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BEARING CAPACITY OF DEEP PILE FOUNDATION
FOR HIGH-RISE FACILITY ON WEAK SOILS: COMPARING
OF ANALYSIS RESULTS AND EXPERIMENTAL DATA
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Abstract: The results of static testing of the pile and comparative results of analytical and numerical calculations for the
experimental deep pile (length 65 m, diameter 1.2 m) under the high-rise building, designed in the area of a large thickness
of weak soils, are presented in the paper. At the same construction site, an experimental barrette pile of rectangular cross-
section with a size of 3.3 x 1.1 and a length of 65 m with the location of the base in solid Proterozoic clays was made.
This pile was tested with the use of Osterberg cells, for which strain gauges were mounted in its reinforcement cage at 9
levels. In the first stage, a standard test of the entire experimental barrette pile in the top-down direction was conducted;
in the second, after reaching the maximum possible load, the tests were carried out using the “O-cells” located at a depth
of 50 m in the thickness of solid clays and transmitting the load in two directions (up and down). A General assessment
of the bearing capacity of the barrette pile obtained by three methods is given.
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HECYIIASA CHIOCOBHOCTh CBAMHOI'O ®YHJIAMEHTA
I'JIYBOKOTI'O 3AJIOKEHUA AJIAA BBICOTHBIX OB BEKTOB
HA CJABBIX I'PYHTAX: COITOCTABJIEHUE PE3YJIBTATOB
PACUYETA U ODKCIHHEPUMEHTAJIBHBIX TAHHBIX
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! Cankr-ITeTepOyprekuii rocy1apCTBEHHBIN apXUTEKTYPHO-CTPOUTENBHBII YHUBEPCHTET,
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2 HaumoHabHBIA UCCIeN0BATENbCKUH MOCKOBCKHI TOCYIapCTBEHHBI CTPOUTEILHBIH YHUBEPCUTET,
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AHHOTanmsi: B Hacrosmmel cTaThe NPENCTABICHBI PE3YNbTaThl CTATHYECKUX HCTBITAHMH M COOTBETCTBYIOIIHE
CPaBHHTEINILHBIC PE3yIbTaThl aHATUTUYECKHUX U YHCICHHBIX PAacUeTOB ISl ONBITHON IIyOOKO# cBan (JutMHA — 65 METpOB,
Jqamerp — 1.2 MeTpa) 1oJi BBICOTHBIM 3/IJaHHEM, CIIPOSKTHPOBAHHBIM B 30HE OOJIBIION TONIM clladbIx rpyHTOB. Ha To#
YK€ CTPOUTENHHOM MIIoIaKe Obljia U3rOTOBJIEHA OIBITHAS CBas-0apeTTa MpsiMOYrojbHOro ceueHust pazmepom 3.3 x 1.1
MeTpa U JUTHHOH 65 METPOB C pacroNoKeHUEM OCHOBAHHUS B TBEP/IbIX IPOTEPO30HCKIX INTMHAX. DTa cBast OblIa HCTIBITaHA
¢ ucnonb3oBanueM sdeek OcrepOepra. [l 3TOro nNpu yCTpoWCTBE CBaM B €€ apMaTypHOM Kapkace ObUIM yCTaHOBIICHBI
TEH30aTYNKH Ha JICBATH YPOBHSAX. VICTIbITaHNE ONBITHOI cBan-0apeTThl MPOBOAMIIOCE C 1BA ATara. Tak, Ha HEpBOM 3Tare
OBUTO BBINIOJIHEHO CTaHIAAPTHOE WCIBITAHME BCEH CBaW B HAINPABICHHM CBEPXY BHM3, a HAa BTOPOM 3Talle, I0CIE
JIOCTHKEHUSI MaKCUMAaJIbHO BO3MOXKHOW HArpy3kW, HCIIBITAaHWS MPOBOJWINCH C MCIONB30BaHHEM saeek “O-cell”,
KOTOpBIE pacIojiaraiichk Ha riyonHe 50 MeTpoB B TOJIIE TBEPABIX INIMH, IEPEJAfONINX HATPY3KY B ABYX HANpaBICHUIX
(BBepx 1 BHM3). [laHa o0mmas omeHKa HeCyIei CHoOCOOHOCTH CBan-0apeTThl Ha OCHOBE TPEX METO/IOB.

KuroueBblie cjioBa: Hecylas CioCOOHOCTh, aHATTUTHUECKUE METOIbI, YUCICHHBIC METO/IBI,
IKCIIEPUMEHTATbHBIC UCCIICIOBAHMSI, CBas, BRICOTHBIC 3[JaHUs, CIIA0bIe TPYHTHI
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1. INTRODUCTION

Modern large-scale underground construction in a
cramped town planning and a sharp increase in the
number of facilities' storeys requires careful
consideration of the pile construction affecting
(especially in weak soils) and changes in soil
properties directly under the foundation and in the
surrounding area under the influence of man-made
factors that appear during construction process. It
is the most important to consider such changes in
complex geotechnical conditions. An important
aspect in this case is the assessment of the bearing
capacity of piles by analytical methods. Therefore,
it is very valuable to compare reliability of such
analytical methods with full-scale tests.

