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Chapter 1

Spread footings and driven pile foundations

There are many different kinds of foundations, among which spread footings and driven pile
foundations are generally adopted in practical constructions. In this unit, they will be introduced in

order.

1.1 Spread footings

Spread footings ( also referred to as shallow foundation) carry the loads from columns, walls, or
other substructure elements and spread these loads laterally to the underlying soil so that the bearing
pressure is reduced to a safe value. Alternatively, footings are propertioned to control settlement. In
this case the two essential design requirements are that the total settlement of the structure must be
limited to a tolerable amount and that differential settlement of various piers and abutments must be
controlled or eliminated.

Individual footings, usually rectangular in plan view; are the most common foundation type for
columns, whereas strip footings are used to support walls. More complicated foundation members are
those required to support several columns, and are usually referred to as combined footings. A
combined footing may have a rectangular or trapezoidal shape or be a series of pads connected by
narrow rigid beams referred to as strap footings. Footings for bridge piers and abutments are
individual , strip, or combined.

Spread footings with tension reinforcement may be designed as two-way or one-way members
depending on whether the steel bars used for flexure are placed in both or one direction. Individual
(square) footings are usually two-way slabs, and strip footings one-way slabs. Concrete is almost
universally used for footing construction because of its durability and relative economy.

Single footings may have a uniform thickness or be either stepped or sloped. Stepped or sloped
footings are used where they can produce considerable savings in the volume of concrete and where
the footing is not reinforced.

Special attention should be given to footings placed on fills. Problems with insufficient bearing
or excessive settlement in fill can be significant particularly in poor soil such as soft, wet, frozen, or
non-durable materials and improperly compacted backfill. Such settlement around piers can result in

considerable increase in footing loads caused by down-drag of friction forces exerted on the pier by
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the settling fill. Even properly placed and compacted fill is likely to undergo some form of settlement
depending on the soil type, moisture conditions, method of placement, and degree of compaction.
In selecting spread footings the following factors must be considered: (1) depth, @) groundwater
effects, (3 uplift, and (@ adjacent structures. Below these factors will be discussed in order.

The bottom of footing elevation should be determined with regard to the character of the
foundation materials, considering also the possibility of undermining. Footings in waterways and
stream crossings should be founded at a depth below the anticipated depth of scour. Footings that are
not exposed to the action of stream current should rest on a firm layer below frost level. Special
attention is given to footings on rock in conjunction with the effects of blasting, especially if this
involves highly resistant competent rock formations that can result in some rock fracturing below the
depth of the final rock surface. Blasting in this case is likely to reduce resistance to scour within the
rock zone immediately below the footing level, and this operation should be carried out with care.

Frost penetration often occurs to different depths and in some instances erratically and with
uncertainty. Where frost protection appears marginal or deficient, consideration should be given to
the use of insulation to enhance frost protection.

The design of footings should typically consider the highest anticipated groundwater table
because of the obvious effect on the actual soil bearing strength. Evaluation of seepage forces and
hydraulic gradients is essential in foundation excavations that extend below the groundwater table.
Upward seepage forces in the bottom of excavations can result in piping in dense granular soil or
heaving in loose granular soil. These problems can be controlled by adequate dewatering, often
using wells or well points. However, dewatering of excavation in loose granular soils is likely to
cause settlement of the surrounding ground, and if the associated damage is expected to be high,
some form of protection should be considered.

If in the final service the foundation is likely to be subjected to uplift forces, this effect should
be investigated in the context of resistance to pullout and for structural capacity.

Where substructure elements are placed near existing structures, the design should study the
influence of the existing structure on the behavior of the foundation as well as the effect of the new

foundation on the existing structure.

1.2 Driven piles

Driven piles are basically deep foundations usually described as columnar elements inserted in
the soil for the purpose of transferring loads from a superstructure to the ground. There are several
good references and they classify piles in different ways that can be grouped into one of the following
main categories: () pile material, 2) method of pile fabrication, (3) extent of ground disturbance
during pile installation, (4) method of pile installation into the ground, and (5) method of load
transfer. i

In this section we will consider only piles installed by driving. The classification further

narrowed down to types identified in terms of ground disturbance. Driven piles used in bridge
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foundations can be divided into two basic categories; (1) displacement piles that have solid sections
or hollow sections with a closed end, and (2) non-displacement piles, such as H-piles. Displacement
piles displace the soil during installation involving driving, jacking, or vibration, but non-
displacement piles do not. During the installation of non-displacement piles, the placement causes
little or no change in lateral ground stress, and consequently, these piles develop less shaft friction
than displacement piles of the same size and shape. Below we choose to describe driven piles in

terms of pile material, and articulate other pile characteristics according to their importance.
1.2.1 Timber piles

