Ready, Responsive and Reliable



08 April 2008 8
One Team:  Relevant, Ready, Responsive and Reliable

Example used in GMX FLAC analysis
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Soil Stratigraphy of GMX FLAC 
analysis
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GMX mesh around the T-Wall
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FLAC and numerical stress-strain analysesFLAC and numerical stressFLAC and numerical stress--strain analysesstrain analyses

Increasingly used to evaluate embankment stability – same FS as 
limit equilibrium methods like Spencer’s Procedure.

Valuable for complex or unusual site conditions.
Piles included as structural elements with p-y and t-z springs.

Increasingly used to evaluate embankment stability Increasingly used to evaluate embankment stability –– same FS as same FS as 
limit equilibrium methods like Spencerlimit equilibrium methods like Spencer’’s Procedure.s Procedure.

Valuable for complex or unusual site conditions.Valuable for complex or unusual site conditions.
Piles included as structural elements with Piles included as structural elements with pp--yy and and tt--zz springs.springs.

Piles connected 
to mesh with 
springs.
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GeoMatrix used the FLAC model to perform 
sensitivity analyses.
GeoMatrixGeoMatrix used the FLAC model to perform used the FLAC model to perform 
sensitivity analyses.sensitivity analyses.

Mohr-Coulomb vs. fully non-linear soil models
Soil modulus values

• Shear modulus ratio based on pressuremeter tests
• Shear modulus ratio based on triaxial tests

Pile – soil spring stiffness
Water load on T-Wall vs. load on ground surface
With and without sheet pile 
Soil strength reduction 

MohrMohr--Coulomb vs. fully nonCoulomb vs. fully non--linear soil modelslinear soil models
Soil modulus valuesSoil modulus values

•• Shear modulus ratio based on pressuremeter testsShear modulus ratio based on pressuremeter tests
•• Shear modulus ratio based on triaxial testsShear modulus ratio based on triaxial tests

Pile Pile –– soil spring stiffnesssoil spring stiffness
Water load on TWater load on T--Wall vs. load on ground surfaceWall vs. load on ground surface
With and without sheet pile With and without sheet pile 
Soil strength reduction Soil strength reduction 
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The two stage loading in GMX report revealed most 
deflections due to water load on the ground surface.
The two stage loading in GMX report revealed most The two stage loading in GMX report revealed most 
deflections due to water load on the ground surface.deflections due to water load on the ground surface.
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DisplacementsDisplacementsDisplacementsDisplacement vectors
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DisplacementsDisplacementsDisplacements
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Axial LoadsAxial LoadsAxial Loads
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Shear in PileShear in PileShear in Pile
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Moment in PileMoment in PileMoment in Pile
Elevation (ft) (* 10
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Investigations by Product Delivery TeamInvestigations by Product Delivery TeamInvestigations by Product Delivery Team

FLAC 2D – using the GMX model 
Plaxis 2D and 3D
UTexas4
Group 7
CPGA
LPile and T-Z pile

FLAC 2D FLAC 2D –– using the GMX model using the GMX model 
Plaxis 2D and 3DPlaxis 2D and 3D
UTexas4UTexas4
Group 7Group 7
CPGACPGA
LPileLPile and Tand T--Z pileZ pile



08 April 2008 23
One Team:  Relevant, Ready, Responsive and Reliable

Investigations with FLAC GMX modelInvestigations with FLAC GMX modelInvestigations with FLAC GMX model

20’ water load on wall
Short piles
Vertical piles
Applied unbalanced load
Strength reduction factor (SRF)

2020’’ water load on wallwater load on wall
Short pilesShort piles
Vertical pilesVertical piles
Applied unbalanced loadApplied unbalanced load
Strength reduction factor (SRF)Strength reduction factor (SRF)
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Vertical pilesVertical pilesVertical piles
How does batter affect pile response?How does batter affect pile response?How does batter affect pile response?
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Applied unbalanced loadApplied unbalanced loadApplied unbalanced load

• Load distributed along left H-Pile above critical 
failure surface.

• Load distributed along all piles above critical 
failure surface.

• Load distributed along full length of all piles.
• Load applied at structure.

• Load distributed along left H-Pile above critical 
failure surface.

• Load distributed along all piles above critical 
failure surface.

• Load distributed along full length of all piles.
• Load applied at structure.
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Strength reduction factor (SRF)Strength reduction factor (SRF)Strength reduction factor (SRF)

FLAC for slope stability
• Performs an automated strength reduction routine
• Matches FS from limit equilibrium analysis 

(UTexas4, Slide, SlopeW)

Questions about T-wall example
• Is the wall still stable with lower soil strengths?
• How does SRF compare to design method?
• How does presence of piles change failure mechanism?

FLAC for slope stabilityFLAC for slope stability
•• Performs an automated strength reduction routinePerforms an automated strength reduction routine
•• Matches FS from limit equilibrium analysis Matches FS from limit equilibrium analysis 

(UTexas4, Slide, (UTexas4, Slide, SlopeWSlopeW))

Questions about TQuestions about T--wall examplewall example
•• Is the wall still stable with lower soil strengths?Is the wall still stable with lower soil strengths?
•• How does SRF compare to design method?How does SRF compare to design method?
•• How does presence of piles change failure mechanism?How does presence of piles change failure mechanism?
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Strength reduction factors (SRF = 2.75)Strength reduction factors (SRF = 2.75)Strength reduction factors (SRF = 2.75)
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Strength reduction factors (SRF)Strength reduction factors (SRF)Strength reduction factors (SRF)
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FLAC Analysis ConclusionsFLAC Analysis ConclusionsFLAC Analysis Conclusions

Presence of sheet pile did not affect pile 
loads or deflections

Battered H-pile much more effective than 
vertical 

H-Piles and T-Wall are Effective in Stabilizing 
the Soil Mass

Presence of sheet pile did not affect pile Presence of sheet pile did not affect pile 
loads or deflectionsloads or deflections

Battered HBattered H--pile much more effective than pile much more effective than 
vertical vertical 

HH--Piles and TPiles and T--Wall are Effective in Stabilizing Wall are Effective in Stabilizing 
the Soil Massthe Soil Mass
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Investigations with Plaxis 3DInvestigations with Plaxis 3DInvestigations with Plaxis 3D

• Flow of soil between piles
• Allowable pile spacing
• Load distribution between pile rows

•• Flow of soil between pilesFlow of soil between piles
•• Allowable pile spacingAllowable pile spacing
•• Load distribution between pile rowsLoad distribution between pile rows
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3-D Plaxis Model Displacements33--D Plaxis Model DisplacementsD Plaxis Model Displacements
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SummarySummarySummary
• T-Walls are a complex SSI problem
• Numerical analyses illustrate SSI 

behavior
• Outside sources willing to supply FLAC 

model add great value to the report
• Goal is to determine practical 

methodology

•• TT--Walls are a complex SSI problemWalls are a complex SSI problem
•• Numerical analyses illustrate SSI Numerical analyses illustrate SSI 

behaviorbehavior
•• Outside sources willing to supply FLAC Outside sources willing to supply FLAC 

model add great value to the reportmodel add great value to the report
•• Goal is to determine practical Goal is to determine practical 

methodologymethodology
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Method DevelopmentMethod DevelopmentMethod Development

Provide Overview of 
How T-wall Design 
Procedure Was 
Developed so 
Designers 
Understand its Basis 
and Limitations

Provide Overview of Provide Overview of 
How THow T--wall Design wall Design 
Procedure Was Procedure Was 
Developed so Developed so 
Designers Designers 
Understand its Basis Understand its Basis 
and Limitationsand Limitations
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Design Method DevelopmentDesign Method DevelopmentDesign Method Development

PDT as shown in early slide

Use existing tools and methods if possible

Replicate FLAC Results

Reasonable Design

PDT as shown in early slidePDT as shown in early slide

Use existing tools and methods if possibleUse existing tools and methods if possible

Replicate FLAC ResultsReplicate FLAC Results

Reasonable DesignReasonable Design
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MethodsMethodsMethods

Various Methods Tried – Reinforced Slope 
Concept

FLAC Models with Applied Lateral Load

Tried Applying Lateral Loads in Ensoft
Group 7

• At Rest Pressure
• Unbalanced Load

Various Methods Tried Various Methods Tried –– Reinforced Slope Reinforced Slope 
ConceptConcept

FLAC Models with Applied Lateral LoadFLAC Models with Applied Lateral Load

Tried Applying Lateral Loads in Tried Applying Lateral Loads in EnsoftEnsoft
Group 7Group 7

•• At Rest PressureAt Rest Pressure
•• Unbalanced LoadUnbalanced Load
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Moment in PileMoment in PileMoment in Pile
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Shear in PileShear in PileShear in Pile
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Design MethodDesign MethodDesign Method

Group 7 Method
• Compute “Unbalanced” Load to Provide Factor of 

Safety 
• Apply Unbalanced Force Directly to Piles
• No lateral soil resistance to critical failure surface
• “Normal” Loads on Wall itself 
• Matched FLAC results.
• Pile Forces Computed Directly

Group 7 MethodGroup 7 Method
•• Compute Compute ““UnbalancedUnbalanced”” Load to Provide Factor of Load to Provide Factor of 

Safety Safety 
•• Apply Unbalanced Force Directly to PilesApply Unbalanced Force Directly to Piles
•• No lateral soil resistance to critical failure surfaceNo lateral soil resistance to critical failure surface
•• ““NormalNormal”” Loads on Wall itself Loads on Wall itself 
•• Matched FLAC results.Matched FLAC results.
•• Pile Forces Computed DirectlyPile Forces Computed Directly
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Method DevelopmentMethod DevelopmentMethod Development

Directly Second FLAC model (18’ Water Elevation) 
also had good correlation with Group 7 Method

Pile Distribution (50% on Lead Pile) selected from 
FLAC results – axial loads not sensitive to this

CPGA approximation developed to help deal with 
the many load cases

Directly Second FLAC model (18Directly Second FLAC model (18’’ Water Elevation) Water Elevation) 
also had good correlation with Group 7 Methodalso had good correlation with Group 7 Method

Pile Distribution (50% on Lead Pile) selected from Pile Distribution (50% on Lead Pile) selected from 
FLAC results FLAC results –– axial loads not sensitive to thisaxial loads not sensitive to this

CPGA approximation developed to help deal with CPGA approximation developed to help deal with 
the many load casesthe many load cases
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CPGA ApproximationCPGA ApproximationCPGA Approximation
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Comparison, Axial LoadsComparison, Axial LoadsComparison, Axial Loads

Deflection Axial Loading in Piles (kips)

(in) Left Middle Right

Group 7, Pervious 0.52 -39.7 91.8 3.6

Group 7, Impervious 0.49 -35.4 89.6 10.7

CPGA, Pervious 0.46 -45.0 100.4 0.6

CPGA, Impervious 0.43 -41.0 97.9 7.8

FLAC 2.21 -32.5 95.7 6.7

Ex 1, Group 7, Pervious 0.53 -39.9 93.5 2.3

Ex 1, Group 7, Impervious 0.49 -35.8 91.5 9.2

Ex 1, CPGA, Pervious 0.66 -46.8 97.2 5.2

Ex 1, CPGA, Impervious 0.61 -42.3 94.4 12.5



08 April 2008 42
One Team:  Relevant, Ready, Responsive and Reliable

Comparison, MomentsComparison, MomentsComparison, Moments

Max + Moment (kip-ft Max - Moment (kip-ft

% Left Middle Right Left Middle Right

Group 7, Pervious 50 23.9 8.75 7.47 -20.6 -17.5 -19.7

Group 7, Impervious 50 24.3 9.17 7.98 -19.8 -16.5 -18.5

FLAC 41.5 28.5 21.6 -15.2 -10.8 -10.8

Ex 1, Group 7, Pervious 50 26.2 9.5 8.2 -21.5 -17.3 -18.9

Ex 1, Group 7, Impervious 50 26.5 9.9 8.6 -20.8 -16.5 -18.1

Ex 1, Group 7, Pervious 100 69.8 - - -36.8 -17.2 -19.1

Ex 1, Group 7, Impervious 100 70.3 - - -36.3 -16.1 -18.0
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Flow ThroughFlow ThroughFlow Through
Direct Transfer of Soil Movement to Piles

Ensure Piles Really Take All Load

Limited 3D model studies

Research – studies of lateral soil loading on piles and 
pile Groups has been studied numerous times 

Method developed from these studies.

