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Deep Foundations

Driven Piles: Foundation supporg :
typically using steel or precast |
concrete elements driven into so
with impact or vibratory
methods.

Drilled Shafts: Elemenfsrmed
by creating a drilledhole into
which structural steel and
concrete Is cast or placed.

Choice of piles vs. shafts may b&&
driven by a wide range of factoress=
relating often indirectly to time B8
and money.




Deep Foundation Overview:

* Shafts

* [ 2y ONBUS FTA{fSRE RieAf
* Side and End bearimapntributions
* 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 installatic



Foundation Selection Considerations

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 slopingarst boulders

Environmental factors (contaminated site?)
Site footprint, access, congestion

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



Design Methods

Comparing [Driven] Piles and Drilled Shafts
* Similarities

*h aSiK2Ra 0602
i aStiK2Ra O0FN

* Differences

*hLIA2Y FT2NJ WO
* Rock Socketed Shafts

* Installation Detalls

Soil Removal/Displacement
Frictional/Adhesion properties

* Direct CPT Methods availablé

In pile design software

Diameter can vary
widely

{Typically
required
by design)

Bel- May be wused or

No larger than 3 times the
shaft diameter at base




Resistance Contributions

* 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 load
bear on the end (also base, tip, toe, etc)
element on stiff clays, dense, sandy soils,
or solid rock* (Shafts may extend into rock).

without much additional consideration.
Due to strain compatibility, drilledhafts
are often designed as either primarily end
bearing orside resistance (skin friction) sressnmala
type shafts ora combination if using base Ren
grouting or when field testing is used to

evaluate the contributions).




Axal Load

Axial Shaft i
Capacity “canvary basedon

Lateral Load several factors

SHAFT CYLINDRICAL
PERIMETER AREA

Diameter can vary
widely

| A

_— Reinforcing Steel
{Typically
required

A by design)

Side

Resistance

Bel- May be wused or
omitted as desired

Bell size vanes-
No larger than 3 times the
shaft diameter at base.

Base Resistance




Axial Shaft
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Figure 10.8.3.5.1b-1—Explanation of Portions of Drilled
Shafts Not Considered in Computing Side Resistance
(O’Neill and Reese, 1999)




Axial Shaft Capacity Diagrams
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Generalized Load Transfer Behavior of Drilled Shaft in Compression

There is similarityo driven pile designSide (shaft) and Bagpoint) components




Drilled
Shaft LRFD
Resistance
Factors, ®

Factored Resistance =
, * Nominal
Resistance

Note that factors are
provided based on
side/tip, material, and
compression/uplift

Table 10.5.5.2.4-1—Resistance Factors for Geotechnical Resistance of Drilled Shafts

Nominal Axial
Compressive
Resistance of
Single-Drilled
Shafis,

Method/Soil/Condition

Side resistance in clay

Tip resistance in clay

Side resistance in sand

: B-method

Tip resistance in sand

Side resistance in IGMs -

Resistance Factor .

ct-imethod

| (O'Neill and Reese, 1999)

0,45

Total Stress
{O’Neill and Reese, 1999)

0.40

(O’Neill and Reese, 1999)

0.55

O’Neill and Reese (1999)

(.50

" O"Neill and Reese (1999)

0.60

| Tip resistance in IGMs

O’Neill and Reese (1999)

0.55

Side resistance in rock

Side resistance in rock

Horvath and Kenney (1979)
O'Neill and Reese (1999)

0.55

Carter and Kulhawy (1988)

.50

Tip resistance in rock

Canadian Geotechnical Society
(1985)

Pressuremeter Method (Canadian
Geotechnical Society, 1985)
O"Neill and Reese (1999)

| Block Failure, gy,

Clay

0.50

Clay

Uplift Resistance of
Single-Drilled
Shafts, @,

Sand

Rock

c-method
(O Neill and Reese, 1999)

B-method
(O"Neill and Reese, 1999)

Horvath and Kenney {1979)
Carter and Kulhawy (1988)

Group Uplifi
Resistance, Pug
Horizontal
CGeotechnical
Resistance of Single
Shalt or Shaft
Group

