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WORK OF PILE FOUNDATIONS IN SWELLING-SHRINKING
AND SUBSIDENCE SOILS

Structurally unstable soils are widespread. A characteristic feature of swelling soils during soaking is a sharp
increase in their volume and decrease in their bearing capacity, which leads to significant deformations of the
structure. Loess subsidence soils in the natural state at low humidity have high enough physical and mechanical
properties for construction, but during their wetting the structural strength decreases, which is accompanied by
vertical deformations. Uneven deformations that lead to partial or complete loss of stability and serviceability of
structures are especially dangerous. It should also be noted that in the early stages of the study it was accepted to
include only loess soils, but as the practice of construction of recent decades shows, many clay soils of non-loess
origin, loose, as well as dusty and loose sands, being soaked soils with subsidence properties. Today, various
software packages (Plaxis, SCAD, ANSYS, etc.) are widely used to solve construction problems in complex
geotechnical conditions. The reason for choosing these software packages is the presence of complex soil models
in which the behavior of the soil mass can be modeled with varying degrees of accuracy.

The existing methods of accounting for the swelling and subsidence properties of clay soils are analyzed;
modeling of the operation of the system "base — pile foundation — structure” with a base, folded with swelling
soils using a software package based on finite element method has been performed; Article dedicated to the
analysis of factors affecting system "base — pile foundation — structure” with a base, folded with swelling soils;
analysis of the interaction of piles with subsidence soils, taking into account the additional loading forces of
soil friction on the piles, caused mainly by additional loading of the surface, or the presence at the base of soils
with specific properties that significantly affect the adoption of constructive solutions for pile foundations. Tests
of full-scale bored piles for the action of pulling and pressing loads in difficult soil conditions to determine the
potential loading forces of friction on their side surface.

Key words: swelling soils, subsidence soils, load, finite element method, system “base — pile foundation —
construction”, additional loading friction forces.

Formulation of the problem. A characteristic
feature of swelling soils when soaked is a sharp
increase in their volume and a decrease in their
bearing capacity, which leads to significant structural
deformations. Therefore, during the designing, it is
necessary to take into account the effect of swelling
on the entire system “base — foundation — structure”
for more reliable operation of the structure.

Unfortunately, existing standards do not allow
creating a model like this and are advised to calculate
deformations from external loads and soil swelling
deformations separately [1].

A review of the latest sources of research and
publications. Today, there are many methods for
calculating the bearing capacity of foundations [1],
while in the regulatory documents [2] it is proposed
to calculate the pile based on the bearing capacity
of foundation soils in subsidence soils, and the
recommendations also consider the possibility of

Tom 31 (70) 4. 2 N2 6 2020
164

determining and taking into account additional
loading (negative) friction forces [3], however, as
our investigations shows, the proposed regulatory
engineering techniques and field methods have a
number of assumptions, which is associated with
fundamental differences in the interaction of the soil
massif with the lateral surface of the piles under the
action of static loads [4, p. 170-178].

Main material and results.

1. Modeling the operation of the system “base —
pile foundation — structure” with a base composed of
swelling soils

To take into account the influence of the swelling-
shrinkage properties of soils on the stress deformation
condition of the system “base — pile foundation
— structure”, the base consisting of swelling soils
is presented in the form of a linearly deformable
environment. In this case, the swelling of the base
1s taken into account as an additional effect, close
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in nature to the temperature, and the swelling soil is
considered as a material with orthotropic properties.

Using software systems (for example, SCAD),
operating on the basis of FEM, the finite element
design scheme of the system “base — pile foundation —
aboveground part of the structure” in a flat version is
modeled and a force calculation is performed for the
action of specified loads, including load combinations.
In this case, the stress states of the foundation are
determined, and nine zones are established, for which
the corresponding deformation characteristics are
determined and entered into the initial information of the
stiffness characteristics of finite elements [5, p. 54—60].

Next, the entire system is calculated for swelling
from a change in the specified humidity as a
temperature problem for a temperature effect equal to
mAw. The resulting stress state of the base is summed
up with the stress state from swelling and the position
of zones with different levels of o; is specified in
comparison with the swelling pressure — p,,. After
that, the deformation characteristics are clarified for
the new zones and a new calculation is made. After
calculating the new values of the total stresses, the
zones are refined, etc. The calculation ends when no
change in zones with different o; occurs.

