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SYNOPSIS The stressed-and-deformed state,which is established both theoretically and on the
basis of field experiments,of the soil near piles and pile foundations is considered. The
study has shown that both the pile lateral surface and grillage base soil pressure is lar—
gely dispersed in the solid of the soil,and exerts practically no effect oo the strained
state of the scil below the pile point and also on the pile foundation settlement. This
makes it possible to refine the calculation scheme which is used in forecasting the pile
foundation settlement. Formulae for calculation of floating and end-bearing piles settlement;
with due regard to their interaction in the pile group are also given. The formulae are
obtained by processing the results of pile work mathematical modelling using the @lasticity
theory technique. The work of filling piles in expulsive soil has many salient features.
Experiments with large models have revealed time-dependent regularities in the expulsive
forces change pattern. The analysis enabled us to work out technique for cal culation of

cylindrical and pedestal piles lifting.

Determination of pile foundation foot cal-
culated area is necessary for calculating
settlement of floating pile foundation. In
this case the area of conventional foundation
foot is generally determined,as well as the
intensity of additional pressure which de-
forms soil below the pile fourdation. Due to
lateral surface friction the floating pile
tranfers a part of the pressure on to the
soil layers being cut through. This pressure
is dispersed in the solid of the soil,there-
fore at some distance from the pile the ten-
sions reduce to the intensity at which the
soil capnot compress and experiences elastic
deformations only. They are often an order
below the compressive strains.

When projecting it may be assumed for long
piles that specific friction in the lower
part of the pile (f{ is distributed evenly.
In this case,according to Pati ;i963),the
vertical additional tensions at®the pile po-—
int (Fig.l) in the horizontal plane are:
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Fig.l., Lpure Pz zin the plane of pile point
| g
P z=df (¢9)
2,8

whereel-R/r ratio function factor. P,
stress sheet extends to infinity (Figll).

According to Tsytovich (1973),however, the
soils can compress only at pressure being
higher than their structural strength P__,
i.e. when Pz éab Pst'The parts of the i
pure where “?“this™“inequazlity is not held
are not to be taken into account, since the
soil at such pressures undergoes small elas-
tic deformations which do not significantly
affect the value of predicted settlement.
Epure P_ can be approximated according to
Dalmato¥'& Lapshin (Dalmatov et al,,1975)
by the following expression:

P, _=l.141(R/r)"+237¢ )
From this by integration we find the force
compressing the soil at pile base from ef-
forts transferred by its lateral surface.

P_=50.461°£ (0.310+/R ) (2/Ry, )0 7851310
3

Pile settlement devel aping due to base
80il compression,being higher than shift
settlement values (Dalmatov et al.,1975),
pile's friction against the soil is:

Es max - uz 1 (4)
where u is pile perimeter, f, is specific
friction of pile against the soil of i-th
layer; 1; is thickness of i=-th layer.

The dispeérsed part of the effort transferred
by the pile lateral surface

Pd=Ps max - Ps (5)
We find the value of Hs.(Figl) proceeding
from the approximation®f2):

Rgg=r(i.lu8 £/8,,) 0808 (6)

Along the foot of conventional foundation we
may assume even distribution of pressure

P adm,which causes base soil compression:
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P ad,n=(P - P d) fI¥ Re? @
Here P is load on the pile,

In foundations consisting of group or rows
of piles the load on the surrounding soil
is transferred via pile point,lateral surfa-
ce and grillage foot. As this takes place
friction significantly reduces against late-
ral surfaces inside group of piles as compa-
red with that of a single pile (Doroshkevitch
1973). Therefore,dispersion of the pressure,
which is transferred by pile lateral surfa-
ces, can be considered in corner piles only
within O.5P, while that of piles of border
rosw (not EGrner ones) - O. 25P .

Then the load,producing compression of ba-
se soil at 3-4d distance between piles (where
d is pile cross section), is transferred via
the foot of centrally loaded corner pile
foundation:

N =Z - (0.25n4+2) By W, (8)
where n_4 is quantity of piles located along
the perimeter of group of piles not taxing
into account corner piles; ¥ P_ is the sum of
loads transferred along lateF&l surfaces of
all piles in the group with due regard to
reduce of frictional forces operatiug in the
group (Doroshkevitch, 1973); N_ is weight
(mass) of all piles in the grofip.

