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DFI Mission

To bring together multi-disciplined individuals 
and organizations to find common ground and 
create a shared vision and a consensus voice 

for continual advancement in the deep 
foundations industry.



An International Association of Multidisciplinary 
Members

Organization 
Type



TTTTeeeecccchhhhnnnniiiiccccaaaallll    CCCCoooommmmmmmmiiiitttttttteeeeeeeessss

DFI Technical Committees
and Working Groups

• Anchored Earth Retention (Joint w/ ADSC)

• Augered Cast-in-Place Piles (CFA Piles)

• BIM/Digitalisation (Europe)

• Codes and Standards

• Deep Foundations for Landslides and Slope  

Stabilization

• Driven Piles

• Drilled Shafts

• Electric Power System Foundations

• Energy Foundations

• Ground Improvement

• Helical Foundations and Tiebacks

• International Grouting

• Manufacturers, Suppliers and Service Providers

• Marine Foundations

• Micropiles (Joint w/ ADSC)

• International Society for Micropiles 

• Project Information Management 

Systems

• Risk and Contracts

• Seepage Control Working Group

• Seismic and Lateral Loads

• Slurry Walls

• Soil Mixing

• Subsurface Characterization

• Sustainability

• Testing and Evaluation

• Monitoring & Instrumentation (Europe)

• Tunneling and Underground

• Women in Deep Foundations

• Industry Wide – Risk Working Group

• Industry Wide – Working Platforms



http://www.dfi.org/dfievents.asp



Scope of Presentation

Evolution of Augered Cast-in-Place Pilling 

Equipment and Processes

What is an “Intermediate Geomaterial” 

(IGM)

Example Applications



Auger Pressure Grouted (APG) Pile System

• Cast-in-place piles grew out of pressure-
grouting processes at Intrusion-Prepakt, 
late 1940s, early 1950s

• Patent granted to Raymond Patterson for 
construction of cast-in-place piles by 
pumping grout through a hollow-stem 
auger.

• Licenses granted to Lee Truzillo and 
Charles Berkel

“The Evolution of Cast in Place Piles”

November/December 2013 DFI Magazine 



• Augers advanced by power units that 

developed +- 15,000 ft-lbs

• On-site grout batching using bagged cement, fly 

ash and grouting agent, and masonry sand (to 

allow grout to be pumped by pneumatic 

powered piston pumps)

• Consistent production of 3000 psi grout was a 

challenge (fine masonry sand)

• Installation of 500 linear feet of piling in a single 

day was considered a great accomplishment. 

STATE OF THE ACIP INDUSTRY 

early 1960s



• Deep foundations for most major structures are 

either driven piles or drilled shafts

• Raymond Concrete Pile Company has offices 

throughout the U.S.

STATE OF THE DEEP 

FOUNDATION INDUSTRY

EARLY 1960S



• Augers advanced by power 

units that developed +-

30,000 ft-lbs

• ASTM C-33 sand used in 

grout mixes

• Higher volume, more 

powerful pumps are 

available

• Redi-mix grout common.

• Original patent for ACIP 

piles expires – new 

installers enter the market

STATE OF THE ACIP INDUSTRY1970s
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Piedmont Physiographic Profile
Deep Foundation Approach [1970’s]

Auger, Cast-in-Place. 
Significant portion of 
capacity developed by 
shaft resistance in 
residuum.  Minimal 
penetration into pwr.



• Substantial knowledge base in the Geotechnical 
Community.

• Continued advancement of installation platforms 
and grout delivery systems leads to application 
in a wider variety of geologic settings.

• Application in Intermediate Geomaterials

Miami Rapid Transit System-Piles in soft 
limestone

Georgia World Congress Center-Piles in 
partially weathered rock

Conventional Crane-Mounted Equipment

ACIP Piles in the1980s



Crane-Supported ACIP Pile Rig





Fixed Mast Platforms



INSTALLATION PLATFORM

• 150,00 to 200,000+ ft-lb torque

• 40,000 to 80,000+ lb crowd

• Fixed mast for stability, inclinometer 

with display in operator’s compartment

• Grout pressure, measured at top of tools, 

is displayed in operator’s compartment

• Real-time display of installation 

parameters (depth, KDK pressure, 

Installation Effort, grout pressure) 

pressure



Primary Drilling Parameters

(Recorded at 1 Reading per Second)
• Time:  Recorded by an internal counter and referenced to 

the initial date and time input by the operator at the 
beginning of the project.

• Depth:  From proximity switch that measures rotation of 
the main winch supporting the drilling turntable and drilling 
tools.

• Hydraulic Fluid Pressure driving turntable (i.e. KDK 
Pressure):  From in-line pressure transducer.

• Rotations (of drilling tools):  From proximity switch on 
turntable.



