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DEFINITIONS (IN A PERFECT WORLD)

Å Preliminary Design ï everything before construction

Å Final Design ï completion of foundation installation
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IN OUR FAVOR

ÅTimber Piles > 1000 years

ÅDriven Concrete & Steel > 100 years

ÅDrilled Shafts å 100 years

ÅDynamic Testing å 50 years

ÅBi-directional Testing å 40 years

ÅExtensive Technical Library

ÅVery Mature Practice
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CHALLENGES

ÅSite Characterization Is Difficult

ÅFoundation Installation Changes Conditions

ÅVery Complex Soil-Pile Interaction

ÅDesign Methods å 100+ (?)
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CONSTRUCTION-INDUCED ALTERATIONS

Positive

ÅLateral stress increase

ÅDensification

ÅSoil-Pile Interface is stronger

Negative

ÅLateral stress relief

ÅDisturbance

ÅSoil-Pile Interface is weaker

ÅLarge shear strains

ÅCyclic shear strains with stress 

reversal
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ALTERATIONS - CONTINUED

From Hanigan et al. (2016) ï GEC 12, Design & Construction of Driven Pile Foundations
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CONSEQUENCES?

Humility!



KIEWIT CORPORATION

CONSEQUENCES

ÅPoor estimates of capacity

ÅConstructability problems

ÅImpact to existing elements/infrastructure

ÅSurprises
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SIDEBAR ς ά/!t!/L¢¸έ

ÅCapacity is assessed

ÅDozens of methods

ÅLoad-displacement behavior 

and load transfer are more 

important
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See Fellenius.neté
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THEORY VS MEASURED ς DRIVEN PILES

From Rausche et al (2000)



KIEWIT CORPORATION

Soft to Hard Soils Intermediate
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THEORY VS MEASURED ς DRILLED SHAFTS
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DESIGN METHODS
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Bored Pile w Bentonite Drilled Displacement PileCFA Pile

From Fellenius (2017)

DESIGN METHODS - CONTINUED
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DESIGN METHODS - CONTINUED
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From Fellenius (2025)
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DESIGN METHODS - CONTINUED
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From Fellenius (2025)
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DESIGN METHODS - CONTINUED
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From Fellenius (2025)
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MY LOCAL GEOLOGY
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ÅDrilled Shafts ï 3 to 4 ksf unit side shear 

ÅImpact Driven Piles (PSC, HP, Pipe) ï 2 to 3 ksf long term (<0.5 ksf EOD)

ÅDrilled Displacement ï 1 to 2 ksf

ÅVibratory Driven Piles (HP or Pipe) ï 0.5 to 1 ksf

Same formation - Pile resistance varies by a factor of 8 depending 

on installation method!
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SOLUTIONS

Design-Phase Testing:

ÅFull-scale foundations (proposed, potential, proto-type, alternative 

etc.) constructed and tested prior to completion of design.

ÅPlans, specs and bid documents developed based on the results 

of the testing program.

ÅProgram is often designed to address multiple questions (e.g., 

design parameters, site variability, constructability, construction 

method effects, etc).

ÅFoundations are generally well instrumented.
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SOLUTIONS ς CONT.

Construction-Phase Testing:

ÅPlans are complete except for final foundation lengths.

ÅBid based on estimated lengths.

ÅTesting performed at start of construction and lengths are adjusted 

as necessary.

ÅUsually only a single question is addressed (e.g., capacity 

confirmation).
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Unplanned Testing (troubleshooting):

ÅUh oh!  Addresses the question that 

was never asked.

SOLUTIONS ς CONT.
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ÅReduced Factor of Safety or Higher Resistance Factors

ÅDetermination of Design Parameters:
ÅUnit side shear

ÅUnit end bearing

ÅLateral response

ÅBack-calculated parameters for p-y curves

REASONS FOR DESIGN-PHASE TESTING
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REASONS FOR DESIGN-PHASE TESTING CONT.

Constructability:

ÅDriven Piles

ÅPile Driveability

ÅInstallation Aid Requirements

ÅBored Piles

ÅDrilled Shaft Excavation Methods

ÅShaft Excavation Stabilization Requirements

ÅShaft Cleaning Methods



KIEWIT CORPORATION

PILE DRIVEABILITY
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PILE DRIVEABILITY ς CONT.

Limestone Stratum

14-in. Square PSC driven 

with an APE D30

Limestone Stratum

14-in. Square PSC driven 

with an APE D30
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REASONS FOR DESIGN-PHASE TESTING ς CONT.

ÅConstruction Method Effects & Special Concerns:

ÅDriven Piles

ÅTime Dependency

ÅInstallation Method (e.g., impact vs vibro, Saye et al 2020)

ÅBored Piles

ÅDrilling Fluids

ÅCasing Effects

ÅShaft Concrete Mix Design and Concrete Placement
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DRIVEN PILE TIME DEPENDENCY

From Camp & Parmar 1999
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DRIVEN PILES ς INSTALLATION METHOD

From Canivan & Camp 2002



KIEWIT CORPORATION

DRILLED SHAFT ς POLYMER VS MINERAL SLURRY

From Brown et al 2002
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MARK CLARK EXPRESSWAY
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MARK CLARK - CONT
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ÅPurpose
ÅDesign Values
ÅConstructability

ÅTwo test sites ï approximately 8 miles 
apart but same bearing stratum

ÅMultiple foundation types
Å3 14-in. H Piles
Å4 24-in. Square PSC Piles
Å1 20-in. Square PSC Pile
Å1 36ò diameter spun cast Cylinder Pile
Å1 30ò diameter open-end Pipe Pile
Å2 30ò diameter Drilled Shafts
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MARK CLARK - CONT

35

ÅSimilar design values from both sites

ÅMajor problems with cylinder pile installation

ÅSome problems with large PSC pile 
installation

ÅFinal bridge designs included most of the 
foundation types (shafts, PSC piles, H-piles, 
open-end pipe piles)
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MARK CLARK - CONT
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MARK CLARK - CONT
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ÅLimited dynamic testing at start of construction

ÅAfter º 60% of production piles driven, capacity problems noticed (e.g., 

bent settlement during superstructure construction)

Å1 year, 22 static load tests, º 100 dynamic tests, 2000+ ft of supplemental 

subsurface exploration later, added piles, problem resolved.