Direct Transfer of Soil Movement to PilesDirect Transfer of Soil Movement to Piles

Ensure Piles Really Take All LoadEnsure Piles Really Take All Load

Limited 3D model studiesLimited 3D model studies

Research Research –– studies of lateral soil loading on piles and studies of lateral soil loading on piles and 
pile Groups has been studied numerous times pile Groups has been studied numerous times 

Method developed from these studies.Method developed from these studies.
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Flow ThroughFlow ThroughFlow Through
Check Flow Through, Type 1Check Flow Through, Type 1Check Flow Through, Type 1

Pile Lateral 
Capacity

Basic Capacity 
Pult = 9Cu

Pile Lateral Pile Lateral 
CapacityCapacity

Basic Capacity Basic Capacity 
PPultult = 9Cu= 9Cu
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Question?

Thank You

Question?Question?

Thank YouThank You
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Comparison Between 
Spencer’s Method

And
Method of Planes

by

Rich Varuso, P.E.

April 8, 2008

Comparison Between 
Spencer’s Method

And
Method of Planes

by

Rich Varuso, P.E.

April 8, 2008
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Method of Planes Analysis Method of Planes Analysis 
(MOP)(MOP)

Useful in Lower Mississippi River Alluvial Valley for:Useful in Lower Mississippi River Alluvial Valley for:

•• Highly stratified soft soilsHighly stratified soft soils

•• Moderately weak soils on a hard surfaceModerately weak soils on a hard surface

•• Or in a foundation with one or more weak zonesOr in a foundation with one or more weak zones
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Divides soil mass into three segmentsDivides soil mass into three segments
•• Active wedgeActive wedge
•• Central blockCentral block
•• Passive wedgePassive wedge

Wedges are treated as rigid bodies Wedges are treated as rigid bodies 
(according to Coulomb)(according to Coulomb)

Method of PlanesMethod of PlanesMethod of Planes
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Shear strength of soil:
τ = c + σ tanφ

Assumed failure surface
(Plane ABEF)
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Method of PlanesMethod of PlanesMethod of Planes
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FS  =         Ra + Rb + Rp

Da - Dp

Da = Active Driving Force
Ra = Active Resistance
Rb = Central Block Resistance
Dp = Passive Driving Resistance
Rp = Passive Resistance
FW= Lateral Free Water Pressure

Method of PlanesMethod of PlanesMethod of Planes

UL  =  (Da – FW) – (Ra + Rb + Rp + Dp )
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HSDRRSDG Table 3.1:  “Spencer method shall 
be used for circular and non-circular failure 
surfaces since it satisfies all conditions of 
static equilibrium and because its numerical 
stability is well suited for computer 
application.”

Finding the shear-normal ratio that makes the 
two factors of safety equal, means that both 
moment and force equilibrium are satisfied.

HSDRRSDG Table 3.1:  HSDRRSDG Table 3.1:  ““Spencer method shall Spencer method shall 
be used for circular and nonbe used for circular and non--circular failure circular failure 
surfaces since it satisfies all conditions of surfaces since it satisfies all conditions of 
static equilibrium and because its numerical static equilibrium and because its numerical 
stability is well suited for computer stability is well suited for computer 
application.application.””

Finding the shearFinding the shear--normal ratio that makes the normal ratio that makes the 
two factors of safety equal, means that both two factors of safety equal, means that both 
moment and force equilibrium are satisfied.moment and force equilibrium are satisfied.

Spencer’s MethodSpencerSpencer’’s Methods Method
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Spencer (1967) developed two factor of safety 
equations; one with respect to moment  equilibrium 
and another with respect to  horizontal force 
equilibrium. He adopted a constant relationship 
between the interslice shear and normal forces, and 
through an iterative procedure altered the interslice
shear to normal ratio until the two factors of safety 
were the same.

Finding the shear-normal ratio that makes the two 
factors of safety equal, means that both moment 
and force equilibrium are satisfied.

Spencer (1967) developed two factor of safety Spencer (1967) developed two factor of safety 
equations; one with respect to moment  equilibrium equations; one with respect to moment  equilibrium 
and another with respect to  horizontal force and another with respect to  horizontal force 
equilibrium. He adopted a constant relationship equilibrium. He adopted a constant relationship 
between the between the intersliceinterslice shear and normal forces, and shear and normal forces, and 
through an iterative procedure altered the through an iterative procedure altered the intersliceinterslice
shear to normal ratio until the two factors of safety shear to normal ratio until the two factors of safety 
were the same.were the same.

Finding the shearFinding the shear--normal ratio that makes the two normal ratio that makes the two 
factors of safety equal, means that both moment factors of safety equal, means that both moment 
and force equilibrium are satisfied.and force equilibrium are satisfied.

Spencer’s MethodSpencerSpencer’’s Methods Method
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Spencer’s MethodSpencerSpencer’’s Methods Method
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Spencer’s MethodSpencerSpencer’’s Methods Method
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Determine the non-circular failure surface:Determine the nonDetermine the non--circular failure surfacecircular failure surface::

Sufficient analysis has been done to varying soil 
profiles to assure that the non-circular surfaces 
shall govern the stability assessment. 

Numerical modeling has indicated that soil 
displacement is nearly horizontal under the base of 
a pile-supported T-Wall.

Sufficient analysis has been done to varying soil Sufficient analysis has been done to varying soil 
profiles to assure that the nonprofiles to assure that the non--circular surfaces circular surfaces 
shall govern the stability assessment. shall govern the stability assessment. 

Numerical modeling has indicated that soil Numerical modeling has indicated that soil 
displacement is nearly horizontal under the base of displacement is nearly horizontal under the base of 
a pilea pile--supported Tsupported T--Wall.Wall.

Spencer’s MethodSpencerSpencer’’s Methods Method
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Unrealistic Slip Surface Unrealistic Slip Surface Unrealistic Slip Surface 

Spencer’s MethodSpencerSpencer’’s Methods Method
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EM 1110-2-1902 requires verification of the results of computer analysis:EM 1110EM 1110--22--1902 requires verification of the results of computer analysis:1902 requires verification of the results of computer analysis:

“All reports, except reconnaissance phase reports, that deal 
with critical embankments or slopes should include 
verification of the results of computer analyses. The 
verification should be commensurate with the level of 
risk associated with the structure and should include one 
or more of the following methods of analysis using:

(1) Graphical (force polygon) method.
(2) Spreadsheet calculations.
(3) Another slope stability computer program.
(4) Slope stability charts.”

““All reports, except reconnaissance phase reports, that deal All reports, except reconnaissance phase reports, that deal 
with critical embankments or slopes should include with critical embankments or slopes should include 
verification of the results of computer analyses. The verification of the results of computer analyses. The 
verification should be commensurate with the level of verification should be commensurate with the level of 
risk associated with the structure and should include one risk associated with the structure and should include one 
or more of the following methods of analysis using:or more of the following methods of analysis using:

(1) Graphical (force polygon) method.(1) Graphical (force polygon) method.

(2) Spreadsheet calculations.(2) Spreadsheet calculations.

(3) Another slope stability computer program.(3) Another slope stability computer program.

(4) Slope stability charts.(4) Slope stability charts.””

Spencer’s MethodSpencerSpencer’’s Methods Method
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Slope Stability Design Factors of Safety for T-WallsSlope Stability Design Factors of Safety for TSlope Stability Design Factors of Safety for T--WallsWalls

Required Minimum Required Minimum 
Factor of SafetyFactor of Safety

Analysis ConditionAnalysis Condition
SpencerSpencer’’s s 

MethodMethod MOPMOP

Protected Side (SWL)Protected Side (SWL) 1.51.5 1.31.3

Protected Side (top of wall Protected Side (top of wall -- TOW)TOW) 1.41.4 1.31.3

FloodsideFloodside (low water)(low water) 1.41.4 1.31.3

Spencer’s MethodSpencerSpencer’’s Methods Method
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Stability Analysis using Method of Planes (MOP)Stability Analysis using Method of Planes (MOP)Stability Analysis using Method of Planes (MOP)

HSDRRSDG:  “LMVD Method of Planes shall be used 
as a design check for verification that the HPS 
design satisfies historic district requirements. 
Analysis shall include a full search for the critical 
failure surface since it may vary from that found 
following the Spencer’s Method.”

HSDRRSDG:  HSDRRSDG:  ““LMVD Method of Planes shall be used LMVD Method of Planes shall be used 
as a design check for verification that the HPS as a design check for verification that the HPS 
design satisfies historic district requirements. design satisfies historic district requirements. 
Analysis shall include a full search for the critical Analysis shall include a full search for the critical 
failure surface since it may vary from that found failure surface since it may vary from that found 
following the Spencerfollowing the Spencer’’s Method.s Method.””

Spencer’s MethodSpencerSpencer’’s Methods Method



08 April 2008 60
One Team:  Relevant, Ready, Responsive and Reliable

Spencer’s Method compared to MOPSpencerSpencer’’s Method compared to MOPs Method compared to MOP

Spencer’s MethodSpencerSpencer’’s Methods Method
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Question?

Thank You

Question?Question?

