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Driven Piles: Foundation support 
typically using steel or precast 
concrete elements driven into soil 
with impact or vibratory 
methods. 

 

Drilled Shafts: Elements formed 
by creating a drilled hole into 
which structural steel and 
concrete is cast or placed.  

 

Choice of piles vs. shafts may be 
driven by a wide range of factors- 
relating- often indirectly- to time 
and money. 



Shafts 
/ƻƴŎǊŜǘŜ ŦƛƭƭŜŘΣ ŘǊƛƭƭŜŘΣ ΨƳŀƴǳŦŀŎǘǳǊŜŘΩ ƻƴ-site 

Side and End bearing contributions 

General methods for friction, cohesion, rock 

Exclusion areas 

LRFD factors based on design methods, materials, 
loading 

Piles 
Many Types/Materials, prefabricated 

Side and End bearing contributions 

Several design methods (similar to shafts) 

Generally LRFD factors will be based on installation 



Cost (materials/labor/inspection)/ Time 

Structural loading requirements 
Compression, uplift, deformation, cyclic, redundancy 

Extreme events (seismic, lateral impact, scour) 

Ease of design/construction/inspection 
Standard practice & familiarity; codes 

Special site requirements (noise/vibration/clearance) 

Unusual or problematic geological conditions 
Rock (near surface or sloping), karst, boulders  

Environmental factors (contaminated site?) 

Site footprint, access, congestion 

Availability of materials, equipment, skilled 
contractors, or local/competitive contractors 



Similarities 
ʰ aŜǘƘƻŘǎ όŎƻƘŜǎƛǾŜ ǎƻƛƭǎύ 

ʲ aŜǘƘƻŘǎ όŦǊƛŎǘƛƻƴŀƭ ǎƻƛƭǎύ 

Differences 
hǇǘƛƻƴ ŦƻǊ ΨōŜƭƭŜŘΩ ǎƘŀŦǘǎ 

Rock Socketed Shafts 

Installation Details 
Soil Removal/Displacement 

Frictional/Adhesion properties 

Direct CPT Methods available 
in pile design software 



In friction piles or shaft using 
predominantly side resistance (skin 
friction), structural loads are supported by 
shear resistance along the length of the 
element. 

In an end bearing element, structural loads 
bear on the end (also base, tip, toe, etc) of 
element on stiff clays, dense, sandy soils, 
or solid rock*. (Shafts may extend into rock). 

Driven piles typically use both components 
without much additional consideration. 
Due to strain compatibility, drilled shafts 
are often designed as either primarily end 
bearing or side resistance (skin friction) 
type shafts or a combination if using base 
grouting or when field testing is used to 
evaluate the contributions). 



SHAFT CYLINDRICAL 
PERIMETER AREA 

BASE  
END AREA 



Non-Contributing Areas 



There is similarity to driven pile design: Side (shaft) and Base (point) components 



Factored Resistance = 
 ˒  * Nominal 
Resistance 
 
Note that factors are 
provided  based on 
side/tip, material, and 
compression/uplift 





Methods 
Impact/Driven 

Vibratory 

Auger-cast 

Cast-in-place/mandrel 

Helical  

Inspection 
Mill certificates 

Visual  

Driving [Dynamic] Performance 

Static Performance 



Drop 

Air/Stem 

Diesel 

Hydraulic 

Leads 

Crane 
Hammer 



Kelly 

Table 

Crane 

Power Unit 

Tool 



Rock Auger 

Earth Auger 

Belling Tool 



Methods 
Dry 

Cased 
Temporary 

Permanent 

Wet/Slurry 

Inspection 
Materials 

Integrity 

Performance 



Dry  

Cased 
Temporary 

Permanent 

²Ŝǘ ƻǊ ά{ƭǳǊǊȅέ 



This method is used when excavations, started as a 
άŘǊȅ construction ƳŜǘƘƻŘέΣ encounter water bearing or 
caving (loose sands) soil formations.  

A temporary casing is then placed through the 
problematic formation to produce a watertight seal or 
to restrict the loose material from collapsing into the 
shaft 

During concrete placement, 

     the casing is withdrawn. 

     Attention to proper removal 

     of the casing is critical. 



This method consists of 
placing a steel casing to a 
prescribed depth before 
excavation begins. 

 

This method is frequently 
used where extracting a 
temporary casing is judged 
to be too expensive, 
ǇǊƻōƭŜƳŀǘƛŎΣ ƻǊ ΨǊƛǎƪȅΩ ŘǳŜ 
to the potential loss of 
ground or concrete 
contamination. 

Casing may be installed in one single 
diameter for short holes, or in multiple 
stages with reducing diameters for 
deep holes using - άǘŜƭŜǎŎƻǇƛƴƎ ŎŀǎƛƴƎέ 



Shafts are installed either with 
ground water or under water 
using tremie concrete.  

 

In this type of operation, drilling 
fluids, mineral slurry (typically 
commercial bentonite clay mixed 
with water) or polymer slurry is 
used to stabilize the excavation or 
when ground water is 
encountered in the excavation 
that cannot be efficiently sealed 
or dewatered. Piezometric level

Hole cleaned

of slurry &

cuttings

Slurry





A very short casing may be 
used to help support the hole 
at the ground surface (usually 
for safety) even if it is not 
otherwise required. 