Sand and clay

All 111-uterials

Static Load Test

{compression), it

All Materials

Static Load Test
{uplin}| q}lq,m'rmd

All Materials




Driven Pile LRFD Resistance Factors ¢ ,: Construction

SECTION 10: FOUNDATIONS

Table 10.5.5.2.3-1—Resistance Factors for Driven Piles

Resistance
Condition/Resistance Determination Method

Driving criteria established by successful static load test of at
least one pile per site condition and dynamic testing* of at
least two piles per site condition, but no less than 2% of the
production piles

Driving criteria established by successful static load test of at
least one pile per site condition without dynamic testing
Driving criteria established by dynamic testing® conducted on
Nominal Bearing Resistance | 100% of production piles

of Single Pile—Dynamic Driving criteria established by dynamic testing,* quality
Analysis and Static Load Test | control by dynamic testing* of at least two piles per site
Methods, @, condition, but no less than 2% of the production piles

| Wave cquation analysis, without pile dynamic measurements
or load test but with field confirmation of hammer
performance .
FHWA-modified Gates dynamic pile formula (End of Drive
condition only)

Engineering News (as defined in Article 10.7.3.8.5) dynamic
pile formula (End of Drive condition only)

* Dynamic testing requires signal matching, and best estimates of nominal resistance are made from a restrike. Dynamic tests are
calibrated to the static load test, when available.




Pile Installation:

* Methods

* Impact/Driven

* Vibratory

* Augercast

* Castin-place/mandrel
* Helical

* Inspection
* Mill certificates
* Visual

* Driving [Dynamic] Performances
* Static Performance
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Tools Belling Tool

Earth Auger

Rock Auger




Drilled Shafts
Installation:

* Methods
* Dry
* Cased

* Temporary
* Permanent

* Wet/Slurry
Inspection

* Materials

* Integrity

* Performance

‘ Competerit Soil

the designed depth \hdlﬂl' and loose material reinforcement cage

The hole is Slurry is added The hole is The rebar cage
excavated into the hole cleaned is positioned

Drill Stabilize Clean Position

Cawng sons ' Water table

Concrete is
placed

Place



NOTE:

o — NOMINAL TEMP OUTER CASING 62"
~ NOMINAL TEMP INNER CASING 5872 y
rI e a — NOMINAL SHAFT 48" ST ——
A B (FEET)
[ ]
APPROXIMATE GROUND EL
NSNS
/:o\ QRN
: EN
D
¢\ TOP OF CONCRETE
ethods oy
% OUTER CASING
R 3

BOTTOM OF INNER CASING

Dry

Cased e
* Temporary
* Permanent L

2 S0 2 NJ

VWDTs
16" 0—CELL

TIP OF SHAFT

downword | upward
movement| movement




Temporary Casing Installation

* This method isised wherexcavations, started as a
a R d@BstructionY S U K g8nRauiier water bearingr
caving (loose sands) stmkmations.

* Atemporary casing is then placdarough the
problematic formation tgoroduce a watertight seair
to restrict the loose material from collapsing into the

shaft _. 5
. L e
* During concrete placementis

the casing Is withdrawn.
Attention to proper removalf
of the casing Is critical.




Permanent Casing Installation

* Thismethod consists of ... '
placing asteel casingo a %
prescribed depth before
excavation begins.

* This method is frequently
used where extracting a
temporary casing iIs judged_ .,
to be too expensive, EsEEEea RS RESIREISEE
LINB O SYI U A O comams sbiainaa e
to the potential loss of "

ground or concrete Casing may be installed in one single
contamination diameter for short holes, or in multiple

stages with reducing diameters for
deep holes usingd 10 St S & O2 LIA




Wet Installation

* Shafts are installed eithavith
ground water or undewater
usingtremie concrete.

* Inthis type of operationdrilling
fluids, mineralslurry (typically

Hole cleaned

commerciabentonite clay mixed of sty &

| cuttings

with water) orpolymer slurryis
used to stabilize the excavatiam
whenground water Is
encountered In the excavation
that cannot beefficiently sealed
or dewatered.




METHOD ‘B’ (Figure 2)
e Underwater Placement of Concrete using a Tremie

Inflatible Pig

e
n Water Line 3
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e
- Prime Pump Boom. - Fully Charged System. - Lift and Develop Seal. - Maintain Seal. - Uniform Removal.
- Insert Pig w/Ext. - Develop Head. - Maintain Head.

- Sef on Bottom of Shaft.
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Pumped
Concrete

Concrete Brake (French Horn or Bladder Valve)
(French Horn Shown) (Required fo purge air.)

