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Types of Deep Foundations

-Timber piles
- Reinforced Concrete piles
- PIFs
- Steel piles
- Composite piles
- Augercast shafts
- Drilled shafts
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Surface soils with poor bearing may force engineers to carry ther structural loads to
deeper strata, where the soil and rock strengths are capable of carrying the new loads.
These structural elementsare called “ deep foundations’.

The oldest known deep foundation was a “pile”. Originally, piles were smply tree
trunks stripped of their branches, and pounded into the soil with a large stone, much
like a carpenter hammers a nail into a wooden board. Pile driving machines have been
found in Egyptian excavations, consisting of a simple " A" frame, a heavy stone and a
rope. Roman military bridge builders used a similar technique. Both were early
examples of “driven” piles.

In 1740 Christopher Phloem invented pile driving equipment using a steam machine
which resemblestoday’s pile driving mechanisms. Thismethod evolved by using steam
toraisethe weights(in lieu of human power) during the late 1800's, and then diesel
hammer swere developed in Germany during WWI1. The most recent advance in pile
placing isthe hydraulic hammer. Steel piles have been used since 1800's and concrete
piles since about 1900.

In contrast, shafts or placed degp foundations are screwed (“augered”) into the sail,
much like a carpenter places a screw into a wooden board. Similarly to the contrast
between nailing versus screwing, the shafts are usually a quiet operation that tends to
improve the soil and rock texture to carry the load. They have larger load capacities
and are cheaper per unit load carried.



Roman military engineer s developed pile hammersthat could vary the angle of batter. This
iIsthe method employed by Julius Caesar in crossing the Rhinein 52 BC.



The purpose of a deep foundation isto transmit the structural loadsto a stratum that
is capable of providing both bearing capacity and acceptable settlements. The deep
foundation must be also capable of resisting vertical compressive, lateral and uplift
loads.

Piles are commonly used for,
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Tocarry structureloadsinto or through a soil stratum.

Toresist uplift or overturning forces.

To control settlementswhen spread footings are on marginal or highly
compressible sail.

To control scour problemson bridge abutmentsor piers.

| n offshore construction to transmit loads through the water and into the
underlying soil.

To control earth movements, such aslandslides.

Pilesareinserted into the soil by the following methods:
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Driving using a pile hammer.

Driving using a vibratory device.

Jacking the pile downward by reacting against arigid structure.
Drilling a hole (pre-drilling) and inserting a pileinto it.

Screwed into the ground and injected with a column of grout (augercast shafts).



The most common types of Deep Foundations

Driven:

1. Timber piles

2. Steel and composite piles

3. Precast prestressed concrete piles
4. Pressure injected footings
5. Pin piles, geo-piles, soil nailing

Placed.:
1. Auger-cast
2. Drilled shafts (with steel casing or with slurry)
3. Under-reamed or belled shafts
4. Pin piles.




Classification of pile with respect to their effect on the soil.

Driven

Driven pilesare considered to be
displacement piles. In the process of
driving the pileinto the ground, soil is
moved radically asthe pile shaft enters
theground. Theremay also bea
component of movement of the soil in the
vertical direction.

Bored or placed

Generally a non-displacement pile, whereavoid is
formed by boring, and concreteis cast into the
void. Stiff claysare particularly amenable, since
the bore holewallsdo not requirestemporary
support except cloth to the ground surface. In
unstable ground, such asgravel the ground
requirestemporary support from a steel casing or
using a Bentonite slurry.






Classification of piles with respect to load transmission and functional behavior.

- End bearing piles (point bearing piles). Transfer their load on to afirm stratum below the
base of the structure. Most of their carrying capacity from the penetration resistance of the soil at the toe
of the pile. The pile behaves as an ordinary column Even in weak soil a pile will not fail by buckling and
this effect need only be considered if part of the pile is unsupported, i.e. if it isin either air or water. Load
Istransmitted to the soil through friction or cohesion. But sometimes, the soil surrounding the pile may
adhere to the surface of the pile and causes "Negative Skin Friction" on the pile. This, sometimes have
considerable effect on the capacity of the pile. Negative skin friction is caused by the drainage of the
ground water and consolidation of the soil. The founding depth of the pile isinfluenced by the results of
the site investigate on and soil test.