A large number of analytical methods for
calculating the bearing capacity of a single pile,
taking into account pile geometric dimensions and
the characteristics of the surrounding soil [1], is
known. Unfortunately, often the calculated values
differ significantly from the natural ones obtained
when loading such piles with vertical load.
Especially acute this problem arises with a large
length of piles and their production under the
protection of a clay mortar or casing pipe.
Comparing of the differences between results of
calculations for Building Codes of the Russian
Federation SNiP 24.13330 [2] and SP 50-102-
2003 [3] and results of standard tests for vertical
load according to Standard of the Russian
Federation GOST 5686 [3] show that the first, as a
rule, is much smaller for first ones than the second.
In addition, the anthropogenic impact on the soil
under the foundation can be local and general
(territorial) in nature and differs depending on the
adopted technology [1,2].

In accordance with the mentioned above,
relevant assessments and comparisons carried
out with respect to pile foundations of high-rise
buildings in the conditions of their construction
on weak soils are of interest.

The mentioned problem was investigated during
of design work on the building of "Okhta-Center"
(height 396 m). In order to determine the total
bearing capacity of bored piles and barrette piles,
as well as, separately of bearing capacity on the
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lateral surface and the base, two experimental
bored piles under the protection of a casing pipe
with a diameter of 1.2 m and a length of 52.8 m
(piles BN), and five experimental barrette piles
with a size of 3.3 X 1.0 m and a length of 65 m
(piles SB) were built and tested.

2. ENGINEERING GEOLOGICAL
CONDITIONS OF THE TEST SITE

According to the results of drilling to a depth of
170 m, the ground sediments were revealed at the
base, kinds and average characteristics of which
are given in the table 1.

3. EVALUATION OF BEARING
CAPACITY OF EXPERIMENTAL
PILE BN

In accordance with the regulatory documents of
the Russian Federation [1, 2] the calculated
bearing capacity of friction piles is determined by
the formula

Fa=ye[yer RA+u 2 yerfihi], (D
where 7. is coefficient of working conditions of a
pile in a ground, which takes the value for driving
piles 5. = 1; R is design resistance of the soil
under the lower end of the pile; 4 is area of pile
cross section, m?; u is perimeter of the pile cross
section; f; is design resistance of i—th soil layer
along the lateral surface of the pile, kPa; 4; is
thickness of i-th soil layer surrounding the pile
surface, m, that should be /#; <2 m; y.z j rare the
coefficients of working conditions of the ground
under the lower end of the pile and surround the
pile surface respectively which take in account
affecting of the pile production technology.
Tests of piles BN were conducted using
hydraulic jacks until a maximum load of 3500 T
(35000 kN; Production and testing of bored piles
were carried out by the company “Geoizol” in
2009).
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Table 1. Characteristics of soil.

A name of soil Geological Y, W e IL E, 0, c,
index kN/m? MPa | degree | MPa

Bulk soil tg IV 17.5 -
Marine and lake m, IV 19.6 | 0.256 | 0.683 | 0.71 14 24 0
sediments
Upper glacial lake 1g ITIb 18.6 | 0.360 | 0.980 1.1 4.5 7 0.006
sediments
(upper sediments) of
the Baltic glacial lake
Lower glacial lake 1glllz 20.4 | 0.220 | 0.600 | 0.87 10.5 17 0.030
sediments of the
Luga moraine
(lower sediments)
Moraine sediments gllllz 21.5 | 0.160 | 0.43 0.25 17 22 0.036
of the Luga moraine
Dislocated Vendian Vkt2 21.4 | 0.176 | 0.503 | -0.35 16 14 0.130
clays
Undislocated Vkt2 22.3 | 0.129 | 0367 | -0.79 113 22 0.840
Vendian clays
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Table 2. Results of assessment of BN pile overall bearing capacity by different methodls.

Method for determining the bearing capacity
of a pile

Overall bearing capacity of the BN
experimental pile, kN

Calculation by the formula (1), Fd,calc

8320 (- 301%)

Calculation by PC PLAXIS 3D, Fqpiaxis

11000 (- 227%)

Experimental data, Fgsite

25000

tiv

m,l IV

Ig Il b

Ig 'z

gllllz

Vktz?

Vkt,?

+3.90

Level 9 (-9.37)

Level 8 (-19.37)

Level 7 (-24.37)

Level 6 (-31.37)

Level 5 (-37.37)
Level 4 (-41.37)
Level 3 (-43.90)
O-cell

Level 2 (-54.37)

Level 1-(58.00)
-59.50

Figure 2. Situation scheme of O-cell element and strain gauges in the experimental barrette pile.

In order to provide these tests, a special loading
platform of cross beams, based on a system of 33
drilling-injection anchors of the “Titan” type
(Fig. 1), was arranged.