Thank YouThank You
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NEW METHODOLOGY
STEP 1

NEW METHODOLOGYNEW METHODOLOGY
STEP 1STEP 1
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NEW METHODOLOGY
STEP 1a

NEW METHODOLOGYNEW METHODOLOGY
STEP 1aSTEP 1a
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NEW METHODOLOGY
STEPS 2 & 3

NEW METHODOLOGYNEW METHODOLOGY
STEPS 2 & 3STEPS 2 & 3
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NEW METHODOLOGY
STEPS 4 & 5

NEW METHODOLOGYNEW METHODOLOGY
STEPS 4 & 5STEPS 4 & 5
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NEW METHODOLOGY
STEPS 6 & 7

NEW METHODOLOGYNEW METHODOLOGY
STEPS 6 & 7STEPS 6 & 7
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NEW METHODOLOGY
NOTES

NEW METHODOLOGYNEW METHODOLOGY
NOTESNOTES
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PurposePurposePurpose

Step by Step Design 
Method

Example No. 1 with 
SWL = El. +10 ft 
(target FS = 1.5)

Step by Step Design Step by Step Design 
MethodMethod

Example No. 1 with Example No. 1 with 
SWL = El. +10 ft SWL = El. +10 ft 
(target FS = 1.5)(target FS = 1.5)
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Steps OverviewSteps OverviewSteps Overview
1. Check Factor of Safety

• UTexas4 Spencer Search Methodology
• UT4 Results for Example 1
• Slope/W Methodology and Results for Example 1

2. Find Unbalanced Load
3. Compute Pile Capacities
4. Preliminary Design with CPGA – check 

flow through
5. Group 7 Analysis of critical cases
6. Find Reinforcement Forces
7. Check Global FOS with Reinforcement

1.1. Check Factor of SafetyCheck Factor of Safety
•• UTexas4 Spencer Search MethodologyUTexas4 Spencer Search Methodology
•• UT4 Results for Example 1UT4 Results for Example 1
•• Slope/W Methodology and Results for Example 1Slope/W Methodology and Results for Example 1

2.2. Find Unbalanced LoadFind Unbalanced Load
3.3. Compute Pile CapacitiesCompute Pile Capacities
4.4. Preliminary Design with CPGA Preliminary Design with CPGA –– check check 

flow throughflow through
5.5. Group 7 Analysis of critical casesGroup 7 Analysis of critical cases
6.6. Find Reinforcement ForcesFind Reinforcement Forces
7.7. Check Global FOS with ReinforcementCheck Global FOS with Reinforcement
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UTexas4 Search MethodologyUTexas4 Search MethodologyUTexas4 Search Methodology

1. Problem Definition – Program Input
2. Trial Failure Surfaces
3. Solution Convergence
4. Automatic Searches

1.1. Problem Definition Problem Definition –– Program InputProgram Input
2.2. Trial Failure SurfacesTrial Failure Surfaces
3.3. Solution ConvergenceSolution Convergence
4.4. Automatic SearchesAutomatic Searches



08 April 2008 72
One Team:  Relevant, Ready, Responsive and Reliable

UTexas4 – Program InputUTexas4 UTexas4 –– Program InputProgram Input

1. UTexas4 vs. Earlier Versions
1. Property Interpolation
2. Weight of Free Water

2. T-Wall Design Input
1. Soil Layers and Properties
2. Piezometric Surface & Water Load (Unit Weight H2O)
3. Weight of Wall & Forces on Wall

3. Analysis/Computation
1. Procedure (Spencer = Default)
2. Trial Surface & Automatic Search Criteria

1.1. UTexas4 vs. Earlier VersionsUTexas4 vs. Earlier Versions
1.1. Property InterpolationProperty Interpolation
2.2. Weight of Free WaterWeight of Free Water

2.2. TT--Wall Design InputWall Design Input
1.1. Soil Layers and PropertiesSoil Layers and Properties
2.2. PiezometricPiezometric Surface & Water Load (Unit Weight H2O)Surface & Water Load (Unit Weight H2O)
3.3. Weight of Wall & Forces on WallWeight of Wall & Forces on Wall

3.3. Analysis/ComputationAnalysis/Computation
1.1. Procedure (Spencer = Default)Procedure (Spencer = Default)
2.2. Trial Surface & Automatic Search CriteriaTrial Surface & Automatic Search Criteria
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UTexas4 – Trial SurfacesUTexas4 UTexas4 –– Trial SurfacesTrial Surfaces

1. Circular Surface
1. Initial Trial Center & Radius
2. Tangent, Radius & Point Modes
3. “Stop” Command

2. Non-Circular Surface
1. Initial 4-Point “Wedge” Surface (MOP = Guide)
2. 0.7H Base Length Constraint (the 5th-Point)

1.1. Circular SurfaceCircular Surface
1.1. Initial Trial Center & RadiusInitial Trial Center & Radius
2.2. TangentTangent, Radius & Point Modes, Radius & Point Modes
3.3. ““StopStop”” CommandCommand

2.2. NonNon--Circular SurfaceCircular Surface
1.1. Initial 4Initial 4--Point Point ““WedgeWedge”” Surface (MOP = Guide)Surface (MOP = Guide)
2.2. 0.7H Base Length Constraint (the 5th0.7H Base Length Constraint (the 5th--Point)Point)
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UTexas4 - Solution ConvergenceUTexas4 UTexas4 -- Solution ConvergenceSolution Convergence
1. A Unique Solution ?
2. Convergence Criteria

1. Force Imbalance
2. Moment Imbalance

3. What to Look For
1. Cautions and Warnings
2. Sense of Inclination
3. Number of Iterations and Convergence Trends

4. Troubleshooting Suggestions
1. Work Near Origin (Moments are taken about 0,0)
2. Trial FS > Expected FS (Default is 3.0)
3. Reduce Trial Inclination (Default is 15 degrees) 

1.1. A Unique Solution ?A Unique Solution ?
2.2. Convergence CriteriaConvergence Criteria

1.1. Force ImbalanceForce Imbalance
2.2. Moment ImbalanceMoment Imbalance

3.3. What to Look ForWhat to Look For
1.1. Cautions and WarningsCautions and Warnings
2.2. Sense of InclinationSense of Inclination
3.3. Number of Iterations and Convergence TrendsNumber of Iterations and Convergence Trends

4.4. Troubleshooting SuggestionsTroubleshooting Suggestions
1.1. Work Near Origin (Moments are taken about 0,0)Work Near Origin (Moments are taken about 0,0)
2.2. Trial FS > Expected FS (Default is 3.0)Trial FS > Expected FS (Default is 3.0)
3.3. Reduce Trial Inclination (Default is 15 degrees) Reduce Trial Inclination (Default is 15 degrees) 
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UTexas4 - Automatic SearchesUTexas4 UTexas4 -- Automatic SearchesAutomatic Searches
1. Local vs. Global Min. FS
2. Local vs. Global Max. Unbalanced Load
3. Circular Search

1. Floating and Fixed Grid

4. Non-Circular Search
1. Degree of Freedom (No. of Points and Shift Direction)
2. Shift Distance
3. Coarse to Fine - Recycling and Refining Output as Input

5. Results
1. Non-Circular Typically More Critical than Circular
2. FS Usually Decreases as No. Points Increases and Shift 

Distance Decreases
3. Several Successive Runs are Required (Single-Stage)  

1.1. Local vs. Global Min. FSLocal vs. Global Min. FS
2.2. Local vs. Global Max. Unbalanced LoadLocal vs. Global Max. Unbalanced Load
3.3. Circular SearchCircular Search

1.1. Floating and Fixed GridFloating and Fixed Grid

4.4. NonNon--Circular SearchCircular Search
1.1. Degree of Freedom (No. of Points and Shift Direction)Degree of Freedom (No. of Points and Shift Direction)
2.2. Shift DistanceShift Distance
3.3. Coarse to Fine Coarse to Fine -- Recycling and Refining Output as InputRecycling and Refining Output as Input

5.5. ResultsResults
1.1. NonNon--Circular Typically More Critical than CircularCircular Typically More Critical than Circular
2.2. FS Usually Decreases as No. Points Increases and Shift FS Usually Decreases as No. Points Increases and Shift 

Distance DecreasesDistance Decreases
3.3. Several Successive Runs are Required (SingleSeveral Successive Runs are Required (Single--Stage)  Stage)  
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Steps 1 and 2 - UT4 ResultsSteps 1 and 2 Steps 1 and 2 -- UT4 ResultsUT4 Results

1. Spencer Procedure Model (UTexas4 or 
Slope/W)

2. Starting wall configuration
3. Establish stratigraphy and soil properties
4. Find failure surfaces that correspond to 

Lowest FS and Highest Unbalanced Load 
by evaluating several tangent elevations

1.1. Spencer Procedure Model (UTexas4 or Spencer Procedure Model (UTexas4 or 
Slope/W)Slope/W)

2.2. Starting wall configurationStarting wall configuration
3.3. Establish stratigraphy and soil propertiesEstablish stratigraphy and soil properties
4.4. Find failure surfaces that correspond to Find failure surfaces that correspond to 

Lowest FS and Highest Unbalanced Load Lowest FS and Highest Unbalanced Load 
by evaluating several tangent elevationsby evaluating several tangent elevations
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Step 1 (tangent elev. at -8 ft) Step 1 (tangent elev. at Step 1 (tangent elev. at --8 ft) 8 ft) 

Check Global FOS using Spencer’s MethodCheck Global FOS using SpencerCheck Global FOS using Spencer’’s Methods Method

El. -8 ft
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Step 2.1Step 2.1Step 2.1
Search for highest unbalanced load

Surface Defined as non-circular 
Min of 0.7 H or Base Width 

Force located half way from ground surface 
at heel to elevation of critical failure 
surface 

Two cases SWL and TOW (only SWL shown)

Search for highest unbalanced loadSearch for highest unbalanced load

Surface Defined as nonSurface Defined as non--circular circular 
Min of 0.7 H or Base Width Min of 0.7 H or Base Width 

Force located half way from ground surface Force located half way from ground surface 
at heel to elevation of critical failure at heel to elevation of critical failure 
surface surface 

Two cases SWL and TOW (only SWL shown)Two cases SWL and TOW (only SWL shown)
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Step 2.1Step 2.1Step 2.1

Compute Stabilizing Force to Achieve Target FOSCompute Stabilizing Force to Achieve Target FOSCompute Stabilizing Force to Achieve Target FOS

600 lbs/ft
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Step 1 (tangent elev. at -14 ft) Step 1 (tangent elev. at Step 1 (tangent elev. at --14 ft) 14 ft) 

Check Global FOS using Spencer’s MethodCheck Global FOS using SpencerCheck Global FOS using Spencer’’s Methods Method

El. -14 ft
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Step 2.1Step 2.1Step 2.1

Compute Stabilizing Force to Achieve Target FOSCompute Stabilizing Force to Achieve Target FOSCompute Stabilizing Force to Achieve Target FOS

