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Work piles - columns with soil under constant influence
of vertical and cyclically approximated horizontal loads
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The article describes an experimental study aimed at identifying common patterns of joint work of piles - columns with soil
with vertical and cyclically applied horizontal loads. The study examines the deformation processes occurring in the soil.
At any pressure value, soil deformations can be divided into two groups, which are restored (elastic) and residual.
When the pressure is less than the structural strength, elastic deformations appear. With a pressure of greater structural
strength, elastic and residual deformations appear. Elastic deformations appear throughout the depth, residual deformations
develop in the depth of the deformation zone, where the stress exceeds the structural strength of the soil. After removing the
load, the elastic deformation disappears, and the residual remains. The lower limit of the residual strain zone is at a depth,
where the stresses from the load transmitted by the column of piles below its base are balanced by the structural strength of
the soil.
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CnijibHa po0oTa naJji-KoJI0HU 3 IPYHTOM OCHOBH
NpH il BEPTUKAJIBHOIO i HUKIIYHO NPUKJIAAEHOI0
rOPU30HTAJBLHOI0 HABAHTAKEHb
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! Opecrka nepixaBHa akajieMis OyAIBHHITBA Ta apXiTEKTYPH
*Anpeca [uist TMCTyBauus: tanabapchycova@gmail.com

OnHcaHo ekCrepHMEHTAILHI A0C/IKEHHS, CIPAMOBAHI HAa BHSABJICHHS 3arajlbHUX 3aKOHOMIpHOCTEH criibHOT podoTu nasi-
KOJIOHH 3 IPYHTOM OCHOBH IIPH MOCTif{HO MAil0MOMY BEepPTHUKANIBLHOMY | UMKIiYHO NPHKIALEHOMY T'OPH30HTABHOMY
HABAaHTAKEHHAX. Y CTAHOBICHO, 1O MPH 3HAYCHHI THCKY Aeopmaitil rpyHTyY MOxyTh GyTH po3nineni na aBi rpymu: Ti, 110
BiIHOBNIOIOTBCA (Npy#Hi), i 3anumkosi. JloBedeHo, WO NpH Hampysi, MeHWil HiX CTPYKTYpHa MillHICTb, BHHHKAIOTb
npyxHi aedopmarii, npu Gineuiii — B 0cHOBax criocTepiraloThes ABa BUAM aedopmaiii — npyxHi B Mexax yciel rnubunn
30HM 1 3QIMLIKOBI, 10 PO3BHBAIOTLCH B Mewax IJHOMHK 30HH jedopmMauii, je Hanpyra nepeBuLLye CTPYKTYPHY MILHICTh
IPYHTY. 3a3HadyeHo, 11O Micis 3HATTA HaBAHTAXKEHHA MpYKHI JedopMauil 3HMKAIOTh, a 3aJMLIKOBI 3alHIIAKOTHCS.
HuskHs Meka 30HM 3aiuiuKoBux Jedopmalliil 3HaX0ANTECH HA rMOKHI, € HANPYIH BiJl HABAHTAKEHH:, AKE MEPEIacThCs
naner-KoMoHOK HWK4Ye il MiJOLIBH, BPiBHOBAXKYIOThCA CTPYKTYPHOI MillHicTio TpyHTY. IlpyskHi aedopmanii HapocTatoTh
no roubuni 3a NiHIAHEM 3aKOHOM, TIPH 3a7HINKOBUX AehopMallisx 3aneknicTs Mix aehopmatismu i HanpyxenusMu Oyae
HeniHiliHO. Bu3HaveHo mMoBHE ocijaHHA | 3a0MIIKOBY cKiagoBy Jdedopmauii, BelHYMHH AKHX 31 30iIblUeHHAM
FOPH30HTATLHOTO HABAHTAKEHHS 3pOCTAIOTH, Y CTAHOB/ICHO, MO BETHYWHAM MPY;KHOT CKIA0BOT OCITAHHA, TOPH30HTATBLHHX
nepeMilleHb JOPIBHIOKTE PI3HULI Mik BelIMUHHAMH MOBHOT Ta 3a/IHIIKOBOI cknanorux fedopmauii. BussneHo, wo nin gieto
rOpH30HTAALHOTO HABAHTAXKEHHA MaNA-KONOHA TI0BEPTAETHCA B TOYL HYJIbOBHX MepeMillleHb — Y pe3yabTaTi [PYHTH nepej,
HABAHTAXKEHOK IPAHHIO KOJIOHH YIIJIbHIOKTLCS, HACHIJKOM YULUIbHEHHS € NepeMillieHHs naii: 1 1oBopoT y piBHI JeHHOT
noBepxHi B 0iK Oii cuA, a NiJ0IBH — Y 3BOPOTHOMY HampAMKY.