According to [4] the overall pile bearing capacity
was assessing by the value of load for which pile
gets vertical deformation A =20 mm that in the
considered case corresponds to loading Fsie =
25000 kN.

Calculation by the formula (1) gave the value of
overall bearing capacity of the experimental pile
Facac = 8320 kN, that includes 5985 kN (71% )
under the tip and only 3145 kN (29% ) on the
lateral surface.

The value of overall bearing capacity obtained by
[2, 3] is similar to analysis result of pile under
vertical load in PC PLAXIS 3D (Fapraxis =
11000 kN).
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Results of assessment of BN pile overall bearing
capacity by different methods are given in table
2.

4. EVALUATION OF BEARING
CAPACITY OF EXPERIMENTAL
BARRETTE PILE SB

At the mentioned building site it was provided
experimental testing of barrette pile with length
of 65 m and cross section of 3.3 x 1.0 m. The pile
was immersed into Vendian clays layer (Vkt2).
During the tests, it was used Osterberg cells (O-
cells) and strain gauges the situation scheme of
which is presented in Figure 2.

93



Rashid A. Mangushev, Nadezhda S. Nikitina

Load, MN

0,00 ¢

20 25 30 35

5,00

-t
o
o
o

g

_§

Displacement, mm

25,00

30,00

35,00

40,00

Figure 3. Load-deformation diagram for barrette pile under vertical loading.

Tests of the pile under vertical static load were
conducted in two stages: first one is standard test
under vertical load applied Top-down; second
one is test conducted when load reached its
maximum value with usage of O-cell at depth
value -45.00 m. Using O-cell, the loading was
transmitted in two direction: up and down [5].
The test results for experimental barrette at first
stage by Top-down method are shown in Figure
3. At the maximum load 35000 kN deformation
does not exceed 20 mm.

Extrapolation of load-deformation diagram until
horizontal line corresponding to A =20 mm
allows assessing overall bearing capacity of the
experimental barrette pile at it first loading by
FaTop-Down= 32000 kN.

An analytical calculation of the experimental
barrette pile by the formula (1) [2, 3] gives value
of the overall bearing capacity Fycaic= 31244 kN,
that is enough close to test results obtained by
Top-down method.

Calculational results obtained by PC PLAXIS 3D
give value of the overall bearing capacity

Fapraxis = 27800 kN (Figure 4) that is smaller
than results of Top-down experimental method.
The results of the tests using the Osterberg O-
cell, performed after the Top-down loading are
shown in Figure 5.

The upper curve corresponds to the bottom-up
test of the upper part of the pile and makes it
possible estimating the bearing capacity of the
barrette on the lateral surface; the lower curve
reflects the tests from top to bottom of the pile
and allows estimating the bearing capacity of the
barrette base.

Extrapolation of the upper curve to the
intersection ~ with  the  horizontal  axis
corresponding to the value of A = -20 mm gives
the opportunity to evaluate the bearing capacity
of the lateral surface of pile Fa/ o-cen =29500 kN,
and the bottom graph allows evaluating the
bearing capacity under the tip of barrett which is
not less than Fy %ocen =13000 kN. The total
bearing capacity of the pile according to the
described test method is not less than Fy ocenr =
42500 kN.
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Figure 4. Calculational results obtained by PC PLAXIS 3D for experimental barrette pile
under vertical loading.
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Figure 5. Displacement diagram for pile under vertical loading by O-cell method.

As expected, the total bearing capacity of the Table 3 summarizes the test results by the
barrette pile under repeated loading by the "O- method of "O-cell" and analytical calculations of
cell" method is higher than under primary bearing capacity of the barrette piles.

loading by the "Top-down" method (more than

30%).
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Table 3. Summary of test results by the method of “O-cell”
and analytical calculations of bearing capacity of the barrette piles.

Method of bearing capacity
determining for barrette pile

Total of bearing capacity of the
experimental barrette pile Fy, kH

Calculation by the formula (1), Fu calc

31244 (-2,5%)

Calculation by PLAXIS 3D, Fpraxis

27800 (-15%)

Natural tests’ result by Top-Down method

(primary loading), F4 Top-Down 32000

Natural tests’ result «O-cell» method

(secondary loading),
Fd,o-cell 42500
Fo o-cell 29500
Fd R,o-cell 13000

5. CONCLUSIONS

1. The bearing capacity of the experimental piles
with a diameter of 1.2 m and a length of 52.8
m according to the test results is significantly
higher (more than 200%) than the calculated
values according to Russian standards [2,3]
and the PLAXIS 3D program.

2. The bearing capacity of the experimental pile-
barrette with a length of 65 m and a cross
section of 3.3 x 1.0 m according to the results
of full-scale tests is very close to the
calculated values according to Russian
standards [1,2] (deviation of 2,5%) and the
program PLAXIS 3D (deviation of 15%)).

3. The bearing capacity of the soil on the tip
(13000 kN) equals half value of one's on the
lateral surface (29000 kN), despite the
presence of a large thickness of weak soils
along the trunk of the barrette pile.
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