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ABSTRACT

The article presents results of the geotechnical studies and verification
of design approaches and methods for calculating the bearing capacity of
pile foundations in the ground conditions of the Belarusian region carried
out by the Institute BelNIIS RUE under agreement with the Ministry of
Architecture and Construction (MAiS) of the Republic of Belarus for the
clarification of the parameters of National Annexes to Eurocode 7. Examples
of comparative geotechnical calculations according to Belarusian and
European standards are provided, and their analysis is given.

Generalization of the results of comparative calculations according
to Belarusian (hereinafter — “TKP RB [1-4]”) and European (hereinafter
— “TKP EN [5-8]”) frameworks of national standards (TNPA) allowed us
to identify some patterns:

1 — when calculating the bearing capacity (the first group of limit
states), according to the TKP RB and TKP EN using the data of static pile
load testing of soils, the main role in its determination is played by the
following factors:

— the size of the pile cross section. The greater the cross section of the
pile, the greater the difference in the results of calculations for the two
TNPA frameworks. The greatest coincidence of results is established for
piles with a diameter or a larger side of (200-500) mm;

— the number of tests performed and the variation of their results,
since the safety factors in TKP EN are constant, and in TKP RB their value
is determined based on the number of tested piles using the probabilistic-
statistical method;
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— method of determining the bearing capacity of piles, the value of
which according to TKP EN is set depending on the settlement taken at
10 % of the diameter or the larger side of the pile, and according to TAP
RB it is set depending on the share of the average (maximum) foundation
settlement allowed for the designed structure.

2 — when calculating the bearing capacity of natural foundations of
piles using physical and mechanical characteristics (theoretical method)
according to the two national TNPA frameworks, the discrepancies
between their results when reaching the limit state are 10-20 % (when
compared with DA1...DA2) and up to 50 % or more (with DA3). The
smallest discrepancy between the TNPA frameworks is observed when
using the Eurocode 7 DA2 design approach, which is recommended as the
main approach for National Annex in pile calculations.
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KpaBuoB Brapumup HUkKonaeBUU, KaHA. TEXH. HAYK, AOLIEHT, 3aBEAYHOLLMIN
Aabopatopuen, PYMN «MHcTuTyT BeAHUNC» (r. MUuHCK, Beaapychb)

CPABHUTEAbHbIA AHAAU3 EBPONENCKUX

N BEAOPYCCKHUX HOPM MO rEOTEXHUYECKOMY
NPOEKTUPOBAHUIO CBAUHbIX ®YHAAMEHTOB
B YCAOBUAX PECITYBAUKU BENAPYCb

AHHOTALMUA

B cmambve 0aHbl pe3yabmamsl 8biNOJHeHHbIX 8 PYIT « Hcmumym
BenHUHC» no dozosopy ¢ MuHucmepcmeom apxumexkmypbl U cmpo-
umenscmea (MAuC) Pecnybauxu Benapycb zeomexHUUecKUX ucce-
008aHUll U 8epuPuKayUU NPOeKMHbIX N100X0008 U Memodo8 pacuema
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Hecywetll cnocobHoCMuU 0CHOBAHULL C8AlIHbIX hyHOAMEHMO8 8 2pYHMO-
8bLX YC108UAX 6eJI0PYCCK020 Pe2UOHA C UesibH0 YMOUHEeHUS Napamempos
HAUUOHANbHBIX npunoxceHull Espoxooda 7. IIpugedeHbl npumepsl cpas-
HUMEJIbHbIX 2e0MeXHUHeCKUX pacuemos no benopycckum u esponeti-
CKUM HOpMAM U OQH UX AHANU3.

Ob6obweHue pe3ynibmamos cpasHUMeNbHbIX pacuenmos no besopycckum
(Oanee — TKII PE [1-4]) u esponetickum (Oanee — TKITEN [5-8]) 6azam Ha-
UuoHabHLIX Hopm (THITA) no3gonuno 8bLa8Ums 3aKOHOMEPHOCLL

1 — npu pacueme Hecywell cnocobHocmu (nepgas epynna npeoeib-
Hblx cocmosaHuil), coenacto TKII PB u TKIT EN ¢ ucnosib3o8aHuem OaH-
HBLX CMAMUYECKUX UCNbIMAHUL 2DYHMO8 C8ASIMU, OCHOBHYIO POJNb NPU
ee onpedesieHuU uzparom caedyroujue haKkmopuwl:

— pasmep nonepeuHozo ceueHus cgau. Yem bosnblue nonepeuHoe ce-
yeHue c8au, mem 6OnblULE PACXONCOEHUE 8 Pe3YAbMamax pacuemos no
0sym 6azam THIIA. Haubonvulee cognadeHue pe3ynbsmamos ycmaHos-
JleHO 0151 ceatl ¢ ouamempom uiu 6oswbuteii cmoporoil (200-500) mm;

