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DEFINITIONS (IN A PERFECT WORLD)

APreliminary Design i everything before construction

AFinal Design i completion of foundation installation
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IN OUR FAVOR

ATimber Piles > 1000 years

ADriven Concrete & Steel > 100 years

Drilled Shafts & 100 vyear s
ADynamic Testing & 50 years
Bi-di rectional Testing & 40 yea
AExtensive Technical Library

A/ery Mature Practice
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CHALLENGES

fSite Characterization Is Difficult

Aoundation Installation Changes Conditions

A/ery Complex Soil-Pile Interaction

MDesign Methods & 100+ (?)
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CONSTRUCTINDUCED ALTERATIONS

Positive Negative
A ateral stress increase A ateral stress relief
ADensification ADisturbance
ASoil-Pile Interface is stronger ASoil-Pile Interface is weaker

ALarge shear strains

ACyclic shear strains with stress
reversal
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ALTERATIONEONTINUED
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Figure 7-1  Compaction of cohesionless soils during pile driving Figure 7-2  Disturbance of cohesive soils during pile driving (after Broms 1966).

(after Broms 1966).

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

Humility! Q\%




CONSEQUENCES

APoor estimates of capacity
AConstructability problems

Ampact to existing elements/infrastructure

ASurprises
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THEORY VS MEASUR

From Rausche et al (2000)
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THEORY VS MEASUR
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IRILLED SHAFTS
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Materials
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DESIGN METHODS
Applied Axial Load, Q (kN)

0 1000 2000 3000 4000 5000 6000 7000 8000

A A A a A

10

20

30

Displacement, w, (mm)

g

A A & SN s A A s & & B & & a _a

-0 -Measured Load Test == Elasticity-Plasticity == +Davisson Offset Line

Figure 30. Measured and calculated axial compression response of bored pile ET4 at Araquari.

26" Szechy Lecture, Budapest (P.W. Mayne, 2020) - page 29
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DESIGN METHOBGONTINUED

Bored Pile w Bentonite

2,500

CFA Pile

2,500

Drilled Displacement Pile

2,500
Pile B2 7 e
2,000 s 2,000 - 2,000 - 7/
I ; / = = i ﬁ :.‘.
= i —

_ 3 — —_ — 1l : ::E:'—
Z 1500 Z | g 100 Z 1500 /,._,,f:-f;.';;:_—r
< 1,000 S — o 000 & =
2 —— ¢ 3

500 500 500

Pile C2
0 b PileAs o F=—r - - - N e | |
75 100 195 0 25 S0 73 100 125 0 25 50 75 100 125

0 25 50

MOVEMENT (mm) MOVEMENT (mm)

MOVEMENT (mm)

From Fellenius (2017)
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DESIGN METHOBGONTINUED
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Fig. 2 Load-movement curves and associated "capacities" submitted by 92 participants (74 separate)
From Fellenius (2025)
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DESIGN METHOBGONTINUED
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From Fellenius (2025) Fig. 15 Actual load-movement and Second-Go predicted curves
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DESIGN METHOBGONTINUED
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MY LOCAL GEOLOGY

fDrilled Shafts i 3 to 4 ksf unit side shear

Ampact Driven Piles (PSC, HP, Pipe) i 2 to 3 ksf long term (<0.5 ksf EOD)
ADrilled Displacement i 1 to 2 ksf

Avibratory Driven Piles (HP or Pipe) i 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:

AFull-scale foundations (proposed, potential, proto-type, alternative
etc.) constructed and tested prior to completion of design.

APlans, specs and bid documents developed based on the results
of the testing program.

AProgram is often designed to address multiple questions (e.qg.,
design parameters, site variability, constructability, construction
method effects, etc).

AFoundations are generally well instrumented.
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SOLUTION&GCONT.

Construction-Phase Testing:
MPlans are complete except for final foundation lengths.

ABid based on estimated lengths.

AlTesting performed at start of construction and lengths are adjusted
as necessatry.

AUsually only a single question is addressed (e.g., capacity
confirmation).
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SOLUTION&GCONT.