It is proposed to consider as an example of the
calculation of structures on swelling soils of a three-
story brick building on a pile foundation in the city
of Kupyansk, Kharkiv region. The base is covered
with medium swelling clays at a depth of 2.5m, the
thickness of the layer is 1.5m. Bored piles 6m long
and @630mm in diameter are adopted. The base,
walls and foundation are modeled by rectangular
FE, size 0.4x0.4m. The overlap is modeled with bar
elements. During operation, the soil may get wet,
and as a result, its swelling (Fig. 1). We assume that
the soaked soil works as if exposed to temperature:
mAw = 0.066, with a swelling coefficient m=1.237
[6, p. 255-258].

Fig. 1. Deformed scheme

The following results were obtained (Fig. 2):

a b
Fig. 2. Fragments of stress fields NZ: a - without
taking into account orthotropic, b - taking into
account the orthotropic properties of swelling soils

The difference between the values of the main
stresses when calculating with and without taking
into account swelling for foundations reaches 30%,
for aboveground structures — 7%.

2. Study of the interaction of piles in subsidence soils

Modeling of the interaction of piles in subsidence
soils was carried out using the PLAXIS 3D
Foundation PC, based on the use of the finite element
method (FEM), to simulate soil tests with full-scale
experimental piles, including using various models
of the soil base and contact conditions “soil base —
pile”. Some features are considered when modeling
the operation of piles under the action of pulling loads
using standard PLAXIS tools and a soil model with
Mohr-Coulomb (M-K) strength criteria, which directly
affect the calculation results, where it was proposed a
technique for solving such problems in modeling. The
research objective is modeling and numerical analysis
of SDC system “subgrade — pile’” and comparison with
the results of full-scale soil testing by piles. To obtain
the maximum correspondence between the numerical
and physical results, as the initial data, the results of
soil tests with full-scale bored piles with a diameter of
@600mm and a length of L=10.6m were taken with
the action of pulling loads that were carried out in
soils of natural moisture during the construction of a
residential building in Kharkov.

A feature of soil layer at this construction site is
the presence of fill soils in the upper part, which are
represented by embankments and loose loams and
sandy loams IGE-1, which have subsidence properties,
the thickness of the layer is up to h,;=10.6m from the
projected bottom of the excavation (Fig. 3).
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Fig. 3. Layout of an experimental full-scale pile
in a soil massif

The water table was modeled below the
-0.00 mark of the solid area of the foundation model.
Below the subsidence layer, an incompressible layer
with a thickness of =1.0m was modeled, for further
filling the gap between the fifth pile and the soil.

The contact surfaces were modeled by selecting the
value of the strength reduction factor R,;,,=0.7+1.0.
This coefficient relates the strength of the shell of
the elements on the surface of the “soil base — pile”
contact, that is friction on the surface of the pile and
adhesion with the strength of the soil — the angle of
friction and adhesion. As a reference model, a model
with a coefficient R;,,,=0.7 was considered, which
is consistent with the coefficient of soil working
conditions along the lateral surface vy, of a large-
diameter bored pile in the corresponding soils.

The formation of the SDC system of the
“soil foundation — pile” system under the action of
pullingloads consisted ofthe following stages (phases):
1 —load the calculated area by the own weight of the
soil and the formation of the initial SDC soil massif;
2 — modeling of piles with a diameter of @600mm
and a length of L=10.6m; 3 — application of a pull-
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Fig. 4. Movement of piles
and soil at R,,..,=0.7

inter

out load equal to F,=400.0kN, which corresponded
to the ultimate pull-out load during field tests
[7, p. 184-188].

From the picture of the displacements of the
calculation model (Fig. 4) it can be seen that the
presence of a gap under the heel of the pile makes
it possible to prevent the unrealistic inclusion of the
soil massif in the work in this zone, preventing the
development of displacements of the pile.

Conclusions. Swelling of the base can be
considered as additional kinematic effect, close in
nature to temperature.

A solution has been obtained for calculating the
system "foundation — pile foundation — structure" for
a plane problem, taking into account the orthotropic
properties of swelling soils, which gives more
accurate results.

The dependences of the pile displacement on the
pull-out load obtained on the basis of a numerical
solution in the Plaxis PC correlate well enough with a
similar dependence during field tests of soils by piles,
while the error between the values of the limiting
resistance is no more than ~6%.
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Xpanarosa 1.B., Haiinbonosa B.€. POBOTA INAJIbOBUX ®YHJIAMEHTIB
Y HABYXAIOYO-YCAJIOYHUX TA TPOCIJAIOYUX TPYHTAX