— KONIUHEeCMB0 8bINOJIHEHHbLX UCNbIMAHULL U pa3bpoc ux pe3ynbma-
mos, mak kak 8 TKIT EN koagguyuenmut 6e30nacHocmu nocmosiHHble,
a e TKII PB ux sequduHa onpedeisiemcs ucxo0st U3 KoJauuecmeda ucnbwl-
MAHHbLX c8all 86POSMHOCMHO-CIMAMUCMUYECKUM MemoooM;

— memoouka onpedesieHUsl Hecylell cnocobHocmu ceail, seauduHa
kxomopoli, coenacHo TKIT EN, ycmaxasaugaemcs 8 3agucumocmu om
ocadku, npuHumaemotl pasHoti 10 % Oosne duamempa unu bosvulet
cmopote caau, a 8 TKIT Pb — om dosau cpedHell (MaKCUMAbHOLL) 0caoku
0CHOBAHUSL, 00MYCKaeMoll 0711 NPOEKMUPYemM0o20 COOPYHCEHUS.

2 — npu pacueme Hecyulell CNoOCcOOGHOCMU 2PYHMOBbIX OCHOBAHUIL
c8ail ¢ UCNONbL308aAHUEM PUUKO-MeXAHUUeCKUX Xapakmepucmuk (meo-
pemuueckuil memod) no 08ym 6azam Hopm HayuoHanvHsvix THIIA pac-
XocOeHUs Mencdy UX pe3yibmamamu npu 0ocmudiceHUU npeodesibHO20
cocmosaHusa cocmasastom 10-20 % (npu cpasueruu ¢ I1I11...I1T12/DA1...
DA2) u 0o 50 % u 6onee (npu I13/DA3). HaumeHbluee pacxoxcoeHuie
Mexncdy 6azamu THITA Habaro0aemcsi npu UCNOb308AHUU NPOEKMHO20
npuruyuna Espoxooda 7 — I112 (DAZ2), komopulil pekomeHOyemcst Ol e20
HAUUOHAIbHO20 NPUIONCEHUS NPU pacueme c8all 8 Kauecmae 0CHOB8HO20.

KirroueBbie cyioBa: 6e10pyccKre U eBpoIleickre HOpMBI, EBpOKO/
7, CPaBHUTEJIbHBIE PaCYeThl, IPOEeKTHBIE MTOAX0/bl, OCHOBAHUE, CBay,
Hecymas criocobHOCTb, YacTHBIE KO3GUIEeHTH 6€301aCHOCTH.
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INTRODUCTION

Since 01.01.2010, the national set of technical regulations in the
field of architecture and construction (TNPA) of the Republic of Belarus
currently includes two regulatory frameworks: Belarusian (hereinafter
-“TKPRB”,“SNBRB”, “STB RB”) and European (hereinafter — “TKP EN:
Eurocode”, “STB EN”). According to the order No. 340 of 10.12.2014
“On the transition to Eurocodes”, since 1 July 2015, design of a number
of structures (monolithic reinforced concrete and steel, aluminium)
buildings and structures should be carried out only according to TKP
EN 1992 (Eurocode 2), and TKP EN (1990, 1991, 1993 and 1999),
developed on the basis of European standards (Eurocodes).

As a result, in the practical use of Eurocodes that are not listed in
the order No. 340 of 10.12.2014, specialists have a lot of questions
related to the use of approved documents, their status, procedure and
priority in relation to the Belarusian TKP RB including to calculation
methods.

Partially, these questions are covered by the letter [9] of the Ministry
of Architecture and Construction of the Republic of Belarus, which
states that the European standards approved and put into effect in the
Republic of Belarus do not cancel the effect of the set of Belarusian
TNPAs, except for those mentioned above. They are allowed to be used
for internal design and construction along with Eurocodes.

According to [9], the decision on the application of certain
standards (TKP RB, TKP EN) in the design is made by the customer
and the design organization with the indication of this condition in the
design contract (agreement), and design assignment.

In addition, general integration of Belarusian and European
standards in the Republic of Belarus is carried out on the basis of
the Technical Regulation (TR) “Buildings and structures, building
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materials and products. Safety” [10] approved by the Resolution of the
Council of Ministers No. 1748 of 31.12.2010. The Technical Regulation
are developed on the basis of European Union Directives 89,/106/EEC
and 2002/91/EC and defines requirements for buildings, structures,
building materials and products, the rules for confirming compliance
with the requirements of the Technical Regulation, and rules for
conformity marking. However, these documents [9, 10] lack data
(measures) on updating and implementing Eurocodes for design
and effective application of methods for calculating various designs,
including foundations and their bases.

The Programme of Building Eurocodes related to the design of
foundations includes the following standards:

EN 1997, Eurocode 7: Geotechnical design. Part 1, Part 2.