Kiouosi ciioBa: reonoriuHa 6}’,.']:03& MaiilaHunka, naisi-KojoHa, EKCHNEepUMEHTAIIBHE JLOCIT[7KEHHS
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Introduction. The determination of deformations
occurring in soils is of great importance for the practice
of designing foundations, since deformations of
foundations are the factors that characterize the
durability of structures.

Under the influence of loads in the soil mass, stresses
arise and, as a result, their deformation develops in
soils. The formation of tension in the soil column does
not occur instantaneously under the influence of the
load, but can develop for a rather long time.
There are three phases of the stress state of the soil [1]:

Phase 1 — the phase of compaction, damped
deformations, when the deformation speed tends to
Zero.

Phase 2 — phase shifts, the strain speed acquires a
constant value, some local shifts occur at the edges of
the foundation; soil carrying capacity is not exhausted
yet.

Phase 3 — the bulging phase is a sharp increase in
precipitation with a slight increase in the magnitude of
the load, as well as the swelling of the soil to the sides
and upwards.

ON. Tsytovich considered in his works not three
phases of the stressed state of soils arising under the
basement foundations with a constant increase of load
on the ground, but two: the phase of compaction and
local shifts and the phase of development of significant
shifts [2].

In the article the deformations that develop in the soil
under the pile-column bottom, corresponding to the
stress state arising in the first phase, the compaction
phase are looked through.

The analysis of recent research and publications. A
great contribution to the study of the processes of soils
deformation arising in the foundations of the
foundations made the works of the following scientists:
Tugayenko Y.F., Marchenko M.V., Tkalicha A.P.,
Mosicheva LI [3, 4, 5]. In the workTugayenko Y.F. [3]
summarizes the results of studies of the increase in
deformation at the base of piles, foundations and pile
foundations. The results of studies on the formation of a
compaction zone during pile driving and the
development of a deformation zone due to external
loads are presented. According to the test results, the
value of the settlement of the piles, its elastic and
residual components were recorded, the facts of changes
in the deformations in depth were presented, and their
quantitative assessment was given.

The emphasizing of previously unsolved parts of
the general problem to which the article is dedicated.
In the above presented works, the deformation of soils
arising under the action of vertical force is considered.
In this article, the deformations that develop during the
testing of the pile-soil system under the joint action of
vertical and cyclically applied horizontal loads are
studied.

The formulation of the problem. The purpose of the
work is to identify the general patterns of joint work of
the pile - columns with the foundation soil. The task of

the study is to conduct a full-scale test of a pile-column
with a foundation soil under the action of loads.

The main material and results. A short-pile column
was tested on one of the construction sites. The structure
of the site is characterized by the following engineering-
geological elements: layer 1. Bulk grounds, represented
by brown and dark brown loams with rubble,
construction and household debris, with a capacity of
0.1 m; layer 2. Loams are dark brown, macroporous,
with a capacity of 3.8 m (E = 18/7 MPa;
p=169g/ cm?; pd=1.43 g/cm’; w=0.18; ¢ = 230; s
= 10 kPa); layer 3. Yellowish-brown, loess-like,
macroporous loam, 4.0 m thick (E=29 MPa; p=2.03 g
/fem® pd =1.68 g/ cm3; w=021; ¢ =260 ;¢c=15
kPa). During the exploration ground waters were found
at a depth of -6.3 m.

