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New designs of bored piles with a tapered shaft shape are proposed. To confirm reduction or absence of the potential impact
of additional load (negative) friction forces effectiveness on piles lateral surfaces in structurally unstable soils (fill-up
grounds etc.) due to a change in the edge slope angle, laboratory experimental research on models of tapered piles have been
conducted; the confirming results have been provided and described in detail in the laboratory experimental research. The
impact of the changed slope angle of the edge on the effect of additional load friction forces on the lateral surfaces of experi-
mental piles was demonstrated; the correlation between the change in taper of piles and the decrease in their surface area has
been proven.
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HoBa koHCTpyKIis 0ypoBOi KOHYCONOAIOHOI MaJIi 1JIA BJAAIITYBAHHS
B CTPYKTYPHO-HECTiHKHUX IPYHTAX
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ByniBHHLITBO B CTPYKTYpPHO-HECTIMKMX (HACHUIHUX 1 T.II.) IPYHTaX 3 MOTYKHOIO MPOCIAAI0Y0I0 TOBIICI0 B YMOBaX Cy4acHOTO
CBITY CTa€ Jefani aKTyaJbHUM, TOMY B OUIBIIOCTI BUNAJKiB HaHOIIbII €KOHOMIYHO €()eKTHBHUM Ta MPOEKTHO OOIPYHTOBA-
HHUM pillIeHHAM € OYyZiBHUITBO Ha NanboBUX (pyHmameHnTax. CydacHe OyAiBHHITBO 3 AESKHX YaciB yce yacTilie MpHu BUPOO-
naib. Sk BioMo, IIpH BH3HA4YEHHI HECYd4oi 34aTHOCTI OypOBHX Halb Y CTPYKTYPHO-HECTIHKMX (HACHITHHX 1 T.IL) IpYHTax y
BUIIA/IKaX, KOJIHM yMOBHa Je(opMallisi IpYHTY HAaBKOJIONIAJIILOBOTO MAaCHBY MOJE IIE€PEBHIYBATH IIBUAKICTH OCIJaHHS NAIIbO-
BOTO ()YHIAMEHTY, CJiJ] ypaXOBYBaTH JOBAHTa)XXyBalbHI (HETaTHBHI) CHJIM TePTS. Y CTAHOBJICHO, 110 3MiHa KyTa HAXWIy Ipa-
Hi cToBOYpa maini (koHyconoioHa Gopma cToBOypa) N03BOJII€ 3a0€3MEUNTH 3HIDKEHHS a00 BiJCYTHICTh MOKIIMBOTO BILUIUBY
JIOBaHTAXYBAJIBHUX (HETAaTUBHHUX) CHJI TePTS N0 Oi4HIN MOBEpXi Majb y CTPYKTYPHO-HECTIHKMX (HACUIHUX 1 T.I.) IPYHTax,
110, SIK HACJIOK, MiBHUIY€e HECYyUy 3JaTHICTh MaJIb Ha BJIABIIIOI0YI HABAHTA)XKEHHs. 3apONOHOBAHO HOBI BapiaHTH KOHCTPY-
KUl OypoBHUX Maib 3 KOHYCONMoaiOHOI (opMoio cToBOypa. [y minTBep LKeHHs e(eKTUBHOCTI 3HIKEHHS a00 BiICYTHOCTI
MOXIJIUBOTO BIUIMBY JOBAHTAKYBaJbHUX (HETaTUBHMX) CHJI T€PTS MO O1YHINM MOBEPXHI MaJli B CTPYKTYPHO-HECTIHKUX (HACHII-
HUX 1 T.L) IpYHTaX 3a paxyHOK 3MIiHM KyTa HaxXWiy I'paHi OyJIo poBeAeHO J1abopaTOpHi eKCHePUMEHTAIbHI JOCIIPKCHHS
Ha MOJISISIX KOHYCONOAIOHUX Nallb, HaBEJEHO MiATBEP/PKYI0Ui Pe3yJIbTaTH Ta JeTAIBHAI OIHC JTa00paTOPHUX EKCIIePHMEH-
TaJIbHUX JOCHIIKEHb. 3’5COBAHO 3aJIEXKHICTh 3MIHH KOHYCONOJIOHOCTI Ianb i 3MEHIIEHHs IUIONI IX ITOBEPXOHb, ITOKAa3aHO
BIUTUB 3MiHH KyTa HaXWJIy TPaHi Ha Ji10 JOBaHTAXXYBAIBHUX CHJI TePTS 110 OIYHUI IOBEPXHi eKCIEPUMEHTAIBHHIX Majlb.