EN 1998, Eurocode 8: Design of structures for earthquake resistance.

Eurocode 7, Part 1 adopted with the National Annex.

Eurocode 7, adopted (introduced) in the Republic of Belarus (TKP
EN /3, 4/) is a version of translation from English of the German
standards DIN EN 1997 — 1:2005-10 and is intended for designing
foundations of all types of structures, including retaining structures.
It provides means for calculations of geotechnical effects on the
structure, and the stability of the ground exposed to the structure. The
document contains all requirements and rules for the implementation
of the geotechnical part of the construction project.

Eurocode 7 consists of two parts: TKP EN 1997-1 “Geotechnical
design. Part 1. General rules” [7]; EN 1997-2 “Geotechnical design.
Part 2. Ground investigation and testing” [8]. They should be used
in conjunction with EN 1990 “Eurocode 0: Basis of structural design”
(CEN, 2002) [5] and Eurocode 1: Actions on structures [6].

Part 1 of the Eurocode 7 “General rules” is a general document
setting out only the principles of geotechnical design as part of the
method of limit state design (LSD). In particular, it provides a general
calculation of the geotechnical actions of the ground mass on the
structural elements of the structure, such as: supports, foundations,
piles, underground parts of buildings, etc., and also deformations and
stresses arising in the ground from external actions. Some detailed
design information or design schemes and principles (exact formulas,
graphs, etc.) are given in “informative” (recommended) annexes
and one regulatory (mandatory) Annex A, which shows “partial”
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(particular) factors, correlation coefficients for critical ultimate limit
states and their recommended values, clarified at the national level or
assumed by default.

In this regard, the loads on the elements of structures and their
permissible displacements upon contact with the ground must be
previously determined.

Verification of ultimate limit states (ULS) established by Part 1
of Eurocode 7 should be carried out in accordance with Eurocode 0
“Basis of structural design” [5].

Currently, the parameters defined in Eurocode 7 at the national level
are assumed by default or without proper justification, which prevents
from reliably taking into account geographical, geological and climatic
conditions, and the degree of safety acceptable for specific conditions of
the Republic of Belarus. This leads to a decrease in the effectiveness of
the application of Eurocode 7 [7] in the Belarusian region. In addition,
itincludes no or not fully updated STB EN for ground testing, and survey
organizations are not equipped with appropriate equipment that comply
with STB EN. It should also be noted that:

1 —For the building design, and calculation of strength and stability
of supporting structures, the European Commission recommends that
participating countries implementing the EC introduce guidelines
on the application of Eurocodes, in particular, in higher education,
retraining courses and advanced training of engineering and technical
staff. Currently there are no such guidelines in the Republic of Belarus.

2 — Among the specialists—developers of the Eurocode 7 there are
also significant disagreement on the STR and GEO formats of checking
the limit states. Some insist on double check (uncertainty of external
load and ground stability), while others prefer to use only one format
of combinations of actions [11 and others].

In this regard, Eurocode 7 recommends three different approaches
for geotechnical design: Design Approaches (1, 2, 3) DA1, DA2,
DA3). According to [5, 7, 11, etc.], the DA should be selected at the
level of each individual country and be fixed in the National Annex
to Eurocode 7. This approach is used for all types of geotechnical
structures (natural foundations, pile, retaining structures, slopes,
overall stability). Currently, DA1 is adopted in England and another
6 European countries for pile calculation; DA2 — in about 9 countries;
DA3 - in 3 countries (Figure 1).
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Figure 1. Design approaches according to Eurocode 7 adopted in the EU countries for
designing pile foundations

Based on the above, effective implementation of Eurocode 7 in the
Republic of Belarus requires the following:

1. In accordance with EU Directive 89/109, develop a guideline
(recommendations) on the use of TKP EN for the conditions of the
Republic of Belarus.

2. Determine the most effective design approach (from DA1-DA3)
and clarify the partial and correction factors to ensure maximum
efficiency of the chosen approach for design and construction of
foundations from the condition: “Reliability — economic and technical
efficiency — consumer protection” [5, 7, 11].

To solve the tasks on updating the Eurocodes set by the Ministry of
Construction and Architecture of the Republic of Belarus, the Institute
BelNIIS RUE conducted a set of geotechnical studies of design methods
for Belarusian TKP RB [1-4] and European TKP EN 1997 1 2009:
Eurocode 7, Part 1 [7] standards in order to clarify the parameters of
National Annexes and its effective implementation in the conditions of
the Belarusian region.