The geometric parameters of the tested pile: cross
section 0.3+0.3 m, length - 5 m, depth of immersion in
the ground — 3 m. The experimental pile is made
with broadening. Broadening is an increase in the cross
section of the underground part of the pile in the level
of the surface. The cross-section of broadening —
1.0-0.8 m.

The installation method — a pile-column is driven into
the ground with the help of a pile driver S-878 A based
on the tractor T-100 MBGP, hammer C-330.

The test was carried out in full size under the action of
vertical force and horizontal loads (Fig. 1), in the
laboratory such studies are carried out using an
elastomer [6].

The vertical load was created by placing the calibrated
load on a special platform, which is mounted on a pile-
column. Loading was carried out uniformly, one step at
full size.

After stabilization of the precipitation from the
vertical force, horizontal loads, which were created by a
winch, attached to the anchor pile column, were applied.
Horizontal loads were applied in steps, each step of the
load was maintained until the horizontal displacements
stabilized, after which full unloading was performed,
then the next step of horizontal force was applied. The
load in each cycle consisted of the sum of the previous
and next steps, except for the first and second steps in
which the horizontal forces are equal to Q =17 kN,

For the conditional amount of stabilization in the
study, it was assumed: increment speed: precipitation
from a load of not more than 0.1 mm per day, horizontal
displacements of 0.1 mm in the last two hours.

Horizontal forces were measured with a dynamometer
with a scale division of 7.5 kg.

Measurements of the sediment from the loads were
made using a depth gauge with a precision of 0.1 mm.
The pile draft was determined by measuring the distance
from the edges of a double-solo reference beam rigidly
connected with the pile and supporting rods.
The support rods were stained with concrete in the well
to a depth of 1.0 m outside the zone of influence of the
load on the base soil. The pile settlement was
determined as the average of two measurements.
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Figure 1 — The diagram of load application and installation of magnetic grades

Horizontal movements at the level of the day surface
and along the height of the superfundum part were
recorded using slider defibomers.

The horizontal displacements of the underground
part of the pile were measured by the displacements of
the tubes by the depth gauge from the reference
system located in the pit, located at a distance of 2.0 m
from the loaded face of the pile. Tubes were laid from
a shur-fa with a vertical step 240 .. 640 mm
Measurement accuracy of 0.1 mm.

The movement of the soil in front of the loaded face
of the pile was measured by magnetic marks and a
special device. Stamps were mounted in horizontal
wells drilled from the hole in two rows: along the axis

of the column with a vertical step of 240 ... 640 mm,
to a depth of 2 m, horizontally 180 ... 280 mm and
along the axis at a distance of 290 mm from the center
columns. The movements of marks were recorded by
the device with a reference accuracy of up to 0.01 mm
relative to the reference system installed in the pit.

The results of the study. According to the
experiment, a graph of precipitation versus permanent
vertical and cyclically applied horizontal loads (Fig.
2), characterizing the dynamics of precipitation
increase over time, was built. The graph shows the
process of stabilization of precipitation, from each
stage of the horizontal load in the process of
experience and after its completion.
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Figure 2 — The graph dependence of pile-column precipitation on the loads in time
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If in the process of loading the soil, when some
values are reached, unloading is performed, then it can
be noted that, at any pressure value, the unloading
does not cause a complete recovery of the soil
deformation (Fig. 2). Consequently, at any pressure
value, the deformations of the soil can be divided into
two groups - regenerative (elastic) and residual.

At stress, less structural strength, elastic
deformations occur, with greater, two types of
deformation are observed in the bases - elastic within
the entire depth of the zone and residual, developing
within the depth of the deformation zone, where the
stress exceeds the structural strength of the soil. After
the removal of the load, the elastic deformations
disappear, and the residual ones remain. The lower
boundary of the zone of residual deformations is
located at a depth, where the stresses from the load
transmitted by the pile-column below its base are
balanced by structural strength.

Elastic deformations are a consequence of the
mutual repulsion forces between the atoms of the soil
crystal lattice during their mechanical «approach»; the
manifestation of the elastic properties of gases and
liquids in the pores; the emergence of forces,
«wedgingy» pressure in the soil [7, 8].

