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’—HTBearing FapacityseiEIlEN-oundation

A deep foundation, Fig. 1, is one that transmits some or
all of the applied loads to soils well below the ground

surface. Spread FomeE o
fp“‘ rp“‘




’HT BearngiGapacityseiEleszeunoation

Deep foundation can be generally classified as indicated
in Fig. 2.

Deep Foundations

Piles Drilled Shafts Other Types
Timber Steel  Concrete Composite Mandrel- Auger- Pressure- Anchors
Driven Cast Injected

Shells Piles Footings
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rmsl Beanng CapacityleiRilesEoundation

1. Transfer load through soft | 2. Distribute load into thick 3. Safeguard foundation from
stratum to hard stratum. (Could | homogeneous soil. damage due to scour.

be bedrock or incompressible
soil.)

FONY
=

Fig. 3: Functions
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’HT BearngiGapacityseiEleszeunoation

dSSITICatlion of Fies

Pile foundations can be classified as according to various
criteria shown in Fig. 4.

Material Shape Cross- Load Method Method Use Length
section transfer of of
forming  installation

Timber Cylindrical Circular Friction Cast-in-situ  Bored Load Short
Steel Tapered Square Bearing Pre-cast Driven bearing Long
Concrete Under- Hexagonal Uplift Prestressed  Jacked Load test Slender
Composite reamed Octagonal Vibrated Offshore Large
Corrugated I-section Jetted Compac- diameter
H-section Tremie tion

Pipe




’—HT BearingiCapacity;ofRiles-oundation

Considering the volume of soil displaced due to installation
of plles they can be classified as shown in Fig. 5.

Types ?f pile
. | |
Large displacement Small displacement No displacement
|
i 3 A void is formed by boring or

Preformed: Formed in-situ by driving excavation. The void is filled
solid or hollow, closed a closed ended tubular with concrete. The sides of the
at the bottom end, section to form a void voids are
driven into the ground and then filling the
and left in position void with concrete while |

| withdrawing the section Sup;laorted Unsupported

' Various systems |
Solid Hollow Permanently Temporarily
| (closed at bottom (by casing) |
| | end and filled or [ ]
Timber Precast unfilled after driving) By casing By drilling mud
concrete |
I I
Steel tubes or Concrete Steel sections, Screw piles
box piles tubes includes

H-piles, open
ended tubes and




"‘m’l Bearing Capacityiof PilerEoundation

Pile foundations can be classified as according to use
shown in Fig. 6.

(a) Point-bearing pile (b) Friction pile (c) Tension ar anchor pile (d) Laterally loaded pile
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’—_m,l Beanng CapacityleiRilesEounaation
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Uplift piles
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O [ \ S I\

For a driven pile in sand, the unit skin friction depends on
the soil pressure acting normal to the pile surface, and the
coefficient of friction between soil and pile material.

Qu
Direction of movement
under loading of Q,,

o e m e o et g o :::::::::::::::::::::::*::::::::::

2z
oy

Soil .U JArea Oh= KU‘""}_ Y
surrounding pile =1 0 Area=1

Resultant of oy and £ Fig. 12: Static Analysis of



’—HTBearing FapacitylerRilesEountation

Skin Friction of a Driven Pile in Sand
The unit skin friction, f, acting at any depth in sand is given by:
fe =optand

or, fs = Ko, tan
Where,
g, = horizontal soil pressure acting at any depth z in a
soil mass
o, = effective overburden pressure acting at the same
depth z

K = lateral earth pressure coefficient



’—HT BearngiGapacityseileREo R0 ationi:

Skin Friction of a Driven Pile in Sand

Hence, the total skin friction acting along the embedded
length of the pile is computed considering an average
effective vertical overburden pressure. Thus,

QS a fs'As . (KO'T;(CW) tan 5)145

Where,
Ué(av) = average effective vertical overburden
pressure
Ag = perimetric area of pile shaft (=
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Skin Friction of a Driven Pile in Sand

Values of coefficient of friction (tand) depend on the
type of soil and pile material. McCarthy (1982) reports
values varying from 0.20 to 0.45 depending on the
roughness of pile surface. Some standards recommend
O = .




