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EVALUATION AND ANALYSIS OF BEARING CAPACITY
OF BORED PILES AND DEEP-LAID PILE-BARRETTE
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CALCULATIONS AND FIELD TESTS
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Abstract. The study describes the standard procedure of the assessment of the bearing capacity of piles by field
methods used in the Russian Federation. Basing on the example of an experimental deep-laid foundation pile
(length L = 65 m, diameter D = 1.2 m) intended for a high-rise building designed for a thick layer of loose ground
the study demonstrates the structure of a loading system on site and the results of static tests of piles in comparison
with the results of analytical and numerical calculations. On the same construction site an experimental barrette-pile
of rectangular cross-section measuring 3.3 x 1.1 with a length of 65 m was installed with the base in solid Protero-
zoic clays. The pile test was carried out using Osterberg cells. For this purpose in the process of the installation of
the pile strain gauges were mounted in its reinforcing cage at 9 levels. The test barrette-pile was carried out in two
stages. On the first stage a standard test of the whole pile in the top-down direction was performed (Top - Down).
On the second stage, after reaching the maximum possible load, the “O — cell” element test was performed trans-
mitting the load in two directions (up and down). “O — cell” was located at a depth of 50 m in the layer of blue-
stone. The article contains the graphs of the movements of pile from under the load applied on the first and second
stages of the tests and the general assessment of the load-bearing capacity of the barrette-piles by different methods.

Keywords: experimental studies, piles-barrettes, bored piles, dependence of sediment-load, bearing capacity,
test methods

OILIEHKA U AHAJIN3 HECYHIENA CIOCOBHOCTH
BYPOHABUBHbBIX CBA 1 CBAM-BAPPET I''TYBOKOI'O
3AJIOKEHUSA J1JIS1 BBICOTHOT' O 3IAHUSI HA CJIABBIX
T'PYHTAX IO PE3YJIBTATAM PACUETOB U NOJIEBbIX

NCTIBITAHU

P.A. Manzywes', H.C. Hukumuna’
1CaHKT—HeTep6yprc1<1/1171 rOCYAAPCTBEHHBINA aPXUTEKTYPHO-CTPOUTEIbHBIN YHUBEPCHTET,
r. Cankr-IlerepOypr, POCCUS
*HanmoHa bHBIH HCCiIeI0BaTeNbCKI MOCKOBCKHiT rOCYyJ1apCTBEHHbBI CTPOUTEIIbHBI YHUBEPCUTET,
r. MockBa, POCCHUA

AnHoTanus. Onricana cTaHIapTHAS MPOIEAypa OLEHKH HECYIeH clTOCOOHOCTH CBall MOJICBBIMA METOIAMH, HC-
monk3yeMoit B Poccmiickort @eneparmm. Ha mpumepe M3roTOBICHHON OIBITHON CBaWl TIIYOOKOTO 3aJI0KCHIS
(mmaHA L= 65 M, mumameTp D =1,2 M) 101 BBICOTHOE 3lIaHUE, CIPOCKTUPOBAHHOE HA OOJBIION TOJIIE CIadbIX
TPYHTOB, IOKa3aHO YCTPOMCTBO HATPY30YHOW CUCTEMBI Ha CTPOUTENILHOM IMJIOLIAJKE U MPUBEACHBI PE3yNIbTaTh
CTATUYECKOIr0 MCIBITAHUS CBAaW B COMOCTABJICHUM C PE3yJIbTaTaMU aHAJUTUUYECKUX W YHMCICHHBIX pacueToB. Ha
9TOM K€ CTPOUTEIIBHON TUIONIAJKE BEHITIOJIHCHA OIBITHAS CBAsS-0apeTTa MPSIMOYTOJIBHOTO CEYCHHSI pa3mMepom 3,3
x 1,1 nouHOM 65 M € pacnosoKEHHEM OCHOBAHHUS B TBEPJbIX IPOTEPO30IMCKUX MMHAX. McnbplTaHue cBan MpoBo-
JIMIIOCH C UCTOJIb3oBaHueM stueek Octepbepra. [{is aToro, npu ycTpoiicTBe cBan B ee apMaTypHBIi Kapkac Ha 9
YPOBHSIX MOHTHPOBAIKCH JaT4nKh Aedopmaru. VcrbiTaHue ONbITHOWM cBan-0appeThl MPOBOIMIOCH B JIBA dTa-
na. Ha mepBoM »Tame BBIMOTHAIOCH CTAHAAPTHOE WCTIBITAHWE BCEH CBaW B HampaBicHHH CBepxy-BHU3 (Top-
Down). Ha Bropom sTarie, mociie TOCTHKEHUSI MaKCUMallbHO BO3MOXXHON Harpy3KH, BBITIOIHSIJIMCH UCIIBITAHUS
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METOJIOM ¢ ToMollblo sueiiku “O-cell” - sneMeHTa, nepeJarolero Harpy3Ky B JByX HalpaBlIeHUAX (BBEpX U
BHU3). Sueiika “O-cell” pacmonaranace Ha riryOuHe 50 M B TOJIIIE TBEpABIX MIMH. B cTarbe mpuBeneHs! rpadu-
KU [IepeMelIeHuUs CBal OT IIPWIOKEHHON Harpy3Kd Ha IIEpBOM U BTOPOM JTalaxX UCIBITAHUH M 00Liasi OLEeHKa
Hecyllel CllocoOHOCTH CBau-0appeThl 10 pa3IMYHBIM METOaM.