2500 lbs/ft
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Step 1 (tangent elev. at -18 ft) Step 1 (tangent elev. at Step 1 (tangent elev. at --18 ft) 18 ft) 

Check Global FOS using Spencer’s MethodCheck Global FOS using SpencerCheck Global FOS using Spencer’’s Methods Method

El. -18 ft
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Step 2.1Step 2.1Step 2.1

Compute Stabilizing Force to Achieve Target FOSCompute Stabilizing Force to Achieve Target FOSCompute Stabilizing Force to Achieve Target FOS

3800 lbs/ft
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Step 1 (tangent elev. at -22.9 ft) Step 1 (tangent elev. at Step 1 (tangent elev. at --22.9 ft) 22.9 ft) 

Check Global FOS using Spencer’s MethodCheck Global FOS using SpencerCheck Global FOS using Spencer’’s Methods Method

El. -22.9 ft
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Step 2.1Step 2.1Step 2.1

Compute Stabilizing Force to Achieve Target FOSCompute Stabilizing Force to Achieve Target FOSCompute Stabilizing Force to Achieve Target FOS

5350 lbs/ft
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Step 1 (tangent elev. at -23.1 ft) Step 1 (tangent elev. at Step 1 (tangent elev. at --23.1 ft) 23.1 ft) 

Check Global FOS using Spencer’s MethodCheck Global FOS using SpencerCheck Global FOS using Spencer’’s Methods Method

El. -23.1 ft
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Step 2.1Step 2.1Step 2.1

Compute Stabilizing Force to Achieve Target FOSCompute Stabilizing Force to Achieve Target FOSCompute Stabilizing Force to Achieve Target FOS

650 lbs/ft
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Step 1 (tangent elev. at -26 ft) Step 1 (tangent elev. at Step 1 (tangent elev. at --26 ft) 26 ft) 

Check Global FOS using Spencer’s MethodCheck Global FOS using SpencerCheck Global FOS using Spencer’’s Methods Method

El. -26 ft
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Step 2.1Step 2.1Step 2.1

Compute Stabilizing Force to Achieve Target FOSCompute Stabilizing Force to Achieve Target FOSCompute Stabilizing Force to Achieve Target FOS

1250 lbs/ft
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Step 1 (tangent elev. at -30 ft) Step 1 (tangent elev. at Step 1 (tangent elev. at --30 ft) 30 ft) 

Check Global FOS using Spencer’s MethodCheck Global FOS using SpencerCheck Global FOS using Spencer’’s Methods Method

El. -30 ft



08 April 2008 93
One Team:  Relevant, Ready, Responsive and Reliable

Step 2.1Step 2.1Step 2.1

Compute Stabilizing Force to Achieve Target FOSCompute Stabilizing Force to Achieve Target FOSCompute Stabilizing Force to Achieve Target FOS

1450 lbs/ft
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Step 1 (tangent elev. at -39 ft) Step 1 (tangent elev. at Step 1 (tangent elev. at --39 ft) 39 ft) 

Check Global FOS using Spencer’s MethodCheck Global FOS using SpencerCheck Global FOS using Spencer’’s Methods Method

El. -39 ft
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Step 1 (tangent elev. at -43.5 ft) Step 1 (tangent elev. at Step 1 (tangent elev. at --43.5 ft) 43.5 ft) 

Check Global FOS using Spencer’s MethodCheck Global FOS using SpencerCheck Global FOS using Spencer’’s Methods Method

El. -43.5 ft
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Step 1 (tangent elev. at -50 ft) Step 1 (tangent elev. at Step 1 (tangent elev. at --50 ft) 50 ft) 

Check Global FOS using Spencer’s MethodCheck Global FOS using SpencerCheck Global FOS using Spencer’’s Methods Method

El. -50 ft
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Step 2.2 Summary of ResultsStep 2.2 Summary of ResultsStep 2.2 Summary of Results
Neutral Block Tangent EL (ft) Factor of Safety Unbalanced Load 

(lbs/ft)
-8 1.32 600

-14 1.10 2500

-18 1.03 3800

-22.9 0.98 5350

-23.1 1.44 650

-26 1.40 1250

-30 1.40 1450

-39 1.67 -

-43.5 2.08 -

-50 2.31 -
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Step 2.2Step 2.2Step 2.2

Check Failure Surfaces with MOPCheck Failure Surfaces with MOPCheck Failure Surfaces with MOP
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Step 2.2Step 2.2Step 2.2

Check Failure Surfaces with MOPCheck Failure Surfaces with MOPCheck Failure Surfaces with MOP
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Steps 1 & 2 Spencer’s AnalysisSteps 1 & 2 SpencerSteps 1 & 2 Spencer’’s Analysiss Analysis

Spencer’s Procedure for T-Walls using 
Slope/W

SpencerSpencer’’s Procedure for Ts Procedure for T--Walls using Walls using 
Slope/WSlope/W

Beta 7.10, Build 4049Beta 7.10, Build 4049Beta 7.10, Build 4049
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SLOPE/W Spencer’s AnalysisSLOPE/W SpencerSLOPE/W Spencer’’s Analysiss Analysis
Slope/W Problem SetupSlope/W Problem SetupSlope/W Problem Setup
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SLOPE/W Spencer’s AnalysisSLOPE/W SpencerSLOPE/W Spencer’’s Analysiss Analysis
Slope/W Problem SetupSlope/W Problem SetupSlope/W Problem Setup
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SLOPE/W Spencer’s AnalysisSLOPE/W SpencerSLOPE/W Spencer’’s Analysiss Analysis
Slope/W Problem SetupSlope/W Problem SetupSlope/W Problem Setup
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SLOPE/W Spencer’s AnalysisSLOPE/W SpencerSLOPE/W Spencer’’s Analysiss Analysis
Do not cross block slip surface linesDo not cross block slip surface linesDo not cross block slip surface lines
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SLOPE/W Spencer’s AnalysisSLOPE/W SpencerSLOPE/W Spencer’’s Analysiss Analysis
Create Profile – Paste MOP StabCheck.xlsCreate Profile Create Profile –– Paste MOP Paste MOP StabCheck.xlsStabCheck.xls
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SLOPE/W Spencer’s AnalysisSLOPE/W SpencerSLOPE/W Spencer’’s Analysiss Analysis
Material Property ModelsMaterial Property ModelsMaterial Property Models
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SLOPE/W Spencer’s AnalysisSLOPE/W SpencerSLOPE/W Spencer’’s Analysiss Analysis
Spatial Mohr-Coulomb  - CohesionSpatial MohrSpatial Mohr--Coulomb  Coulomb  -- CohesionCohesion
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SLOPE/W Spencer’s AnalysisSLOPE/W SpencerSLOPE/W Spencer’’s Analysiss Analysis
Example #1Example #1Example #1
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SLOPE/W Spencer’s AnalysisSLOPE/W SpencerSLOPE/W Spencer’’s Analysiss Analysis
Example #1 – Cohesion ContoursExample #1 Example #1 –– Cohesion ContoursCohesion Contours
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Step 1  Block SpecifiedStep 1  Block SpecifiedStep 1  Block Specified
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Step 1Step 1Step 1
Critical Factor of Safety @ EL. -23Critical Factor of Safety @ EL. Critical Factor of Safety @ EL. --2323
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Step 1Step 1Step 1
Factor of Safety Contours (Safety Map, Increment =0.1)Factor of Safety Contours (Safety Map, Increment =0.1)Factor of Safety Contours (Safety Map, Increment =0.1)

FS = 1.5 FS = 1.3FS = 1.4

FS = 1.2FS = 1.1
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Step 1 (tangent elev. at -8 ft) Step 1 (tangent elev. at Step 1 (tangent elev. at --8 ft) 8 ft) 
Check Global FOS using Spencer’s MethodCheck Global FOS using SpencerCheck Global FOS using Spencer’’s Methods Method
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Step 2.1Step 2.1Step 2.1
Compute Stabilizing Force to Achieve Target FOSCompute Stabilizing Force to Achieve Target FOSCompute Stabilizing Force to Achieve Target FOS
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Step 1 (tangent elev. at -14 ft) Step 1 (tangent elev. at Step 1 (tangent elev. at --14 ft) 14 ft) 
Check Global FOS using Spencer’s MethodCheck Global FOS using SpencerCheck Global FOS using Spencer’’s Methods Method
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Step 2.1Step 2.1Step 2.1
Compute Stabilizing Force to Achieve Target FOSCompute Stabilizing Force to Achieve Target FOSCompute Stabilizing Force to Achieve Target FOS
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Step 1 (tangent elev. at -18 ft) Step 1 (tangent elev. at Step 1 (tangent elev. at --18 ft) 18 ft) 
Check Global FOS using Spencer’s MethodCheck Global FOS using SpencerCheck Global FOS using Spencer’’s Methods Method
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Step 2.1Step 2.1Step 2.1
Compute Stabilizing Force to Achieve Target FOSCompute Stabilizing Force to Achieve Target FOSCompute Stabilizing Force to Achieve Target FOS
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Step 1 (tangent elev. at -23 ft) Step 1 (tangent elev. at Step 1 (tangent elev. at --23 ft) 23 ft) 
Check Global FOS using Spencer’s MethodCheck Global FOS using SpencerCheck Global FOS using Spencer’’s Methods Method



08 April 2008 120
One Team:  Relevant, Ready, Responsive and Reliable

Step 2.1Step 2.1Step 2.1
Compute Stabilizing Force to Achieve Target FOSCompute Stabilizing Force to Achieve Target FOSCompute Stabilizing Force to Achieve Target FOS
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Step 1 (tangent elev. at -23.1 ft) Step 1 (tangent elev. at Step 1 (tangent elev. at --23.1 ft) 23.1 ft) 
Check Global FOS using Spencer’s MethodCheck Global FOS using SpencerCheck Global FOS using Spencer’’s Methods Method
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Step 2.1Step 2.1Step 2.1
Compute Stabilizing Force to Achieve Target FOSCompute Stabilizing Force to Achieve Target FOSCompute Stabilizing Force to Achieve Target FOS
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Step 1 (tangent elev. at -26.1 ft) Step 1 (tangent elev. at Step 1 (tangent elev. at --26.1 ft) 26.1 ft) 
Check Global FOS using Spencer’s MethodCheck Global FOS using SpencerCheck Global FOS using Spencer’’s Methods Method
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Step 2.1Step 2.1Step 2.1
Compute Stabilizing Force to Achieve Target FOSCompute Stabilizing Force to Achieve Target FOSCompute Stabilizing Force to Achieve Target FOS
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Step 1 (tangent elev. at -31 ft) Step 1 (tangent elev. at Step 1 (tangent elev. at --31 ft) 31 ft) 
Check Global FOS using Spencer’s MethodCheck Global FOS using SpencerCheck Global FOS using Spencer’’s Methods Method
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Step 2.1Step 2.1Step 2.1
Compute Stabilizing Force to Achieve Target FOSCompute Stabilizing Force to Achieve Target FOSCompute Stabilizing Force to Achieve Target FOS
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Step 1 (tangent elev. at -39 ft) Step 1 (tangent elev. at Step 1 (tangent elev. at --39 ft) 39 ft) 
Check Global FOS using Spencer’s MethodCheck Global FOS using SpencerCheck Global FOS using Spencer’’s Methods Method
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Step 1 (tangent elev. at -43.5 ft) Step 1 (tangent elev. at Step 1 (tangent elev. at --43.5 ft) 43.5 ft) 
Check Global FOS using Spencer’s MethodCheck Global FOS using SpencerCheck Global FOS using Spencer’’s Methods Method
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Step 1 (tangent elev. at -50 ft) Step 1 (tangent elev. at Step 1 (tangent elev. at --50 ft) 50 ft) 
Check Global FOS using Spencer’s MethodCheck Global FOS using SpencerCheck Global FOS using Spencer’’s Methods Method
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Step 2.2 Summary of ResultsStep 2.2 Summary of ResultsStep 2.2 Summary of Results
Neutral Block Tangent EL (ft) Factor of Safety Unbalanced Load 

