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Abstract. The aim of the study is to compare the design bearing capacity of bored piles
according to SP RK 5.01-103-2013 and Eurocode 7, taking into account the engineering-geological
conditions of the Republic of Kazakhstan and the results of full-scale static load tests. The research
methodology included an analysis of regulatory requirements, processing of test results for three
bored piles with a diameter of 1000 mm and a length of 18 m, and parallel determination of the design
bearing capacity using national and European approaches. Static compression load tests were
carried out up to 700 tf with registration of pile settlements and subsequent interpretation of the
experimental load-settlement curves. According to the test results, the ultimate loads were 658.0,
685.0, and 700.0 tf; the mean value was 681.0 tf, and the minimum value was 658.0 tf. The calculation
according to SP RK 5.01-103-2013, considering the reliability factor yk = 1.20, resulted in a design
bearing capacity of 548.33 tf. Processing the same data according to Eurocode 7, using the
correlation factors &, = 1.20 and &, = 1.05, as well as the partial resistance factor yt = 1.15, gave a
design resistance of 493.33 tf. The difference between the calculated values was 54.85 tf, or 10.0%.
It was established that the Eurocode 7 approach provides a more conservative assessment of pile
bearing capacity, as it additionally considers the statistical reliability of the experimental database.
The practical significance of the study lies in the possibility of using Eurocode 7 as an additional tool
for verifying design solutions in pile foundation design in Kazakhstan.
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KA3AKCTAH PECITYBJ/IMKACHI JKAF JAMBIHJA EUROCODE 7
TAJIAIITAPBIHA COVIKEC BYPFBUIAHBIII JKACAJIFAH
KAJAJIAPIBIH KOTEPTIIIITIK KABIJIETIH AHBIKTAY
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! Xanbikapanbix 6inim 6epy kopnopayuscbl, 050028, Aimambt, Kazakcman

2Ka3ak KypblbIC JCaHe Cayaem eblibIMU-3epmmey JicaHe yicobanay uHcmumymbt, 050062, Aamambt, Kazakcman
? Umnepamop Anekcanop I ambiHOaebi Cankm-ITemepbype memaekemmik KAmbIHAC HCOAOAPbL
yHueepcumemi, 190031, Cankm-ITemep6ype K., Peceli

AHOamna. 3epmmeydiy makcambl - Kazakcman Pecny6aukacblHblq UHMCEeHepaiK-
2€0/102US/IbIK XHca20ailiapblH JHCIHe HAMyp/blK CMAMUKAIbIK CbIHAK HaMudicenepiH eckepe
ombipbin, OypebLian KylibLlIambiH Kadaaapobly ecenmik kemepeiw Kabinemin KP EXK 5.01-
103-2013 scaHe Eurocode 7 mananmapbl 60lbiHWA caabicmblpmanbl 6azaaay. 3epmmey
adicmemeci Hopmamuemik maaanmapobl maaoayobl, duamempi 1000 mMm #caHe Y3bIHObIEbI
18 m 6onambiH yw 6ypebLian KyUbL1amblH KAOAHbIH CbIHAK HamuoicenepiH eHoeyoi,
COHOQU-aK YAMmbIK JCaHe eypona/nblK macindep 6OolibiHWA ecenmik Kemepeiw Kabinemmi
napannenb aHbIKMayobl KaMmblObl. CmamuKaabiK CbIHaKMap kaoanapobly wWe2yiH mipketl
ombipbin, 700 mc OeliiHei bacy xicyKmemecimeH xicypei3indi dcaHe KelliHHEH «JiCyKmeme-
wezy» 3KCnepuMeHMmiK KUCbIKmapbl uHmepnpemayusiaaHobl. CbIHAK Hamudicenepi
6olibiHwa wekmi xcykmemenep 658,0; 685,0 scane 700,0 mc Kypaobl, opmawua mMaHi - 681,0
mc, e memeHai maHi - 658,0 mc. KP EXK 5.01-103-2013 6olibiHwa yk = 1,20 ceHimOinik
Ko3(hpuyueHmiH eckepe ombIpbin JHcypei3ineeH ecenmey HamudiceciHOe ecenmik Kemepeaiu
kabinem 548,33 mc 6010b1. Con depekmepdi Eurocode 7 6otibiHwa &, = 1,20 dcame &, = 1,05
KoppensyusiiblK KoagguyueHmmepiH, coHoati-ak yt = 1,15 dceke KoappuyueHmin eckepe
ombipbin 6HOey ecenmik KkedepeiHiy 493,33 mc ekeHiH kepcemmi. Ecenmik MmaHOep
apacbiHOazbl alibipmawibLibi 54,85 mc Hemece 10,0 % Kypaodbl. Eurocode 7 macini KaOaHbiH
Kemepeiw KabinemiH HeeypablM KOHCepgamugemi 6OaeanalimbiHbl aHbIKMAObl, cebebi on
3KcnepumMeHmMmik 0epekmep 6a3acbiHbIH CMAMUCMUKAbIK CeHiMOini2iH KocbiMuwa eckepeoi.
3epmmey0diH npakmuKablK Maybi30bLiblebl Kazakcmanoa kadanbl ipeemacmapobl dcobanay
ke3iH0e Eurocode 7 adicmemeciH dcobanblk wewimoepdi KOCbIMWAa mekcepy Kypa/bl
pemiHOe Kon0aHy MyMKiHOi2imeH cunammanaobl.