This article provides a part of the content of the work performed,
concerning the comparative analysis of results of the calculation of
the pile foundations according to two regulatory frameworks of the
national TNPA of the Republic of Belarus.
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METHOD OF COMPARATIVE ANALYSIS OF TWO TNPA
FRAMEWORKS IN THE CALCULATION OF PILE FOUNDATIONS

Methods of comparative calculations of the piles listed in the two
regulatory national TNPA frameworks: Belarusian TKP RB [1-4, etc.]
and European TKP EN [5-8], are based on:

— taking into account particular properties of the ground of the
Belarusian region, according to Annex A [1], test calculations of
the pile foundations most common in the Republic of Belarus;

— analysis of literature sources on the use of Eurocode 7 for
geotechnical design, in particular, the following foreign authors:
R. Frank, A. Bond, A. Harris, P. Arnold, G. A. Fenton, M. A.
Hicks, T. Schweckendiek, B. Simpson, L. L. Trevor, E. R. Farrel,
R. Driscoll, P. Scott, J. Powell, Trevor Orr [11-21, etc.].

The purpose of the calculation methods used in the 2 national

TNPA RB frameworks is to check the two groups of limit states for the

material and ground (Table 1).

The article provides the results of comparative calculations
according to the two TNPA frameworks for the limit state only on the
bearing capacity of the pile foundations with the pressed axial load,
taking into account the ground conditions of the Belarusian region.

Table 1

Comparison of limit states used in national TNPAs for calculation of
pile foundations

Limit states in compared national TNPA frameworks

European (TKP EN)

Belarusian (TKP RB)

In bearing capacity:

- Loss of overall stability;

- Loss of compressive strength for pile
foundations;

- Pulling or insufficient tensile strength of the pile
foundation;

- Failure of the foundation by the action of the
transverse load on the pile foundation;

- Failure of pile structures by compression, stress,
bending, loss of longitudinal stability or shear;

- Combined failure of the base and pile
foundation;

- Combined failure in ground and structure;

In deformation and dynamics:

- Excessive settlements;

- Excessive heave;

- Excessive transverse displacement;

- Unacceptable vibrations

The first group (bearing capacity):

- Strength testing of materials of pile and
pile caps;

- Bearing capacity testing of the pile
foundation ground;

- Verification of the bearing capacity
of the base of pile foundations at high
horizontal loads

The second group (deformations):

- Testing of vertical and horizontal
displacements of the piles;

- Testing of the formation of cracks in
the structures
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According to [22, etc.], layered bases from Quaternary deposits of

the second category of complexity are the most typical for construction
sites of the Belarusian region and are described by calculation model II
in Annex A [1], which is accepted as the basis (Figure 2). Quaternary
deposits of sands and clays, with characteristics for the TKP [4] (table
values), that are most commonly found on the territory of the Belarusian
region are taken as the basis for the calculation model in Figure 2.

The work performed and the test calculations considered the

following types of precast (prefabricated) and cast-in-place piles and
their technology most commonly used in mass construction:
sunk by driving

— Traditional precast factory-made piles,

(hereinafter — “driven pile”);

Traditional bore piles in drilled wells;

Cast-in-place in drilled wells with enlarged base and shaft

(rammed, stamped, including injection and rolling);

Screw metal piles;

Jet grouting piles, etc.
N_, is standard load on the pile; L is pile length; DL is grade

elevation

N

SV

DL

=

Considered soil types (A and B) for the foundation
layer:

A. Soft clay soil with characteristics according to
options:

1: ¢=22°, ¢=15 kPa, E=5 MPa, [;=0.65;

2: ¢p=25°, c=22 kPa, E=8 MPa, 1,=0.40;

3: ¢=27°, c=30 kPa, E=12 MPa, 1;=0.25.

B. Soft sandy soil with characteristics according to
options:

4: silty sand

¢=24°, c=0,1 kPa, E=8 MPa;

5: fine sand

¢=28°, ¢=0,1 kPa, E=9 MPa;

6: middle sand

¢=31°, ¢=0,1 kPa, E=10 MPa

(1)

Pile

cast-in-place)

(precastor |

LSV

Base layer { 2," :
moderate strength medium sand (¢=35°,

=0 kPa, E=30 MPa)

500

Figure 2. Calculation models for comparative calculations of pile foundations according
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Up to 70 % of all piles used in mass industrial and civil engineering
are precast reinforced concrete square prismatic piles with a cross
section (Bxn: 300x300, 350x350, 400x400) mm and a length of up to
(6-10) m and round bored piles with a diameter of (300-800) mm, and
in some cases (for high-altitude and highly-loaded structures) with a
diameter of (1 000-2 000) mm and a length of up to 30 m.

In connection with the above, the following types of piles, most used
in the mass construction of Belarus, and their characteristic foundations
are considered for the test calculations in the performed studies:

— Standard precast (driven) square piles (calculation model

according to Figure 2 corresponds to the category of complexity
IT of foundations according to Annex A of the TKP [1]):
I - (bxhxL_=300x300x4000) mm; IT - (350x350x5000) mm;
III — (400x400x6000) mm;
— Typical bore piles, installed in drilled wells (foundations per
Figure 2):
IV — (DxL_=300x4 000) mm, V — (600x7 000) mm,
VI - (800x9 000) mm; VII — (1 200x15 000) mm.

