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NUMERICAL RESEARCHES OF THE WORK OF THE PILE
WITH END SPHERICAL BROADENING AS PART OF THE
PILE GROUP

Abstract. The article presents some aspects of the development of the theory of constructing
design schemes for long pile groups with end spherical broadening and results of their numerical anal-
ysis of the load capacity of piles with end broadening in comparison with the operation of piles without
widening in the Bush.

As a result of a numerical analysis of the bearing capacity of piles with end broadenings in a
comparative calculation with the work of piles without broadening in the bush, it was revealed that ver-
tical and horizontal stresses in the soil mass increase with a decrease in the pitch of piles with broaden-
ings in the group.

The direction of development of deformations (compaction) of the soil and its ejection from the
heel and body of the pile with and without end broadening with a pitch of piles in the bush equal to 6 d
show that the ejection of the soil affected the change in the initial physical and mechanical characteris-
tics of the base.
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YUCJIEHHOE UCCJIEJOBAHUE PABOTBI CBAU CO COEPUYECKUM
YIIUPEHUEM B COCTABE CBAMHOTI O ITOJIS

Annomayus. B cmamve npeocmasgien ananus HeKOMoOpwix 0cobeHHocmel pacuema ONUHHBIX
ceail co cgheputeckum yuupenuem Ha Kouye, pabomarnwux 6 cocmase CealiHvix Kycmos, a makice pe-
3YIbMAMbl YUCIEHHO20 AHANU3A UX Hecyujell CHOCOOHOCU 8 CPABHEHUU CO C8AAMU 6e3 yulupenus, pa-
bomaiowux 6 cocmase C8aHbIX KyCmos.

B pesynvmame cpashumensno2o 4ucieHHo20 aHaau3a Hecyuel cnocoOHoCmu 8l ¢ Yuupenu-
AMU HA KOHYAX U c6all Oe3 YWupeHus: yCMaHo8IeHO, YMo 8epMUKAIbHbIE U 2OPUSOHMATIbHbIE HANPSdICe-
HUSL 8 2PYHMOBOM MACCUBE 803DACMAIOM NPU YMEHbUIEHUU Widea C8all C YUWUPEHUAMU, PADOMAIOWUX 6
cocmase epynnai.

Hanpasnenue pazeumus deghopmayuti yniomnenusi OCHO8AHUSL U €20 GbINOPA U3-NO0 NAMbL U
mena ceau ¢ mopyesvim yYuupeHuem u be3 He2o npu waze ceail 8 C6AUHOM Kycme pagHom 6 ouamempos
c6au, noKaswvieaem, 4mo GulNOp 2PYHMA NOGIUAL HA USMEHEHUe UCXOOHbIX QUIUKO-MEXAHUUECKUX Xd-
PAaKmepucmuK 0CHOBAHUSL.

Kniouesvie cnosa: 6yponabuenas ceas, mexHono2us ycmpoucmaa, yuupenue, popmooobpaszo-
sanue.

Introduction

The following domestic scientists made a significant contribution to the study of the issues
of interaction of piles with soil in their group: Abbasov P.A., Abelev Yu.M., Barvashov V.A., Bar-
tolomey A.A., Bakholdin B.V., Berezantsev V.G., Golubkov V.N., Grigoryan A.A., Gotman N.Z.,
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Gotman A.L., Dalmatov B.l., Devaltovsky E.E., Doroshkevich N.M., Egorov K.E., Sorochan E.A.,
Pilyagin A.V., Znamensky V.V., Zaretsky Yu. K., Fadeev A. B., Fedorovsky V. G., Razvadovsky
D. E., and etc. When analyzing these results, one of the main reasons that change the nature of the
work of piles in the bush is the change in the initial natural state of the soil in the inter-pile space
caused by the immersion of piles and the mechanism of piling broadening.