Lesson Learned - Donôt Omit Construction Phase Testing!
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US 378 OVER THE GREAT PEE DEE

Å4032 ft long (river & 

floodplain)

Å26-foot roadway

ÅHigh volume of traffic

ÅLong detour if it were to 

close

ÅTop 10 on SCDOT 

priority list for 

replacement
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PROPOSED REPLACEMENT BRIDGE

4ô-0ò Diameter Columns

6ô-6ò Diameter Drilled Shafts
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ADVANTAGES OF CYLINDER PILES

ÅPile Replaces the Shaft and Column

ÅSavings in Time/Labor

ÅConcrete Curing Time

ÅColumn Forming

ÅCylinder pile alternate could provide 

competition for drilled shafts

ÅGCs could self-perform
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DISADVANTAGES OF CYLINDER PILES

ÅPoor/No history in South Carolina

ÅUnknowns associated with installation and capacity

ÅPossible detrimental effects on existing bridge due 
to driving large piles
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DESIGN-PHASE TEST PROGRAM (2008)

1. Cylinder pile installation & driveability

2. Cylinder pile design values

3. Effects of pile installation on existing 

bridge

4. Reduce uncertainties at bidding

5. Obtain knowledge for use of cylinder 

piles on this and other SCDOT projects

6. Drilled shaft axial design values

Objective - Develop Information Necessary for Drilled Shaft and 
Concrete Cylinder Pile Alternates
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SUBSURFACE CONDITIONS
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PEE DEE FORMATION

Å Classifies as a Clayey Sand (SC)

Å Fines Content of 40% to 45%

Å PI of 17 (clay-like behavior)

Å OCR of about 5 (cementation)

Å Su of 3 to 4 ksf per UU testing

Åūô of 45Ü per CU testing
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POSSIBLE CYLINDER PILE BEHAVIOR

Closed-ended 

(plugged)
Open-ended Rising head?
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TEST PILE COMPONENTS

ÅTwo 54-inch PSC cylinder piles (90 feet 
long)
ÅOne with CIP concrete filling (ñPile Bò)

ÅOne without concrete filling (ñPile Aò)

Å18-inch PSC square pile (30 feet long)

ÅñProxyò pile for existing bridge
ÅInstalled prior to cylinder pile
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PLANNED TESTING 

ÅDynamic (PDA) Testing of Cylinder Piles
ÅInstallation

ÅRe-Strikes

ÅStatnamic Load Testing 
ÅDrilled Shaft

ÅBoth Cylinder Piles
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PLANNED MONITORING

ÅMonitoring of Earth-Borne Vibrations During Pile Driving

ÅSettlement Monitoring of Ground Surface

ÅMonitoring Pore Pressures in Surrounding Soil

ÅBefore, during, after pile installation

ÅPiezometers in soil and embedded in piles

ÅMonitoring Proxy Pile

ÅSettlement monitoring

ÅRe-strikes before/after cylinder pile installation
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INSTRUMENTATION
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INSTRUMENTATION AND TESTING

ÅPiezometers in pile & soil 

ÅPile plug monitoring 

ÅStrain gages (load distribution)

ÅSettlement points

ÅProxy pile

ÅVibration monitoring

ÅDynamic pile testing

ÅStatnamic testing

ÅPre- & Post-CPT
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EMBEDDED VWPs
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INSTRUMENTATION PLAN
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PILE INSTALLATION

ÅPre-drilled to 40 ft (to reduce template 

requirements)
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PILE HAMMER

ÅAPE 400u hydraulic hammer (400 ft-kips)

ÅRam wt = 80 kips, Max Stroke = 5 ft
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DRIVING LOGS

Top Spalling

Med 

Dense 

Sand
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PILE PLUG BEHAVIOR
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VWP DATA ς PILE A EMBEDDED

No activity on Pile A Pile A Installation
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VIBRATION MONITORING
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POST INSTALLATION TESTING
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US 378 OUTCOME

Cylinder Piles - Pro:

ÅSuccessful installation

ÅAdequate Capacity 

ÅNo settlement on proxy pile or hubs

ÅVibrations generally below very conservative limits
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OUTCOME ς CONT.

Cylinder Pile - Con:

ÅCylinder pile locations would actually be within several feet of 
existing piles, not 8ô as expected

ÅHammer selection would be critical (but limited supply of 
suitable hammers)

ÅUncertainty about pre-drill requirements

ÅUncertainty about monitoring requirements for existing bridge

Cylinder Pile Option Not Bid
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SUMMARY

1. Foundation Testing and Construction Observation is Integral 
to Foundation Design ï not just for QA/QC

2. Design-phase load testing can address multiple issues (not 
just design values and resistance factors). Helps reduce 
conservatism and uncertainty at bidding

3. Construction-phase QA/QC still important!
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THANK YOU

BILLY CAMP

BILLY.CAMP@KIEWIT.COM

843-224-4890

mailto:Billy.camp@kiewit.com
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