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Simple Embankment Model
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Downdrag from layer 2

Highest internal load in 
pile at top of bearing 
layer, not top of pile

Surcharge Pressure

Bearing layer

Embankment fill

Do structure loads on piles offset downdrag because they occur after the “immediate” 
settlements of sands supporting embankments are complete?

Bearing layer

weak consolidating soil



Sandridge Road Report -

• “Post-construction downdrag loading (negative skin friction) 
is not anticipated due to the primarily granular (sandy) 
nature of the soils encountered in the SPT borings.”



Research Project:



Research Project:

• 3 Bridges on Sandy Sites
• Sandridge Road
• Paseo Del Mar
• Henley Road

• Internally Instrument piles
• Instrument existing soils with settlement sensors
• Long-term monitoring



Sandridge Road Bridge

• Bridge Geometry & Approaches
• 114-ft single span bridge over existing roadway
• 18-in PSC pile end bents
• Wraparound MSE Abutments, approx. 26-ft high

• Soil Profile
• Loose light gray sands in the upper strata over dense light gray 

sands
• Predicted Settlement

• Modified Hough Method = 4.6 inches
• Schmertmann Modified Method = 3.6 inches







Design Loads

• Pile Loads (Service):
• DL = 81 tons (162k)
• LL = 41 tons (82k)

• Factored Design Loads:
• DL = 1.25 (81) = 101.3 tons (202.6k)
• LL = 1.75 (41) = 71.7 tons (143.4k)
• FDL = 173 tons (346k)

• Required Nominal Bearing Resistance
• (173)/0.65 = 266.2 => 267 tons (534k)



NBR=267 tons, FDL=173, DD=0



Instrumenting Piles
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Instrument the Ground 15-ft from the Pile



Protect Instrument Leads for Monitoring



Sandridge Road 
Backfill
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Sandridge Road 
Backfill
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Pile Forces vs Time



Settlements Measured by Extensometer



Sandridge Road Pile Forces vs Construction





FEM of Soil Settlement



Sandridge Rd Delta Settlement

Neutral Point

Structure Load

End bearing
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Henley Rd Delta Settlement

Neutral Plane



Paseo Al Mar Blvd Delta Settlement

Neutral Point



Predicting Downdrag  (Paseo Al Mar shown)
Briaud & Tucker’s 
Neutral Point Method  Neutral Plane Method



Questions?
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