Tytiin ce3dep: Oypeblian KyliblilambiH Kadanap, kemepeiw kabinem, Eurocode 7, KP
EJK, cmamukanblK cbiHakmap, kaoabl ipeemacmap, 2e0mexHUKaablK x#obanay.
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OITPEJIE/IEHME HECYIIIEN CIIOCOBHOCTHU
BYPOHABVBHBIX CBAM ITO EUROCODE 7 B YC/IOBUSIX
PECIIYB/IMKN KA3AXCTAH
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! Meowcoynapoonas obpazosamenvuas kopnopayus, 050028, Armamel, Kazaxcman
’Ka3zaxckuli HayuHO-Uucc1e008amenbCKuil U NPOeKMHbIL UHCMuUmym cmpoumenbcmea u apxumekmypbt, 050062,
Aamambl, Kazaxcman

3Cankm-ITemep6ypackuii 2ocydapcmeeHHbill yHugepcumem nymetl coodbweHust imnepamopa Anekcauopa I,
190031, 2. Cankm-ITemep6ype, Poccus

AnHoTanusa. Lleab uccnedosaHus 3akaouaemcsi 8 CpAdBHUMENbHOU OYeHKe pacuemuoll
Hecyweli cnocobHocmu 6ypoHabueHbix ceali no CIT PK 5.01-103-2013 u Eurocode 7 ¢ yuemom
UHJICeHepHO-2eo02udeckux ycaosuil Pecnybauku KazaxcmaH u  pe3yabmamog HAmMypHbIX
cmamuyveckux —ucnbimavuii. Memooduka uccnedosaHusi —6KAIUAAd AHAAU3  HOPMAMUBHBIX
mpebosaHutl, 06pabomky pe3yabmamos ucnbimaHuli mpex 6ypoHabugHbix cgali duamempom 1000
MM U OnuHol 18 M, a makdce napanienbHoe onpedeseHue pacuemHoll Hecyujeli cnocobHocmu no
HayuoHAAbHOMY U  egponelickoMy nooxodam. Cmamuueckue UCNbIMAHUSL  BbINO/MHSAUCDH
gdasauearoujelti Haepyskoli 0o 700 mc c¢ peeucmpayuelli ocadku cgaii u nocaedyoujel
UHmMepnpemayueli 5KCnepuMeHManbHbIX KpUBblX «HA2py3Ka-ocadkax. Ilo peynabmamam ucnbimaxuli
npedeabHble Hazpysku cocmasuau 658,0; 685,0 u 700,0 mc, cpedHee 3HaueHue - 681,0 mc,
MuHumanbHoe - 658,0 mc. Pacuem no CII PK 5.01-103-2013 c¢ yuemom ko3agguyueHma
HadexcHocmu yk = 1,20 dan pacuemHyio Hecyugyto cnocobHocmb 548,33 mc. Obpabomka mex dce
OdaHHbIx no Eurocode 7 ¢ yuemom KoppeasiyuoHHbIx koagppuyuenmos &, = 1,20 u &, = 1,05, a makaice
yacmHozo Ko3gguyuenma yt = 1,15 nokazana pacuemtoe conpomueneHue 493,33 mc. Paszuuya
Medcdy pacuemHbiMu 3HayeHusiMu cocmasuna 54,85 mc, uau 10,0 %. YcmaHoeneHo, umo nodxod
Eurocode 7 Oaem 6osee KOHCep8amueHyl0 OUeHKy Hecyujeli cnocobHOCmu ceau, NOCKOAbKY
O0ONO/HUMEAbHO y4YUMbIBAem CMamucmu4eckylo HAO0eNdCHOCMb 3KCnepuMeHmanbHol 6a3sbl.
Tpakmuueckas 3HaUUMOCMb UCCAE008AHUSL COCMOUM 8 803MOMCHOCMU npumeHeHusi Eurocode 7 kak
00NO/MHUMEAbHO20 UHCMPYMEHMA NpoeepKU NPOeKMHbIX pewieHull npu npoeKmupos8aHuU CeatiHbIxX
¢yHoamenmos e Kazaxcmate.