In [1-3, 7] the following recommended methods are given for
calculating the pile foundations by bearing capacity:

a —according to the results of static load pile testing of soils;

b — according to static or dynamic probing data;

in —according to the physical and mechanical characteristics of the
soil, established by testing or according to the tables.

This article analyses the results of calculations using methods a
and c.

Comparative methods for piles calculation according to the first
group of limit states according to TKP RB [1-3] require calculation of
the allowable load on the pile F , and according to TKP EN [7], the
estimated design value of the soil resistance of the pile foundationR_,
based on:

— TKPRB [1-3]:

N<F, €Y

where N is the maximum calculated pressed axial load on
the pile in the most unfavorable combination, in kN; F  is the
permissible load (limit) on the pile according to the strength of the
soil foundation, in kN;
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- ENTAP [7]:
F, <R, (2)

where F_, is the most unfavorable design pressed axial load on
the pile, in kN; R, is the design value of the resistance of the soil
foundation to the pressure of the pile in the limit state, in kN.

Parameters F and R_, are taken as criteria for the comparative
analysis of the calculation methods by bearing capacity and selection
of the design approach for the conditions of the Republic of Belarus.
In accordance with [5-7], the design load on the pile, in turn, depends
on the percentage of temporary and permanent loads relative to its
total value. Therefore, the calculation is performed taking into account
the following load ratios: 30 %/70 %; 40 %/60 %; 50 %/50 % (the
numerator is the percentage of the temporary load of its total value;
the denominator is the permanent load).

Due to a disagreement among the specialists from different
European countries on the approaches and principles for the calculation
of foundations (see Figure 1), there is no one specific design approach
specified in the TKP EN, comparative calculations are performed
according to all three approaches.

COMPARATIVE STUDIES OF GEOTECHNICAL METHODS OF
CALCULATION OF FOUNDATIONS ACCORDING TO TWO TNPA
FRAMEWORKS. RESULTS AND ANALYSIS

Comparative calculations based on the results of pile load
testing of soils. Methods for determining the permissible (limit) load
on the pile regulated by the TKP RB and the design (limit) resistance
of the pile foundation TKP EN using static load pile testing of soils for
pressed axial loads are similar. Graphs of pile settlement in relation to
the load s = f(p) are plotted based on the static load test data. Then, for
the allowable settlement, taking into account the number of pile tests,
according to the TKP RB [1-3], the excess resistance of its foundation F
(allowable pile-bearing load) is checked, and according to the EN [7]
TAP, the limit state by foundation failure is checked (GEO), based on
the three design approaches (DA1...DA3), using sets of partial factors
in combinations (Al, A2 for representative actions of Frep, M,, M, for
characteristic parameters of X R.-R, for resistances).
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The fundamental differences between the methods for determining
the maximum load of pile foundation (the first group of limit states) in
the TKP RB [1-3] and the TKP EN [7] are as follows:

— the settlement, at which this characteristic is determined,
depends on the proportion of the average settlement of the
building s = ¢ Su.mt, which takes into account its construction
design, level of responsibility, class of complexity of the
foundation, number of tests carried out, and is within (80-400
mm), where § is the coefficient of transition from the building
settlement to the pile settlement, equal to 0.2-0.5. TKP EN
1997-1 specifies Rc;d at the a settlement equal to 10% of the
diameter or the transverse size of the pile (see 7.6.1.1. (3) [7]).
As a result, with a pile diameter of 1200 mm, the amount of
settlement, at which the ultimate resistance of its foundation
is determined, is almost 2—4 times greater in TKP EN than in
TKP RB, which greatly overestimates Rc;d according to the test
results.

— when determining the allowable (ultimate) load on the
pile foundation according to TKP RB and the calculated
(design) value of the soil resistance to the pressing of the
piles according to TKP EN, various partial and correction
factors are used for actions, resistances, and characteristics
of materials.

Below are examples of the comparative determination of the
permissible load on the pile foundation F  according to TKP RB and the
design (calculated) value of the foundation resistance to the pressing
of the pile R , according to TKP EN.

Example 1 of comparative calculations of the bearing capacity
of the pile foundations according to the results of their static load
tests.

