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Overview of Driven Piles
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Reasons for Reasons for 
Deep Deep 

FoundationsFoundations

Also: Foundations penetrating through water



Loading of Deep Loading of Deep 
FoundationsFoundations

One of the main 
reasons for deep 
foundations is the 
ability of deep 
foundations to bear 
loads that shallow 
foundations cannot

Lateral Loads
Tension Loads
Compression Loads in Soft 
Soils



Types of Types of 
Deep Deep 

FoundationsFoundations



Driven PilesDriven Piles

•A long, 
slender, 
prefabricated 
structural 
member driven 
or otherwise 
inserted into 
the ground



History of Driven PilesHistory of Driven Piles
The oldest form of 
deep foundation in 
existence
All ancient civilzations
(Greek, Roman, 
Chinese) used driven 
piles to support 
structures in poor soils
Driving equipment 
involved positioning, 
raising and lowering 
the driver by hand



Caesar's Bridge over the Caesar's Bridge over the 
RhineRhine

Built in a span of ten days
Consisted of batter piles for the lateral loads of 
the river



Advances in Driven Piles Advances in Driven Piles 
and Pile Driversand Pile Drivers

Piles
Steel Piles

H-Piles – addressed problems of 
bridge scour in the Midwest
Pipe Piles

Precast Concrete Piles
François Hennebique (1897) – first 
use
A.A. Raymond (1901) – built with it 
Raymond Concrete Pile 
Company

Hammers
Steam Hammers

Naysmith (1845) – related 
to forging hammers
Vulcan (1887), MKT, etc.

Pile Driving Rigs
Rotating Skid Rigs
Crawler mounted rigs



Types of PilesTypes of Piles
Selection of Pile 
Type

Applied Loads
Required Diameter
Required Length
Local availability of 
each pile type
Durability of the pile 
material in a specific 
environment
Anticipated driving 
conditions

Types of Piles Used
Timber Piles
Steel Piles

H-Beams
Pipe Piles

Concrete Piles
Precast Piles
Prestressed Piles

Other Types of Piles
Plastic-Steel 
Composites
Sheet Piling



Timber PilesTimber Piles
The oldest type of pile 
in use
Most used today are 
Southern Pine or 
Douglas Fir



Steel PilesSteel Piles
Steel piles first came into 
use in the 1890's
Can be driven through 
hard soils and carry large 
loads
Especially useful for 
tension and uplift loads
Easy to splice and add 
onto
Expensive compared to 
other piles
May be subject to 
corrosion, depending 
upon soil and water 
conditions



HH--PilesPiles
Similar to WF beams 
used in structural 
applications but 
flanges and webs are 
of equal thickness with 
H-beams
Often used as end 
bearing piles in rock



H-Pile Chart

From Skyline Steel



Pipe PilesPipe Piles



Pipe Piles and Steel Pile 
Materials





Concrete Concrete 
PilesPiles

Either precast or 
prestressed piles

Precast contain 
rebar similar to 
shallow foundations 
– not commonly 
used in North 
America
Prestressed uses 
cables tensioned 
before concrete is 
poured



Square Concrete PilesSquare Concrete Piles



Concrete Cylinder PilesConcrete Cylinder Piles



Square and Square and 
Cylinder Pile Cylinder Pile 
SpecificationsSpecifications



Cutting Concrete PilesCutting Concrete Piles
Can be cut with 
concrete saws or 
special pile 
cutters
Usually best to 
drive as friction 
piles where 
refusal is not as 
likely to take 
place



Composite Composite 
PilesPiles

Two possible 
definitions

Pile made up of two 
other pile types, such as 
a concrete pile with an 
H-pile "stinger" on the 
end
Pile made up of two 
materials

Plastic-steel 
composite

A useful substitute for 
wood piles in 
applications where 
wood is 
environmentally 
unacceptable



Typical Capacities and Typical Capacities and 
Lengths of Driven Pile TypesLengths of Driven Pile Types



Installation Equipment Installation Equipment 
for Driven Pilesfor Driven Piles

Pile Driving Rigs
Pile Hammers
Hammer Accessories

Leaders
Cushion Material

Predrilling, Jetting 
and Spudding



Pile HammersPile Hammers

Impact Hammers
Drop Hammers
Air/Steam Hammers
Diesel Hammers
Hydraulic Hammers

Vibratory 
Hammers
Pile Jacking 
Devices



Drop HammersDrop Hammers
Oldest type of hammer 
in use
Simply raised by the 
crane (or hoist) and 
released to impact the 
pile top
A very simple hammer, 
yet slow and efficiency 
is inconsistent



