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Calculation of the foundations in compacted excavations with extended base,
applying boundary elements method
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Summary. Numerical realization according the
boundary element method (BEM), intended for the
determination of the pressed piles strength with the
expanded basis on the base of the provisions of the
dispersive soil mechanics is carried out. In the
given research the mathematical tool is supple-
mented with the experimental laws of shearing soil
deformation - general regularities of the soil vol-
ume change in case of shearing (dilatance and con-
traction) involving V.M.Nikolaevskyi, 1.P.Boiko
dilatancy relations are taken into account.

Special attention is paid to practical application
of new technology of the predicted calculation of
the efficient bored piles carrying capacity —the
suggested method of the numerical solution by the
boundary element method (BEM) of the spring-
plastic problem of the dispersive soil mechanics,
using non-associated plastic flow rule at the non-
linear stage of their work.

BEM is a new numerical approach to the solu-
tion of 3D boundary problems, it has considerable
advantage - digitization is carried out not in the
middle of the studied area where the solution is
searched but on its boundary.

Foundations, made of the bored piles are one of
the advanced structures, widely used in the con-
struction sphere.

To increase their carrying capacity, the expan-
sion of the pile bases is performed.

The analysis of their efficiency is necessary and
the task is actual. Bored piles show high techno-
logical and economic efficiency, their wide appli-
cation is expedient, these piles promote the saving
of the materials and economic resources.

In the suggested model the procedure of the
step-by-step loading and O.A. Iliushin method of
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spring solutions is used ; Mises-Schleichler-Botkin
criterian is involved as the criterion of soil work
transition into plastic state.

The accumulated technique allows to obtain the
stress-strained state of the system “base-bored
pile” at all the stages of loading, this state depends
both on engineering-geological characteristics of
the soil and on the geometry of the foundation.
Introduction of modern methods of calculation is
one of the ways of reduction the cost of the foun-
dation constructions.

Keywords. Bearing capacity, foundations in
compacted excavations, boundary elements
method.
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FORMULATION OF THE PROBLEM

The experience of constructing foundations
in compacted excavations shows high tech-
nical and economic efficiency of these founda-
tions and the expediency of their wide applica-
tion in construction practice. Estimate cost of
such foundations and labor input are reduced
approximately 1.5 times.

Typical advantages of such foundations are
increase of carrying capacity and reduction of
concrete and metal consumption, volume of
earth- moving works.

ANALYSIS OF STUDIES

Piles, installed in the compacted wells
(compacted excavations with expansion) use
the advantages of bored and driving piles as
the compressed area is created along front face
and lateral surface of the pile, that exercises
considerable resistance both to vertical and
horizontal loadings. Insufficiency of the fore-
cast methods of stress-strain state of such piles
restrains the realization of such progressive
types of foundations in construction practice.

DEFINITION UNSOLVED ASPECTS OF
THE PROBLEM WHICH THE ARTICLE
COVERS

Numerical study according to boundary el-
ements method (BEM) of stress-strain state of
the pile L=2.6m was performed in compacted
excavations with different dimensions of the
extended bases (with different amount of the
compacted crushed stone). Volume of the
crushed stone was 0.5m’, 2m® and 4m’. Dis-
cretization of active circumpile zone is pre-
sented in Fig. 1.2. The idea of construction
division(decomposition, discretization) is not a
new one, it is known in mechanics and math-
ematics for a long time, the idea was formulat-
ed by Poisson. Nowadays we are at a new
stage of application of discretization idea, it is
widely used in modern numerical boundary
element methods (BEM) and finite element
methods (FEM).

THE MAIN MATERIAL

Change of three-phase soil porosity is con-
nected not only with the sum of main stresses
(by compacting pressure) but also with the
development of plastic slide deformations.
These factors can be taken into account by
means of non-linear relations tools between
the stresses and deformations, characteristic
for plastic flow theory. Total deformations of
soil were found in the paper as the sum of an

elastic part (85.) plastic part (Z 85 ) and
increments of plastic part (dg] ):
_ e p p
g, =&+ Zgij +defo;

)
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Increments of plastic part of deformations
consisted of the increments of volumetric

p : P g
de},,,» and deviator part dgf,,, of defor
mation tensor:

P _ p P
dgij - dgij(VOI) + dgij(dev) ’ (2)

For adequate description of non-linear pro-
cesses of soil spring-plastic model, based on
plastic flow theory in the form of non-
associated plastic flow law (3) and dilatancy
relations of V.M. Nikolaevsky and I.P. Boiko
(4) [1,4] was used.

der =i Fay 3)
/ dG,-j
dg{f(vol) = A(Z)dj/p) (4)

wher F - is plastic potential — thermodynamic
function of state, determines «dilatancy» of the
environment — change of its volume in case of
the slide; f— is the criterion of the transition to
boundary state; dA — is a scalar coefficient of
porous load; dy”— is increment of slide inten-
sity; A(y) —is dilatancy rate [3].