- Friction piles (cohesion piles). Carrying capacity is derived mainly from the adhesion or
friction of the soil in contact with the shaft of the pile. These piles transmit most of their load to the soil
through skin friction. This process of driving such piles close to each other in groups greatly reduces the
porosity and compressibility of the soil within and around the groups. Therefore piles of this category are
some times called compaction piles. During the process of driving the pile into the ground, the soil
becomes molded and, as aresult loses some of its strength. Therefore the pile is not able to transfer the
exact amount of load which it isintended to immediately after it has been driven. Usually, the soil regains
some of its strength three to five months after it has been driven.

- Combination of friction and cohesion piles.




Elements of a deep foundation.



Timber Piles

- Easy to cut and splice.

- Requires no special handling.

- The pilelength isusually limited to lessthan 100 feet.

- Timber pileshave a limited load-carrying ability.

- Their ends may splinter under driving loads (“brooming”).
- Subject to insect attack and organic decay.

- Pressuretreated wood used to reduced the piles vulnerability to such
damage, but creates environmental problems by poisoning of ground waters.



Timber Piles.

Timber pilesarethe oldest type of pile foundationsthat have been used to support the
structural loads even before the dawn of the recorded history. They are easy to handle,
readily cut to desire lengths, and under favor able environmental conditions can last a
very long period of time. Several species of timber pilesare used depending of the
application and availability. For example, Southern Yellow Pine can provide pilesup to
75ft (23 m) in length and West Coast Douglas Fir can be used to provide pilesin
lengths of about 120 ft (37 m). Timber pilesfully embedded below the permanent fresh
groundwater level may last for many yearswithout treatment (i.e., untreated timber
piles). However, wheretimber pileseither extend abovethe groundwater level or are
installed under marine environment, the piles should have creosote pressure treatment
to prevent decay.

Timber pilesare made of tree with trunkswith branches carefully trimmed off, usually
treated with preservative, and driven with small end asa point. Occasionally the large
end isdriven for special purpose asin very soft soil wherethe soil will flow back
against the shaft and with the butt resting on a firm stratum for increased bearing. The
tip may be provided with a metal driving shoe when the pileisto penetrate had or
gravelly soils: otherwiseit may be cut either square or with some point. Timber piles
are 30 ft to 60 ft (no splicing) long. Their capacity vary from 10 tonsto 50 tons. Timber
piles are problematic if water table fluctuates.



A Swissdwelling 10,000 yearsold, as reconstructed from archeological data, in the
area of Lake Lucerne.












Pile Shoes. Where pilesare
driven wholly in soft soils no
shoe need be provided. A shar per
point ispreferred for driving into
hard clays or compact sands and
gravels. Steel or cast-iron shows
with pointed or flat endsare
generally fitted to concrete piles
for driving through coar se
granular soil or weak rock. In
uniform claysor sands, they are
not usually necessary. The pile
point may be flat or tapered.




Concrete Piles

- Concrete piles are manufactured to almost any desired size or shape.

- They have high strength and areresistant to decay.

- Because of their weight, brittleness, and lack of tensile strength, special carein
handling of the pileisrequired.

- They have low strength in bending. Therefore, damage may occur by improper
lifting procedures.

- Cutting requiresthe use of pneumatic hammers, torches or special saws.



Concrete Prestressed Piles.

Prestressed piles are formed by tensioning high-strength steel (fut of 1700 to 1860 M Pa)
pre-stressing cablesto a value on the order of 0.5to 0.7 fui, and casting the concrete pile
about the cable. When the concrete hardens, the prestressing cables are cut, with the
tension forcesin the cables now producing a compressive stressin the concrete pileasthe
steel pile attemptstoreturn toitsunstretched length. Prestressed concrete piles are 60 ft
to 100 ft long with varying capacity.