KrwoueBbie c1oBa: OypoHabuseHble ceau, Hecywas chocobHocmb, Eurocode 7, CIT PK,
cmamuuecKue UCNbIMAHusi, CéaliHble (hyHOaMeHMbl, 2e0mexHUUYeCcKoe npoeKmuposaHue.
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1 INTRODUCTION

Pile foundations are one of the most widely used types of foundations in the construction of
buildings and structures under complex engineering-geological conditions. Their application is
especially relevant in cases where the upper layers of the soil foundation do not provide the required
bearing capacity, stability, and permissible deformations. In the Republic of Kazakhstan, the use of
pile foundations is of significant practical importance due to the presence of heterogeneous, water-
saturated, fill, and seismically hazardous soils . Under such conditions, the reliability of the designed
foundation largely depends on the correct assessment of pile bearing capacity, the quality of
engineering-geological investigations, and the reliability of the interpretation of full-scale test results.

In the practice of pile foundation design in Kazakhstan, the main regulatory document is SP RK
5.01-103-2013 “Pile Foundations” [1]. At the same time, in recent years, the importance of applying
international approaches, including Eurocode 7, has been increasing. Eurocode 7 is based on the
concept of limit states, characteristic values of parameters, partial safety factors, and statistical
processing of test results. Unlike the traditional approach, Eurocode 7 makes it possible to consider
not only the minimum value of the ultimate load, but also the reliability level of the experimental
database through correlation factors that depend on the number of tested piles.

The relevance of the study is determined by the need to compare the national and European
approaches to determining the design bearing capacity of bored piles under the conditions of the
Republic of Kazakhstan. Despite the existing regulatory framework and practical experience in pile
foundation design, the issue of quantitatively comparing the results obtained according to SP RK
5.01-103-2013 [1-5] and Eurocode 7 based on the same full-scale static load tests remains
insufficiently studied. It is especially important to analyze how differences in design coefficients and
methods of processing experimental data affect the final value of the design bearing capacity of a
pile.

The aim of this study is to perform a comparative assessment of the design bearing capacity of
bored piles according to SP RK 5.01-103-2013 and Eurocode 7 based on the results of full-scale static
load tests carried out under the engineering-geological conditions of the Republic of Kazakhstan.

The scientific novelty of the study lies in the parallel processing of one experimental series of
static load tests of bored piles using two regulatory approaches: the national method according to SP
RK 5.01-103-2013 and the European method according to Eurocode 7. The study quantitatively
demonstrates the influence of different principles of test result processing on the design bearing
capacity of a pile. According to SP RK, the calculation is based on the minimum value of the ultimate
load and the reliability factor, whereas Eurocode 7 takes into account the mean and minimum test
values, the correlation factors &, and &,, as well as the partial resistance factor. This approach makes
it possible to assess the degree of conservatism of the European methodology as applied to the soil
conditions of Kazakhstan.

The practical significance of the study is that the obtained results can be used in the design and
verification of pile foundations under complex engineering-geological conditions of the Republic of
Kazakhstan. Comparison of the design values according to SP RK [1-7] and Eurocode 7 makes it
possible to reasonably account for the influence of the regulatory methodology on the assigned design
load, the number of piles, and their length and diameter. The results of the study may also be applied
in the adaptation of Eurocode 7 provisions to domestic geotechnical design practice and in the
development of recommendations for interpreting static load tests of bored piles.

