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Jerry Leonards, my mentor, colleague and friend.

• An Innovative Engineer – a practitioner > 150 challenging consulting jobs.
• All his research began as topics that were inadequately understood in practice. 
• A relentless investigator – with his Sherlock Holmes approach to failure 

investigations.
• Unquenchable thirst for understanding.
• Brusque and intimidating to some people. 

• Long running debate-based correspondence 
with many of his peers.

• He taught that models are imperfect tools 
that guide us – not reality.  Our judgement 
was critical.



Outline

• Perquisites for Innovative Design
• Case Histories

• Abingdon Heights Cantilever Wall
• Crookston Slope Stabilization
• Portland CSO Storage Structure 
• Prairie du Sac Dam Rehabilitation



Innovative Design Generally Requires:

• A motivated owner: significant reductions in cost, schedule or risk,
• An uncommon problem, where the best solutions have not yet evolved,
• Sufficient and reliable information,
• Enough time to really explore various options,
• Analytical tools, often numerical modeling, to provide credibility to the 

approach, and
• The eagerness and confidence to try something new.



Pete Nicholson, RIP - Eagerness to try something new.



Abingdon Heights, Arlington VA - 48.5 ft Cantilever Wall



Abingdon Heights
Arlington, VA
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September 24th, 2020
Support of Excavation – Part Two

Tie- Down Anchors
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Final Conditions



Crookston, MN – Slope Stabilization
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Background



State Highway #2
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Moving Slide Threatening the Highway



1934 Slide



2003 Slide



2004 Study by Barr Engineering
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Cross Section “A”



Stabilizing Methods Considered – Anchored Blocks



Stabilizing Methods Considered – Large Piles



Stabilizing Methods Considered – Shear Walls



Load Transfer Mechanisms
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Huot – Red Lake Falls
Interface 

Slope Stabilizing
Forces Transferred 
to Shear Wall

Shear Wall Forces 
Transferred to 
Glacial Till



Shear Wall Layout



FLAC3D – Modeling of Shear Walls
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• Assess residual strength based on strength reduction.
• Evaluate stability improvements with shear walls. 
• Confirm failure between walls does not control.



Initial Site Conditions
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Site Grading Prior to Construction
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Shape Accel Arrays



Monster Excavator – 100 ft Reach
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Trench 
Excavation
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Clay Spoil
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Plant
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Deformation Chronology and Warranty
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Crookston, MN – Slope Stabilization



Crookston Site from Street View Today



Louisville, KY  - Portland CSO Shaft





Louisville, KY  - Portland CSO Shaft

50’3.5’

Diameter/Thickness= 68



Anticipated Approach



Alternative Approach with Cost/Schedule Saving Measures

Anchors Replace 
Mass Concrete

Wall provides 
permanent support



So, Why Didn’t the Structure Buckle?

• The structure is categorized as thin-walled;  d/t > 20, here it was 68.
• Most buckling models predicted buckling at half this diameter.
• A basic difference is the soil stress is not a constant pressure; it varies with displacement and 

arching.  An appropriate model is needed to approach a reasonable answer.



Guide Walls and Dwall Excavation



Panel Excavation



Placing Concrete
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Tiedown Anchors Installation Overview
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Tiedown Anchors Proof Testing
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Prairie du Sac Dam, Wisconsin River, WI
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Tailwater recession after construction exposed timber piles

Pile deterioration could lead to differential settlement and 
cracking  (no observable settlement to date)

Observation of Deteriorating Piles



Drawings Don’t Tell the Whole Story!!







Presentation name + Author

February 21, 2020
Meet Nicholson!



Remediation Goals
• Minimize disturbance (“do no harm”)
• Take up dam loads with no significant settlement or displacement
• Ensure no increase in uplift pressures
• Satisfy criteria for exit gradients and piping potential
• Meet FERC performance requirements, and provide long-term, reliable service
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Other Challenges – Water



Other Challenges - Access



Design Approach – Gravity and Hydraulic Loads
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Design Approach – Determine Resultant Loads
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Design Approach – Install Micropiles
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Construction Approach
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Construction Approach
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Construction Approach (cont.)

How many piles?

No Room for Additional Piles!
Need 300 kips/pile



Extensive Test Program (2017)

• Goal of 0.25 inches of movement at design load of 300 kips.
• Piles tested to 80 psi bond stress without failure with post-grouting.



Construction



Coring Into/Thru Dam
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Gallery Access





Gallery 











THANK YOU!

ANY QUESTIONS?





An International Association of Multidisciplinary Members



Student Resources
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