It may be assumed that this load is evenly
distributed within the area of conventional
foundation (Fig.2,a): Fee =b *1g where

bg=ag(ny-1)+eR i le=8e(Re=1)+2Rgy
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Fig.2. Layouts of compression distribution
in the plane of pile point; a-plan,

b—-section

It may be assumed that the pressure,which
is transferred by the piles points on to the
base is distributed in the compressed layer
below piles points (Fig.2,b) within the area:
Foc‘ bol° where bozab(nb—l)+5d

1,=a,(n~1)+3d
In this case mean pressure is:
B, =(2 P)/F,, )

Based on R

foundation foot may be taken equal to F
Then the intensity of pressure upon 1ts
foot deriving from all forces causing 50115
compression below piles is:

A-l S d,the area of convention
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P=(NL+3 P)/F, (19)
However if R_. > 1.54, 1t is expedient to
determine plIE foundation settlement at the
axpense of soil deformation below piles
points depending on two areas of load:F

and F__, which are loaded in accordance
with and 5 loads. This being so,
o Pe
P =N, /F = = (11)

Knowing 1ntensxty of P and P pressures

areas and penetration depth,calculatlon of
settlement can be made with a method known.

Calculation of piles settlement conside-
ring their interaction in the group,suggested
by Fedorovsky (1975), is based on presenting
soil bedding as homogenous or heterogeneous
elastic semi-space.

Formulae are given below for cal culation
of cylindrical pile settlement on the assump-—
tion that the surrounding soil is homogenous
in radial direction (this is performed,i.g.
for bare-filling piles and tubular piles,
being driven with soil extraction out of the
hollow,as well as for driven piles in some
types of soils). Formulae for calculation of
single pile settlement are aplicable for load
not exceeding proportionality limit,while
for evaluation of pile interaction in the
group — up to losses of supporting power,

Assume that the pile (length 1, diameter 4,
bedy compression stiffness EF) cuts through
a soil layer of thickness 1 with shear modu-
lus GT and Poisson's ratio Vi and rests upon
homogenous semi-space with elastic characte—
ristics Gy and Vo. It is obvious that by the
use of depth averaging thse majority of cases
of pile application can be reduced to this
scheme. Settlement of pile crown loaded by
axial force P (in linear phase) is:

W =gP/Gy 1

where P F.[A(ac})+(4 ")/aL"'] (13)

values, which appear in (13) are physically
authentic. ole is proportionality factor for
settlement of absolutely rigid pile

(12)

(EF = oo) in homogenous base
where olx=0.171 1 n (K, 1/4) (14
K |, = 2.816 - 3.783 V + 2.175W (15)

(Kv for (14) is calculated at V:VI);
fpxis an analogous factor for absolutely
rigid pile in two-layer base
5=0.171 1 n (Ky Gy 1/G,d)

Q(1e)

whare is determined from formula (15)
x7 being the relative rigidity of pile
%*; =EF/G 12 Qa?)

The estimation of pile body compressibility,
as it has been possible to demonstrate by
similarity theory technique,is performed with
the aid of single function of ® —A[z‘)
parameter (Fig.3).

Comparison between the formula (12) and the
results of computation is given in the report
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Fig.3. Diagram of M)\=f(2¢ ) values

(Fedorovsky,1975), it shows a good fit with
calculations of Mattes and Poulos (1968).
Calculations of piles interaction in the
group have shown that tangential stresses
Tpy around the pile reduce inversely with
dis%aﬁce to the pile axis, while soil settle-
ment according to logarithmic low. In this
case the_settlement in the upper layers the
soil at Z £,0,25 1 increase more slowly than
the load (d“ W/gg‘c 0), while at Z> 0. 75 1
more rapidly (d=“W/d p > O) since owing
to pile's slip across the soil (the zone of
slip usually extends from above downwars) ever
increasing part of load P is transferred
to the so0il in the laower part of the pile
and via its heel. As far average settlement
along the pile length, it increases directly
with P load. It is convenient to accept this
value as a measure of piles interaction in
the group. It may be assumed for calculation
that additional settlement of the pile,sepa-—
rated by f from the loaded pile,equals to

¥ad = % P/GpL
where J191 6,1/ 26
g {0378 1n (@ Bp/ 26,p)

at&,GIl/aczf> I
at}g,cll/zcayé. I

To study distribution of soil tensions and
deformations experiments near pile foundati-
ons were carried out in field conditions,
So0il tensions in inter-pile space and active
zone have been measured, as well as soil la-
minar deformations at variable depths as the
foundation is loaded and its settlement de-
velop. For measuring tensions and deformati-
ons load cells and depth marks were inserted
into the solid of the soil pefore driving in
piles.