S
b,

i
S

S

R
£
2

S,

o
i
L

PR

Y

SR

e
B R,

)

dba b

e
b

e
SR

)

dba b

e
b

e
SR

()

dba b

e
b

e
SR

)

dba b

e
b

’IBearing Fapacity oIl Eoundation

B )
!
L

L b b b,

e
o
e
s

B e e

2

o
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%

R
i

o

i

o
SR

!

i
i

e

oil

1SSIV

c

10N.

as |

hh

hstruc!

SIONesSS

t

Cohe

equal to the p

tely

fric

Skin

ein

Il

proxima

ven P

[ and method of co

3 e
£ o AL
.y o
- s [ = )
- o -Q —
0 s il . —
-.-“ % L p
0L o
= _ = =1
L D

In

t

S

res

ues d

The earth p

t

d

VWil

(C
>




s
I
S

5
i
b

S,

o
i
L

EbhEE

e

R

i
2

S
FREER R

S

2

R
L

dba b

2

T

i
hE

i
bh

R
4. . 0. T

14K,

2

)
L] L

fi
o — 1.8K,

dba b

e
b

i
b

B

K, =1-—

CERE
K,
) 4

50

B

2

by

()

dba b

e
b

S
FREERERR

SRR,

se- sand

2

B

e,
2

i

e
LS,

i
hE

i
bh

i
S

S

’—HTBearing CapacityofiileEoundation
m den

by

B )
!
L

L b b b,

e
o
e
s

B e e

2

o
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%

R
i

o

i

o
SR

!

i
o
| |
|

pites

lacement driven piles

tted

oose to

.0W QISP

g
les in

Bored o
L
P




’HTBearing FapacityioREIlesEouhdation :

nd bearing: Uriven Ile In Cohesionless Sol

The end bearing component of pile capacity can be
determined using a method similar to that of shallow
foundations. Q,
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Bearing Capacity Factor N, : Pile in Sand

The bearing capacity factor, N, values established by
Berezantsev et al. (1961), Fig. 13a, take into account the
depth to width ratio of the pile most nearly conform to the
practical criteria of pile failure.

As per Tomlinson, the maximum base resistance g, Is
normally limited to 10000 kN/m? (1000 t/m?).
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1 +40
/, For driven piles, ¢ = sz_
. / For bored piles, o =¢ ,— 3
o / where ¢ is the angle of
‘g shearing resistance prior to
& / installation.
=
s 100 7
= e
@) /!
g —
& e
//
[~




On _______ q

b due to

|lé Installation

Founda

tl n G- In

f

0 JSEd

Sand

S

SS S

oil depend'

5 on the

riving of

.d..nven ....p.l.

le, the soil aets compacte

be a..

‘I‘ﬂf-’lgp

f(pbef




1HA"

__________________________________ When ¢
déngit?E
v.al..l.uée,__._N.




Depth

be called

DWh in




’HTBearing CapacitylofilesEoundation

Bearing: Concept of Critical Depth
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S

Determinations of q,, K; and o for f,

Poulos and Meyerhof have proposed the relationship
between K. tand and ¢Cas shown in Figs. 15(a) and
15(b). Meyerhof assumes 6 = 0.75¢. The angle ¢ to be

used in Figures are:

For driven pile
¢ = 0.75¢, + 10°

For bored pile
@ = ¢, —3°
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Static Analysis: Cohesive Soil: « — Method

