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ABSTRACT

BExperimental and analytical investigations have been
carried out to more closely understand the complex problem
of stresses and disgplaccments below. foundations. The salient
features of the investigations are explained below under three

major headings.

I. Bxperimental Investigationg on Settlement Behaviour
of Piles and Pile Groups in Sand Includlng,Load
Distribution and Load Transfer

There is a lack of reliable guantitative data concern-
ing the behaviour of pile groups in sand. The detailed exper-
imental investigations on pile groups under taken by Vesic
(1967,69) have also certain limitations because of the pro-
cedure of the installation of the pile groups adopted by him.
Pointing this out Kaniraj (1974) and Ranganatham and Kaniraj
(1978) carried out a compréhensive experimental study on pile
groupse The distribution of load among the individual piles
of the groap, the load transfer and the settlement behaviour
of piles and pile groups have not received proper attention
by the earlier investigators. Therefore, an experimental
investigation on instrumented pile groups has been undertaken
to. study and comprehend the complex phenomena of load dis-
tribution, load transfer and secttlement behaviour of pile

foundations in sand. The investigations have been carried out
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on model aluminium piles of 38 mm outer diameter and 1.80 mn
wall thickness with congtant L/D (length to diameter) ratio of
15. The variables studied are the spacing of the piles

(2D to'5D) and the number of piles (2 to 16) in the group.
Diagphragm type pressure cells with bounded electrical resis-
tance strain’gauges have been used.in order to measure the
load distribution among the individual piles of the group and
load trangfer in the individual piles and pile groups. The
experimental investigations have been programmed in such a
manner that a comprehensivé picture of the behaviour of a pile
is obtained at different stages like immediately after its
installatioh, after installation of all the piles in the pile
group and after group load tests. The experimental data have
been analysed for settlement ratio, group efficiency, load
distribution and load transfer. The experimental investigations’
clearly bring out the pronounced effect of the installation
operation of the piles énd group loading on the behaviour of
the individual piles and pile groups. The details of the

experimental investigations are presented in Chapter-2.

II. Analytical Investigations of Stresses and
Displacements under Shallow Foundations

Considering the necessity of simple, but rational

solutions, the analytical investigationg of stresses and
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displacements under shallow foundations have pecn conducted.- taking
into account the non-linear behaviour of the soil and the
variable modulus of elasticity. The investigations are based

on the work of Hruban (1958). Hruban gave the expressions for
the vertical stresses and displaceiments due to concentrated
point loading for different cases of non-lihearity and also

for different cases of variable modulus of'elasticity. These
solutions of Hruban have been extended to the development of
eXpressions for vertical stress and displacement bel ow the
centre or corner of uniformly loaded circular and recta,_ngular
arcas and also below the centre of parabolically loaded circular
areas. The expressions for the vertical stress and displacement
for the various cases 0f non-lincarity and variable modulug of
elastic ity have been expressed in teras of the intensity of
loading (q) and a dimensionless influence factor. The values

of the influence factors havc been computed for different

values of the significant parameters. Chapter-3 presents the

details of the analytical investigationse.

I11I. Experimental Investigations of Stresses and
Displacements Underjoael Footings
In order to measure stress distribution and displace-

ments below shallow foundations and compare these with the

predicted values using the theoretical solutions developed in



(ix)

Chapter-3, experimental investigations have been undertaken
on circular, square and rectangular footings resting on dense
sand, the details of which are presented in Chapter~4. The
vertical stresses below the f£ootings have been measured by
ecmbedding diaphragm type pressure cells at different locations.
For a few cases the observed values of the stresses and'dis-
placements have been compared with the theoretically predicted
‘values making use of solutions developed in Chapter-3.

The results of the entire investigation have becn
reviewed and evaluated in relation t0 the practice of deep
and shallow foundations in Chapter-5. Tollowing this the
conclusions frﬁm the various investigations reported in the

thegis are summarised in the same Chapter.
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PRINCIPAL NOTATIONS

The following is the general notation adopted in the thesis.
hgther symbols, as well as the nogtations below when used to

denote something different, are defined in the course of the

text.
A - Radius of circular 1loaded area
a - Half the femekh of rectangular 1oaded area
B - Width of the pile group
B1 - Half the thickness 0of the pressure cell
b - Half thelovead®or rectangular loaded area
GA - Pressure cell action factor
c - Constant, characteristic of the material
D - Diameter of pile
D‘1 - Diameter 0f the pressure cell
Dt - Diameter of diaphragm of pressure cell
- a - A constant
..Eé - Stress/strain modulus of the pressure cell
ES - Stress/strain modulus of the soil
E
- - Cell to soil stiffness
s
E§ - Young's modulus of elasticity at surface
EZ' - Yéung's modulus of elasticity at depth 2
| E_ D'’
F -

- . . . _.S
Flexibility factor (ETfETB)
o]
(Chapter " 2)
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F ' - Modulus of deformation ( )

