
Structural Design Related 
Geotechnical Updates

Derrick Dasenbrock
Geomechanics/LRFD Engineer

Office of Materials and Road Research

MnDOT Bridge Office LRFD Workshop – June 12, 2012



Topics:

• Construction Control: Driven Piles
• Static Load Test LRFD Calibration- “MnPile”
• Dragload/Downdrag
• Large Diameter Piles
• Shallow and Geosynthetic Reinforced Soil (GRS) 

Foundations
• Reports/Recommendations
• Performance Monitoring/Instrumentation
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Construction Control: Driven Piles

• Different methods with different LRFD 
resistance factors 

• AASHTO values and/or local calibration
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MnDOT Construction Control Methods 

• Factored Resistance ≥ Factored Load 
– MnDOT dynamic formula (φ = 0.4)
– PDA/CAPWAP (φ = 0.65)
– Static Load Test (φ = 0.8)

• Nominal Bearing Resistance
– Geotechnical Failure; Pile Deflection; Static Equilibrium
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Construction Control (φ = 0.4)

• “MnDOT formula”
– Most common control method for 

state bridge projects in MN
– Predicts pile capacity

10.5 E W + 0.1 M

Rn =  ---------- X   --------------

S + 0.2          W + M

W = Weight of striking part of hammer (pounds)
H = Height of fall (feet)
E =  W*H (ft*lb of energy per blow/full stroke)
M = Weight of pile plus driving cap (pounds)
S = Avg. penetration (inches) per blow

for the last 10 or 20 blows
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Construction Control (φ = 0.65)

• PDA/CAPWAP
– Pile Driving Analyzer
– High Strain Dynamic Monitoring and Wave Equation 

Analysis: Case Pile Wave Analysis Program 
– Predicts pile capacity based on force and velocity
– Note: Send ALL electronic/hard-copy output to MnDOT
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Construction Control (φ = 0.8) 

• Static Load Test (SLT)
– Run to geotechnical failure
– Provide high level of confidence 

for capacity
– Measure capacity
– Davisson Offset Failure Criterion
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Due to the Mn/DOT dynamic equation over-prediction and large scatter, 
the obtained resistance factors were consistently low, and a resistance 
factor of φ = 0.25 is recommended to be used with this equation, for both 
H and pipe piles. 

The reduction in the resistance factor from φ = 0.40 currently in use, to φ 
= 0.25, reflects a significant economical loss for a gain in a consistent level 
of reliability. Alternatively, one can explore the use of other pile field 
capacity evaluation methods that perform better than the currently used 
Mn/DOT dynamic equation, hence allowing for higher efficiency and cost 
reduction.





New MnDOT Formula

• Two studies to refine and improve formula
– Based on SLT database
– Collection of MnDOT case studies
– Based on MnDOT pile driving practice/local projects
– Existing formula could be improved 

• Adopt new formula
– Conduct static load tests to locally calibrate
– Adjust resistance factors as more data is available
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New MnDOT Formula

• New MnDOT formula (in final development)
– Planned for 2013 projects; training this winter
– Decreases variability (reduced variance/scatter)
– Improved LRFD resistance factor

• Anticipated for use on most projects: 
– dense soil layers and end bearing piles
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Time, Cost, and Project Value

• Dynamic Formula
– Shallow bearing layers (common)
– Small # of Piles
– Dynamic formula is sufficient in most cases

• PDA/CAPWAP
– Friction piles
– Soil set-up
– Pile damage possible
– High capacity piles/large # of piles

• Static Load Test (SLT)
– High value projects; expensive foundations
– LRFD calibration

Geotechnical Updates13



Impact of Construction Control

• Resistance Factors
– Dynamic formula, PDA/CAPWAP, Static Load Test

• 100 tons factored load (for design purposes)
• Field Verification:

– 100 tons/(φ = 0.4) = 250 tons = Rn

– 100 tons/(φ = 0.65) = 153 tons = Rn

– 100 tons/(φ = 0.8) = 125 tons = Rn
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Rn = Required ‘Nominal Bearing Resistance,’ at the 
Strength Limit State, measured in the field for 
the SPECIFIED type of construction control method 
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Impact of Construction Control

• Dynamic Formula vs. SLT
• 100 tons factored load/(φ = 0.4) = 250 tons = Rn

– 855 elevation 

• 100 tons factored load/(φ = 0.8) = 125 tons = Rn

– 915 elevation; 60 ft. shorter
– (60’ * $30/ft.) = $1,800
– $1,800 * 30 piles = $54K
– SLT cost estimate = $24K
– Project Savings ($54K - $24K) = $ 30K
• Plus MnPile program benefit