Of the several correlations of a and c,, shown in the Fig. 16,
Tomlinson's curve is most popularly used.
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tatic Analysis Methods: Cohesive Soil:

for Layered Soil

Case ~ Soil conditions Penetration ratiot c,lc,

I Sands or sahdy 50ils ovetlying stiff <20 ¢
cohesive soils > See Fig. 156

1 Soft clays or silts overlying stiff <20(>78) 0.40
cohesive soils > 20 N 70

111 Stiff cohesive soils without <20(>8) vt
overlying strata > 20 See Fig. 15.6

Depth of  penmetratio n in stff clay
Penetratio n  Ratio =

Pile

diameter




d r Py
MZA P e . -.- ¢ ¢

Static Analysis: Cohesive Soil: - Method

________________ _Skin friction is expressed|n|th|smethd similar to that of

cohesionless soil as,

The value, K, tan ¢ is often taken as a single term S that
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Ealdhy

Analysis: Cohesive
This method is a pseudo-effective stre
Vijayavergia and Focht (1972) who sugge
relationship for average skin friction, f;(4,,), from analysis of load
test results on steel pipe piles and is given by,
£ =l ~! ) )
Js(av) “\“v(av) “Cu(av))
Where,
0,ar) = average effective vertical stress between the ground
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’—HTBearing CapacitylofsElesEoundation

Pile Driving Formulae: Modified Hiley

The recommended values of 1 in relations to e and P /W
are given in Table. Where the pile finds refusal In rock,
0.5P should be substituted for P in the above expression
for n. Safe load may be estimated by dividing Q,,;; with a
factor of safety of 2.5.
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Pile Load Test: Axial Compression

For many years, slow ML tests have been the most
common type of pile load tests. These tests typically use
load increments of 25, 50, 75, 100, 125, 150, 175, and 200%
of the proposed design load and hold each increment
until the pile stops moving or until the rate of movement
Is acceptably small. This process generally requires
holding each load for at least 1 or 2 hours, sometimes
more. Thus, these tests may require 24 hours more to
complete and the load-settlement curve is obtained
from the obtained data. The nature of the curves

depends on soil types as shown in Fig. 31.
134
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Interpretation: Davisson's Method

Applied Load, P

P ult
B! ]
4 0.15in)+ —
mm ( in) 20 | :
i |
PD : )
AE i Davisson’s
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Load Test Data
=
5
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ﬁ B = Foundation Diameter
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& = Settlement
D = Foundation Depth
A = Foundation Cross-Section Area
B (mm) PD E = Foundation Modulus of Elasticity
4. () __ &
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Pile Load Test: Axial Compression: Cyclic Load Test

The elastic settlement is got by deducting the net
settlement after removal of load from the total value of
the settlement under the load. The elastic settlement of
the soil at the base is obtained by subtracting the elastic
settlement of the pile from the total elastic component
of the settlement.

The separation of the applied load at any load level into
the point-bearing and frictional components is based on
an experimental finding of Van Wheele (1957). Until the
load reaches a certain value, the point-bearing

component will be zero.
151
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Pile Load Test: Uplift Capacity

A typical arrangement for uplift loading tests is shown in
Fig. 31. The arrangement involving jacking at the centre is
preferred because an even load can be applied to the test
pile. The arrangement of applying load at one end of the
beam is not recommended because of risk of instability.

Reaction piles should be placed at least three test pile
diameters, or a minimum of 2 m, from the centre of the
test pile. Where the spacing is less than this, corrections
for possible pile interaction should be made. Alternatively,
an 0-cell installed at the base of pile can also be used in

an uplift test.
GIBBDIISIIBDIISIBBDIISIIBD IS g



’—HTBearing CapacitylofsElesEoundation

Steel plates M
—

~— Reaction beam
teel plate
Hydraulic jack E i Steel p
Steel bearing plates j\\{ Tension connection
Clearance for pile Stlﬁ' T
movement \ or on crib pads
/j— = Dial gauge

W n-' Av' t' e I =

Reference beam

L
-~ Tastpile



s
I
S

5
i
b

S,

o
i
L

EbhEE

e

e

Y

b

o
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%

2

S
i

y be

B

Iy orBIle Eoundation
el

2

By

e,
2

G

dba b

rably b

e
b

ty

i
S

g3
EbhEE

b

e
2
a fdeadman or

e

dba b
&

apaci

IS recom

e
b

B

B

dc
n

by

d

GS, 19

). It

R

dba b

0a

lu

e
b

e
EbRE,

-l L
| |

B

el
«

S INC

2

:i_‘z

B

aters ((

2

SRR
S

i

dba b

tera

.