Unplanned Testing (troubleshooting):

AUh oh! Addresses the question that
was never asked.
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REASONS FOR DESREMSE TESTING

MAReduced Factor of Safety or Higher Resistance Factors

Metermination of Design Parameters:
AUnit side shear
AUnit end bearing

A ateral response
ABack-calculated parameters for p-y curves
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REASONS FOR DESREMSE TESTING CONT.

Constructabillity:

ADriven Piles
APile Driveability
Alnstallation Aid Requirements

ABored Piles
ADrilled Shaft Excavation Methods
AShaft Excavation Stabilization Requirements
AShaft Cleaning Methods
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PILEDRIVEABILITY

)
- Q % iy E % STAMDARD PENETRATICN TEST DATA
=g |E = E T [ )\
RElz3 MATERIAL DESCRIPTION | SE| 23 (blowsif) N-value

. 2.0

? p L L 2 "
30— =t ~Very Hard to Hard White and Light Gray SIghtly ©o 3
7 1 Moderately Weathered Sandy Mulluscan - Mold N
T LIMESTONE 7
== Rec-9%0% -
I} RQD-84% .
35—

I Hard to Moderately Hard Brown and Light Gray
.|| Moderately Severe to Severely Weathered Sandy |
7-+ % | Mullusean - Meld LIMESTONE '
7.5 |Rec - 23% [

o RGD-0% | N
Medium Dense to Dense Brown and Orange Fine
SAND (SF) T

KIEWIT CORPORATION




PIL
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DRIVEABILITYCONT.
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REASONS FOR DESREMSE TESTINGONT.

AConstruction Method Effects & Special Concerns:

ADriven Piles
ATime Dependency
Alnstallation Method (e.g., impact vs vibro, Saye et al 2020)

ABored Piles
ADrilling Fluids
ACasing Effects
AShaft Concrete Mix Design and Concrete Placement
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DRIVEN PILE TIME DEPENDENCY

Qbor/Qeod

0 a 10 15 20 25

Time Since Installation (days)

From Camp & Parmar 1999
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DRIVEN PILESNSTALLATION METHOD
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From Canivan & Camp 2002
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DRILLED SHAEPOLYMER VS MINERAL SLURRY
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Figure 4 Static Load Deflection Response

From Brown et al 2002
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MARKCLARKCONT

APurpose
ADesign Values
AConstructability

ATwo test sites i approximately 8 miles
apart but same bearing stratum

AVultiple foundation types

A 14-in. H Piles

Ad 24-in. Square PSC Piles

AL 20-in. Square PSC Pile
360 di ameter spu
300 di amedtPpaPile p e
300 di ameter Dri
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MARKCLARKCONT

ASimilar design values from both sites
AViajor problems with cylinder pile installation

ASome problems with large PSC pile
Installation

AFinal bridge designs included most of the
foundation types (shafts, PSC piles, H-piles,
open-end pipe piles)
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MARKCLARKCONT
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MARKCLARKCONT
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ALimited dynamic testing at start of construction
AAfter © 60% of production piles driven, capacity problems noticed (e.g.,
bent settlement during superstructure construction)

Al year, 22 static load tests, © 100 dynamic tests, 2000+ ft of supplemental
subsurface exploration later, added piles, problem resolved.

Lesson Learned -Don ot Omi t Constructi on PF
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US 378 OVER THE GREAT PEE DEE

A4032 ft long (river &
floodplain)

s
e 06 _f00t roadway
=79

AHigh volume of traffic

ALong detour if it were to
close

ATop 10 on SCDOT
priority list for
replacement
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PROPOSED REPLACEMENT BRIDGE
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ADVANTAGES OF CYLINDER PILES
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ACylinder pile alternate could provide
competition for drilled shafts

AGCs could self-perform
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DISADVANTAGES OF CYLINDER PILES

APoor/No history in South Carolina
AJnknowns associated with installation and capacity

APossible detrimental effects on existing bridge due
to driving large piles
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DESIGNPHASE TEST PROGRAM (2008)