A LinkBelt 520 double-acting diesel hammer
being lowered over apile.

Themost typically used head sizes and
capacitiesof concrete cast-in-place pilesin the
U.S are,

12inx12in =up to 50 ton design load
14inx14in =upto 75ton design load
16inx 16in =up to 100 ton design load
18inx18in =up to 125 ton design load



Driving concrete pilesin aloose sand
stratum isthe ideal environment for
thistype of deep foundation.






These concrete pre-cast pilesare being
placed in pre-drilled holesthrough a
limestone stratum in order to prevent
damage during driving.

Concrete pilesare suited for loose to
medium sands, and are damaged in
cemented soils, such asin this photo.



Pre-drilling alimestone stratum in order to drive concrete pilesinto loose sands beneath.



Splicing. The Herculestype of pilejoint shown below iseasily and accurately cast into
thepile. It isusually quickly and safely joined on site. They are madeto accurate
dimensional tolerances from high-grade steels.



A common use of concrete precast pilesisin marine siteswherethe soils are soft and loose.



Steel Piles

- Support heavy loads.

- Can be driven to great depth without damage.

- Are easlly cut and spliced.

- Sections as H-Piles and Pipe Piles are common.

- Pipes are filled with concrete for additional strength.
- Principal disadvantageisits high cost.

- Bearing is the principal load transfer mechanism, but the small area of thetip
limits the load capacity of steel piles.



Steel Piles.

Steel piles generally are either pipe pilesor rolled steel section H-section piles. Pipe piles
can bedriven into the ground with their ends open or closed. Wide—flange and | section
steel beams can also be used as pile. However, H section pilesare usually preferred
becausetheir web flange thicknesses are equal. In the wide-flange and | section beams,
the web thickness are smaller than the thickness of the flange. When necessary, steel
pilesare splice by welding or by riveting.

Rolled steel H-section piles: —40 ft to 100 ft in length,
— 40 tonsto 120 tons capacity.

Steel Pipe piles. — 50 ft to 150 ft in length,
—50 tonsto 150 tons capacity.



Small stedl
piles being
installed

with alow
head room.



Driving steel piles.












Driving 14" diameter steel Monotubeswith a steel mandrel.






Thismodel was developed to show the
cause of differential settlement of a
building in downtown Oslo, Norway.

It isunusual for deep foundationsto
experience differential settlements, but
In this case, the elastic behavior of the
longer steel pileswasvery different
from the shorter onesat theright side
of the building, leading to therotation
of the building away from the street.



Driving steel pilesto support a bridge pier at mid-stream in order to prevent scour.



Composite Piles

- Made up of two or more different materials (for example, steel and concrete).

- For atimber-concrete pile, the lower section of the pile might be timber, while
upper section might be a concrete or even a steel shell pile. The timber part is
Installed below ground water due to its vulnerability to insect attack and decay
above ground. The concrete or steel pile isthen used above the ground water
level.



Composite Piles.

Theupper and lower portions of composite piles are made up of different material.
For example, composite piles may be made of steel and concrete or timber and
concrete. Steel and concrete piles consist of alower portion of steel and upper portion
of cast-in-place concrete. Thistype of pilesisthe one used when the length of the pile
required for adequate bearing exceedsthe capacity of smple cast-in-place concrete
piles. Timber and concrete piles usually consist of a lower portion of timber pile
below the per manent water table and an upper portion of concretein any case,
forming proper joints between two dissimilar materialsisdifficult and, for that
reason composite pilesare not widely used.

Pre-stressed concrete with steel H-section: — 60 ft to 200 ft in length,
— 30 tonsto 100 tons capacity.

Concretefilled steel pipe: — 50ft to 150 ft in length,
— Capacity varies.






