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Reasons for Deep Foundations
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Also: Foundations penetrating through water



Types of Deep Foundations

e Driven Piles

e Mandrel Driven Thin-Shelled Piles Filled With
Concrete (Raymond Step-Taper, etc.)




Parts of Deep Foundations

(— Head

Straight-Sided

-— S ide

(or shaft)

l\‘ Toe

Taper

Enlarged Base _




Driven
Piles

A long, slender,
. prefabricated
= structural member



History of Driven Piles

e The oldest form of deep
foundation in existence

e Allancient civilzations

- (Greek, Roman,
Chinese) used driven
piles to support




Caesar's Bridge over the Rhine

e Built in a span of ten days

e Consisted of batter piles for the lateral loads of
the river




Advances in Driven Piles and

Pile Drivers
e Piles e Hammers
e Steel Piles e Steam Hammers
e H-Piles — addressed e Naysmith (1845) —
problems of bridge scour related to forging
In the Midwest hammers
e Pipe Piles e Vulcan (1887), MKT,
etc.

e Precast Concrete Piles
: : e Pile Driving RIQs




Types of Piles

e Selection of Pile Type e Types of Piles Used

e Applied Loads e Timber Piles
e Required Diameter e Steel Piles
e Required Length o H-Beams
e Local availability of e PipePiles

each pile type e Concrete Piles
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Timber Piles

fﬁuff e The oldest type of pile
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Steel Piles

e Steel piles first came into use in the 1890's

- e Can be driven through hard soils and carry large
- loads

_I e Especially useful for tension and uplift loads
| e Easy to splice and add onto

-~ e Expensive compared to other piles
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Pipe Piles
450 KN < Q < 7000 kN

o Steel ‘.'E‘PE ’;:J:.}'.'"E,i_
{ OMfF shor= structures

iy, T e T I, T T T bt it

30m-50m

L]
|I . [
¥
¥
r
¥
]
I - !
- F !
n i 1
L ]
i 1 F]
‘I- - '
- & - - ;
e B
|

O il il ol i -

flosed or goen
ended




Splicing Pipe
Piles

e For large pipe piles,
add-on is lifted and
lowered onto existing
piles

e Piles chamfered so
| that welding can be
done between the




Concrete ﬁ

Piles
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Cutting Concrete Piles

e Can be cut with concrete saws or special pile
cutters

a!'

ﬁ e Usually best to drive as friction piles where

refusal Is not as likely to take place




Composite Piles

e Two possible definitions

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

=1
.......

e Pile made up of two
materials

e Plastic-steel composite



Installation Equipment for
Driven Piles

e Pile Driving RIgs

Pile Hammers

Hammer Accessories

e Leaders
e Cushion Material
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Pile Hammers

e Impact Hammers

e Drop Hammers
Alr/Steam Hammers

Diesel Hammers
e Hydraulic Hammers

—
:

e Vibratory Hammers



Drop Hammers

e Oldest type of
hammer In use

e Simply raised by the
crane and released to
Impact the pile top

e A verysimple
NalTITIce =

OW and = -



Alr/Steam Hammers

e In use since the nineteenth
century

e Hammers are simple;
require little maintenance =~
and are of long duration &

e Efficiency also variable




Diesel Hammers

e Developed in
Germany between the
two World Wars

e Does not require an
external power
source; usually light

e Can also be single-
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Operating Cycle of Diesel
Hammers

e Upstroke or starting of
the hammer with I
starting device (crab)

~ e Lowering of ram;
‘ Injection of fuel

e Combustion at bottom ¥
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Hydraulic
Hammers

Newest type of
Impact hammer

Uses hydraulic
fluid to move the
ram up and down
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Pile Jacking Device

e Installs piling by pushing them into the soil, not
Impact

e Useful in situations where vibrations cannot be
- tolerated




Driving Accessories
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e Hold the cushion
material in place

e \Weight of the cap
Influences the energy
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File

mmmmmm

Cushion Material

e Hammer Cushion
e Protects the hammer

and modulates the blow
e Usually struck via a top

plate above

e Pile Cushion
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Leaders

Fixed Leaders
EXTENSION

LEADS{BOX
TYPE SHOWN)

LEAD

STABBING
POINTS

WAL,
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SPOTTER .. ]
Swinging Leaders w/Batter Pile



Predrilling, Jetting and
Spudding
e Methods of reducing the soil resistance to assist

- driving
e Predrilling
~ e Using an auger (usually continous flight) to drill a

= hole into which the pile is driven
e Does result in loss of shaft friction
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Mandrel-Driven Thin Shelled
Piles

e Thin shelled steel piles which are driven with the
assistance of a mandrel, as they would collapse if
driven directly (as with pipe piles) :

—_. e Piles then filled with concrete and a reinforcing
cage

e First widely popular mandrel driven thin shelled
. pile was the Raymond Step-Taper Pile, but there =~