Although pile design methods have developed significantly in recent decades, the determination
of the axial bearing capacity of piles still largely depends on the use of empirical correlations. As a
result, for many soil types, bearing capacity can be estimated with an accuracy of only approximately
+30% [8], while in rock masses it may be significantly underestimated. Due to the uncertainty
associated with predicting load-settlement behaviour using existing calculation methods, pile load
testing is widely used in practice to verify design solutions.

The information obtained from pile load tests can be used for several purposes [9], including:
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- checking the quality of construction and workmanship;

- confirming design data;

- enabling more refined or more reliable design, with the potential to reduce the cost of
subsequent piling works.

Since pile testing can be expensive, especially on small projects, the need for such testing
should be considered from the standpoint of risk reduction. On large construction sites where a
significant number of piles are installed, testing may also be considered from the perspective of
potential cost savings. Pile tests can provide refined design parameters, which makes it possible to
optimize pile design, for example, by reducing pile length [10-11].

The pile testing strategy recommended by the Federation of Piling Specialists [12] in the
Handbook on Pile Load Testing is presented in Table 1. Similar recommendations for testing
preliminary and working piles under low- and medium-risk conditions are also provided in BS
8004:2015.

Table 1. Typical pile testing strategy depending on risk level [12]

Ne Characteristics of piling works Risk Pile testing strategy

level
1 Complex or unknown ground Both preliminary pile tests and working pile tests are required
conditions
No previous pile test data High 1 preliminary test for every 250 piles
available
New pile installation technology 1 working pile test for every 100 piles
or very limited relevant
experience
2 Uniform ground conditions Pile testing is required
No previous pile test data Mediu Preliminary tests and/or working pile tests may be used
available
Limited experience with pile m 1 preliminary test for every 500 piles; 1 working pile test for
installation in similar ground every 100 piles
conditions
3 Previous pile test data are Pile testing is not mandatory
available Low
Significant experience with pile Where testing is specified, preliminary tests or working pile tests
installation in similar ground may be used; 1 preliminary test for every 500 piles; 1 working
conditions pile test for every 100 piles

In general, static pile testing methods are expensive and time-consuming [13-16], with both
cost and duration increasing as the required load increases. However, their advantage lies in the
relative simplicity of analysis and interpretation of the results. In contrast, dynamic and rapid load
testing methods allow tests to be performed faster and, at high loads, become less expensive than
static tests; however, they require more specialized equipment and more complex interpretation of
results.

Recent studies conducted in Kazakhstan also emphasize that the stress-strain state and the
dimensions of the compacted zone around piles significantly influence their bearing capacity and
should be considered during design [17].

Modern studies show that determining the bearing capacity of bored piles remains an important
task in geotechnical design, since calculation methods may produce different results depending on
the initial soil parameters, the method used to interpret the load-settlement curve, and the adopted
design model. Vural et al. proposed an approach for estimating the ultimate bearing capacity of
piles based on pile load test data and noted that methods of interpreting test results can significantly
affect the final bearing capacity value [18].

For large-diameter bored piles, static load tests are considered the most reliable basis for
predicting ultimate bearing capacity. However, bringing such piles to complete failure in practice is
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often difficult due to the large loads required and the development of significant displacements [19-
22].

The use of machine learning models for estimating the bearing capacity of bored piles based on
pile and soil parameters has also been considered in recent studies. The results show that modern
computational and analytical methods can be used as an additional forecasting tool; however, they
require verification using full-scale test data [23-25].

Using bored piles with Expander Body technology as an example, Monteiro et al. demonstrated
the need to assess the accuracy of semi-empirical methods by comparing calculated values with the
results of load tests. This approach is consistent with the general logic of Eurocode 7, according to
which the reliability of the design resistance of piles should be related to the quality and quantity of
experimental data [26-28].

When considering the second generation of Eurocode 7, Moormann and Burlon note the
development of approaches to pile foundation design based on limit states, partial factors, and a more
systematic assessment of the reliability of geotechnical data. This confirms the relevance of applying
the provisions of Eurocode 7 when analyzing the bearing capacity of piles under the conditions of the
Republic of Kazakhstan [29, 30].

3 MATERIALS AND METHODS

The research materials included regulatory documents on the design of pile foundations, the
provisions of Eurocode 7, engineering-geological investigation data, and the results of static
compression load tests of bored piles.