Knrouosi cioBa: koHyconoiOHa nass, npocifaHHs IPYHTY, O19HA MOBEPXHS, JOBAHTAXKYBAJIbHI CHIIU TEPTS
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Introduction. Collapsible soils cover more than
35% of the territory of Ukraine. By little humidity,
collapsible loess soils in their natural state have rather
good physical and mechanical properties for construc-
tion, but in the presence of moisture, their structural
stability decreases, and vertical deformations may oc-
cur. Uneven deformation is especially dangerous as it
can result in partial or full loss of stability and opera-
tional capacity of buildings. It should also be noted
that, in the early study phases, only loess soils were
deemed collapsible, but the construction practice of
recent decades has shown that many non-loess loam
soils, fill-up grounds, and loose dusty sands appear to
be collapsible soils when in contact with moisture.

Construction in the conditions of structurally unsta-
ble soils with thick subsiding mass has become possi-
ble primarily due to properly designed foundations,
most of which are pile foundations.

When designing buildings and structures on pile
foundations in the conditions of structurally unstable
soils, additional load (negative) friction forces should
be taken into consideration. These emerge if the
nominal rate of soil deformation in the near-pile mass
exceeds the settlement rate of the pile foundation,
which can also occur:

— in the presence of structurally unstable soils in the
foundation,;

— when constructing pile foundations on very thick
mounds by natural consolidation of the soil mass;

— when using pile and raft foundations or applying
significant loads to the surface near a pile foundation,
which occur due to buildings being constructed nearby
on shallow foundations, by land planning when plac-
ing fills, when storing materials, installing equipment
etc.;

— by soil compaction due to dynamic impacts and
increased effective stress by lowering of groundwater
level,

— by thawing of frozen soils.

Additional load (negative) friction forces of the soil
caused primarily either by additional loading of the
surface or due to the presence of soils with specific
properties in the foundation have a significant impact
on design solutions with regard to pile foundations.

Therefore, it is necessary to conduct complex ex-
perimental and theoretical research aimed at determin-
ing methods of reduction of additional load friction
forces acting on the lateral surfaces of piles in struc-
turally unstable soils, thus facilitating an increase in
the bearing capacity of bored piles.

The issues of the development of negative friction
forces in pile foundations have been addressed in
works of national and foreign researchers:
Dalmatov B.I., Lapshin F.K., Rossikhin Yu.V.,
Grigorian A.A., Zaretskii Yu.K., Morozov V.N.,
Broma Beng B., Fellenius B.H., Crawford C.B.,
Endo M., Bjerrum L., Johannessen 1.J., Kerisel J.,
Lee C.J., Bolton M.D. [14, 15] et al.

Except theoretical researches, there are practical
ones investigating the forces of negative friction by

means of the field methods, that are most reliable.
It is possible to mark the use of tenzopile, and also
normative and patented methods and methods of fric-
tion acting forces determination on the lateral surface
of foundations and piles. However, offered field tests
with the use of the considered methods or are labour
intensive at application of tenzopile or the forces of
negative friction determined on the basis of pile tests
on the action of the pressing and pulling out loads, and
the equality of the soil resistance forces along the lat-
eral surface of the pile is assumed.

Review of the latest research sources and publica-
tions. In rough engineering and geological conditions,
especially in case of multi-storey and high-rise struc-
tures, reinforced concrete auger cast or injection piles
(bored piles) [1] are used, including pedestal ones.
These piles are installed directly into the soil, which
envisages forming a pile shaft by drilling a hole with
the target depth using an auger with the required di-
ameter and applying the rotary drilling principle de-
pending on used equipment [2].

There are well-known methods for installing auger
cast piles in structurally unstable soils using steel,
polyethylene, and other casings, which ensure reduc-
tion of additional load friction forces due to lower
values of friction against soil in case of the casing ma-
terial compared to those of a concrete pile surface [2],
but such methods are characterized by higher costs
and lower antifriction properties [3]. Other known
methods applying a so-called «antifriction jacket» [4]
make the process of installing bored piles very com-
plicated.

It is known that reinforced concrete driven piles are
used that possess a pyramid, trapezoidal, or tapered
shaft shape [1, 2, 5], which is also used as a mold for
special rammers when installing concrete or rein-
forced concrete cast-in-place piles (foundations) in a
stamped out bed (pit) [1, 4, 6, 7]. Also, for driven piles
with constant cross-section, antifriction coating is
used along the length of the lateral surface [1].
However, such driven and cast-in-place piles have a
limited length (up to =10 m) and application field,
and the effect of reduction of additional load forces
along the lateral surface of these piles due to addi-
tional squeezing of the soil mass around the piles dur-
ing their installation is doubtful.

In his thesis [8], Vertynskii O.S. has proposed a de-
sign solution of a tapered cast-in-place pile for struc-
turally unstable soils. This pile represents a structure
consisting of a metal pipe and outer tapered casing.
The structure is intended to be submerged into a hole
until the final position is achieved, then concrete is
pumped under pressure into the space between the
metal pipe and the casing. During this procedure, the
casing thrust occurs, and a tapered pile emerges.
A drawback of this method is high labor intensity of
works aimed at achieving the desired effect.

