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This third in the series of articles covering Pile Foun-
dations: Know-How discusses the need for accurate
predetermination of required depth of pile embed-
ment by adequate soil investigation, laboratory test-
ing and field verification by load tests.

by Clyde N. Baker, Jr.

THE PROBLEM of how to determine pile depth of

embedment can be restated as an exercise in how

to determine pile capacity for a given depth of embed-

~ment. The predetermination of pile capacity is usually
based upon an anticipated level of driving resistance

(the piles shall be driven to a certain blow count) or

based upon an analysis of the soil conditions and soil

properties combined with a knowledge of the pile bear-

ing area and the perimeter surface area. The problem

with the former procedure is that the required pile

lengths cannot be predetermined with sufficient accu-
racy except in certain situations and by engineers with
considerable experience.

In this presentation different pile situations are
separated into appropriate categories and pile capacity
or depth of embedment is determined for that category.
The importance of the proper selection of critical
parameters is discussed and certain “red lights” to
watch out for are described.
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Pile Categories

The possible pile-foundation support combinations
can be grouped into four main categories as shown in
Figure 1. These categories consist of A-bearing pile,
B-friction pile (cohesive soil), C-friction pile (cohesion-
less soil), and D-combination friction-bearing piles.

With regard to case A, the pile is driven through
soft or loose soils to a very dense bearing stratum such
as rock or hardpan where negligible penetration into
the stratum is contemplated and the pile tip rests on
the bearing stratum.

In case B, the pile is driven in clay soils to some
predetermined depth but the material in which the pile
tip rests is not appreciably denser or stronger than the
material above the tip.

In case C, the pile is driven in cohesionless silts,
sands and gravels and the soil at the tip is not ap-
preciably denser than the soils above.

In case D, the pile is driven through softer layers
into a hard layer and the penetration into the hard
layer is sufficient to be significant. Case D represents
a combination of the other cases.

Determining Pile Capacity
Or Depth Of Embedment

Formulas which can be used to determine the pile
capacity and consequently the required depth of em-
bedment for a given pile load for the different pile-
soil support cases are shown in Figure 2.

Case A, a strict bearing pile situation: determina-
tion of the required pile depth simply involves the deter-
mination of the depth to the rock or hard bearing
stratum. This can usually be determined by sufficient
borings, although in certain areas the elevation of the
bearing surface can vary drastically over a relatively
short distance so that the number of borings required
for a project must vary with the amount of anticipated
or observed variations in the bearing surface. The pile
capacity for this case is based either on the bearing
capacity of the bearing stratum or on the allowable
stresses in the pile material.

No credit is given to any strength in the overbur-
den soils because of the much greater compressibility
of these soils relative to the bearing stratum. A firm
seat on the bearing stratum is desired but care must
be taken not to overdrive and damage the pile. The
pile is usually driven to a certain blow count based on
an appropriate pile driving formula. We have found
satisfactory experience using a modification of the En-
gineering News Record formula, ® = 2F where E ==
rated energy and S = set in inches per blow.

Case B, piles driven into clay soils and intended to
achieve their support through side friction: the analysis
for pile capacities or required pile depths is based upon
the perimeter shear concept. Accurate information
must be available on the shear strength of the soil and
on the adhesion factor between the soil and pile ma-
terial. For clay soils, it is common to assume that the
shear strength is equal to one-half the unconfined com-
pressive strength. This appears reasonable for mos.
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PILE CAPACITY DETERMINATION

KEY: -- @ = Ultimate Failure Load
P = Allowable Load
@ = Pile Cross-Sectional Area

p = Av. Pile Perimeter Over

8f = unit WEt. Above
Water Table

&; = Submerged Unit Wt.

r = Pile Radius

Length Involved Ne Mg M= Bearing Capacity

D = Depth of Pile Penetration

D’ = Depth of Pile Penetration
into Bearing Stratum

d = Depth to Water Table

q = Bearing Capacity of Material
FS = Factor of Safety

R = Adhesion Factor

K = Earth Pressure Coef.

Factors

D, = Limited to& dor

CASE A
pile Capacity Q = Bearing Capacity (q ) of Bearing Stratum
X Pile Tip Area £ Allowable Stress in Pile
Material X Tip Area
P-%
CASE B
; ; - »
Pile Capacity Q D.p“xnv.s“ =Dxp, XN X Q@ é'
p-9Q
FS
CASE C .

Pile Capacity@ =d xpxKx & xtm(’x%— +(D-J)

xpxKx(¥%xd+ ¥ xD-d) tand+qxa
Where q=|"¢“¢""DLN’1+ 0.6 ¥r Ny

For Cohesionless Soils €=0

CASE D

Pile Capacity Q = qa +D'xpx(Korn) xS,

Fig. 2




clay soil situations but may not be sufficiently ac-
curate for particularly sensitive clays or unusually pre-
consolidated clays.

Case C, friction pile in cohesionless soil: the
perimeter shear concept is again used but in this case
it is also necessary to include the bearing capacity of
the pile tip since the bearing capacity of granular soils
increases markedly with confinement and may be sig-
nificant even considering the small pile tip area. The
available side friction will be a function of the shear-
ing strength of the soil and the lateral earth pressure
coefficient between the soil and pile. The shear strength
is a function of the effective overburden pres-
sure, which must take into account the presence of
the water table, if any, and the ang'le of internal fric-
tion of the soil.

The bearing capacity of the soil at the tip of the
pile can be estimated by several methods. The most
common methods are those developed by Terzaghi,
Meyerhoff, and Housel. The reader is referred to the
references at the end of this paper for a more complete
description of the procedures. One simple approach is
to use the Terzaghi-Peck formula for bearing capacity
of shallow foundations (this is the formula shown on
Figure 2) and to modify it appropriately for deep piles.
The main variable which needs to be modified is the
depth variable since it has been observed that there is
a limiting depth beyond which the additional depth is

Typical drill rig boring operation used to
obtain information for pile foundations.

of no benefit. The pile can reach effective failure by
compression in the soil rather than by forming a failure
surface extending up to ground surface. This limiting
depth factor is probably no more than 10 times the pile
diameter for most soil conditions.

Case D, the combination friction-bearing pile: it
is necessary to consider both the pile tip capacity and
the available skin friction in that part of the pile em-
bedded in the hard stratum. If there is a marked dif-
ference in compressibility between the upper strata and
the stratum in which the pile is embedded, available
skin friction in the upper soils is usually ignored since
it may dissipate with time and transfer load down to
the denser soil. If the soil strata properties are not
appreciably different with regard to compressibility, it
is reasonable to consider the available side friction
throughout the entire length of the pile. The soils may
be either cohesive or cohesionless and the determina-
tion of maximum available side friction would be as
indicated for cases B or C.

If the compressibility of the softer upper soils is
only moderately greater than the compressibility of the
lower stronger soils in which the pile is embedded, it
may be desirable to consider a portion of the available
side friction in the upper softer soils as acting. The
proportion used can be based on the relative compres-
sibility of the soils (relative estimated modulus of de-

formation). This should be considered only if there is