Fixed-Mast Piling Rig                       APG Crane-Mounted Rig

2 m +/-

10 m +/-

On-Site Logistics Considerations



Fixed Mast Auger Stem

Conventional ACIP Auger Stem





What are Intermediate Geomaterials?

(a) Cohesive soil (clay or plastic silt with su<0.25 MPa (+- 2.5 tsf)

(b) Granular Soil (sand, gravel or non-plastic silt with Navg < 50 

blows.0.3 m)

(c) Intermediate Geomaterials

(a) Cohesive:  clay shales or mudstones with .025 MPa (2.5 

tsf) < su <2.5 MPa (25 tsf)

(b) Cohesionless:  granular tills, granular residual soils with 

N>50 B/0.3 m

(d) Rock [cohesive, cemented geomaterial with su>2.5 MPa (25 

tsf) or qu > 5.0 MPa (50 tsf)]

Source:  U.S. Department of Transportation, FHWA-IF-99-025, Vol. II, p 266



Side Resistance in Soft Rock

Ref: Kulhawy and Phoon (1993)



• Materials that were on their way to becoming rock but were not 

indurated to the point that they could be classified as “rock”.  

[Soft limestone, Mudstone, Clay Shale]

• Materials that were once rock but have been weathered to the 

point that they have lost some of their rock characteristics.  

Residual materials [Partially Weathered Rock, Altered Rock]

• Materials that have been acted upon by physical or 

physiochemical processes that cause them to meet the criteria 

for IGMs.  [Till, Marl]

Types of IGMs

A common feature among IGMs is difficulty in obtaining 

boring data and samples that accurately reflect the 

character of the in-situ mass
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Partially Weathered Rock 
Piedmont Profile

Deep Foundation Approach 1990’s

Auger, Cast-in-Place.

Beginning in the 1980’s 



Benefit of Penetrating PWR?

0

10

20

30

40

50

60

70

80

0 10 20 30 40 50 60 70 80 90 100 110

D
E

P
T

H
, 
F

T

SPT "N", BPF

SPT "N" vs Depth, Piedmont

0

10

20

30

40

50

60

70

80

0.0 1.0 2.0 3.0 4.0

D
E

P
T

H
, 
F

T

Unit Shaft Resistance, tsf

Unit Shaft (CFA) vs Depth, Piedmont



500 Walnut St, Philadelphia

500 Walnut Street 





Implied Load Transfer in 

Bottom 14 Feet 2.65 tsf



Side Resistance in Soft Rock

Ref: Kulhawy and Phoon (1993)





Soft Rock Subsurface Profile, South Florida

Ref: Frizzi & Meyer (2000)



Shaft Resistance

South Florida Limestone Experience



Side Resistance in Soft Rock

Ref: Kulhawy and Phoon (1993)



Shaft Resistance

South Florida Limestone Experience



Piling & Deep Foundations 2009

36-in x 155-ft

South Florida



Cutting Head for IGM Application



Shale

Highly Dependent on Local Geology

May or May Not Have a Transitional (Weathered) Zone

May be Fissile or Thick Bedded

Highly Variable Strength

May be Interbedded with (Hard) Limestone and/or Sandstone



Good Place To Start (Shales)?

GEC-8, Section 5.3.3.3.  From Vipulamamdan 2005 Paper.

Method described is based on results of 8 load tests on ACIP piles socketed 

into clay-shale with qu ranging from 1 to 30 tsf.

Capacity is given in terms of pile head displacement.



Cases 4 and 5 show stiffer response

1 and 2 are on the looser end







Shale Example

Assume a 1.5 ft diameter (D) pile drilled 4.5 ft (L) into clay shale with qu

=20 tsf.  So L=3D.



Shale Example (continued)

Take a pile head displacement of 0.25” and use Equation 5.25 to calculate 

the mobilized load capacity at that displacement

Ultimate capacity of 267 tons.  Mobilized capacity with pile head movement 

of 0.25 in, 170 tons.

No need to consider (worry about) what the toe contribution is.  It’s built in.

Designer selects the level of pile head movement for conditions.



Shaft Resistance

FHWA Micropiles Guidelines



EXAMPLE

ACIP Pile in Shale
16-in Diameter, 50-ft Deep

Shale below 35-ft depth



Nominal Unit Shaft:

~ 2 tsf

EXAMPLE

ACIP Pile in Shale
16-in Diameter, 50-ft Deep



EXAMPLE

ACIP Pile in Clay Till
16-in Diameter, 55-ft Deep



EXAMPLE

Estimated Nominal Shaft

16-in Diameter ACIP Pile

Coleman and Arcement

alpha values

Increased estimated unit 

shaft by 20%



EXAMPLE

ACIP Pile in Clay Till

16-in Diameter, 55-ft Deep



Nominal Unit Shaft:

~ 1.6 tsf



Q&A- Something on your mind?