Air/Steam HammersAir/Steam Hammers
In use since the 
nineteenth century
Hammers are simple; 
require little 
maintenance and are 
of long duration
Efficiency also variable 
due to age of 
hammers and 
conditions of operation
Hammers can be 
single, double or 
differential acting



Air/Steam CyclesAir/Steam Cycles
• Single-Acting (No 

Downward Assist)
• Differential or Double-

Acting (Downward assist)

http://www.youtube.com/watch?v=eLsnYKUBgD8



Diesel HammersDiesel Hammers
Developed in Germany 
between the two World 
Wars
Does not require an 
external power source; 
usually light
Can also be single-
acting or double-acting



Operating Cycle of Diesel HammersOperating Cycle of Diesel Hammers
• Upstroke or starting of 

the hammer with 
starting device (crab)

• Lowering of ram; 
injection of fuel

• Combustion at 
bottom of stroke

• Fuel ignition and 
upward lifting of ram

http://www.youtube.com/watch?v=ElBGcYhdjMA





HydraulicHydraulic
Impact HammersImpact Hammers



Vibratory HammersVibratory Hammers



Operating PrincipleOperating Principle

Vibratory hammers apply a rapidly alternating force to the 
pile by rotating eccentric weights about horizontal shafts
Each eccentric produces centrifugal, dynamic force acting 
in a single plane and directed toward the centerline of the 
shaft
The eccentrics are paired so the horizontal forces cancel 
each other, leaving only vertical force for the pile

R',q'

Plastic Slip, x>q'

x or t



Original Development and Soviet Original Development and Soviet 
EquimentEquiment

First job in the USSR --
Gorki hydroelectric 
development, 1949

– Model BT-5
» Dynamic Force, 214 kN
» Eccentric Frequency, 41.67 

Hz
» Power, 28 kW

– Sheet Piles
» 3700 sheet piles
» 9-12 m long
» 2-3 minutes driving time

Soviet B-402 pile driver
Dynamic force, 270 kN
Maximum eccentric moment, 
12 kg-m
Rotation frequency, 23.8 Hz

Driving sheet piling in 
Leningrad (St. 
Petersburg)



Other Vibratory HammersOther Vibratory Hammers

Japan
Nippei
Uraga
Tomen

France
PTC

Germany
Müller
MGF

U.S.
MKT – first 
U.S. 
Vibratory 
(V-10)
Foster 
(PTC, 
then 
Nippei
derived)
ICE (US 
and 
Europe)
Vulcan
HPSI
Ape



Basic Types of Vibratory Basic Types of Vibratory 
HammersHammers

Low frequency vibrators
Medium frequency vibrators
High frequency vibrators



Low Frequency VibratorsLow Frequency Vibrators
Characteristics

– Vibration frequency of 5-10 
Hz

– Used with piles with high mass 
and toe resistance

– Drive with high eccentric 
moments and amplitudes

VPM-170
– Dynamic force 1,700 kN
– Frequency 9.17 hZ
– Eccentric moment 510 kg-m



Medium Frequency Medium Frequency 
VibratorsVibrators

Characteristics
Frequency range –
10-30 Hz
Balance of 
frequency, eccentric 
moment and 
dynamic force 
needed to drive wide 
variety of piles
Most larger 
vibratories fall in this 
range

http://www.youtube.com/watch?v=L5xFptZbfTw



High Frequency VibratorsHigh Frequency Vibrators
Characteristics

Operate at frequencies 
above 30 Hz
Reduces amplitude and 
velocity for decreased 
ground vibrations

Two ranges
Non-resonant
Resonant



Pile Jacking DevicePile Jacking Device
Installs piling by pushing them into the soil, not 
impact
Useful in situations where vibrations cannot be 
tolerated



Driving AccessoriesDriving Accessories
Drive Caps

Mate the hammer to the pile
Hold the cushion material in 
place

Weight of the cap 
influences the energy 
transmission from the 
hammer to the pile



Cushion Cushion 
MaterialMaterial

Hammer Cushion
Protects the hammer and 
modulates the blow
Usually struck via a top plate 
above

Pile Cushion
Used only with concrete 
piles
Protects the pile from 
cracking and spalling



LeadersLeaders

Fixed Leaders

Swinging Leaders



PredrillingPredrilling and Jettingand Jetting
Methods of 
reducing the soil 
resistance to assist 
driving

Predrilling
Using an auger (usually 
continous flight) to drill 
a hole into which the 
pile is driven
Does result in loss of 
shaft friction

Jetting



MandrelMandrel--Driven Thin Driven Thin 
Shelled PilesShelled Piles

Thin shelled steel piles 
which are driven with the 
assistance of a mandrel, 
as they would collapse if 
driven directly (as with 
pipe piles)
Piles then filled with 
concrete and a 
reinforcing cage
First widely popular 
mandrel driven thin 
shelled pile was the 
Raymond Step-Taper Pile, 
but there are many other 
kinds available today