(lbs/ft)
-8 1.26 900

-14 1.09 2550

-18 1.03 3950

-23 0.98 5500

-23.1 1.42 800

-26.1 1.42 1150

-31 1.42 1200

-39 1.64 -

-43.5 2.03 -

-50 2.38 -
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3.1 – Axial Capacity3.1 3.1 –– Axial CapacityAxial Capacity
Compute axial capacity according to 3.3 of the HSDRS –

based on EM 1110-2-2906 – None Above Failure 
Surface

Compression

Trial Pile Tip 
El -92.5

Capacity FS =2

74 ton * 2 t/k /2
= 74 kips

Compute axial capacity according to 3.3 of the HSDRS Compute axial capacity according to 3.3 of the HSDRS ––
based on EM 1110based on EM 1110--22--2906 2906 –– None Above Failure None Above Failure 
SurfaceSurface

CompressionCompression

Trial Pile Tip Trial Pile Tip 
El El --92.592.5

Capacity FS =2Capacity FS =2

74 ton * 2 74 ton * 2 t/kt/k /2/2
= 74 kips= 74 kips

129.75 Tons

100 Tons85 Tons

74 Tons

-102

-101

-100

-99

-98

-97

-96

-95

-94

-93

-92
70 80 90 100 110 120 130 140

Capacity (Tons)

EL
 (f

t) 2 Tons/ft

10 Tons/ft

Pile test at tip EL -101

Pile test at tip EL -92.5

Interpretation considering blow counts and 40% of
pile tip block area for end bearing



08 April 2008 132
One Team:  Relevant, Ready, Responsive and Reliable

3.1 – Axial Capacity3.1 3.1 –– Axial CapacityAxial Capacity
Tension

Trial Pile Tip El -92.5

Ultimate = 81 tons
Capacity to -23 = 7 tons
Net Ultimate  = 81 – 7 = 74 ton

FS = 3.0 – theoretical

Cap = 74 / 2t/k * 3.0 = 49 kip 

TensionTension

Trial Pile Tip El Trial Pile Tip El --92.592.5

Ultimate = 81 tonsUltimate = 81 tons
Capacity to Capacity to --23 = 7 tons23 = 7 tons
Net Ultimate  = 81 Net Ultimate  = 81 –– 7 = 74 ton7 = 74 ton

FS = 3.0 FS = 3.0 –– theoreticaltheoretical

Cap = 74 / 2t/k * 3.0 = 49 kip Cap = 74 / 2t/k * 3.0 = 49 kip 
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3.2 Lateral Capacity3.2 Lateral Capacity3.2 Lateral Capacity
Compute a lateral capacity at the elevation of 

the lowest failure surface with L-pile or 
COM624G

• Analyze with the top of the pile as a free head 

• Add surcharge as thin layer with high unit weight

• Curve not Bilinear – carry to pile yield

• Factors of Safety for Calculated Loads (3.0)

Compute a lateral capacity at the elevation of Compute a lateral capacity at the elevation of 
the lowest failure surface with Lthe lowest failure surface with L--pile or pile or 
COM624GCOM624G

•• Analyze with the top of the pile as a free head Analyze with the top of the pile as a free head 

•• Add surcharge as thin layer with high unit weightAdd surcharge as thin layer with high unit weight

•• Curve not Bilinear Curve not Bilinear –– carry to pile yieldcarry to pile yield

•• Factors of Safety for Calculated Loads (3.0)Factors of Safety for Calculated Loads (3.0)
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3.23.23.2
Compute Moment Capacity of HP 14x73Compute Moment Capacity of HP 14x73Compute Moment Capacity of HP 14x73

Fy Sx = 50 ksi x 107 in3

= 5,350 lb-in 
= 456 kip–ft
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3.23.23.2
Maximum Moment vs. Top Shear

LPILE Plus 5.0, (c) 2007 by Ensoft, Inc.

Top Shear, 
40,00030,00020,00010,0000

M
ax

im
um

 M
om

en
t, 

-

460,000
440,000
420,000
400,000
380,000
360,000
340,000
320,000
300,000
280,000
260,000
240,000
220,000
200,000
180,000
160,000
140,000
120,000
100,000
80,000
60,000
40,000
20,000

0
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Step 3Step 3Step 3
S h e a r  F o r c e  v s . T o p  D e fle c tio n

LP ILE  P lus  5 .0 , ( c )  2007  b y Ens o ft, Inc .

To p  D e fle c tio n, 
10 .50

S
he

ar
 F

or
ce

, 
4 4 ,000
42 ,000
40 ,000
38 ,000
36 ,000
34 ,000
32 ,000
30 ,000
28 ,000
26 ,000
24 ,000
22 ,000
20 ,000
18 ,000
16 ,000
14 ,000
12 ,000
10 ,000

8 ,000
6 ,000
4 ,000
2 ,000

Allowable Shear =26 kips / (FS=3.0) = 8.7 kips

26 kips

8.7 kips
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Step 4 Step 4 Step 4 

• Preliminary Layout 

• CPGA and compute Equivalent Force in Cap

• Normal Structural Loads above Base, Unbalanced Load 
Below Base

• CPGA Approximates Group – Not an Alternative to

• Load Cases as defined in HSDRS Design Criteria

• Check Flow through

•• Preliminary Layout Preliminary Layout 

•• CPGA and compute Equivalent Force in CapCPGA and compute Equivalent Force in Cap

•• Normal Structural Loads above Base, Unbalanced Load Normal Structural Loads above Base, Unbalanced Load 
Below BaseBelow Base

•• CPGA Approximates Group CPGA Approximates Group –– Not an Alternative toNot an Alternative to

•• Load Cases as defined in HSDRS Design CriteriaLoad Cases as defined in HSDRS Design Criteria

•• Check Flow throughCheck Flow through

4
Es
EIR = 4
Es
EIR = 4
Es
EIR =
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Step 4Step 4Step 4
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4.1  Calculate Fcap4.1  Calculate 4.1  Calculate FcapFcap

4
Es
EIR =

EI are Pile Properties
Es is below failure 
surface

( ) u

p

p

p

ubcap L
L

RL

R
L

FF
⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢

⎣

⎡

+

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
+

=
2
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4.1 Example4.1 Example4.1 Example

EL -39

Lu= 22.4 ft

Critical Failure 
Surface

Uniform Unbalanced 
Force, 5,350 lb / ft 

Equivalent 
Unbalanced Force 
for CPGA

EL -5

EL -22.9

Lp= 17.9 ft

EL -26

Silt 

Clay 1

Clay 2

EL -2

R

Pile 1Pile 2Pile 3

Ground Surface at 
Unbalance Load Top 
= -0.5
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4.1  R and Fcap4.1  R and 4.1  R and FFcapcap

Piles 
HP 14x73.  
I = 729 in4

E = 29,000 ksi

Es for R (-22.9)
Average silt and 

upper clay
Es = 100 psi

Piles Piles 
HP 14x73.  HP 14x73.  
I = 729 inI = 729 in44

E = 29,000 E = 29,000 ksiksi

Es for R (Es for R (--22.9)22.9)
Average silt and Average silt and 

upper clayupper clay
Es = 100 psiEs = 100 psi
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4.1  – R and Fcap4.1  4.1  –– R and R and FFcapcap

ftin
psi

inpsiR 05.106.120
100

729000,000,29
4

4

==
×

=

ftin
psi

inpsiR 106.120
100

729000,000,29
4

4

==
×

=

ftlb
ftft

ftft

ftlb
L
L

RL

R
L

FF
u

p

P

p

ubcap /904,2
4.22
9.17

109.17

10
2
9.17

/350,52 =
⎟
⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜
⎜

⎝

⎛

+

+
×=
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⎜
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⎝
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4.1 – Calculate Resultants4.1 4.1 –– Calculate ResultantsCalculate Resultants
    US Army Corps of Engineers PROJECT TITLE: COMPUTED BY: DATE: SHEET:

T-Wall Design Example KDH 04/05/08
SUBJECT TITLE: CHECKED BY: DATE:

             Saint Paul Distict Water at El. 10', Pervious

Input for CPGA pile analysis Pervious Foundation Assumption

Upstream Water Elevation 10 ft Back Fill Soil Elevation 1 ft
Downstream Water Elevation -1 ft Front Fill Soil Elevation 1 ft
Wall Top Elevation 12.5 ft Gamma Water 0.0625 kcf
Structure Bottom Elevation -5 ft Gamma Concrete 0.15 kcf
Base Width 13 ft Gamma Sat. Backfill 0.110 kcf
Toe Width 1.5 ft Distance to Backfill Break 5.0 ft
Wall Thickness 1.5 ft Slope of Back Fill 0.30
Base Thickness 2.5 ft Soil Elevation at Heel -0.50 ft

Vertical Forces
Component Height x1 x2 Gamma Force Arm Moment
Stem Concrete 15 10 11.5 0.15 3.38 10.75 36.3
Heel Concrete 2.5 0 11.5 0.15 4.31 5.75 24.8
Toe Concrete 2.5 11.5 13 0.15 0.56 12.25 6.9
Heel Water 9 0 10 0.0625 5.63 5 28.1
Toe Water 1.5 11.5 13 0.0625 0.14 12.25 1.7
Heel Soil 3.5 0 10 0.110 3.85 5 19.3
-Triangle 1.50 0 5.0 -0.048 -0.18 1.67 -0.3
Toe Soil 3.5 11.5 13 0.110 0.58 12.25 7.1
Rect Uplift -4 0 13 0.0625 -3.25 6.5 -21.1
Tri Uplift -11 0 13 0.0625 -4.47 4.3 -19.4
Sum Vertical Forces 10.5 83.4 ft-k