The investigated site is located in the Almaty Region, Ili District, Otegen Batyr settlement. The
geological structure of the site consists of alluvial-proluvial deposits of Upper Quaternary age,
ap(QIII-IV), which are overlain from the ground surface by fill soils. According to the engineering-
geological investigations, within the investigated depth of up to 60.0 m, 6 layers and 12 engineering-
geological elements were identified. The main soils include fill soils of various composition, silty
sands, coarse sands, medium sands, gravelly sands, sandy loams, loams, silty deposits, and gravelly
soils.

The hydrogeological conditions are characterized by the presence of groundwater, the level of
which is subject to seasonal fluctuations: the minimum groundwater level is observed in March, while
the maximum level occurs in early May. Groundwater recharge occurs due to infiltration of
atmospheric precipitation, and in spring due to meltwater and floodwater. These conditions are
important in assessing the performance of bored piles, since water saturation of soils may affect the
deformation characteristics of the foundation soil and the mobilization of shaft resistance along the
pile surface.

To provide a more detailed description of the engineering-geological conditions of the site,
Table 3 presents the main physical and mechanical properties of the soils used in the interpretation of
the static load test results of bored piles.

The importance of comprehensive field investigations for obtaining reliable geotechnical
parameters has also been confirmed by recent studies performed in Northern Kazakhstan. Recent
studies in Kazakhstan demonstrate that improving the engineering properties of soils by modern
strengthening technologies, including polyurethane injection methods, can significantly increase the
reliability of foundations under difficult ground conditions [31,32]. Table 2 presents a summary of
the physical and mechanical properties of the soils at the study site.

Table 2 - Summary of physical and mechanical properties of the site soils [Authors’ material]

Soil / EGE P, E, MPa natural / ¢, kPa natural / 0, degrees natural /

g/cm3 saturated saturated saturated

1  Layer 1 - fill soil, pulp 1.97 9.32/5.95 80 /62 23/21
2 Layer 2 - fill soil, sands of 1.67 10.30/4.97 3/3 20/19

various grain sizes
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3 Layer 3 - fill soil, sandy loam 1.92 10.97/8.89 37/33 18 /17
4  Layer 4 - fill soil, loam 1.97 9.92/8.43 52/47 26/23
5 Layer 6 - silty deposits 1.91 11.13/8.59 40/ 37 19/18
6 EGE 1 -silty sand 1.87 28.00 6 34
7  EGE 2 - coarse sand 1.67 13.07 /10.94 12/11 23/21
8 EGE 3 - medium sand - 17.87/15.61 3/2 30/27
9 EGE 4 - gravelly sand 1.77 18.78 /16.69 8/4 36/33
10 EGE 5 - hard sandy loam 2.05 12.85/10.39 63 /53 17 /15
11 EGE 5a - plastic sandy loam 2.02 10.00/6.00 54 /48 20/15
12 EGE 6 - hard and semi-hard 2.04 9.57 /8.37 76 /61 17/15
loam
13 EGE 6a - stiff-plastic and soft- 1.95 9.75/8.40 48/ 44 17/14
plastic loam
14 EGE 7 - gravelly soil 2.12 21.00 - -

Note: p is soil density; E is deformation modulus; c is cohesion; ¢ is the angle of internal friction. For several sandy soils,
based on dynamic probing data, it is recommended to adopt increased values of the deformation modulus: 66.0 MPa for
silty, medium, and coarse sands; 62.0 MPa for medium and coarse sands at depths of 6.0-22.0 m; and 66.0 MPa at depths
of 22.0-30.0 m.

The analysis of the engineering-geological conditions shows that the performance of bored piles
at the investigated site is formed within a heterogeneous soil mass, including fill soils, sandy soils,
sandy loams, loams, silty deposits, and gravelly soil. Soil density, deformation modulus, angle of
internal friction, and cohesion are of the greatest importance for interpreting static load tests, since
these parameters determine the pattern of pile settlement development and the mobilization of
resistance along the shaft and under the pile base.

According to the dynamic probing data obtained to a depth of 30.0 m, coarse and medium sands
were identified at the site, occurring from a depth of approximately 6.0 m. The minimum conditional
dynamic resistance was 4.79 MPa, the maximum was 28.8 MPa, and the average value was 20.5 MPa.
Based on the assessment results, the sands are characterized as dense and medium-dense, and the
probability of liquefaction is considered practically impossible. This factor is important when
assessing the reliability of a pile foundation in a seismic region. The figure 1 shows a static pile load
test setup: 1 — test pile; 2— working anchor pile; 3 — reference system equipped with displacement
measuring instruments; 4 — hydraulic jack with a pressure gauge; 5 — support and beam system; 10
— thermometric device.