Steel pilesare useful for water
crossings, although corrosion
may limit their useto either,

(a) serving astheinitial form,
or

(b) remainingin place, and
then being coated with a
protective casing.



Pressure | njected Footings

a) Franki
b) Raymond

- Thesetypes are also known as compacted concrete piles.

-They have a special form of cast-in-place concrete pile with an
enlarge basethat isformed during driving. The bulb increases
the effectiveness as an end bearing pile.

Themost typically used diameter s and capacities of cast-in-
placepilesare:

12 in = Up to 50 ton design load
14in = Up to 75 ton design load Compactedc
16in = Up to 100 ton design load concrete piles
18in = Up to 125 ton design load






A Franki pile (PIF) being installed in the Port of Miami.



Augercast shafts



These four sketches show the sequence of the installation of the augercast shafts. The
auger isscrewed into the soil to the designed final depth. Then, the grout isinjected
through thetip and the auger is dowly withdrawn until the entire shaft isfilled with the
high strength grout.



Thefigureat left isan augercast and theone at right isa concrete precast pile. Notethe
damage caused to the soil by the latter, versusthe improvement by the former.



A Metrorail hammerhead pier usesthisaugercast foundation along the median of NW 12t
Avenue, Miami. Thelocation of each has been staked out by surveyors.



The same asthe previous dide showsthe 80-foot auger being screwed into the ground.



Four augercast shafts have already been
placed, and a fifth isbeing screwed into the
ground.

Notethetinned steel cans used to separatethe
shaft from the surrounding grout refuse. The
Site can become messy.

Some foundation contractors do not use these
cans, and prefer to leave the shaftsburied in
the grout debris, to be later excavated with a
backhoe before casting the pile cap.

Note the wooden stakesin the foreground,
indicating the location of future shafts.



Installing the protective tinned steel cans around the finished shafts.



Grout for the augercast comesin concretetrucks and is pumped through the hoseto therig.



Theauger-bit cutstherock asit isadvanced; therebar isin the grouting hole.



This photograph shows a test
performed during Miami’s M etroRail
project, wherethetop ten feet of the
auger cast shaftsweredug up to see
what the looked like.

Notice thevarying diameter of the
shaft, which isan indication of how
the grout pressureimprovesthe soil
wherethe confining pressures are low,
and may even join up with the
adjacent shafts.



14" diameter auger-cast piles (AC) used to support Miami’s MetroRail along NW 12th Avenue,



Thisisalow-head room hydraulic
motor that can place augercast shafts
in ceilings of only 8 to 10-feet high.

Each flight of auger isonly 4-feet
long, and they are attached one after
the other asthe shaft is screwed into
the ground.

The processisrepeated with
extraction, which istedious and
expensive, but ispracticablein places
whereno other deep foundation can
be used.

Thisparticular machine was being
used at Miami International Airport,
placing the new parking structuresin
1987.



My son Luis showing a 4-foot section of alow-head 6” -diameter auger-cast shaft machine at MIA.



Drilled Shafts

- Built by vibrating a steel casing into the ground and then filling it with concrete.
- Casings are removed as the concrete is being placed in the shaft.

- The casings are light, easy to handle, cut, and splice.

- The shafts are clean out and visually inspection before filling with concrete.

- In expansive soils, the shafts are filled as soon as possible to avoid damage due
to lateral soil pressures.



Theeementsof adrilled shaft.

Noticethe “bell” at the bottom
of the shaft, also called “under-
reaming” . Thisexpanded shaft
servesto increase the bearing
area by as much as 50% of the
shaft’s capacity.









A 5-foot diameter auger bit, being centered over the surveyed location of the shaft.



The cutting auger for an 5-foot diameter shaft for a billboard sign.



Drilled shaftsthat employ bells, or are
under-reamed, need to be inspected by a
professional engineer. The engineer will
feel the structural integrity of the sail
inside the bell with hishands. He can
not see anything in this deep

underwater environment, and the safety
of the structure depends on his

cour ageous evaluation under stressful
conditions.