KiroueBble c10Ba: 3KcliepUMEHTaJIbHBIE UCCIICA0BAaHUs, CBaii-0appeT, OypoHaOMBHBIE CBau, 3aBUCUMOCTD
ocaJlka-Harpy3Ka, HecyIasi ClocCOOHOCTb, METOAUKH UCITBITAHUI

INTRODUCTION

Evaluation of the bearing capacity of piles by
analytical methods and further verification of
these values by field tests is an important aspect
of the design of pile foundations. There is a
large number of analytical methods for calcula-
tion of load capacity of single piles which take
into account the geometrical dimensions of the
pile and characteristics of the surrounding soil
[1]. However, very often the values obtained by
calculation based on these methods significantly
differ from the results of the field tests of the
piles by vertical load method. First of all, it con-
cerns large length piles designed in the ground
with the protection of clay mortar or pipe cas-
ing. Generally, calculations results of the bear-
ing capacity of piles made in accordance with
the methodology based on Russian standards
SNiP 24.13330.2011 [2] and SP 50-102-2003
[3] are significantly lower than the values of the
carrying capacity obtained by standard vertical
load capacity tests made in accordance with
GOST 5686-2012 Soils. Methods of field tests
by piles [4]. Field tests of barrette piles in Rus-
sia are still not standardized.

When preparing the design of the building of
“Ohta-center” public and business complex with
the height of 396 m two experimental cased
bore piles with the diameter of 1.2 m and the
length of 52.8 m as well as 5 experimental bar-
rette-piles of 3,3 x1,0 m and with the length of
65 m were made and tested.

One of the tasks of the field tests was to deter-
mine the total bearing capacity of bore piles and
barrette piles, as well as the bearing capacity
calculated separately along the side surface and
the base.
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ENGINEERING AND GEOLOGICAL
CONDITIONS OF THE PILE TEST SITE

Within drilling depth (170 m) the following de-
posits of subsoil were observed: man-triggered
soils tg IV; lacustrine-marine deposits m, 1IV;
lacustrine-glacial deposits (upper sediments) of
the Baltic Glacial Lake 1g IIIb; lacustrine-glacial
sediments of Luzhskaya glacial clay (bottom
sediments) lglllz; glacial deposits of the Lu-
zhskaya glacial clay gllllz; bed-rock disturbed
and undisturbed clay Venda Vkt 2.

The averaged basic characteristics of soils are
given in Table 1.

EVALUATION OF THE BEARING
CAPACITY OF THE
EXPERIMENTAL PILE WITH
DIAMETER D =1.2 M AND
LENGTH L =52.8M

In accordance with Russian standards [1, 2] ana-
lytical bearing capacity of hanging piles is de-
termined by the formula

Fd ZYC[gcRRA+HZYCf'ﬁhi]7 (1)

where v, is the coefficient of pile work condi-
tions in the ground, for driven piles, y. =1; R is
the design resistance of the ground below the
lower end of the pile; A4 is the cross-sectional
area of the pile, m” ; u is the perimeter of the
cross-section of the pile, m; f; is the design re-
sistance of the i-th soil layer along the lateral
surface of the pile, kPa; #; is the thickness of the
i-th layer of soil in contact with the side surface
of the pile, m, etc. and Niemann 4 < 2 m
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Table 1. The averaged basic characteristics of soils.