Horizontal Forces
Component H1 H2 Gamma Lat. Coeff. Force Arm Moment
Driving Water 10 -5 0.0625 1 7.03 5.00 35.16
Resisting Water -1 -5 0.0625 1 -0.50 1.33 -0.67
Lateraral soil forces assumed equal and negligible
Sum Horizontal Forces 6.53 5.28 34.49 ft-k

Total Structural Forces Net Vert. Force Arm Moment
About Heel 10.55 11.17 117.84 ft-k

Net Vertical Arm
From Toe 1.83 ft

Moment About Toe
-19.3 ft-k

 Model Width
5 ft

-25

-20

-15

-10

-5

0

5

10

15

0 5 10 15 20

Concrete
Water
Uplift
Soil

    US Army Corps of Engineers PROJECT TITLE: COMPUTED BY: DATE: SHEET:

T-Wall Design Example KDH 04/05/08
SUBJECT TITLE: CHECKED BY: DATE:

             Saint Paul Distict Water at El. 10', Pervious

Calculation of Unbalanced Force 

Unbalanced Force. Fub 5,350 lb/ft From UTexas Analysis
Elevation of Critical Surface -22.9 ft From UTexas Analysis
Length - Ground to Crit. Surface, Lu 22.4 ft (assume failure surface is normal to pile)
Length - Base to Crit. Surface, Lp 18 ft
Pile Moment of Inertia. I 729 in4 HP14x73
Pile Modulus of Elasticity E lb/in2

Soil Modulus of Subgrade Reaction, Es 100 lb/in2

Soil Stiffness Parameter, R 121 in (EI / Es)1/4

Equivalent Unbalanced Force, Fcap 2,906 lb/ft Fub * (Lp/2 +R) / (Lp +R) (Lp/Lu)

Step 4 CPGA Input

PX -47.19 kips
PY
PZ 52.73 kips
MX 0
MY -96.29 kip-ft
MZ 0

Group Input - Steps 5 and 6
3 Pile Rows Parallel to Wall Face

Unbalanced Loading on Piles for Group Analysis
Total 100 lb/in Fub * Model Width /Lu

50% 50 lb/in For Pile on Protected Sied
25% 25 lb/in

Note: Applied to length of pile from bottom of cap to top of critical surface. 18

Step 5   Cap Loads for Group Analysis

PX 52,731 lb
PY 32,656 lb
PZ 0 lb
MX 0
MY 0
MZ 1,155,441 lb-in

Step 6   Cap Loads for Group Analysis of Unbalanced Load
Distance From Base to Ground Surface, Ds 4.50 ft

PX 0 lb
PY 5,374 lb Fub * Model Width / Lu * Ds
PZ 0 lb
MX 0
MY 0
MZ -145,095 lb-in -PZ * Ds/2

29,000,000
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4.2  - CPGA Es4.2  4.2  -- CPGA EsCPGA Es
Es  = 0 (0.000001) for FS<1 (Ground Surface)
Es ratio from 0 to full theoretical Es for FS 

between 1 and Target FS

Example FS = 0.98 , Es Set to 0.000001

If the FS = 1.2, Target FS = 1.5,  Es = 100 psi,

No distinction between leading and trailing rows
No cyclic reduction factors (won’t matter much)

Es  = 0 (0.000001) for FS<1 (Ground Surface)Es  = 0 (0.000001) for FS<1 (Ground Surface)
Es ratio from 0 to full theoretical Es for FS Es ratio from 0 to full theoretical Es for FS 

between 1 and Target FSbetween 1 and Target FS

Example FS = 0.98 , Es Set to 0.000001Example FS = 0.98 , Es Set to 0.000001

If the FS = 1.2, Target FS = 1.5,  Es = 100 psi,If the FS = 1.2, Target FS = 1.5,  Es = 100 psi,

No distinction between leading and trailing rowsNo distinction between leading and trailing rows
No cyclic reduction factors (wonNo cyclic reduction factors (won’’t matter much)t matter much)

psipsiEs 40)100%(40)100(
)0.15.1(
)2.15.1(

==
−
−

= psipsiEs 40)100%(40)100(
)0.15.1(
)2.15.1(

==
−
−

= psipsiEs 40)100%(40)100(
)0.15.1(
)2.15.1(

==
−
−

=

psipsiEs 40)100%(40)100(
)0.15.1(
)2.15.1(

==
−
−

=
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4.2 – Shallow Failure Surfaces4.2 4.2 –– Shallow Failure SurfacesShallow Failure Surfaces
Es= 0 Not so Good Approximation – not 

enough lateral support 
Won’t Match Group Results
Can Model Wall Suspended above failure 

surface

Es= 0 Not so Good Approximation Es= 0 Not so Good Approximation –– not not 
enough lateral support enough lateral support 

WonWon’’t Match Group Resultst Match Group Results
Can Model Wall Suspended above failure Can Model Wall Suspended above failure 

surfacesurface

Elevation of 
Critical Failure 
Surface 

Unbalanced 
Force, Fub
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4.3 – Group Reduction4.3 4.3 –– Group ReductionGroup Reduction
Group Reduction Factors  - When Es is not 0
- Not required for Opposite Batters
- CPGA method is approximation
- Reduced Es reduces precision

Equations from Group Manual used
- More up-to-date than EM
- Similar to factors used in latest AASHTO

Group Reduction Factors  Group Reduction Factors  -- When Es is not 0When Es is not 0
-- Not required for Opposite BattersNot required for Opposite Batters
-- CPGA method is approximationCPGA method is approximation
-- Reduced Es reduces precisionReduced Es reduces precision

Equations from Group Manual usedEquations from Group Manual used
-- More upMore up--toto--date than EMdate than EM
-- Similar to factors used in latest AASHTOSimilar to factors used in latest AASHTO
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4.3 – Group Reduction4.3 4.3 –– Group ReductionGroup Reduction
For loading perpendicular to the loading 

direction:

Rga = 0.64(sa/b)0.34 ; or  =  1.0 for sa/b > 3.75

Where: 
sa = spacing between piles perpendicular to 

the direction of loading (parallel to the wall 
face).  Normally piles should be spaced no 
closer than 5 feet on center.

b = pile diameter or width 

For loading perpendicular to the loading For loading perpendicular to the loading 
direction:direction:

RgaRga = 0.64(s= 0.64(saa/b)/b)0.340.34 ; or  =  1.0 for ; or  =  1.0 for ssaa/b/b > 3.75> 3.75

Where: Where: 
ssaa = spacing between piles perpendicular to = spacing between piles perpendicular to 

the direction of loading (parallel to the wall the direction of loading (parallel to the wall 
face).  Normally piles should be spaced no face).  Normally piles should be spaced no 
closer than 5 feet on center.closer than 5 feet on center.

b b = pile diameter or width = pile diameter or width 
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4.3 – Group Reduction4.3 4.3 –– Group ReductionGroup Reduction
For loading parallel to the loading direction:

For leading (flood side) piles:

Rgbl = 0.7(sb/b)0.26 ; or  =  1.0 for sb/b > 4.0

For trailing piles, the reduction factor, Rgbt is:

Rgbt = 0.48(sb/b)0.3; or = 1.0 for sb/b > 7.0

Trailing Piles only follow piles with same batter

For loading parallel to the loading direction:For loading parallel to the loading direction:

For leading (flood side) piles:For leading (flood side) piles:

RgblRgbl = 0.7(s= 0.7(sbb/b)/b)0.260.26 ; or  =  1.0 for ; or  =  1.0 for ssbb/b/b > 4.0> 4.0

For trailing piles, the reduction factor, For trailing piles, the reduction factor, RgbtRgbt is:is:

RgbtRgbt = 0.48(s= 0.48(sbb/b)/b)0.30.3; or = 1.0 for ; or = 1.0 for ssbb/b/b > 7.0> 7.0

Trailing Piles only follow piles with same batterTrailing Piles only follow piles with same batter
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4.3 CPGA Analysis4.3 CPGA Analysis4.3 CPGA Analysis
LOAD CASE - 1   Pervious Uplift Assumption
PILE    F1      F2      F3        M1        M2        M3   ALF CBF

K       K       K       IN-K      IN-K IN-K
1      .0      .0 5.2        .0      -3.3       .0  .07  .02     
2      .0      .0 97.2        .0      -3.0       .0 1.31  .31 
3      .0      .0 -46.8        .0       3.1       .0  .96  .15     

LOAD CASE - 2   Impervious Uplift Assumption
PILE    F1      F2      F3        M1        M2        M3   ALF CBF

K       K       K       IN-K      IN-K IN-K
1      .0      .0 12.5        .0      -3.0       .0  .17  .04     
2      .0      .0 94.4        .0      -2.8       .0 1.28  .30 
3      .0      .0 -42.3        .0       2.9       .0  .86  .14

LOAD CASE LOAD CASE -- 1   Pervious Uplift Assumption1   Pervious Uplift Assumption
PILE    F1      F2      F3        M1        M2        M3   ALF PILE    F1      F2      F3        M1        M2        M3   ALF CBFCBF

K       K       K       INK       K       K       IN--K      K      ININ--KK ININ--KK
1      .0      1      .0      .0.0 5.2        .0      5.2        .0      --3.3       .0  .07  .02     3.3       .0  .07  .02     
2      .0      2      .0      .0.0 97.2        .0      97.2        .0      --3.0       .0 1.31  .31 3.0       .0 1.31  .31 
3      .0      3      .0      .0.0 --46.8        .0       3.1       .0  .96  .15     46.8        .0       3.1       .0  .96  .15     

LOAD CASE LOAD CASE -- 2   Impervious Uplift Assumption2   Impervious Uplift Assumption
PILE    F1      F2      F3        M1        M2        M3   ALF PILE    F1      F2      F3        M1        M2        M3   ALF CBFCBF

K       K       K       INK       K       K       IN--K      K      ININ--KK ININ--KK
1      .0      1      .0      .0.0 12.5        .0      12.5        .0      --3.0       .0  .17  .04     3.0       .0  .17  .04     
2      .0      2      .0      .0.0 94.4        .0      94.4        .0      --2.8       .0 1.28  .30 2.8       .0 1.28  .30 
3      .0      3      .0      .0.0 --42.3        .0       2.9       .0  .86  .1442.3        .0       2.9       .0  .86  .14

PILE CAP DISPLACEMENTS
LOAD

CASE       DX          DZ          R
IN          IN         RAD

1   -.6619E+00  -.2626E+00  -.2868E-02
2   -.6125E+00  -.2266E+00  -.2549E-02
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4.4 Sheet pile4.4 Sheet pile4.4 Sheet pile

Sheet pile as required for seepage

Or Minimum 5’ Below Critical Failure Surface 

Minimum Size - PZ -22 – No Analysis

Example Tip Elevation = -23 - 5 =  -28

Sheet pile as required for seepageSheet pile as required for seepage

Or Minimum 5Or Minimum 5’’ Below Critical Failure Surface Below Critical Failure Surface 