4 bore piles 1200 mm were tested on the construction site
of a building with a reinforced concrete frame of the II level of
responsibility. Soil foundation of piles of II category of complexity.
Design (calculated) pile-bearingload N = Fc;d = 1.0 MN. Distribution
of temporary and permanent load in its total volume is 40%/60%.
Graphs (Figure 3) of the dependence of their settlement on the load
s=f(p) were obtained.
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Maximum partial vertical load Fu,n,
assigned by graphs 1-4: according to the TKB RB [1],
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Maximum vertical load on the pile foundation
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Figure 3. Dependence graphs of the settlement of bored piles with a diameter
of 1 200 mm from the load s = f(p)

Calculation according to TKP RB. According to the results of static
load tests (see Figure 3), the indices of partial values of 4 identical piles
tested on the same site during the settlement, according to [1], s =&'S =
0.4-80 =32 mm were F = (1.12,1.27, 1.40, 1.55) MH.

Since the number of pile tests is less than 6, the bearing capacity,
according to [1], is assigned to the lower of all partial values using the
formula

F,=v.*F,,/7,=10°+112/1.0 =112 MN,

where v, is the coefficient of working conditions; yg is the reliability
coefficient for the soil, taken in accordance with 5.2.16.1 [1], equal to
1.0, since the number of tests was less than 6.

Then the allowable pile-bearing load will be:

F:5:£=0,93 MN; =N=1,0 MN,

'Yk 1.2

where 7, is the reliability coefficient of the method for determining
the bearing capacity of a pile on the soil, equal to 1.2 according to

Table 5.6 [1].
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Calculation according to TKP EN. According to the results of static
tests (see Figure 3), the indices of the ultimate specific characteristic
values of soil resistance to the pressing of 4 identical piles on one site
with a settlement, according to [7], equal to 10 % of its diameter, s =
1200x0.1 =120 mm, were respectively: R , = (1.75;1.95;2.17; 2.35)
MN. According to [7], the characteristic Value R, of soil resistance to
the pile pressing according to test results, if the1r number n > 1, is
assigned based on two values: minimum R = 1.75 MN and average

m,min

R__=2.06 MN of the values of the indices of ultimate loads on pile
foundations, (see Figure 3) according to the formula (3)
Rc;k = min (an, mean/ E-’l’ Rm, min/ E-’Z)’ (3)

where £ , £ are correction factors that take into account the number
of tested piles. For the four tests in Table A9 [7]: & =1.10; £,=1.0.

Then R, = min{2.06/1.1=1.87; 1.75/1.0=1.75}, taken as R, =
1.75 MN.

The design (calculated) resistance of the foundation to the pile
pressing R_, depends on the chosen design approach. Taking into
account that [7] provides 3 design approaches (DA1-DA3) and the
National Annex gives none of them priority, R_, is calculated using all
three approaches.

The design resistance of foundation R _;, when using approach DA1
and the corresponding 2 combinations of a set of partial resistance
factors v, defined in Table A.7, y, = 1.1 (combination 1) and y, = 1.0
(combination 2 ), will be:

- for combination 1: R,=R,/v=175/11=159>F =
1.0 MN;

- for combination2: R ;=R ,/v,=175/1.0=175MN>F_ >
1.0 MN.

Similarly, when using design approaches DA2 and DA3, the
design (calculated) resistances of the pile foundation to the pressing,
in their corresponding combinations of sets of partial coefficients for
resistances R, (in DA2), y, = 1 1, and R, (in DA3), y, = 1.0, will be:

-whenusngAZR /yt—175/11—159MN>F
1.0 MN, which corresponds to the combination 1 according to DA1;

- when using DA3: R.=R.,/v=175/1.0=175MN > 1.0 MN,
which corresponds to combination 2 according to DA1.
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Examples of comparative calculations of pile bearing capacity
by analytical method using data of physical and mechanical
properties of the soil. One of the variants of comparative calculations
using the above methods for research of two geotechnical frameworks
of national TNPA on the design of pile foundations is considered.

Baseline. Calculation of a traditional precast (driven) prismatic pile
of standard size I (see Methods) with a square cross section with sides
(0.3x0.3) m and length 4 m, immersed in a layered foundation with
soil characteristics determined by specific tests on one well (see Option
A in Figure 3) is performed: for the 1st and 2nd soil layers h1 and h2:
y ‘= 20 kN/m3, c'u = 15 kPa, for the 3rd layer h3:y = 18 kN/m3, c’u
= 0, 01 kPa. The standard (representative) axial pile-bearing load is
Nn (Frep) = 250 kN. Distribution of temporary and permanent load in
its total volume is 40 %/60 % (numerator/denominator). According to
the test results for 3 piles Fun.min (Rm.min) = 364 kN, the standard
(representative) bearing capacity of their foundation is: the minimum
average of three is Rm.min = 396 kN. The calculation model for a
pile of standard size I (see Methods) with the characteristics of the
properties of its foundation is shown in Figure 3.