Mandrel-Driven Thin Shelled
Piles
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Applications for Driven Piles
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Drilled Shafts
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e Other terms

o Pier

e Drilled pier
e Bored pile =
e Cast-in-place piles

Caisson




Drilled Shafts

e Procedure

e Using a drill rig, excavate the shaft to the required
depth

e Fill the lower end of the shaft with concrete

e Place a prefabricated reinforcing steel gage inside of
the shaft

Fill the shaft with concrete



History of Drilled Shafts

e Started as an extension of shallow foundations:
until 1920's most were hand dug

e Chicago Well Method used a wooden "barrel” formto =
prevent collapse of the soil

- e Drilling rigs first used in states with oil drilling,
~ whose technology was applied to shaft drilling
of

e Technolog tting tools, casing and drilling




Advantages of Drilled Shafts

e Mobilisation and demobilisation costs are In
many cases lower

e Diameter and length of the shaft can be changed
~  during the job more easily
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Disadvantages of Drilled Shafts

e Successful construction depends upon the quality
control and skill the contractor can exercise on
the pour; defects are usually not visible and can
be serious

capacity of piles of same size (both shaft and toe)

w2

| e Full scale load testing is mandatory to determine




Equipment for
Drilled Shafts

~ e Mostdrilled shafts are 500 — 1200 mm (8"-4") I
- diameter and 6 — 24 m (20'-80") in length

Most are drilled with a truck mounted rig; specialised
rigs are used for longer and larger shafts

e The flight auger used is a helix-shaped drill bit with a
relatively short flight




Drilled Shafts in Firm Solls

e Firm solls offer a relatively straightforward
material into which to drill a shaft

- o Holesare usually drilled without any special
- support

.....
R

e After the holes are drilled, the reinforcing cage IS
- inserted and the hole filled with concrete




Drllled Shafts in Caving or
=) Sgqueezing Solls

- * e Soft or caving soils
present serious
problems for

- conventional drilled

: ~ shafts
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e Solutions ==
Method

e Casing

e
Ve e
‘Reduced Diameter
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Casing is frequently
Installed using a vibratory

hammer

Turning is desireable
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Surface
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Underreamed (Belled) Shaft

Cleaning out the bell at the bottom of the shaft can be a dangerous

operation
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caissons

e A prefabricated
hollow box or

Open Caisson cylinder which is sunk
into the ground and =~
top Vi then filled with
concrete
=) e Are usually used In

construction of bridge

Side View

Overlying Stratum

Bearing Stratum




Pneumatic Caissons

Poor e Compressed air IS
used to keep water out -

and allow installation |

. and constructionin =

Door

1'9“.!,
Attt

A e the dry
/Enncrere

=W

e

e High air pressures can =
and have created =

Access Shaft
] Water

2N

_p:'l'-' ﬂ,}jdﬁ:u:ﬁ- i ﬂ-llﬁu-ls; !Iﬂ:%.u-ﬁhﬂ

oy

o

i

| Working Chamber




Auger-Cast Piles

e Using a continuous flight auger 300-400 mm (12-
16") in diameter, drill a hole in the ground

e Typical depths are 6 — 15 m (20-50") but cangoupto |
‘ 27 m (90" =
e Inject cement ground through the hollow stem of =

- the auger =
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Auger-Cast Piles

e Other names

Grout
Under
Pressure

e Augered Presure

o,

? Grouted (APG) Piles

& Reinforcing Steel Cage i
0, "i N e Augered cast-in-place
é;a E;B; ; pl Ie 2 =3
< T A Continuous flight auger;
éi% éia N -
é”:? éi;}' \
Lo L2
éi:} Auger-Cast -
T Foundtion
&7
=
(a) (b) (c)

Figure 11.47 Construction of an auger-cast pile: {(a) Drill to the required depth using a
hollow-stem auger; (b) Withdraw the auger while injecting cement grout; (c) Install steel
rebars (optional).



Advantages and Disadvantages
of Auger-Cast Pile

e Advantages e Disadvantages

e Low mobilisation cost ~ ® Must have good
contractor quality

. - ~
Low noise and control and skills

vibration

=

e Auger can draw up
® - - - SEas
ﬁg%e:;s\;?rfeas . more soil than it should =

J under some conditions =

e Grout Is Injected under =

e |If equipment breaks




Pressure-Injected Footings
(Franki Piles)
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Applications of Drilled Shafts
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Applications of Drilled Shafts
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Other Geotechnical Resources

e http://www.vulcanhammer.net/utc/

e Lectures from previous ENCE 361/461 courses, plus
access to a wide variety of geotechnical and
marine/aviation/transportation material

= e http://www.vulcanhammer.info/

e The website for Vulcan Iron Works, which made pile
driving equipment for more than a century
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