Minimum Size Minimum Size -- PZ PZ --22 22 –– No AnalysisNo Analysis

Example Tip Elevation = Example Tip Elevation = --23 23 -- 5 =  5 =  --2828
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4.5 Flow Through Check 14.5 Flow Through Check 14.5 Flow Through Check 1

Pile Lateral 
Capacity

Basic Capacity 
Pult = 9Cu

Pile Lateral Pile Lateral 
CapacityCapacity

Basic Capacity Basic Capacity 
PPultult = 9Cu= 9Cu
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4.5  Flow Through4.5  Flow Through4.5  Flow Through

Compute Capacity of Floodside RowCompute Capacity of Compute Capacity of FloodsideFloodside RowRow

5.1
ult

all
Pn

P
∑

=∑

5.1
ult

all
Pn

P
∑

=∑

n = number of piles in row per monolith
ΣPult = summation of Pult over the height Lp

Pult = β(9Sub)
Su = soil shear strength
b = pile width
β = group reduction factor pile spacing parallel to 

the load (Defined in criteria)
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4.54.54.5

Soils under slab,  
Su = 120 psf to 
failure surface

Pile width, b = 14”

Group reduction 
factor, not 
applicable (single 
row on flood 
side), Rf = 1

Soils under slab,  Soils under slab,  
SSuu = 120 = 120 psfpsf to to 
failure surfacefailure surface

Pile width, b = 14Pile width, b = 14””

Group reduction Group reduction 
factor, not factor, not 
applicable (single applicable (single 
row on flood row on flood 
side), side), RfRf = 1= 1

ftlb

ft
in
inpsfPult /260,1

12

14)120)(9(0.1 =

⎟
⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜
⎜

⎝

⎛

=
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4.5 4.5 4.5 
Capacity of Floodside
Rows
ΣPult = summation of Pult
over the height Lp, 

Capacity of Capacity of FloodsideFloodside
RowsRows
ΣΣPPultult = summation of = summation of PPultult
over the height Lover the height Lpp, , 

ΣPult = 1,260 lb/ft(17.9 ft)
= 22,554 lb

ΣPall = 1(22,554lb) /1.5 
= 15,036 lb

5.1
ult

all
Pn

P
∑

=∑
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4.54.54.5

Compute Unbalanced Load on Piles to check 
against ΣPall

Compute Unbalanced Load on Piles to check Compute Unbalanced Load on Piles to check 
against against ΣΣPPallall

pubp LwfF = pubp LwfF = pubp LwfF = pubp LwfF =

pubp LwfF =

w = Monolith width or Pile Spacing

u

ub
ub L

F
f =

Fub = Total unbalanced force per foot from Step 2
Lu and Lp as defined in paragraph 4.1
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4.54.54.5

Fub = Total unbalanced force per foot from Step 2 
= 5,350 lb/ft

Lu = 22.4 ft
Lp = 17.9 ft

fub = 5,350 lb/ft / 22.4 ft  
=  239 lb/ft/ft

Fp = 5 ft x 239 lb/ft/ft x 17.9ft 
= 21,391 lb

FFubub = Total unbalanced force per foot from Step 2 = Total unbalanced force per foot from Step 2 
= 5,350 lb/ft= 5,350 lb/ft

LLuu = = 22.4 ft22.4 ft
LLpp = 17.9 ft= 17.9 ft

ffubub = = 5,350 lb/ft / 22.4 ft  5,350 lb/ft / 22.4 ft  
=  239 lb/ft/ft=  239 lb/ft/ft

FFpp = 5 ft x 239 lb/ft/ft x 17.9ft = 5 ft x 239 lb/ft/ft x 17.9ft 
= 21,391 lb= 21,391 lb

u

ub
ub L

F
f =

pubup LwfF =
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4.54.54.5

If 50% of Fp < ΣPall then OK

If 50% of Fp > ΣPall then:
compute ΣPall for all of the piles 
If ΣPall for all piles > Fp then OK
If ΣPall for all piles < Fp then Redesign

If 50% of If 50% of FFpp < < ΣΣPPallall then OKthen OK

If 50% of If 50% of FFpp > > ΣΣPPall all then:then:
compute compute ΣΣPPallall for all of the piles for all of the piles 
If If ΣΣPPallall for all piles > for all piles > FFpp then OKthen OK
If If ΣΣPPallall for all piles < for all piles < FFpp then Redesignthen Redesign
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4.54.54.5

Fp = 21,391 lb

50% of Fp = 21,391 lb(0.50) = 10,695 lb 

FFpp = 21,391 lb= 21,391 lb

50% of 50% of FFpp = 21,391 lb(0.50) = 10,695 lb = 21,391 lb(0.50) = 10,695 lb 

ΣPall = 15,036 lb            > 10,695 lb 

OK 
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4.6 Second Flow Through Check4.6 Second Flow Through Check4.6 Second Flow Through Check

Shear Along 
Planes 
Bounded 
by Piles

Shear Along Shear Along 
Planes Planes 
Bounded Bounded 
by Pilesby Piles

21.9 ft

3

10 ft

1

Critical Failure 
Surface

Unbalanced Force 
Below Pile Cap, 
fubLp

Shear Area bounded 
by piles, ApLp= 17.9 ft
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4.64.64.6

ApSu =  The area bounded by the bottom of the T-wall 
base, the critical failure surface, the upstream pile 
row and the downstream pile row multiplied by the 
shear strength of the soil within that area. 
For layered soils, the product of the area and Su for 
each layer is computed and added for a total ApSu.  
See Figure 3.  

FS = Target factor of safety used in Steps 1 and 2.    
= 1.5

AAppSSuu =  The area bounded by the bottom of the T=  The area bounded by the bottom of the T--wall wall 
base, the critical failure surface, the upstream pile base, the critical failure surface, the upstream pile 
row and the downstream pile row multiplied by the row and the downstream pile row multiplied by the 
shear strength of the soil within that area. shear strength of the soil within that area. 
For layered soils, the product of the area and Su for For layered soils, the product of the area and Su for 
each layer is computed and added for a total each layer is computed and added for a total ApSuApSu.  .  
See Figure 3.  See Figure 3.  

FSFS = Target factor of safety used in Steps 1 and 2.    = Target factor of safety used in Steps 1 and 2.    
= 1.5= 1.5
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4.64.64.6

st = the spacing of the piles transverse 
(perpendicular) to the unbalanced force

=  5 ft

b = pile width
= 14 in

sstt = the spacing of the piles transverse = the spacing of the piles transverse 
(perpendicular) to the unbalanced force(perpendicular) to the unbalanced force

=  5 ft=  5 ft

bb = pile width= pile width
= 14 in= 14 in
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4.64.64.6

fubLp = (239 lb/ft)(17.9 ft) = 4,278 lb/ft
OK

fubLp = (239 lb/ft)(17.9 ft) = 4,278 lb/ft
OK
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Step 5  Group 7 AnalysisStep 5  Group 7 AnalysisStep 5  Group 7 Analysis

Only Critical Load Cases.Only Critical Load Cases.Only Critical Load Cases.

5.15.15.1
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5.25.25.2
Apply 

“Structural”
loads at base 
and above to 
wall. (Water, 
Soil, Dead 
Loads). 

Unbalanced Load 
Applied 
Directly to 
Piles

Apply Apply 
““StructuralStructural””
loads at base loads at base 
and above to and above to 
wall. (Water, wall. (Water, 
Soil, Dead Soil, Dead 
Loads). Loads). 

Unbalanced Load Unbalanced Load 
Applied Applied 
Directly to Directly to 
PilesPiles

Unbalanced 
Force, Fub

Hydrostatic  
Force

Water and 
Dead Loads

Uplift
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5.35.35.3

• Look at flood side row with 50% Unbalance Force
• If nΣPult > 50% Fp then 50% Unbalanced Force on 

Floodside row 0.5fubst and the rest equally on 
remaining rows

• If nΣPult < 50% Fp then load = Pult on Flood side row 
and the rest equally

on remaining rows

• Pult Not Pall

•• Look at flood side row with 50% Unbalance ForceLook at flood side row with 50% Unbalance Force
•• If If nnΣΣPPultult > 50% > 50% FFpp then 50% Unbalanced Force on then 50% Unbalanced Force on 

FloodsideFloodside row 0.5frow 0.5fububsstt and the rest equally on and the rest equally on 
remaining rowsremaining rows

•• If If nnΣΣPPultult < 50% < 50% FFpp then load = then load = PPultult on Flood side row on Flood side row 
and the rest equallyand the rest equally

on remaining rowson remaining rows

•• PPultult Not PNot Pallall



08 April 2008 166
One Team:  Relevant, Ready, Responsive and Reliable

5.35.35.3
• Check if (nΣPult) of the flood side pile row is 

greater than 50% Fp, (from 4.5)
.

• (nΣPult) = 1 (22,554 lb) = 22,554 lb

• 50% Fp = (0.50)(21,391) = 10,696 lb 

• Since nΣPult > 50% Fp, then 50% Fp will be applied 
to the flood side piles 

- uniform load =0.5fubst
- remaining 50% Fp will be applied equally to the 

remaining piles.

• Check if (nΣPult) of the flood side pile row is 
greater than 50% Fp, (from 4.5)

.
• (nΣPult) = 1 (22,554 lb) = 22,554 lb

• 50% Fp = (0.50)(21,391) = 10,696 lb 

• Since nΣPult > 50% Fp, then 50% Fp will be applied 
to the flood side piles 

- uniform load =0.5fubst
- remaining 50% Fp will be applied equally to the 

remaining piles.
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5.35.35.3

Distribute 50% of Fp onto the flood side (left) 
row of piles:

• 0.5fubst = 0.5 (239 lb/ft/ft)(5 ft) 
• = 597.5 lb/ft = 50 lb/in

The remainder is divided among the 
remaining piles. 

• Middle pile              = 25 lb/in
• Right pile                 =25 lb/in

Distribute 50% of Fp onto the flood side (left) 
row of piles:

• 0.5fubst = 0.5 (239 lb/ft/ft)(5 ft) 
• = 597.5 lb/ft = 50 lb/in

The remainder is divided among the 
remaining piles. 