Calculation according to TKP RB (Example 2). According to
[1, 2], the bearing capacity of the pile foundation Fd is determined
by the analytical method as the sum of the resistance of the soil to
the pressing of the lower end and the shaft. For this, first, the pile
foundation is divided into 3 layers h1 = 2m, h2 = 1.5 m and h3 = 0.5
m, according to Tables 6.1 and 6.2 [2], for which the calculated values
of soil resistance are determined at the level of its lower end, equal in
this case: R = 4400 kPa and Rfi = (7.5; 14; 60) kPa.

Fdzyc. (Ycr. RA+ycf. ui. ZRfi. hl) =

=1(1°4400°0.09+11.2¢(7.5°2+14°1.5+°60°0.5)) =
=396 + 79.2 = 475.20 kN,

wherey, v, v, are the coefficients of the working conditions of the
pile in the soil, equal to 1; A is the cross-sectional area of the pile, 0.09
m?; u, is the average perimeter of the transverse shaft of the pile in the
i-th layer of the soil, 1.2 m; h, is the thickness up to 2 meters of the i-th
layer of soil in contact with the side surface of the pile, which the pile
foundation is divided into, m;

Permissible (ultimate) pile-bearing load, according to the TKP RB,
based on the results of:
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— calculations
_ Fd.cal _ 475120

Fea =339,43 :N>N=v,-N, =1,2:250=300 kN;
Yk 1.4

— tests

F, =E}—m=%:303.33 MN; >N=y,-N, =1,2-250=300 kN.
k .

where vk is the coefficient of reliability of the method for determin-
ing the bearing capacity of the pile, according to [1], equal to: yk = 1.4
for the analytical method yk = 1.2 according to the results of pile tests.

Calculation according to TKP EN (Example 3). The ultimate
characteristic resistance of the soil to pile pressing, in the analytical
method using the physical and mechanical characteristics of the soil,
and in the method based on the results of static load pile testing,
are determined by the formula similar to (3), where the indices “m”
(“measured”) replaced by “cal” (“calculated”), and the values &1, £2
are replaced by &3, &4, given in Annex A [7].

The characteristic values of (R__) . = (R, + R _) _ and
R..) mn = R, + R) ., (see formula (3)) may be determined
by any of the analytical theories confirmed by experimental data
using correction and partial factors to assign the design (calculated)
resistance of the pileR_,

The characteristic res1stance of the foundation (bearing capacity
according to terminology in [1]) to pile pressing Rc;k = (Rb.k + Rs.k)
according to the above baseline, is defined as the sum of the resistance
to pressing of its lower end Rb.k and the shear resistance of its shaft
Rs.k, with the use of correction and partial factors €4 and analytical
formulas of the theory of elasticity, recommended by [7].

R.=Ra /78 =R, * (c"NC°sC+q"Nq°sq+0.5'y’°B°
*N*s) /&g =03°03°(1°6130¢°1.63+72¢48.89¢1.69 +
+0.5°18°0.3°74.83°0.7) /1.4 =382.11kN,

wheres =1+sing’ =1+ 0.616 = 1.62; s, (s °N 1)/(N 1=

(16164889 1) /(48.89-1) —163 sy—07

N, =™ tg? (45%%) = 48,89;

= (Nq— 1)  ctgd’ = 61.30;
N =2¢(N_ - 1) » tgd’ = 74.83;
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qg=v7°d=18¢4 = 72kPa.
Rs.k: Z Rs.cal/ §4 = (Rs hl.cal+ Rsh2.cal) / §4 = 2556 / 14 = 1826 kN’
here R =A,*a°*c =4°03°35°0.4°15=252KkN,

shl.cal

=A, 0°¢c=4-03-05-06-1=036kN.

s h2.cal

The design (calculated) resistance to pile pressing is determined
according to the research methods, for all 3 design approaches DA1...
DAS:

— according to DA1, the calculation is performed for two
combinations, where for the set of coefficients in the combination
A1+M1+R1 only the partial factors of the actions of the set Al are
not equal to one: y, = 1.35 and y, = 1.5; and in combination 2:
A2+M1+R4, coefficients of the effects of the set A2: y, = 1.0, y, =
1.3, and set R4: y, = 1.3. Consequently:

— for combination 1:

Fea =Ye- (0,6-F5,) +vo(0,4- Frep) =1,41-F,, = 1,41-250 = 352,50 kN

<R, = @R, +R)/y= (38211 + 18.26) / 1 = 400.37 kN
(deviation from the calculation results according to TKP RB, Example
1, towards of overestimation (“+7) is: i, = (+)18 % relative to the ex-
perimentaldataR , =R . /v, =364/1=364kN-i = (+)10%).

— for combination 2:

F,,=112°+F_=112+250=280xH <R, =R /v =400.37
/ 1. 3 307 98 kN (deviation towards underestimation (“~”) from TKP
RB: i = ()10 %, from the test results: (364 / 1.3 = 280) -i_=
(+)10 %).