Casing may be used, but is 
not necessary in either the 
basic dry or wet methods 

Dry shafts are a popular 
construction technique 
particularly in areas with 
άƘŀǊŘǇŀƴέ Ŏƭŀȅǎ ǘƘŀǘ ŀǊŜ ŘǊȅ 
and cohesive.  



A steel reinforcing cage is 
always installed as part of the 
construction.  
 
The amount of steel varies 
depending on the type of 
loading the shaft is expected 
to experience.  
 
Shafts are frequently 
reinforced more near the 
ground surface where lateral 
loads and moment forces are 
larger. 

The amount of reinforcement 
may be very large for shafts in 
seismic zones.  





Integrity testing is almost universal for WET 
shaft construction: CSL, g - g, or thermal integrity 

PVC or Steel tubes are 
attached to the rebar cage 



Tremie 

Lƴ ŀ ŘǊȅ ǎƘŀŦǘΣ άǎŜƭŦ 
ŎƻƳǇŀŎǘƛƴƎέ ŎƻƴŎǊŜǘŜ Ƴŀȅ ōŜ 
άŦǊŜŜ ŘǊƻǇǇŜŘέ ƛƴ ǘƘŜ ŎŜƴǘŜǊ 
of the shaft.  
 
Drilled shaft concrete usually 
has a very high slump to 
ensure that it can efficiently 
migrate through the rebar 
cage to the exterior of the 
shaft.  

In a wet shaft, concrete must 
be placed using the tremie; the 
tremie MUST ALWAYS be kept 
below the surface of the fresh 
concrete during the pour.  
 





{ƻƳŜ ǎƘŀŦǘǎ Ƴŀȅ ōŜ άǇƻǎǘ 
ƎǊƻǳǘŜŘΣέ ŀ ǇǊƻŎŜǎǎ ǿƘŜǊŜ 
pressurized grout is 
injected at the base of the 
shaft to increase the end 
bearing capacity and the 
base stiffness. 

In the photo above, a 
hydraulic jack is installed 
within the shaft to do a full 
scale load test after the 
shaft has been post-
grouted 

DǊƻǳǘ άōǳƭōέ  



Some shafts may be 
designed to transfer load 
to rock, if loads are heavy, 
lateral loads are high, or 
rock is relatively shallow. 

In the photo above, the 
reinforcing cage is slightly 
smaller at the base. Rock 
sockets are usually 
advanced with a slightly 
smaller diameter tool. 

Rock Socket 



Drilled Shafts vs. Driven Piles 
Notes: 

 

Regional considerations have significant impacts on 
deep foundation type selection both from a geological 
standpoint and from other business factors.  

 

In general, foundation investigation and geotechnical 
exploration is similar among deep foundation types. 

 

Design (loading) requirements play a major role. 



Advantages 
Exploration 

Excavated soils can be examined 

Pilot holes can be drilled beyond base  

Easily adaptable to varying site 
conditions 

Can drill trough hard layers to meet 
scour requirements  

Can penetrate cobbles/boulders 

Know where shaft is going 

Shafts tend not to go out of 
alignment/wander 



Advantages 
Can advance into rock 

High axial/lateral/moment 
loading capacity 

Tend to be economical for large 
diameter foundations 

Integrity can be economically 
verified by NDT methods 

Less noise and reduced 
vibrations  

May have less impact on 
adjacent infrastructure 
compared to other methods 

www.haywardbaker.com 



Advantages 
Economics  

Minimizes pile cap 
dimensions  

May be able to 
eliminate coffferdams 
using a floating cap 

May be able to have 
integral shaft/column 
design eliminating costs  



Disadvantages 
Requires construction 
expertise 

Quality (and resistance) is 
sensitive to construction 
procedures 

Often requires large specialty 
equipment 

Specialty subcontractors 

Cleanout tools 

Rotators & oscillators 

Requires 
inspection/acceptance 



Disadvantages 
Requires care when artesian 
pressures exist in soil strata 

If lengths are changed in field, 
cages take time to extend/splice 

Not good for contaminated sites  
Retention of spoil/slurry 

Disposal of soil/slurry 

Often requires specialty 
Inspection 

Integrity Testing 

Performance Testing 

 

 



Disadvantages 
Fewer high capacity 
elements afford less 
redundancy 

Large shafts require 
specialty tests to prove 
capacity 

May require comparatively 
high deflection to mobilize 
shaft resistance  



Relatively simple real-time calculations (volume of a cylinder) can be used to 
assess the theoretical height to which a certain volume of placed concrete 
should correlate. If the height of the concrete is less- there may be shaft over-
reaming. If there is a large discrepancy, voids due to karst, utility tunnels, or 
similar features may be present.    



Testing 
Often requires specialty: 

Inspection 

Concrete samples 

Volume plots 

Integrity Testing* 

Performance Testing 

 

*Integrity testing is generally NOT used for 
DRY of FULLY CASED shafts where visual 
inspection is possible and the risk of defects or 
anomalies is greatly minimized. 



Integrity testing is almost universal 
for wet and temporary casing shaft 
construction 

PVC or Steel tubes are 
attached to the rebar cage 