• Middle pile              = 25 lb/in
• Right pile                 =25 lb/in
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5.35.35.3
Check of Pile Stresses
100  % Fp applied to the flood side piles, < nΣPult

Verify that 100% Fp does not exceed nΣPult:
100%Fp = 21, 391 lb

nΣPult = 1 (22,554 lb) = 22,554 lb

Since, 100% Fp < nΣPult, 100% Fp distributed on the flood 
side piles

fubst = (239 lb/ft/ft)(5 ft) = 1,195 lb/ft = 100 lb/in

Check of Pile StressesCheck of Pile Stresses
100  % Fp applied to the flood side piles, < nΣPult

Verify that 100% Fp does not exceed nΣPult:
100%Fp = 21, 391 lb

nΣPult = 1 (22,554 lb) = 22,554 lb

Since, 100% Fp < nΣPult, 100% Fp distributed on the flood 
side piles

fubst = (239 lb/ft/ft)(5 ft) = 1,195 lb/ft = 100 lb/in
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5.55.55.5
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5.65.65.6
Can use Group developed PY curves 

Curves on piles from bottom of cap to lowest elevation of failure 
surface are adjusted to account for moving soil mass 

Clay stiffness depends on C and e50
Sand stiffness depends on k and Phi

If FS < 1.0 then remove lateral resistance by making cohesion in
soil layers very small (or k for sands)

IF FS >1.0 then ratio lateral resistance by ratio of factor of safety 
between 1.0 and target factor of safety – Multipy Cohesion (or 
k) by this percentage 

Can use Group developed PY curves Can use Group developed PY curves 

Curves on piles from bottom of cap to lowest elevation of failurCurves on piles from bottom of cap to lowest elevation of failure e 
surface are adjusted to account for moving soil mass surface are adjusted to account for moving soil mass 

Clay stiffness depends on C and e50Clay stiffness depends on C and e50
Sand stiffness depends on k and PhiSand stiffness depends on k and Phi

If FS < 1.0 then remove lateral resistance by making cohesion inIf FS < 1.0 then remove lateral resistance by making cohesion in
soil layers very small (or k for sands)soil layers very small (or k for sands)

IF FS >1.0 then ratio lateral resistance by ratio of factor of sIF FS >1.0 then ratio lateral resistance by ratio of factor of safety afety 
between 1.0 and target factor of safety between 1.0 and target factor of safety –– MultipyMultipy Cohesion (or Cohesion (or 
k) by this percentage k) by this percentage 
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5.65.65.6

Our example

FS = 0.98

C = 0.0001

e50 does not need to be adjusted
K not used for Soft Clays

Our exampleOur example

FS = 0.98FS = 0.98

C = 0.0001C = 0.0001

e50 does not need to be adjustede50 does not need to be adjusted
K not used for Soft ClaysK not used for Soft Clays
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Step 5Step 5Step 5
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5.6, 5.75.6, 5.75.6, 5.7

• Compare output with allowables
• HSDRS Design Guides
• EM1110-2-2906
• Axial and Shear in Piles

• Are compared with results from Step 3
• Shear found at lowest critical surface elevation compared 

to capacity in Step 3

•• Compare output with Compare output with allowablesallowables
•• HSDRS Design GuidesHSDRS Design Guides
•• EM1110EM1110--22--29062906
•• Axial and Shear in PilesAxial and Shear in Piles

•• Are compared with results from Step 3Are compared with results from Step 3
•• Shear found at lowest critical surface elevation compared Shear found at lowest critical surface elevation compared 

to capacity in Step 3to capacity in Step 3
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5.6, 5.75.6, 5.75.6, 5.7
Pervious Case – 50% on Floodside Pile

Pile Axial (k) Shear (k) Max Moment (k-in)
1 Right 2.3 (C) 3.2 -227
2 Center 93.5 (C) 2.9 -207
3 Left -39.9 (T) 5.2 314

Pervious Case – 100 % on Floodside Pile

Pile Axial (k) Shear (k) Max Moment (k-in) 
1 Right 1.3 (C) 1.8 -229
2 Center 98.6 (C) 1.6 -206
3 Left -39.2 (T) 8.7 838

Pervious Case – 50% on Floodside Pile

Pile Axial (k) Shear (k) Max Moment (k-in)
1 Right 2.3 (C) 3.2 -227
2 Center 93.5 (C) 2.9 -207
3 Left -39.9 (T) 5.2 314

Pervious Case – 100 % on Floodside Pile

Pile Axial (k) Shear (k) Max Moment (k-in) 
1 Right 1.3 (C) 1.8 -229
2 Center 98.6 (C) 1.6 -206
3 Left -39.2 (T) 8.7 838
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5.6, 5.75.6, 5.75.6, 5.7
Impervious Case – 50% on Floodside Pile

Pile Axial (k) Shear (k) Max Moment (k-in)
1 Right 9.2 (C) 3.1 -217
2 Center 91.5 (C) 2.9 -198
3 Left -35.8 (T) 5.2 318

Impervious Case – 100 % on Floodside Pile

Pile Axial (k) Shear (k) Max Moment (k-in)
1 Right 8.4 (C) 1.7 -216
2 Center 96.2 (C) 1.6 -193
3 Left -34.9 (T) 8.7 843

Impervious Case – 50% on Floodside Pile

Pile Axial (k) Shear (k) Max Moment (k-in)
1 Right 9.2 (C) 3.1 -217
2 Center 91.5 (C) 2.9 -198
3 Left -35.8 (T) 5.2 318

Impervious Case – 100 % on Floodside Pile

Pile Axial (k) Shear (k) Max Moment (k-in)
1 Right 8.4 (C) 1.7 -216
2 Center 96.2 (C) 1.6 -193
3 Left -34.9 (T) 8.7 843
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5.6, 5.75.6, 5.75.6, 5.7

Table  Displacement of grouped pile foundation

Load Case Load % Horz (in) Vert (in)
Pervious 50% 0.53 -0.21
Impervious 50% 0.49 -0.18
Pervious 100% 0.56 -0.22
Impervious 100% 0.52 -0.20

Table  Displacement of grouped pile foundation

Load Case Load % Horz (in) Vert (in)
Pervious 50% 0.53 -0.21
Impervious 50% 0.49 -0.18
Pervious 100% 0.56 -0.22
Impervious 100% 0.52 -0.20
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Step 6 (Optional)Step 6 (Optional)Step 6 (Optional)

NOT SHOWNNOT SHOWNNOT SHOWN

Unbalanced 
Force, Fub
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Step 7 (Optional) NOT COMPLETEDStep 7 (Optional) NOT COMPLETEDStep 7 (Optional) NOT COMPLETED

Global Stability Analysis with pile forces as 
reinforcement.

Global Stability Analysis with pile forces as Global Stability Analysis with pile forces as 
reinforcement.reinforcement.

 

+ +

++
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Question?

Thank You

Question?Question?

Thank YouThank You
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Guidance on
Long Structures

And
Trailing Structures

by

Rich Varuso, P.E.

April 8, 2008

Guidance on
Long Structures

And
Trailing Structures

by

Rich Varuso, P.E.

April 8, 2008
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0.7H

0.7H

0.7H

Long StructuresLong StructuresLong Structures
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Adjacent StructuresAdjacent StructuresAdjacent Structures

Unbalanced Load
FOS < 1.5

FOS > 1.5
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Question?

Thank You

Question?Question?

Thank YouThank You
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Results of Ongoing
Sensitivity Analysis

by

Bob Yokum, P.E.

April 8, 2008

Results of Ongoing
Sensitivity Analysis

by

Bob Yokum, P.E.

April 8, 2008
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On-going Sensitivity AnalysisOnOn--going Sensitivity Analysisgoing Sensitivity Analysis
•• Develop a systematic approach for selecting trial surfaces Develop a systematic approach for selecting trial surfaces 

and managing search routines for UT4 and Slope Wand managing search routines for UT4 and Slope W

•• For 5 TFor 5 T--wall examples we compared MOP vs wall examples we compared MOP vs SpencersSpencers for for 
both UT4 and Slope W (FOS and Unbalanced Load) both UT4 and Slope W (FOS and Unbalanced Load) 

•• For 5 TFor 5 T--wall examples we compared MOP wall examples we compared MOP vsvs SpencersSpencers
using both UT4 and Slope W.using both UT4 and Slope W.

•• We utilized the results from the new TWe utilized the results from the new T--wall procedure to wall procedure to 
compare pile loads, pile stress and pile cap deflection for compare pile loads, pile stress and pile cap deflection for 

••Steel HSteel H--pilespiles
••Concrete pilesConcrete piles
••Combination of steel and concrete piles Combination of steel and concrete piles 
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On-going Sensitivity AnalysisOnOn--going Sensitivity Analysisgoing Sensitivity Analysis
•• We compared the effects of different pile spacing reduction We compared the effects of different pile spacing reduction 

factors.factors.
•• EM EM –– 11101110--22--29062906
•• GG--pile default valuespile default values

Analyzed the foundations with only the unbalanced load Analyzed the foundations with only the unbalanced load 
applied along the length of the pile.applied along the length of the pile.

•• Analyzed the foundations with both the unbalanced load Analyzed the foundations with both the unbalanced load 
applied along the length of the pile and the superapplied along the length of the pile and the super--structure structure 
loading.loading.

•• Plugged in the appropriate loads from GPlugged in the appropriate loads from G--pile into the pile into the 
stabilty analysis to determine the FOS for both cases listed stabilty analysis to determine the FOS for both cases listed 
above.  above.  
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Preliminary Findings/ResultsPreliminary Findings/ResultsPreliminary Findings/Results

•• Variation in Pile TypesVariation in Pile Types
••Steel vs. ConcreteSteel vs. Concrete
••Mixed FoundationsMixed Foundations

•• Pile Spacing ReductionPile Spacing Reduction
••Lateral DeflectionsLateral Deflections
••Maximum MomentsMaximum Moments

•• Group Input SimplificationGroup Input Simplification
••Strata Unit WeightsStrata Unit Weights
••Strata Shear StrengthsStrata Shear Strengths
••Soil StiffnessSoil Stiffness
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Preliminary Findings/ResultsPreliminary Findings/ResultsPreliminary Findings/Results

•• Output InterpretationOutput Interpretation
••Local ForcesLocal Forces
••Moments and Stresses Steel vs. ConcreteMoments and Stresses Steel vs. Concrete
•• Input / Output ChoicesInput / Output Choices

•• General RecommendationsGeneral Recommendations
••Preliminary Foundation DesignPreliminary Foundation Design
••Geotechnical Data Preparation and Geotechnical Data Preparation and 
GROUP InputGROUP Input

••Common Mistakes / Error MessagesCommon Mistakes / Error Messages
••YouYou’’re Already Latere Already Late
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Preliminary Findings/ResultsPreliminary Findings/ResultsPreliminary Findings/Results

•• Output InterpretationOutput Interpretation
••Local ForcesLocal Forces
••Moments and Stresses Steel vs. ConcreteMoments and Stresses Steel vs. Concrete
•• Input / Output ChoicesInput / Output Choices

•• General RecommendationsGeneral Recommendations
••Preliminary Foundation DesignPreliminary Foundation Design
••Geotechnical Data Preparation and Geotechnical Data Preparation and 
GROUP InputGROUP Input

••Common Mistakes / Error MessagesCommon Mistakes / Error Messages
••YouYou’’re Already Latere Already Late
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