CmpykmypHo-HecmitiKi IpyHmu Marmy wupoxe nouupenus. XapakmepHor 0COOIUGICMIO HAOYXAIOHUUX
IPYHMIB NPU 3aMOUYBANHI € pi3Ke 30i1bulen sl iX 00Cs2y [ SHUIICEHHS X HeCy4oi 30amHOChi, o NPU3800UmMb 00
SHauHUXx degpopmayii Koncmpykyii. Jlecosi npocadouni IpyHmu y npupooHboMy CIMAHi 3a He8eIuKoi 601020Cni
Maioms 00OCMAMHbLO BUCOKI (DI3UKO-MEXAHIUHI ernacmusocmi 0as 0YyOiBHUYMEA, ane nid 4ac iX 380100iCeHHs.
SHUCYEMBCA CMPYKMYDHA MIYHICMb, AKA CYRPOBOONCYEMbCA 8epmukaivHumu oegopmayiamu. Ocobnugo
Hebesneuni HepiGHOMIpHI Oeghopmayii, wo npuzeo0sims 00 4acmkosoi abo NoeHoOI empamu CMIUKOCmi U
excnayamayitioi npuoamuocmi cnopyo. Taxodxc 3a3Hauumo, wo 00 NPOCaodoOuHUX IPYHMI8 HA PAHMIX emanax
8UBUEHHSL 0YI10 NPUUHAMO 8IOHOCUMU MIILKU J1eCO8I IPYHMU, djle, SIK NOKA3VE NPAKMUKa 6y0igHUYmMea 0CMAaHHix
decamunims, 0A2amo 2NUHUCIUX TPYHIMIE HENeCO8020 NOXOONCEHHS, HACUNHI, d MAKOXC NULYBAmi ma NyxXKi
(puxni) nicku, 6yoyuu 3amoueHumMu € pyHmamu 3 npocadounumu eracmugocmsamu. Cb0200mHi 015 supiuients
npobnem 6yO0i6HUYMBA V CKIAOHUX 2eOMEXHIYHUX YMOBAX UUPOKO 3ACMOCO8YIOMb PI3HI NPOZPAMHI KOMIIEKCU
(Plaxis, SCAD, ANSYS ma in.). llpuuunoio ubopy yux npocpamHux KOMIJIEKCI6 € HASABHICMb CKIAOHUX MoOeell
IPYHMY, 8 AKUX NOBEOIHKA IPYHIMOBO20 MACUBY MOdCe OYMU 3MO0eNb08AHA 3 PI3HUM ChiyneHem moduHocmi. Y yitl
pObOOMI BUKOHAHO AHATI3 ICHYIOUUX MEMOOUK YPAXYBAHHS HAOYXAIOUUX I NPOCAOOUHUX 81IACMUBOCEN STIUHUCTIUX
IPYHMIB, BUKOHAHO MOOENIOBAHHI PODOMU CUCEMU «OCHO8A — NAIbOBUL (hyHOAMeHm — Cnopyoa» 3 OCHOB0IO,
CKAAOEHOI0 HAOYXAIOUUMU TPYHMAMU 3 BUKOPUCTIAHHAM NPOZPAMHO20 KOMIIEKCY, AKULL NPAYIOE Ha 0A3i Memoody
CKIHUEHHUX eneMeHmis; NpoeedeHo aHali3 (hakmopis, wo 6nIUBaAloMmb HA CUCMEMY «OCHO84 — NANbOBUL
dynoamenm — cnopyoa» 3 OCHOB0I0, CKIAOEHOI0 HAOYXAIOWUMU TPYHMAMU, BUKOHAHO AHATI3 83AE€MOOIL nab
3 NPOCAOOYHUMU TPYHMAMY, 3 VDAXYBAHHAM O08AHMANCYBANLHUX CUL MeEPMs TPYHMY HA NAJi, GUKIUKAHI aOo
000amKOBUM HABAHMANCEHHAM NOBEPXHI, ADO HAABHICMIO 8 OCHOGI IPYHMIG 31 CneyuphiuHUMU GACMUBOCTIAMU,
AKI Cymmeso 6nauearomsv Ha NPUUHAMMA KOHCMPYKMUSHUX piuleHb Nanbosux @yHoamenmis. IIposedeni
B8UNPOOYBAHHS HAMYPHUX OYPOHAOUBHUX NAIbL HA OiI0 BUCMUKYVIOUUX MA 80ABTIOIOUUX HABAHMANCEHb 8 CKAAOHUX
IPYHIMOBUX YMOBAX OJisl BUSHAUEHHS NOMEHYIHUX O0BAHMANCYBANLHUX CUL MePMsl NO X OiUHill NOBEPXHI.

Knrouosi cnosa: nabdyxaroui ipynmu, npocioaroui IpyHmu, HABAHMANCEHHSA, MeMOoO CKIHUeHHUX elleMeHmis,
cucmema «0OCHO8a — NAAbOBUU PYHOAMEHM — CROPYOA», 008AHMANCYBANbHI CUNU TNEPMAL.
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