Transition of the soil into plastic state was

determined by Mises-Schleikher-Botkin crite-
rion:
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where f— is yield criterion; o, — is hydrostat-
ical pressure; 7 — is the intensity of deviator
stress; y — is the angle of internal friction on

octahedral plane; 7¢ — is a parameter, analo-
gous to bonding; p, — is a parameter of soil

ground that characterizes the transition from
the cone to the cylinder in Mises-Schleikher-
Botkin criterion.

The solution of the system of differential
equations of pile balance in the soil, which
K. Brebbia and I. Talleth [2] reduced to the
equivalent integral equation (6), is performed
by BEM, applying O.Illushin method of elastic
solution in the form with additional loads.

i +Ip*ijuijd]“:.[uij*pid[‘+.[o-' £,dQ° (6)
r I Q

where u — is the set vector of displacement
speeds on the boundary of the pile; p — is the
required vector of stresses on the surface of the
pile; u*, p",6" — are boundary equation ker-
nals, R. Mindlin fundamental solutions for
displacements, stresses, and derivatives from
stresses under the action P=/ in the middle of
elastic semiplane; integral over domain Q in
(6) includes the vector of plastic deformation
of the foundation ¢,.

After submission of the calculation scheme
of the pile in the form of finite-element system
(Fig. 1, 2, 3) the task was reduced to the solu-
tion of the system of linear algebraic equations
(SLAE) A4-Y=F at each step of loading where

A — is an influence matrix of BEM, Y — is the
required vector of stresses on the boundary
surface of the pile, ' — is the vector of the pre-
scribed displacements.

Three types of experimental foundations
with the extended base and different amount of
crushed stone, length of pile prior to extension
was L=2.6m were considered (Fig. 1, 2).

Volume of the crushed stone was 0,5 m3,
4m’. In the experiment [5] the crushed stone
was tamped by portions of 0,5m’ then the
concrete was put in the body of the foundation.
According to [5] soil compaction to

7/:1,6L3 was performed on 0,4 — 0,6 m
m

downwards and off the expansions. Corre-
spondingly, in numerical study the dimensions
of the active area of base were taken (Fig. 1,2).

Experimental ground to the depth of 7-8m
consists of clayed sand that are referred to the
first type of additivity. As the input parameters
weighted-average site survey soil characteris-
tics are taken: E=15970kPa, v=0.3,
p=1.7t/m’, p""=1.57 t/m’, p"“=2.19 t/m’,
0=0.387 rad, c=8 kPa.

The results of numerical studies applying
BEM technique were compared with the data
of in-place —tests [5], that simultaneously is
test problem for verification of the conver-
gence of the accepted mathematical model of
soil deformation.

The results of the comparison of numerical
and in—place—studies are presented in Table 1.

Ta6m. 1. Pe3ynpTaTé HOPIBHSIHHS YACEIHHUX Ta HATYPHUX TOCIIHKEHB
Table 1. Results of the comparison of numerical and in—place studies

Volume of the compacted crushed Carrying capacity (kN) by Dialnta 2; lggip lazzcs(?rl((jli}rll oft:):aErS-]
stone BEM if S=3cm rymg cap : ft?;: Sem g
0,5 m’ 593 kN 600 kN
2m’ 987 kN 1000 kN
4m’ 1600 kN 1580 kN
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Puc.1. Tpadix «P-s» y BUMAJKy YIIinbHEHHs rpaBiio 0,5 M.
Fig.1. Graph «P-s» in case of 0,5 m’ of gravel compaction.
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Puc.2. I'padix «P-s» y BUNAJKY YIIUIbHEHHS IPaBio 4 M.
Fig.2. Graph «P-s» in case of 4 m’ of gravel compaction.
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CONCLUSIONS

Numerical studies, carried out, prove high
degree of their correspondence to experimental
data. Introduction of new modern methods of
calculation — is one of the ways, aimed at
cheapening of the cost of foundation construc-
tions.

Stress-strain calculations allow to obtain the
values of carrying capacity and setting of piles
maximally close to-real-life conditions. Con-
siderable increase of piles resistance in the
compacted excavations is stipulated by the
formation around the compacted excavation
the area of the compacted soil that promotes
the increase of the area of load transfer from
the pile on the soil of normal density.