The authors [1-13] showed a significant difference in the work of single piles compared with
a pile in the group. Differences in work are determined by the physical essence of the interaction of
the pile's group through the soil, as shown in the work [Gotman N.Z.] the effect of “compression”
of piles with soil occurs when loading, those additional normal radial tensions occur. The force of
compression depends on the pitch of the piles and their length. As the distance between piles in the
group increases, the crimping decreases to zero and increases as the pitch decreases. The results of
the study show that the pile bush sediment is larger than the single pile sediment with equal loads
on the pile. This position for prismatic piles is valid if the distance between piles is from 3d to 6d.
The ultimate resistance of the base soil in the pile bush is significantly higher than that of a single
pile and decreases with increasing distance between piles. Especially this compression effect, in our
opinion, will be more effective when using piles with surface and end broadening. In SP 24.13, in
the scientific literature there are no data on the study of work and the calculation of a group of piles
with broadening. Therefore, the refinement of calculation schemes and methods for calculating piles
with surface and end broadening in a group is relevant.

The bearing capacity of piles with surface and end broadening in the group is composed of
soil resistance at the base of the pile, or end broadening, its lateral surface of the prismatic part and
the lateral surface of the surface broadening.

Methods
We consider design schemes for two cases of a group of piles with end spherical broaden-
ing:
1) with terminal spherical broadening (rigid), spaced apart from each other at a distance az;
2) with end spherical broadening, with intersecting diameters.
The design scheme of such piles with broadenings in the group for determining the ultimate
resistance is constructed using the basic provisions is constructed as follows.
In the diagram, we show in cross-
B A section a bush of piles with end broadening
[ — with the number of piles of at least three.
The definition of the boundaries of the con-
ditional foundation when calculating the set-
tlement of pile foundations with broadening
is determined from below - AB plane, pass-
ing through the lower ends of the piles with
broadening; from the sides - vertical planes
AV and BG, spaced from the axes of the ex-
treme rows of vertical piles with broaden-
ings at a distance of 0.5 pitch piles (fig-
ure 1), but not more than 1.5d (d - diameter
or side of the cross-section of the pile), and
in the presence of inclined piles - passing
through the lower ends of these piles; from
the top - the ground level surface of the VG.
A feature of the work of a group of piles
with end broadenings according to the sec-
ond design scheme, considered in figure 2 is
the intersection of the radii of broadening at the end of the pile, for example, because of injection
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Figure 1 - The design scheme of a group of piles with end
spherical broadening spaced apart by a distance a:
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fixation of soil. In this case, the intersecting end broadening system works like a plate, and the
group or pile of piles is included in the work after the broadening device as the foundation for the
deep box-type foundation. In this paper, we consider a group of piles with broadening according to
the first design scheme.

Calculation of settlement of the conven-
tional foundation is carried out by the method ‘ B A =
of layer-by-layer summation of deformations of :
a linearly deformable base with a conditional
restriction of the compressible thickness (look
at SP 22.13330). The vertical normal stress,
which determines the deformations and the
depth of the compressible stratum, is calculated
only from the action of the load applied to the
pile foundation, that is, the weight of the soil -~
within the conditional foundation is not taken NN N N A
into account. Initial stresses are determined to (% /é/ % /’_* 7 {Z%%/ ;!2/;//21
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take into account excavation of the pit. When A ' - =

calculating the bases of the bridge supports, the
conditional foundation can be taken as limited
from the sides by the vertical planes AV and
BG, spaced from the outer extreme rows of ver-
tical piles at a distance az.

In this case, the pressure plots under the lower end of the broadening will overlap each oth-
er. As a result, the maximum pressure under broadening in the group, as shown by experimental
studies, exceeds the pressure value from one pile 61>02, the area of pressure transfer to the base also
increases. In this case, as for simple piles, the draft of the pile bush with broadening at equal loads
on the pile will be more than the draft of a single pile with broadening. This provision is true if
c<3d. The effect of the mutual influence of piles on each other occurs. If the distance between the
piles is ¢ > 3d — this influence is almost negligible.

Numerical modeling and calculation using specialized software systems allow solving com-
plex geotechnical problems, including for analyzing the operation of pile bushes with end spherical
broadening. However, the interaction of the components of this system requires a theoretical justifi-
cation of the resistance and analytical confirmation of the foundations in the soil environment, es-
pecially in difficult engineering and geological conditions.