PressurePressure--Injected FootingsInjected Footings
((FrankiFranki Piles)Piles)

Large end-bearing is possible



Design and Selection of Design and Selection of 
Deep FoundationsDeep Foundations

Design Parameters Selection and Types
• Service loads and allowable 

deformations
• Subsurface investigations
• Type of Foundation
• Lateral and Axial Load 

Capacity
• Driveability
• Structural Design
• Seismic Design
• Verification and Redesign
• Integrity Testing

Type of Foundation is 
influenced by:

Design Loads
Subsurface Conditions
Constructibility
Reliability
Cost
Availability of materials, 
equipment and expertise
Local experience and 
precedent



Design of Deep Design of Deep 
FoundationsFoundations

Service Loads and 
Allowable 
Deformations

Most important step
Loads can include

Axial loads (live or dead, 
tensile or compressive)
Lateral loads (live or dead)
Moment loads

Should be combined both as 
unfactored loads (ASD) or 
factored loads (LRFD)
Allowable settlements should 
be determined by structural 
engineer

Subsurface 
Investigations

For deep foundations, the 
subsurface investigations are 
generally more intensive and 
expensive
Exploratory borings must 
extend well below the toe 
elevation, which may have to 
be altered after initial 
calculations
Investigations assist in 
determining the type of 
foundation that should be 
used
Use data from deep 
foundations that have already 
been installed in the vicinity 
(capacity and drivability)



Lateral and Axial Load Lateral and Axial Load 
CapacityCapacity

Lateral Loads
Frequently dictate the diameter 
(section modulus) of the 
foundation, so should be 
considered first, if present
p-y curves are the best way of 
determining lateral capacity
Large diameter piles may also 
be necessary for scour resistance
Batter piles are also a typical 
way of dealing with lateral loads, 
but can pose rigidity problems in 
seismic situations
Seismic retrofits are a common 
application of laterally loaded 
piles

Axial loads
Analytic methods should be 
performed first, although their 
limitations should be understood
Analysis should include 
considerations of allowable 
load, allowable settlement, and 
group effects (including block 
failure)
Ideally, a static load test on test 
piles should be done; however, if 
economic or other factors make 
this impractical, other methods 
such as Osterberg Tests, 
CAPWAP, or Statnamic should 
be considered
Blow count specifications using a 
wave equation analysis are 
acceptable on smaller projects



DriveabilityDriveability
Piles that cannot be driven cannot 
be used to support loads; thus, 
drivability is an important 
consideration with driven piles
Wave equation methods are ideal 
to use for drivability studies
Deep foundations must be 
designed and analysed to meet 
criteria for

Reasonable cost
Sufficient capacity
Possible drivability



Structural and Seismic Structural and Seismic 
DesignDesign

Structural Design
Once the geotechnical 
analysis is done, the structural 
engineer can proceed with 
the structural design
Structural design involves both 
the structural capacity of the 
deep foundations themselves 
and the pile caps and 
connecting members that are 
above these members
Plans and specifications 
presented for bid should be 
complete and unambiguous

Seismic Design
In seismically active areas, 
earthquake occurrence must 
be taken into consideration
Liquefaction of soils is a major 
cause of failure during seismic 
events

Deep foundations can be 
installed beyond liquefying 
soils in some cases
Soil improvement is 
necessary in others

Most direct seismic loads on 
foundations are lateral ones so 
lateral load analysis is 
important for seismic 
resistance
Batter piles tend to be too rigid 
for seismic loads



Other ConsiderationsOther Considerations
Scour and Downdrag Verification and Redesign
Scour

Scour is an important 
consideration for bridges over 
rivers or other bodies of water 
with consistent currents
Loss of supporting soil at the 
head of the deep foundation 
must be considered when 
designing for scour

Downdrag
Compression of soil by 
overburden around piles creates 
downdrag on piles
This is dealt with either by design 
or by treatment of the surface of 
the pile

Redesign during construction 
is to be avoided but is 
sometimes necessary due to 
differences in the subsurface 
conditions between what was 
estimated and what actually 
takes place
Dynamic testing (Case 
Method, CAPWAP) is a useful 
tool to evaluate the need for 
redesign but must be used 
with good judgement
Drilled shafts and the cuttings 
from boring should be 
inspected before and during 
the placement of concrete



Integrity TestingIntegrity Testing
Integrity testing 
includes methods such 
as

Sonic logging
Nuclear logging
Vibration analysis
Stress-wave propagation (PIT)
Tomography

Especially important 
with drilled shafts 
where quality control is 
critical



Questions?Questions?
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