L. A E, 0, S,

No. Ground name icalindex N/ m W e 1 MPa | deg | MPa

1 Filled soil tg IV 17.5 -

p [Marineand )y 19.6 0256 | 0.683 |0.71 |14 |24 |0
lacustrine deposits

3 | Upperlacustrine- 1y 18.6 | 0360 [0.980 | 1.1 |45 |7" |0.006
glacio sediments

4 | Bottom lacustrine- | oy o0 410220 0,600 [0.87 | 105 |17 | 0.030
glacio sediments

5 | Glacial clay GIIl 1z 215 0.160 | 043 025 | 17th |22 |0.036
deposits

¢ | Disturbed Vkt2 21.4 0.176 | 0.503 | -0.35 | 16 14 |0.130
Venda clay

7 | Undisturbed Vkt2 223 0.129 [ 0367 [-0.79 | 113 |22 |0.840
Venda clay

Qer,s8wimy 18 the coefficients of the working

conditions of the ground under the bottom end and
on a side surface of the pile, taking into account
the effect of the pile manufacturing method.

The tests of piles with the diameter of 1.2 m and
a length of 52.8 m with vertical static load were
carried out using hydraulic jacks with the maxi-
mum load up to 3,500 (35.000 kN) [Works on
installation and testing of bored-injecting piles
were conducted in 2009 by JSC Geoizol.]. For
this purpose, a special loading platform was con-
structed from the cross beams, based on a system
of 33 bored-injecting anchors of the Titan type
(Fig. 1).

According to the Russian standards [4] the total
bearing capacity of the pile is estimated by the
value of load on the pile which results in its ver-
tical deformation corresponding to value A = 20
mm. In this case, it corresponded to a load value
of Fsire = 25.000 kN.

Analytical calculations according to formula (1)
showed the value of the total bearing capacity of
this pile equaling to F ... = 8320 kN. With that
71% (5.985 kN) corresponded to tip of the pile
and only 29% (3.145 kN) to a side surface.

The value of the total load-bearing capacity cal-
culated by [2, 3] turned out to be comparable
with the results of calculations of this pile for
vertical load (Fd, PLAXIS 11000 kN), per-
formed under the PLAXIS 3D program.
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The results of evaluation general bearing ca-
pacity of an experimental pile by various meth-
ods are listed in Table 2.

Figure 1. General view of the loading system
for testing a pile with a static vertical load.

- =i

Table 2. The total load bearing capacity
F4 kN, of the pile (D = 1.2 mand L = 52.8 m).

Calculation by the formula
8.320 (-301%
(1) [1. 2], Fyu, (Bor)

Calculation by PLAXIS

11,000 (-227%
3D, Fapraxis ’ ( )

The results of field tests,
Fd,site

25,000
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Figure 2. The results of the test of a pile with a diameter of 1.2 m and a length of 52.8 m
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Figure 3. The results of calculations of the experimental pile by the vertical load,

EVALUATION OF THE BEARING

CAPACITY OF THE

EXPERIMENTAL BARRETTE-PILE

WITH THE SIZE
OFLxB=33x10M

AND LENGTHL=65M

At the same construction site an experimental

performed in PLAXIS D.

length L = 65 m with the location of the base in
the thickness of the bedrock — Vendian clay
Vkt 2 — took place. The tests were supposed to
be carried out applying among other Osterberg
cell “O — cell” and strain gauge, the scheme of
disposition of which is shown in Fig. 4. The ex-
perimental barrette was tested by a vertical stat-
ic load in two stages. The first stage involved a
standard test by a vertical load applied to the

test of a pile of the size / x b =3.3 x 1.0 mand head of the barrette-pile and directed down-
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wards (Top - down). After reaching maximal
possible load, the second stage was carried out
using “O — cell” at an altitude (-45.00). With
this method the load was transmitted in two di-
rections — up and down [5].