Figure 2. Design diagram of a group of piles with end
spherical broadenings intersecting each other

Results and Discussion

The design model of piles with end spherical broadening formed by rammed crushed stone
was created using a geotechnical complex Plaxis 2D Foundation (axisymmetric problem) according
to (SP 24.13330.2011), as a cell with horizontal connections along the border of the influence of
piles with neighboring piles, subject to uniform loading of neighboring piles. The soil was modeled
with 15 nodal finite elements with the size of each 567.41x103m. The transfer of force from a pile
with broadening to the base causes a stress-strain state in the surrounding ground space. The shape
of the shape and values of the stress diagrams are determined not only by the magnitude of this ef-
fort but also by the dimensions and geometry of the pile structure and the broadening.

The pile was adopted with a length of 17.5 meters with a radius of 400 mm and a broadening
radius of 1.2 m. At the first stage, a study was conducted to simulate the stamping of crushed stone
by compacting it with a column height of 0.8 meters in the well. After applying the load to the pile
with broadening, we obtained the main stress vectors in the soil mass from vertical loading at the
different pitch of piles from 3 to 9dbroadening (figure 3).
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Figure 3 - The main stress vectors in the soil mass during

vertical loading of a pile with end broadening (a)
and without broadening (b) with a pitch of piles
in the bush 6dor
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In figure 3, the arrows show the direc-
tion of development of deformations (compac-
tion) of the soil and its ejection from the heel
and body of the pile with end broadening (a)
and without it (b) when the pile pitch in the
bush is equal to 6dbroadening. The ejection of the
soil affected the change in the initial physical
and mechanical characteristics of the base.

At the second stage, iso-fields of verti-
cal, horizontal, and shear stresses from vertical
loading were analyzed (figure 4). The results
of numerical modeling of the bearing capacity
of piles with terminal broadening in a compar-
ative analysis with the operation of piles with-
out broadening in the bush are presented in
Table 1 and in the graphs - figure 5 and 6.
From table 2 it is seen that the mutual influ-
ence of piles with an increase in the pitch of
piles with broadening to 6dur decreases and at
a distance 9dor completely excluded.

Vertical elfective stressos (sla - yy)
Extieme s ¢'-wy “DES.OF bh,m =

Figure 4 - Contour plots of vertical stress in the soil mass with a pitch of piles 9dur
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Table 1 — The results of a numerical analysis of the bearing capacity of piles with end broadening in
a comparative calculation with the work of piles without broadening in the bush

No Name of the construction 9dur 6dur 4,500 3,750ur 3dur
1 2 3 4 5 6 7
1 | Pile with broadening 86.708 105.557 134.46 159.593 207.345
2 | Pile without broadening 72.885 82.309 93.6191 105.557 123.15
3 | The relative increase in the bearing ca- 1 1.22 1.55 1.84 2.39

pacity of piles with broadening in the
bush in relation to the bearing capacity of
a single pile with broadening

4 | The relative increase in the bearing ca- 1 1.13 1.28 1.45 1.69
pacity of piles without broadening in the
bush in relation to the bearing capacity of
a single pile without broadening

Figure 5 - Graph of bearing capacity (vertical - tn) piles with end broadening and without depending on the pitch of
piles (horizontal 1- 9dbr, 2 - 6dbr, 3 - 4,5dbr, 4 — 3,75dbr, 5 — 3dbr)

Figure 6 - The relative increase in bearing capacity (vertically - times) of piles with end broadening and without
depending on the pitch of piles (horizontal 1- 9dbr, 2 - 6dbr, 3 - 4,5dbr, 4 — 3,750br, 5 — 3dbr)
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Conclusions

As a result of a numerical analysis of the bearing capacity of piles with end broadenings in a
comparative calculation with the work of piles without broadening in the bush:

- vertical and horizontal stresses in the soil mass increase with decreasing pitch of piles with
broadenings in the group;

- the direction of development of deformations (compaction) of the soil and its ejection from
the heel and body of the pile with and without end broadening with a pitch of piles in the bush equal
to 6dur shows that the ejection of the soil affected the change in the initial physical and mechanical
characteristics of the base.

- graph of the bearing capacity of piles with end broadening and without depending on the
pitch of the piles showed that there was a relative increase in the bearing capacity of piles with
broadening in the bush with respect to the bearing capacity of a single pile with broadening by 2.4
times, and a relative increase in the bearing capacity of piles without broadening in the bush with
respect to the bearing capacity of a single pile also without broadening - 1.7 time.
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