S . METHOD “A’(Figure 1)

B Underwater Placement of Pumped Concrete

— Flexible Hose
Inflatible Pig

n=i= = | = M=
= n = n A 5 B

n | =
= =—Poor Quality
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= = KI=)

==
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- Prime Pump Boom. - Fully Charged System. - Lift and Develop Seal. - Maintain Seal. - Uniform Removal.
- Insert Pig w/Ext. - Develop Head. - Maintain Head.
- Set on Boftom of Shaft.

* Document whether or not the pig is recovered.




Drilled Shaft
Construction

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.




Drilled Shaft
Construction

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
GKFNRLI yé¢ Oflea GKI
and cohesive.

0



Drilled Shaft
Construction

A steel reinforcing cage is
always installed as part of th
construction.

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

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.




Drilled Shaft
Construction




Dl'l”@d Shaft PVC or Steel tubes are
COnStrUCthn attached to the rebar cage

Integrity testingis almost universal for WET
shaft construction: CSf; g, or thermal integrity
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Drilled Shaft

Construction
LYy | RNE 3a3KI ¥F i?( et shaft, concrete must
O2YLJ OGAy3ée O gplaged lésm%t gemie; the

GFNES RNRLILISR
of the shatft.

%g{r@e MB% P/x be kept
elow the surface of the fresh

concrete during the pour.

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
shatft.




D””ed Shaft AR p—

Plan Elevation for Top of Shaft

Permanent Casing (CMP)

or Quokity concrele Ei s

d wilh woter
WATER - -_: e

e

Construction _ @

he concrete of ol hmes | o
BAD SHALE

DURING PLACEMENT OF CONCRETE FOR WET POUR
(Reinfarcing Not shown)




Drilled Shaft
Construction

{2YS &akKlFfda Yl
ANRdzSRZ¢ | LI
pressurized grout is
injected at the base of the
shaft to increase the end
bearing capacity and the
base stiffness.

In éhe photo above, a

VSV a%; r%ﬁjcéack IS Installed
2 Zifhir tNshaft to do a full

scale load test after the
shaft has been post
grouted

DNR dzii @6 dzf 6 ¢



Drilled Shaft
Construction

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



Generalized Deep Foundation
Advantages and Disadvantages
DrilledShatfts 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.



Drilled Shafts:

* Advantages

* Exploration
* Excavated solls 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 penetrateobbles/boulders
* Know where shaft is going

* Shafts tend not to go out of
alignment/wander
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* Advantages

-

-

Can advance into rock

High axial/lateral/moment

loadingcapacity

* Tend to be economical for large .
diameter foundations .

Integrity can be economicall

verified by NDT methods |

Less noise and reduced
vibrations

May have less impact on
adjacent infrastructure
compared to other methods

www.haywardbaker.com



Drilled Shafts:

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 - pe——— ¢

=
7]
’



Drilled Shafts:

Disadvantages

* Requires construction
expertise

* Quality (and resistance) is
sensitiveto construction
procedures =

* Often requires large speC|aIty
equipment '8
* Specialty subcontractors
* Cleanout tools
* Rotators & oscillators

* Requires
Inspection/acceptance




Drilled Shafts:

* Disadvantages

* Requires care when artesian
oressures exist in sa@trata

f 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




Drilled Shafts:

* Disadvantages

* Fewer high capacity
elements afford less
redundancy

* Large shafts require
specialty tests to prove

capacity |
* May require comparative\®=
high deflection to mobilize _ — .
shaft resistance “




Drilled Shaft QC: Volume Measures

Volume, m3
15 20

8 12 16 20 24 28 yd3
T ; 8

1 ] T

Volume
8 12 16 20m3

/l Theoretical Volume [l - " //\
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Actual Volume , Franirey 20 | CLAY

LIMESTONE Sask ok . P et PR o
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Concreting of Karstic Zone

(Q)Filing in of Karst Along LIMESTONE
With Rising of Concrete

(b) Blowing Out of Karst

Strokes

Relatively simple redalme 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 lab&re may be shafover-
reaming. If there is a large discrepancy, voids due to karst, utility tunnels, or

similar features may be present.




Drilled Shafts:

* 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.




Drilled Shaft Inspection and QC/QA

Integrity testingis almost universal pyc or steel tubes are
for wet andtemporarycasing shaft atached tothe rebar cage

construction