• Consider construction control method “value”
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Nominal Bearing Resistance = Geotechnical Capacity = Static Equilibrium



“MnPile” SLT Program
Determine actual ‘load/deflection’ performance
Compare performance results with static predictions, 
MnDOT formula, and PDA/CAPWAP, based on criteria

• 500 ton and 1000 ton Frames
–Victoria: BR 10003 (June 2012)
–Shoreview: BR 62717 (July 2012)
–Dresbach; Butterfield (2013)
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Sample project types for SLT consideration



SLT and MnPile

• Additional Investment:
– Plan details (pile arrangement + piles)
– Special provisions, sequencing, time
– Coordination and planning w/Districts

• Benefits:
– Provides project and program cost savings (φ factor)

• Sites are pre-selected for project/program benefit
• Fewer piles or higher capacity
• Improved quality control

– Useful for proving high capacity pile strengths
– Critical component of formula calibration
– MnDOT provided frames improve efficiency
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Pile Dragload/Downdrag

• Large (measured) strains/loads
• Mitigation strategies produce variable results
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Dragload
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Dragload, Dead Load, Live Load
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Pile Dragload/Downdrag

• New policy in development (2013)
– Incorporates MnDOT performance monitoring
– Strength limit
• Pile structural capacity

– Service limit
• Pile head deflection
• All cases except piles to rock

– Performance Monitoring
• Mitigation strategies
– Embankment preload/surcharge
– Pile sleeves; coatings
– Eliminate new load or design for additional load
– Spread footings
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Large Diameter Piles
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Large Diameter Driven Piles

• Used for long span bridges
– Wakota, Lafayette, Hastings 
– Dresbach, St. Croix

• Load tests (Statnamic)
• Driven open-ended

– Filled with concrete
– To bottom of seal or minimum 10’ below scour elevation

• If additional structural strength is required
– Thicker wall
– Additional reinforcing steel inside

• Consider constructability
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Spread Footings
• Now more common

– Better prediction methods
• SCPTu, DMT, PMT

– Improved performance 
monitoring data

– Cost effective
– Similar deformations to 

adjacent embankments
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Spread Footing Monitoring
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Nominal Bearing Resistance Graph

Service Limit State

Strength and Extreme 
Event Limit State

Footing Location 
and Geometrics
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Foundation Recommendations Form

3 42 5

1

6  1. Basic project info
 2. Substructure unit
 3. Approximate station
 4. Estimated Bottom footing elevation
 5. Factored bearing resistance, qn

 6. Additional info and remarks
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Nominal Bearing Resistance, qn

• Foundation report will provide the nominal 
bearing resistance, qn

– On rock, qn for all footing widths
– On soil, qn is plotted graphically qn vs. B(effective)

• Foundation report provides qn based on
– Bearing failure – strength limit state
– Tolerable settlement criteria – service limit state

• 1” max currently used in most cases by Mn/DOT for soil
• Higher deflections may be permitted with monitoring
• Footings on rock assumed to satisfy service limit state
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GRS-IBS Abutments
• Geosynthetic Reinforced Soil Integrated Bridge System
• MnDOT/FHWA: Rock County project

Not approved for use at this time- specification, erosion potential,
and approved material considerations (among others) are unresolved.
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Reports and Recommendations

• State Projects
– Foundation Investigation Report 
– Bridge Construction Foundation Recommendation
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Reports and Recommendations
• CSAH Projects

– Geotechnical Consultant Report
– Bridge Design Consultant

• Report should address:
– Foundation type (Strength)

• shallow, piles, shafts, etc.
– Construction control choice

• Dynamic formula, PDA/CAPWAP, SLT
• Project value (strata, damage, cost) 

– Settlement (Service)
• Waiting periods/settlement 

plates/instrumentation
– Scour, downdrag/dragload
– Stability (where appropriate)
– Other considerations- utility conflicts, erosion
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Performance Monitoring

• Instrumentation:  (during construction/service)
– Piezometers
– Inclinometers/ShapeAccelArrays (SAA) 
• (horizontal/vertical/angle)

– Settlement plates, settlement cells
– Strain gages/earth pressure cells/tiltmeters
– Survey targets/prisms
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Questions?

• Construction Control 
– Driven Piles

• SLT LRFD Calibration- MnPile
• Dragload/Downdrag
• Large Diameter Piles
• Shallow and GRS Foundations
• Reports/Recommendations
• Performance Monitoring
– Instrumentation
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Thanks for your
participation.