+3.90

Level 9 (-9.37)

Igib

Ig il Iz Level 8 (-19.37)

Level 7 (-24.37)

glillz Level 6(-31.37)

Level 5(-37.37)

Level 4 5-41.37
Level 3 (-43.90
O-cell

Vkt,?

Vkt;?
Level 2 (-54.37)

Level 1-(58.00)
-59.50

Figure 4. The layout of the “O — cell””
and displacement sensors on an experimental
barrette-pile
Fig. 5 shows the results of the tests of the exper-
imental barrettes at the first stage of loading by
the method (Top - down). With maximum load
35000 kN the settlement was less than 20 mm.
Extrapolation of the load-settlement graph to the
horizontal line corresponding to A = 20 mm,
made it possible to estimate the overall bearing
capacity of the experimental barrette-pile at its
primary load case at the value Fjr, -
32.000 kN.
The analytical calculation of the experimental
barrette-pile according to formula (1) [2, 3]
showed the value of its total load-bearing capac-
ity Fcae = 31.244 kN, which is very close to
the results of the tests carried out using the Top
- Down method.
The results of calculations according to the pro-
gram PLAXIS 3D showed a total value of the
bearing capacity of barrette Fpr4xis = 27.800

Down —

Volume 14, Issue 2, 2018

kN (Fig. 6), which is slightly less than the re-
sults obtained using Top — Down method.

The results obtained by the tests using Osterberg
cell method “O — cell”, carried out after the Top -
Down method test are presented in Fig. 7.

The blue line corresponds to the bottom-up test
of the top part of the pile and allows to estimate
the bearing capacity of the lateral surface of the
barrette-pile. The red line corresponds to the
Top-Down test and allows to estimate the bear-
ing capacity of the heel of the barrette.
Extrapolation of the upper part of the graph
‘loading’ (blue line) to the intersection with the
horizontal axis corresponding to the value A = -
20 mm allows to estimate the bearing capacity
of a lateral surface of a pile by the value of Fdf, o
cetl = 29.500 kN. The lower part of the graph
(red line) estimates the bearing capacity of the
barrette tip with a value of at least FdR,o_ce” =
13.000 kN. The total bearing capacity of the pile
according to this test method was not less than
Fd,o—cell =42.500 kN.

As expected the total value of the bearing ca-
pacity of the barrette-pile by the repeated load-
ing by the method of “O — cell” was higher
than the value obtained by the primary loading
by the Top - Down method (more than 30%).
The summary table 3 shows test results of the
tests using “O — cell” method and analytical
calculations.

CONCLUSION

1) The results of the tests of the bearing capacity
of experimental barrette piles of a diameter D =
1.2 m and the length L = 52.8 m showed that
observed values were significantly higher (over
200%) than the results obtained by calculations
according with the Russian standards [2, 3], as
well as by PLAXIS 3D program.

2) Results of the tests of the bearing capacity of
the experimental barrette-pile of 3.3x1.0 m and
with a length L = 65 m were very close to the
results of calculations according to Russian
standards [1, 2] (2.5%), and differed by 15%
from the results obtained in PLAXIS 3D.
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Figure 5. Graph of displacement the barrettes-pile resulted by the applied vertical load.
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Figure 6. The results of the calculations of the experimental barrette-pile tests by vertical load
(Top - down), formed in PLAXIS 3D
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Figure 7. Graph of displacement of the pile from the applied vertical load
By «O-celly method.

Table 3. The total load bearing capacity Fg, kN, REFERENCES
of the barrette-pile 3.3 x 1.0 m and L = 65 m).

L.

Calculation by the o
formula (1) [1,2], Fyeae | - 244 (2:5%)
Calculation by PLAXIS 27800 (-15%)
3D, Fypraxis
The results of Top -
Down field tests (primary 32000 )
loading),F d, Top-Down '
The results of «O — cell»
field tests (secondary
loading):
Fi oceln 42.500
Fd gcel 29.500 3.
F ocen 13.000
3) The bearing capacity of the ground by the tip
(13.000 kN) turned out to be twice lower than 4
the bearing capacity of the lateral surface '
(29.000 kN), despite the presence of a large
thickness of weak soils alongside the barrette-
pile shaft. 5
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