Objective - Develop Information Necessary for Drilled Shaft and
Concrete Cylinder Pile Alternates

1. Cylinder pile installation & driveability
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
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SUBSURFACE CONDITIONS
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PEE DEE FORMATION ©S&ME ~ ConePenetration Test  T-1

Date: Jun. 9, 2006 Total Depth: 985 ft
Estimated Water Depth: 11 ft Termination Criteria:
Rig/Operator: Gyrotrack Cone Size: 175
Depth Tip Resistance Sleeve Friction Pore Pressure Friction Ratio Bquivalent SBT,, Depth
( — — T, — Uy ——U, MAI =4 (ft)
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=
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A Pl of 17 (clay-like behavior)

| sanc MicuresSity Sand 4 3
|~ wsandysin F :

A OCR of about 5 (cementation)
A Su of 3 to 4 ksf per UU testing
Aud of 45U per CU

Silt Mixtures-Clay SR to | 3
Sizy Clay L 55 _
E

Clays-Clay o Sitty Clay £

Cizys-Clayto Sity Cay | 65 3

T-1

| Page 10f1 Electronic Filename: d09u0602c.eco
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POSSIBLE CYLINDER PILE BEHAVIOR

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

ATwo 54-inch PSC cylinder piles (90 feet

long)
AOne with CIP concrete fi
|

AOne without concrete fi

A18-inch PSC square pile (30 feet long) ,
A’Proxy(‘) pile for existing==
Alnstalled prior to cylinder pile il

f—
-~
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PLANNED TESTING

QJ: o

ADynamic (PDA) Testing of Cylinder Piles “ " S T
Anstallation vagr s SUglINIR 8 ¥ A
ARe-Strikes ot b AN Bt S

AStatnamic Load Testing
ADrilled Shaft
ABoth Cylinder Piles
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PLANNED MONITORING

Avionitoring of Earth-Borne Vibrations During Pile Driving
ASettlement Monitoring of Ground Surface

AVionitoring Pore Pressures in Surrounding Soil
ABefore, during, after pile installation
APiezometers in soil and embedded in piles

AVionitoring Proxy Pile
ASettlement monitoring
ARe-strikes before/after cylinder pile installation
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INSTRUMENTATION
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INSTRUMENTATION AND TESTING

APiezometers in pile & soil
APile plug monitoring

AStrain gages (load distribution)
ASettlement points

AProxy pile

AVibration monitoring
ADynamic pile testing
AStatnamic testing

APre- & Post-CPT
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EMBEDDED VVEP
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INSTRUMENTATION PLAN
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SCALE IN FEET
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PILE INSTALLATION

APre-drilled to 40 ft (to reduce template
requirements)
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PILE HAMMER

AAPE 400u hydraulic hammer (400 ft-kips)
ARam wt = 80 kips, Max Stroke = 5 ft

vvvvvvv
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D R IVI N G LO G (¢ Simplified Driving Log - Pile A Simplified Driving Log - Pile B
\
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PILE PLUG BEHAVIOR

Pile Penetration (ft)

36.5 42 49 51 55 81.5

Plug (ft)

Distance from Ground Surface to Soll
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VWP DATA PILE A EMBEDDED
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VIBRATION MONITORING

-5 | | ==
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US 378 OUTCOME

Cylinder Piles - Pro:

ASuccessful installation

Adequate Capacity

ANo settlement on proxy pile or hubs

A/ibrations generally below very conservative limits




OUTCOMIE CONT.

Cylinder Pile - Con:

ACylinder pile locations would actually be within several feet of
exXxl sting pi1l es, not 80 as ex|

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

Adncertainty about pre-drill requirements
AJncertainty about monitoring requirements for existing bridge

Cvlinder Pile Option Not Bid




SUMMARY

1. Foundation Testing and Construction Observation iIs Integral
to Foundation Design T 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!




THANK YOU
BILLY CAMP

BILLY.CAMP@KIEWIT.COM
843-224-4890
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