Thus, the piles in compacted excavations
are characterized by rather high technical eco-
nomic induces and they deserve wide propaga-
tion.
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Po3paxyHok pyHaaMeHTIB y BUTPAaMOyBaHUX
KOTJIOBAaHAX 3 PO3IIMPEHOI0 OCHOBOIO 32
METO/I0M I'PAHUYHHUX eJIEeMEeHTIB

Anna Mopeyn,
lean Mempb,
Bionema 3aoopooicuiok

Anoraunis. [IpoBeaeHo uncnoBy pearnizairo 3a
MI'E  BuU3HaueHHs  HeCy4oi  CIPOMOKHOCTI
ITAMIOBAaHUX Tallb 3 PO3LUIUPEHOI0 OCHOBOIO HA
OCHOBI MOJIOKEHD HEeTIHIHHOT MeXaHIKH
TUCTIEPCHUX TPYHTIB. B poOoTi MaTeMaTHIHMI
amapar JIOIIOBHEHO EKCIIEPUMEHTAIbHUMHU
3aKOHAMHU 3CYBHOTO JAeQOopMyBaHHS TIPYHTY —
BpaxOBaHO 3arajbHi 3aKOHOMIPHOCTI 3MiHU 00’ €My
IPYHTY TIpW 3CYyBi (IUJIATaHCIIO Ta KOHTPAKIIO) 3
3aITyYCHHSIM JMIaTaHCIAHUX CHIBBIAHOIIEHD
B.M. Hikonaecwkoro, I.I1. Boiika.
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OcobnuBe Miclle TPUAUIEHO TPAKTUIHOMY
MPUKIAAHHIO HOBOI TEXHOJIOTIT IMPOTHO3HOTO
PO3paxyHKy HECY4Oi CIPOMOXKHOCTI e(hEeKTUBHHX
Oypo HaOMBHHUX MaJIb — 3aIPOIIOHOBAHOTO METOIY
YHCJIOBOTO PO3B’SI3Ky 33 METOJOM TI'PaHUYHUX
enementiB (MI'E) mnpyxHO-TmacTH4HOI  3aadi
MeXaHiK{ TUCTIIEPCHUX IPYHTIB 3 BUKOPUCTAHHSM B
HeTMHIAHIA cTamii X poOOTH HeacoIliHoBaHOTO
3aKoHy TuiacTuuHoi Teuii. MI'E — HOBMit uncnoBuit
OiAXig A0 PO3B’S3Ky TPUBUMIPHUX KpaHoBUX
3aJa4y, Ma€ CyTTEBY IepeBary — AMCKPETH3aLlisl B
HBOMY 3IIHCHIOETBCS HE B CEPeaUHI JOCIiTHOL
obnacTi, B fAKid IIyKaeThCs pilleHHS a Ha i
TpaHUIl.

®yHgamMeHnTH i3 0ypo HaOWBHUX TNl € OJHIE0
i3 TMPOTPECHBHUX KOHCTPYKIIiH, $KYy HIMPOKO
BHUKOPHUCTOBYIOTh y OyaiBHUITBI. J{j1st 301IbIIEHHS
iX ~ Hecy4oi  CIPOMOXHOCTI  BJIALITOBYIOTh
pO3IIMpPeHHSs B  I'STax mnainb. HeoOxigHuid
KOHKPETHHH aHali3 iX e(eKTHBHOCTi, 3ajava €
akTyanpHOW. bypo HaOWBHI mani MOKa3yroTh
BHCOKY  TEXHIKO-€KOHOMIYHYy  €(eKTHBHICTb,
JOLUUIBHICT ~ iX  IIUPOKOTO  BUKOPUCTAHHS,
CIIPUSIOTh CKOHOMIil MarepiamiB 1 €HEepreTHIHHX
pecypcis.

B 3ampomoHoBaHii MozeNi  BHUKOPHCTaHO
MpoLEeaypY KpPOKOBOTO HaBAaHTAXKEHHS Ta METOX
mpyxHux pimesb O.A. Imptommuaa. B sixocrti
KPHUTEPII0 Mepexoy poOOTH IPYHTY B IJIACTUUHUHA
CTaH 3amydeHo Kkpurepii Mizeca-Illneiixepa-
borkina. HampampoBaHa MeToAuwKa JO3BOJISTE Ha
BCIX  eTamax  HaBaHTAKEHHS  OTPUMYBATH
HanpyKeHo-1epOpMOBaHUit CTaH CHUCTEMH
«OCHOBa-OypoHaOMBHA Maisd», AKUHA 3aJEeKHUTh SIK
Bil  IH)KEHEPHO-TEOJIOTIYHUX  XapaKTepHUCTHK
IpyHTYy, Tak 1  Big reomerpii (¢yHIaMeHTY.
BrpoBameHHs ~ cy4acHMX  HOBHX  METOXIB
pO3paxyHKy — OIWH i3 MDIAXIB 3JEMICBICHHSI
KOIITOPHCHUX (PYHAAMEHTHUX KOHCTPYKIIIH.

Key words. Hecyua CIPOMOXHICTB,
dbyagamMeHTH |y BHTpaMOYBaHHMX KOTJIOBaHaX,
METOJl TPaHUYHHX €JICMEHTIB.
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