These are the oldest type of pile foundation in brick work. They are obtained from straight and
slender sections of tree trunks with no defects and a uniform taper. Material deterioration and
protection are essential. Timber piles situated wholly below the permanent groundwater table are
resistant to fungal decay. However, when the projéct is above the groundwater, piles must be treated
with preservatives to retard deterioration. The life of timber piles above the water table can be
considerably increased by treating with creosote, oil-borne preservatives, and salt. Creosote
application by pressure treatment is the most effective method of protection and almost the generally
accepted preservation. '

The advantages of timber piles are; (1) They are light and easy to handle; @) they have a high
strength-weight ratio; and (3) they are durable when placed below the groundwater table.

Conversely, their disadvantages are: (1) Their structural capacity is relatively low compared to
other types; ) they are prone to damage during driving, especially in dense soil; 3) they need
protection when placed above the groundwater table; and @ they are difficult to splice when extra
length is needed.

1.2.2 Concrete piles

This type includes precast concrete piles, prestressed concrete piles, and composite versions.
Precast piles are long slender units of reinforced concrete with square, octagonal, or circular cross
section that must be designed to withstand handling and driving stresses in addition to service loads.
They are made to carry a wide range of loads, typically up to 300 tons, and are reinforced for
bending and uplift.

Prestressed concrete piles have steel rods or wires enclosed in a conventional spiral. They are
further grouped into pretensioned and posttensioned piles. Possible length range is as much as 130
feetD. Their advantages are: (1) They have relatively large axial capacity and suitability to soil and
water conditions that require long piles; 2 they have ability to withstand aggressive ground or

marine environment with proper design; (3 they offer resistance during hard driving; and @ they

@ feet (ft, JER ). KEHA, 1 ft=0.3048 m.
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also have all the advantages inherent in prestressing.

Conversely, concrete piles may suffer damage during handling and driving, and cutting off
excess length or splicing after driving is difficult and costly.

Composite versions are obtained either by encasing steel or timber piles by concrete in the zone
susceptible to deterioration, or by making steel sections at the lower part where hard driving is

anticipated.
1.2.3 Steel piles

These include H-piles and steel pipe piles. Steel H-piles are suitable for penetrating rock and
other hard and resistant materials. During driving they displace a minimum of soil mass, and
therefore the operation does not cause heave. The usual load range is 40 to 120 tons, and the
common length range is 40 to 100 feet®. Preferably, the flange width should be at least 85 percent
of the depth of the pile section to ensure comparable strength in the weak axis.

Steel H-piles have the following advantages: (1) They are robust and light; @) they come in
various sizes and can easily be spliced; 3 they provide ample axial capacity and resistance to
buckling; @ they can penetrate hard layers; and (3 they accommodate situations with close pile
spacing. ‘

Their inherent disadvantages are susceptibility to corrosion if left unprotected, small bearing
resistance because of the small bearing area if left unplugged, and susceptibility to deflection if they
hit hard sloping layers and obstructions.

Steel pipe piles can be driven with either open or closed ends, and may be used filled with
concrete or unfilled. Unfilled open-end pipe piles are suitable if greater penetration depths are
desired, since the soil inside can be removed during driving. Their advantages are; (1) They have
small weight but sufficient stiffness to prevent damage during handling; ) they offer availability and
variety of sizes that can easily be spliced; (3) they have relatively high axial capacity and resistance
to buckling; @ they conform to the loads and moments by varying pipe size and wall thickness; and
() they allow easy inspection to detect deviations from intended alignment. However, like steel H-

sections, steel pipe piles are prone to corrosion if left unprotected.
1.2.4 Composite piles

Composite piles are combinations of different pile types such as concrete and timber, concrete
and steel, and concrete-filled steel pipes. Other combinations have also been used, the intent being
to deal with difficulties arising due to the soil conditions. The structural capacity of these piles is
determined by the weakest material. Certain types, such as timber-concrete, have been abandoned
in North America because of the difficulty in forming good joints. High-capacity pipe and steel

H-concrete composite piles do not present this problem and should be used when proven economical.
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1.3 Factors to be considered in selecting piles

Driven piles should be considered when spread footings cannot be founded on rock or on solid
earth material at reasonable cost. Piles may also be used as a protection against scour at sites where
spread footings would be suitable but the potential of erosion exists. Other factors that will influence
the selection of a pile foundation are the structural capacity of the pile, durability and resistance to

handling, feasibility of splicing, ground displacement during driving, and penetrability.

New words and expressions
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