The experiments were carried out with single
piles,one- and two-row pile foundations,
groups of piles at separation between piles
equalling to 3 and 6 diameters. The piles
were 25x25cm and 30x30cm in section and 5-12m
long. Some results of this study is given in
Bartolomey's wark (1975).

Observations have shown that the soil under
grillage was engaged in work at l-4mm settle-
ment of foundation. At the degrees of loads
causing foundation settlement over 10mm the
tension in inter-pile space does not increa-

se and the piles and the s0il in between

(18)
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shifts as so0lid mass. Tensions deriving from
triction forces applied along the lateral
surface are disperesed in the surrounding
soil. The vertical tension above the plane
of pile point constitutes only 10-20% of
inter-pile tension below its point-at trans-
ferring via pile lateral surface as much as
50% of the load. Tensions under pile founda-
tions and laminar deformations of soil com-
pression increase, as load rises,approxima-
tely proportionally.

As an example,in Fig.4 there are given

depth,

Figs4s Diagram of change in vertical tensi-
ons (a),settlement of depth marks ( )
and shifts of depth marks (b): 1-15 -
load cells; M, ;,-depth mrks; I-IV -
epures of tentIbfis (a) and marks ettle-
ment (b) at loads of 1.200, 1.800, 2.400
3,000, 3.600, 4,200 KN,applied upon
foundationa

changes in tensions and vertical shifts in
inter-pile space,as well as in the active
zone of two-row pile foundation consisting
of 12 piles of 30x30cm section, 6m long;
which have been driven with spacing of 3 dia-
meters into tight-plastic loams, It is obvi-
ous from the dlagrams that,as load rises,
there increase tension, settlement of depth
marks and laminar deformations of soil in
the active zone in the range of o-7.2m and
then in the range of greater depth. At load
closely approximating the limiting one soil
deformation developped to the depth of 1l2m.
A salient feature of the pile work in
expulsive soil is that while wetting of the
latter there emerge tangential and normal
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forces of expulsion along the pile's lateral
surface and unader its butt. Under these for-
ces pile lifting takes place, the value of
which depends om pile length, thickness of
layer of the expulsive soil, external load.
Time- dependent regularities in expulsive
forces change pattern while wetting of soil
were studied at experimental piles in field
conditions (Sorochan,1974). In time those
forces grow up to maximum value,after that
they reduce to the value which remains cons-
tant in spite of continieus soil lifting.
The change pattern of tangential expulsive
forces which work at the lateral surface is
similar to change in summary forces. In dis-
tinction to the above the normal expulsive
forces working at the butt increase as the
s0il swells, and their stabilization sets in
after lifting of soil layers ceases. Maximal
value of expulsive forces conforms to mobi-
lization of all internal forces of soil re-
sistance, while minimal- to work of friction
forces.

Change in tangential expulsive forces
in time is dependent on soil shift at
swelling (Fig.5). It is established that as

02\ )
/ "2dm 2| 20 4o ool
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v

Fig.5. Diagrams of tangential expulsive
tensions ( T ). at soil shift A at
depths h in clays:

I - Aralian; 2- Sarmatianj 3-Khvaly-
nian

depth increases the maximal value of tangen-—

sional tensions emerges at lesser shifts of

soil layerse
The value of lifting of pile at soil
swelling can be determined according to

the formula

A, =SLA, - 4P /u (19)

where ) -coefficient, dependent on pile
length and depth-dependent change
pattern of lifting of soil layers@

A -lifting of free surface of soil at
swelling;

@ —-depth-related coefficient depending
on the mode of tangential expulsive
tensions,
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