T

i
b

i
La
oading test, two piles or pile groups ma

i
bl

lame

B

b

ther (

BearngCapac

B

2

B

S
£
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S

2

o
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%

R
i

B

e
Mt
G
s

o
i
b

e
b

n syste

h

oSld
en pile d

10

acl

st eac

r
of 1

l

l

le Load Test

Ive Ire

In a latera

agal
he cenf

&

a minimum

dCKe
that i
Alterna

n
|

J
&




’—HTBearing CapacitylofsElesEoundation

Hydraulic jack

1

Pile cap

:‘r ‘r"‘ ¥ :! . TC]_E:H_[" ﬂpﬂﬂ i_'ng
and avoid
connection

between
blinding layer

Test plates

(a) Reaction Piles




’—HTBearing CapacitylofsElesEoundation

Steel strut

Reference beam
Hydraulic jack

Pile cap \____ Dial gauge

H |
Tﬂlear spacing

i : :-. e *
= 4 ‘:'L‘I-l_q, i'_-_.:I-_ ‘I-I,‘
Test plate ——/

Test pile




’—HTBearing CapacitylofsElesEoundation

Y

.r L . .
R

Hydoulic jack Reference beam

\_ Dial gauge
' Clear spacing

Y R

e v *
oy Lo

v il

2 -l“ s

.
'.
L
T

Platform | E—

GRS 7
’ o ‘ Test plate

Test pile

(¢) Weighted Platform

Note : Load cells with appropriate plates can be inserted between test plate and hydraulic jack.
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- Conditions for Negative Skin Friction '
________________ Negative skin friction can develop under different general field

most common situation where large negative shaft re=5|stance

Z2) Negative shaft resistance can-also develop whenever-the
eftgecitive overburden pressure is increased on a compressible

ile is driven due to loweri
tr *edln ________ Fig. 3-4—(—b
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Other Conditions for Negative Skin Friction '

____________________________________ Briaud and Tuckenr(]993)presentedthefgllowmgcntena
................................... fUI’ i d entlfY|ng When neqa1 IVE s aftl'l s- s- amcemayoccur
If any one of these criteria is met, negative shaft
- resistance should be considered in the design. The
criteria are:

1) The total settlement of the ground surface will be

larger than 100 mm (4 in).

(e ]
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ion: Estimation

_______________________________ Even a small relative movement between pile and
~around the pile (of the order of 10 mm), mobilizes
t

negative skin friction. Following two conditions tha

-
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e
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Case I. The pile may rest on a hard stratum without any
| rd movement of the pile but the soil around
| negative friction acts.
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T Negative Skin Friction: Mitigation

In situations where the negative shaft resistance on piles is
large and a reduction in the pile design load Is impractical,
negative shaft resistance forces can be handled or reduced by
using one or more of the following techniques:

1)~ Reduce Soil Settlement: Preconsolidation of compressible
soils can be achieved by preloading and consolidating the soils
prior to pile installation. This approach is often used for bridge
foundations in fill sections.

2) Use Lightweight Fill Material: Construct structural fills using
lightweight fill material to reduce the downdrag loads.
Lightweight fill materials often used, depending upon regional
availability, include geofoam, foamed concrete, wood chips, blast
furnace slag, and expanded shales. 179



3) Use a Friciio;n Reducer: Bitumen coating and plastic
wrap are two n ethed-s ------ commonly used to reduce the friction
friction as much as 90 per cent of the theoretical value.

| be embedded in the ﬁea ive shaft resistance

One of the major problems with bitumen coatings is
protectlng the coating durlng ile nstallatlon espemally

ven driving through coars 1 inexpensive solution
to this problem is to weld an over-sizéd collar around the
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