The residual deformations are the result of the
manifestation of the plastic properties of the soil,
namely: the destruction of individual structural bonds
during deformation; the displacement of particles
(crystals, grains, debris, etc.); the squeezing of water
and gases from the pores; the gradual accumulation of
microdefects in the structure of the soil, which cannot
be restored themselves |7, §].

Elastic deformations increase in depth, according to
a linear law, that is, the equations and dependences of
the theory of elasticity can be used to determine stress,
based on a linear relationship between stresses and

strains, with residual strains, the relationship between
strains and stresses will be non-linear. Residual
deformations determine the irreversible processes
occurring in the foundations of the foundations.

As a result of the study, the total sediment and the
residual component of deformation were determined,
the magnitudes of which increase with increasing
horizontal load. With an increase in the horizontal
force by 1.6 times, with a constant vertical load, the
residual strain is 4 times greater at Q = 28 kN than at
Q=17 kN (Fig. 2).

Under the action of a horizontal load, the pile rotates
at the point of zero-left displacements. As a result, the
soil in front of the loaded face of the column is
compacted, the result of compaction is the movement
of the pile, its rotation at the level of the day surface
towards the action of forces, and the soles in the
opposite direction.

The rotation reduces the contact area of the side
surface of the pile with the ground, reducing the
amount of resistance of the pile on the side surface.
The reduction of friction forces causes an additional
draft of the pile, the value of which increases with
increasing horizontal forces.

Figure 3 shows a graph of the horizontal
displacement of a pile-column from the loads in time.
The graph shows the process of stabilization of
horizontal displacements, from each stage of the
horizontal load in the process of experience.

The magnitude of the elastic component of the
precipitation, the horizontal displacements is equal to
the difference between the values of the total and
residual components of the deformation.

Under the action of loads Q = 45 kN; M = 90 kN m;
the elastic component is equal to 27% of the total

precipitation and 29% of the total horizontal
displacement of the soil.
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Figure 3 — The graph dependence of the horizontal movements of a pile-column on the load in time
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After removing of the horizontal load with a
constantly acting vertical force, in the soil there is a
decrease in deformation (precipitation and horizontal
movement) by the amount of the elastic component of
the deformation.

According to the results of the study, it was found
that when a horizontal load is applied to the pile -
column of the second stage, soil is hardened at a load
of Q=17 kN; M = 34 kN m the elastic component is
equal to 58% of the total precipitation and 59% of the
total value of horizontal displacements. Under the
action of a repetitive force, the magnitude of which
does not exceed its initial wvalue, the residual
deformations occur in the soil less than their initial
value. The primers in this loading cycle are in a
hardened state [9, 10]. The strengthening of repetitive
loads leads to an increase in the resistance of the soil
to external loads and refers to measures that improve
its properties.

Conclusions:

1. The studies have shown under the action of loads
Q =45 kN; M = 90 kN m; the elastic component is
equal to 27% of the total precipitation and 29% of the
total horizontal displacement of the soil.

2. By means the tests it was fixed that the lower
boundary of the zone of residual deformations is
located at a depth, where the stresses from the load
transmitted by the foundation, below its sole, are
balanced by its structural strength.

3. It has been established by the tests that, under the
action of a horizontal load, the pile is rotated at the
point of zero displacements. As a result, the soil in
front of the loaded face of the column is compacted;
the result of compaction is the movement of the pile,
its rotation at the level of the day surface towards the
action of forces, and the soles in the opposite
direction. The rotation of a pile-column reduces the
contact area of the side surface of the pile with the
ground. The reduced friction forces cause an
additional pile draft.

4. The studies have revealed that after the removing
of the horizontal load under the action of a constant
vertical force, there is a decrease in precipitation and
horizontal movement by the amount of the elastic
component of the deformation.

5. By means of the tests it has been established that
when applying repetitive loads to previously
compacted soil, it is strengthened, i.e., the resistance
of the soil to external forces increases, which refers to
measures that improve its properties.
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