(Chapter 3)

f - A constant
fd - Maximum skin stress in the diaphragm of pressure
cell
Z
G -7
g - A constant
ISI - Influence ratio in settlement due t0o 1nstallat10n
of piles
Igg - Influence ratio due to installation of piles
and group load tests
I - Dimensionless influence factor for vertical
a stress due to point 1loading
I - Influence factor for wvertical stress under the
ZLCU centre of a uniformly loaded circular area for
lineaxr case
I - Influence factor for vertical stress under the
Zy,RU corner of a unifornly loaded rectangular area
for linear case
I - Influence factor for vertical stress under the
ncp centre of a circular area for parabolic loading

for non-linear cases

I - Influence factor for vertical stress under the
ZNCU centre of a uniformly loaded circular area for
non-linear cases

- Influence factor for vertical stress under the
ZNRU corner of a uniformly loaded rectangular area
for non-linear cases

IZ - Influence factor for vertical stress under the
VCFP centre of a circular area for parabolic loading
considering variable modulus of elasticity
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Influcnce factor for vertical stress under the
centre of a uniformly logded circular area for
variable modulus of elasticity

Influence factor for vertical stress under the
corncr of a uniformly loaded rectangular areag for
variable modulus of elasticity

A constant

Slope of the curve expressing linear increase
of Young's modulus with depth.

Dimensionless influence factor for vertical
displacement due t0 point loading

Influence factor for vertical displacement below
the centre of a uniformly logded circular arca
for linear case

Influence factor for vertical displacement under
the corner of a uniformly loaded rectangular area
for linesr case :

Influence factor for vertical displacement below
the centre of a uniformly loaded circular ares
for non-linear cases

Influence factor for vertical displacement below
the centre of a circular area with parabolic load-
ing considering variable modulus of elagticity

Influence factor for wvertical displacement belaw
the centre of a uniformly loaded circular areca
for variable modulus of elasticity

Influence factor for vertical displacement under
the corner of a uniformly loaded rectanguler area
for variable modulus of elasticity

Length of pile (Chapter 2)

Dimensionless parameter % (Chapter 3)

Dimensionlesg parameter

olp Nl
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Reciprocal of Poisson's ratio (ﬁ—)

Dimensionless parameter

Tl ol

Dimensionlegs parameter

A property of the soil such that N'/D' is
analogous to the coefficient of subgrade reaction

Number of piles in a pile group
(Chapter 2)

A constant 1 (Chapter 3)

Dimensionless parameter 4

A

Dimengionle ss parameter'ﬁ

Concentrated vertical load
Ultimate load of the pile group
Ultimate load of a single pile

Field stress existing at the anWlof the pressure

"cell in its absence

Additional pressure recorded by the pressure
cell due to its rigidity

Maximum allowable pressure
Total 1load on a pile

Point load on a pile

Average intengity of loading

Intensity of loading at digtance r from the centre
of a circular area for parabolic loading

Maximum intensgity of loading at the centre of a
circular area for parabolic loading (2q)
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Reduction factor in bearing capacity due to
installation of piles

Reduction factor in bearing capacity due to
ingtallation of piles and group load tests

Spherical coordinates

(2 + 2%

Settlement ratio

Cylindrical coordinates

Spacing of piles in number of diameter of pile
Thickness 0f diaphragm of pressure cell

Vertical displacement in R’-direction for
axially symmetric case due to point loading

Vertical displacement in ¢-~direction for axially
symmetric case due to point loading

Vertical distance of a point from the surface
Angle between the external faces of the bearing

volume of s0il and the lateral surface °of the
pile

Unit shear strains in spherical coordinates

Central deflection of diaphragm of pressure cell
- Principal strains in spherical coordinates
o,
iyn
- (1)

1

- }%} T%¥77 [(81'82)2+(€2'83)2+(83'81)21%

- Unit elongation in R-direction in
spherical coordinates
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Group efficiency of pile group
Poigson's ratio (%«)
Vertical displacement due t9 point loading

Vertical displacement below the centre of 2
uniformly loaded circular arca for lincar case

Vertical displacement under the carner of a
uniformly loaded rectangular area for linear case

Vertical displacement below the centre sf a
uniformly loaded circular area for non-linear cases

Vertical displacement below the centre of a
circular area with parabolic loading cons1dpr1ng
variable modulus of elasticity

Vertical displacement below the centre of a
uniformly loaded circular area for variable modulug
of elasticity

Ver tical displacement under the centre of a uni-
formly loaded rectangular area for variable modulus
of elasticity

Principal stresses in spherical coordinates

Ultimate unit stress of soil under the pile
point

Components of normal stress in spherical coordinates

Components of normal stress in cylindrical
cordinates

Vertical normal stress due to point loading

Vertical stress under the centre of a uniformly
loaded circular area for linear case



(X§Vii)

Vertical stress under the corner of a uniformly
loaded rectangular area for linear case

Vertical stress under the centre of a c¢ircular
area for parabolic loading for nonwlinear cases

Vertical stress under the centre of a uniformly
loaded circular area for non-linear cases

Vertical stress under the corner of a uniformly
loaded rectangular area for non-linear cases

Vertical stress under the centre of a circular
area for parabolic loading considering variable
modulus of elasticity

Vertical stress under the centre of a upifarmly
loaded circular area for variable modulug of
elasticity

Vertical stress under the corner of a uniformly
loaded rectangular area for variable modulus
of elasticity

Ultimate unit stress of soil along the pile
mantle

Components of shear stress in spherical
coord inates

Frohlich's stress concengration factor.