— according to DA2, in the combination A1+M1+R2, factors not
equal to one are, respectively, for Al: y, = 1.35 and y, = 1.5 and for
R2: y = 1.1, then:

=1.41+ 250 =352.50kN <R_, , =400.37 /1.1 =363.97 kN
G, = (+)7% i =E9% R, = 330 91 kN).

- accordmg to DA3, in combination A1+M2+R3, factors equal
to more than one are, for sets Al: y, = 1.35 and y, = 1.5; in M2:
v$.= 1.25;y, = 1.4. Then:

¢, = tan” (tan38 ° / 1.25) = 30.4; N, =19.27;N, = 31.78; Ny =
21.44;

¢,=c¢,/14=15/14=10.7kPa;c ,=1/1.4 = 0.71 kPa:

ul
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R, =0.3°03(0.71+31.78 * 1.63 + 72 ¢ 10.27 * 1.62 + 0.5 ¢
18 03 21.44 ¢ 0.7) / 1.4 = 149.46 kN;
=(4°03°35°04°10.7+4°0.3°05°0.6°0.71) /1.4
= 13 03 kN;
= 149.46 + 13.03 = 162.49 kN.
= 1.41 » 250 = 352.50 kN > R_, = 162.49 = 162.49 kN (i
= (- )52 %,
= ()52 % (R_, = 364 kN)). The condition F_, < R_, is not
sat1sf1ed ie. accordmg to DA3, the pile must be buried deeper 1nto the
foundation for another 1 meter.

Analysis of the results. The analysis of generalized results of
research carried out by the Institute BelNIIS RUE throughout the
whole range of studies (different types of piles, soils, etc., see the above
Methods) showed that despite the same fundamental approaches to the
pile calculations (for the 2 groups of limit states) the design techniques
used in the Belarusian and European regulatory frameworks (TNPA)
— as a result of the established historical traditions in the field of
application of computational (theoretical) models — have significant
differences, in particular:

1 — when assessing the bearing capacity of pile foundations F,
according to TKP EN [7], based on the data of static pile testing of
soils, the main role is played by:

— the number of tests and the variation of their results, since the
safety factors in TKP EN are constant, and in TKP RB their value depends
on the number of tested piles calculated using the probabilistic-
statistical method,;

— the size of the pile cross section (the greater the cross section of
the pile, the greater the difference in the results of calculations for the
two TNPA frameworks [1, 5 and 7]), since according to TKP EN, F,
is assigned depending on the settlement, assumed to be 10 % of the
diameter or the larger side of the pile, and in TKP RB it depends on the
share of the average (maximum) foundation settlement allowed for
the designed structure. As a result, F, values may differ by 2 or more
times. The greatest coincidence of results is established for piles with a
diameter or a larger side of (200-500) mm.

2 — when assessing the bearing capacity of pile foundation F,
using the physical and mechanical characteristics (analytical method)
according to the two TNPA frameworks [1] and [7], the discrepancies
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between their results (limit state condition) are 10-20 % for DA1, DA2
and up to 50 % or more for DA3. Based on the fact that the minimal
discrepancies between the TNPA frameworks [1] and [7] are observed
when using the design approach DA2 of Eurocode 7, it is recommended
to be established in the National Annex to Eurocode 7 as the main
approach for pile calculations.

CONCLUSION

1. On the basis of the developed research methods, comparative
geotechnical calculations of the bearing capacity of the pile
foundations according to the Belarusian and European nation-
al TNPA frameworks and verification of European standards
(Eurocode 7 [7]) were applied in the context of the Republic
of Belarus.

2. Comparative analytical calculations of the bearing capacity of
natural pile foundations of the Belarusian region by the physi-
cal and mechanical characteristics of the soils using the meth-
ods of Belarusian and European national TNPA frameworks,
showed that the difference between their results in the con-
text of the Republic of Belarus, when reaching the limit state,
is 10-20 % for DA1, DA2 and up to 50 % or more for DA3 (see
Examples 1-3). The minimum discrepancy between the results
of the compared calculation methods according to [1] and
[7] is provided by the design approach DA2, which is recom-
mended to be established as the main approach in the National
Annex to TKP EN 1997-1-2009: Eurocode 7 Part 1.

3. To update TAP EN 1997-1-2009: Eurocode 7, for it to be active-
ly used in the design practice of the Republic of Belarus, it is
necessary to fully translate from English and put into operation
STB EN for soil testing, and fit testing laboratories with appro-
priate equipment.

4. The results of generalization of comparative calculations of pile
foundations for two groups of limit states also serve as starting
material for the development of guidelines (manual), explaining
with practical examples an algorithm for effective application of
the principles of European standards in the Republic of Belarus
for the purposes of retraining and advanced training of various
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categories of technical specialists. Without these measures (in-
cluding items 2 and 3), the effective use of Eurocode 7 is impos-
sible.
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