The research conducted by scientists O. Yeshchenko
and D. Cherniavskyi [9, 10] should be mentioned who
address issues of the bearing capacity of tapered injec-
tion piles in various types of soils; however, the au-
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thors do not consider the impact of additional load
friction forces on the lateral surface of piles.

Definition of unsolved aspects of the problem.
At present, no rational and reliable method for install-
ing tapered bored piles in structurally unstable soils
has been proposed, which would reduce the impact of
additional load friction forces of soil on their lateral
surfaces; research in this direction doesn’t exist either.

Research objective. This article offers designs of
bored piles created using the patented method [13] in
order to ensure reduction or absence of the impact of
additional load friction forces of soil on the lateral sur-
face of bored piles in structurally unstable soils (fill-
up grounds etc.).
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Main material and results. Fig. 1 shows fundamen-
tal designs of bored piles installed using the proposed
method; the tapered shape of the shaft of the pile / is
shown, which is created by drilling out a hole using a
tapered auger with required geometric parameters
(d, and d,) and depth H and broadening 2 at the end of
the pile shaft /.

The laboratory experiments were based on the
method for determining specifically maximum addi-
tional load friction forces of soil on models of
piles, which was proposed and implemented by
Prof. Samorodov O.V. and Naydenova V.E. and pub-
lished in works [11, 12], (Fig. 3).
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Figure 1 — Fundamental designs of bored piles installed using the proposed method
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Figure 2 — Installation diagram during the experiment to determine additional load friction forces of soil
P, on the lateral surface of the pile by different angles of slope of the shaft surfaces a:
a) standard cylindrical pile; b) proposed tapered pile;
1 — wooden pile model; 2 — tray; 3 — sand (fine, dry, homogenous y ~ 15 kN/m’, ¢ = 30");
4 — dynamometer; 5 — rubber air «cushion»; 6 — partition (particle board)
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Figure 3 — Laboratory equipment

A specially equipped tray in the form of a metal bar-
rel was used in the capacity of experimental unit
(Fig. 3). Its dimensions were as follows: H = 900 mm,
@ = 560 mm. In the lower part of the tray, a
double bottom was made with a space between
(H; = 100 mm), which was filled with a rubber air
«cushiony.

The laboratory experiment for testing the new pile
designs was conducted in a similar manner.

Two models of wooden piles were used, which were
wrapped up in sandpaper for better adhesion with
sand. One pile had a cylindrical shape, was 1,000 mm
in length and 60 mm in diameter; the other had a ta-
pered shape, was 1,000 mm in length and 60 to 30 mm
in diameter. The correlation between the numeric val-
ues of model piles, such as their length and diameter,
was similar to the correlation for actual piles.

Fine, dry, homogenous sand was used as a fill
(y=15 KN/m’, ¢ = 30°). An average dimension of a
sand grain was 0.20 mm to 0.25 mm. After the filling
up was completed, prior to the start of the first series
of experiments, the unit was maintained in the design
position for at least 30 minutes. The distance between
the pile and the tray walls equaled approximately
250 mm.

Preparation and implementation of the experiment
included several stages (see Fig. 2):

— the model pile was installed in the final vertical po-
sition by free suspension whereby the lower end of the
pile was passed through the entire tray construction
through special holes in bottoms, with the pile resting
on a dynamometer;

— the tray was filled to the entire height with sandy
soil in a «raining» manner;

— settlement of the entire soil mass by the value of
s¢=100 mm was imitated by letting the air out of the
rubber chamber («cushiony);

— additional weight of the pile due to additional load
friction forces of soil P, on the lateral surface of the
pile was registered using a dynamometer.

Table 1 shows the results of laboratory experimental
research aimed at determining the maximum addi-
tional load friction force of loose soil P, on the lateral
surface of the pile due to a slope of the shaft surfaces.

Table 1 — Results of laboratory research

No. H, H,, H,, D, d, a, S (h=0.85 m), P,

m m m m m degrees m’ (107 kN)
a) 1.0 - - 0.06 0.06 0 0.16 18.3
b) 1.0 0.85 0.15 0.06 0.03 1.011 0.12 7.5
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Figure 4 — Comparison of the decrease in values of the surface area of piles (S)
and the maximum loading force (Pn) in percentage terms
(pile No. 1 — cylindrical, pile No. 2 — tapered)

Conclusions:

The rational and reliable method for installing ta-
pered bored piles in structurally unstable soils has
been proposed.

The results of intermediate laboratory research indi-
cate significant reduction of additional load friction
forces of soil on tapered piles compared to the cylin-
drical shape of their lateral surface, which allows in-
creasing the bearing capacity of piles by pressing
loads when designing pile foundations in order to en-
sure a certain economic effect.
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