Vibrating one of the four 36" diameter casingsfor thedrilled shafts of MetroRail.






Oncethe stedl casingisin place, the soil insideis clean out by using several types of tools.
Seen in theleft photoisa 32" diameter auger with teeth, that breaksup all the material
inside the casing. Then, a special bucket, in theright photo, scoops up the loose material
which isthen brought up to the surface.



Preparing the reinforcing cage for adrilled shaft. These rebars are for an 8-foot diameter shaft.



Lifting thereinforcing cage for an 8-
foot diameter shaft, to be lowered
into the cased hole. Note thelifting
rigrequired in order not to kink the
steel cage. Two large cranesare
needed for thislarge sized shaft.

Some shaftsare 12 to 15 feet in
diameter.



The shaft on the right has been instrumented to detect where the loads are being transferred into
the soil, and where are the deformations taking place. It will help with future designs.



The photo on the left shows the beginning of the casting concrete inside the shaft. Notice the
small steel pipeinside the casing. That pipeis called atremie trunk. It prevents the pea grout
concrete from segregating while being pumped to the bottom of the shaft. As the concrete
rises, it displaces out the light buff colored bentonite durry.

The photo on the right shows when the concrete has reached the top of the shaft. Notice the
typical dark color of the fresh concrete grout. Pumping is then stopped. The casing is gently
vibrated after fifteen or twenty minutes to break the bond between the steel casing and the
concrete shaft. That facilitates the removal of the casing the next day.



A casing is being lifted after the shaft has been filled with concrete. Notice the finished shaft.



The casing is being removed, and it is obvious that the shaft has been poured too low.



Asatest, a36" diameter shaft was built just east of the downtown public Library, and then
excavated out to see what it looked like underground. The quality was excellent, and as designed.



A craneislifting two sections of a 10-foot diameter casing for alarge drilled shaft.



A 12-foot diameter steel casing being lowered
into a prepared pre-drilled hole. The casing
will help build alarge shaft with aload
capacity of 35,000 kips.

The site isWashington D.C.



Nine finished drilled shafts awaiting their tie into alarge pile cap.



A 20-foot diameter drilled shaft being prepared for an off-shore drilling rig.



Drilled shafts are probably the only type of foundation that can take these large |ateral loads.



Problems with Deep Foundations









Pinnacled rock isa problem for deep foundations, because it isdifficult to predict pile
lengths. Stedl requires welding and PSPC require splicing.



Steel pilesare easily twisted and bent when encountering boulders and hard strata.



Steel pipe pilestend to create cavities in the soil by easily conduction water on its surface.



A group of stedl piles can actually conduct so much water that massive erosion can take place.



Steel shell piles are easily damaged by small boulders and cobbles.



Thewalls of this steel pipe pile
had buckled inward near itstip.

The buckled portion of the pile
was cut off by atorch.



PSPC piles must be cut off at proper depthsin the pile cap, leading to added costs.



These reinforced concrete piles
were damaged during driving.

The piles encountered
unexpectedly hard driving
conditions, which led to large
compressive stresses during
driving.

Consequently, the concrete cover
was blown off the pile heads
before they could be driven to their
target tip elevations.



Damaged concrete piles at a new building site on Ponce de Leon Avenue in Coral Gables.



Removing a damages concrete pile in Coral Gables, that has experienced brooming of itstip.



PSPC piles are easily damaged by “brooming” without the contractor knowing about it.



Deep foundations do not
generally experience
buckling in service because
of the lateral support given
by the soil

Buckling, however, may be
aproblem if the pile extends
above the ground level for a
considerable distance
(railroad trestles, bridge
supports, etc.) as shownin
the photo to the right.

Buckling may also occur
during driving, especialy in
long pilesinto water.






Pilesin hydraulic fill may collapse due to buckling when the fill settles.
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