2

R

]
-4
]
[}

i

Figure 1 - Layout of the static pile test setup with a beam system and anchor piles
(GOST 5686-2020) [33]
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Figure 2 - Location of test piles No. 31i and No. 26i on the engineering-geological section [Authors’ material]
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Test No. 5 Test No. &
Pile 111 Pile 211

Section along line IV-IV

Test No. 6
Pile 16U

Figure 3 - Location of test pile No. 11i on the engineering-geological section [Authors’ material]

During pile testing, the requirements for the field pile test programme were followed in
accordance with Appendix A of GOST 5686-2020 [16].
Number of tested piles:
under natural conditions under compression load - 3 piles.
The table 3 below presents the data on the piles subjected to static load testing.

Table 3 - Initial data for the series of bored piles [Authors’ material]
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. Settlement at
Maximum load,

Test No. Pile No. Diameter, mm Length, m " maximum load,
mm
1 311 1000 18 700 34.55
261 1000 18 700 31.89
3 111 1000 18 700 29.02

The tests were performed using a loading platform setup consisting of two longitudinal
reinforced steel I-beams No. 100 and two transverse I-beams No. 120, anchored to four piles similar
to the test piles. The loading platform setup complies with the recommendations of Appendix B of
GOST 5686-2020 [7] and is shown in Figure 4.

Figure 4 - Loading platform for static testing of a bored pile [Authors’ material]

Pile loading under compression was carried out in increments of 70 tons, depending on the
magnitude of settlement and the rate of deformation stabilization. The load was applied using
DG-800G300 hydraulic jacks with a load capacity of 800 tons, bearing against an anchor-reaction
frame. Pressure in the jack was generated using an electric oil-pumping station supplied together with
the jack.

The applied force was measured using a digital pressure gauge installed in the oil-pumping
station, with a scale interval of 10.0 kg/cm2.

Pile displacements were measured during testing using PSK-MG4 deflectometers installed on
both sides of the pile on the fixed supports of the reference system.

Pile displacement was determined as the arithmetic mean of the readings from two instruments.
The conditional settlement stabilization criterion was taken as a pile settlement rate not exceeding 0.1
mm over the last 30 minutes of observation [16].
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Figure 5 - Instruments used during static load testing [Authors’ material]

4 RESULTS AND DISCUSSION

During the study, three static compression load tests were carried out on bored piles with a
diameter of 1000 mm and a length of 18.0 m.

The ultimate value for determining the bearing capacity of a pile was established in accordance
with Clause 4.5.5 of SP RK 5.01-103-2013 [1-5]. For foundations of buildings and structures, except
for bridges and hydraulic structures, the individual value of the ultimate resistance of a pile under
compression load, Fu, is taken as the load at which the tested pile reaches a settlement equal to S,
determined by Formula (1):

S ={ x Su,mt (1)
where:
Su,mt is the ultimate value of the average settlement of the foundation of the designed building or
structure;
( is the coefficient for converting the ultimate value of the average settlement of the building or
structure foundation, Su,mt, to the pile settlement S obtained during static tests with conditional
settlement stabilization.

In this study:

S =0.2 x 150 = 30 mm.

When processing the test results, the load corresponding to a settlement close to 30 mm was
adopted as the ultimate compression load.

A continuous increase in settlement S without an increase in load, at S < 30 mm, for tests No.
2, No. 3, and No. 5 of piles with a diameter of 1000 mm and a length of 18.0 m occurred at the
following maximum loads:

Test No. 2, pile No. 31i - 658.0 tf;
Test No. 3, pile No. 26i - 685.0 tf;
Test No. 5, pile No. 11i - 700.0 tf.

Among the three tests, the minimum obtained load was selected for further calculation:

Fd =658.0 tf.

The design load transferred to the pile, according to Formula (2) of Clause 4.4.1.11 of SP RK
5.01-103-2013 “Pile Foundations™, is determined taking into account the reliability factor yk = 1.20,
adopted when the bearing capacity of piles is determined based on field static load test results:

Fu =Fd/yk =658.0/1.20 = 548.33 tf. 2

Calculation according to Eurocode 7

To process the same test results according to Eurocode 7, the method for determining the
characteristic resistance based on the mean and minimum values of the ultimate load was used, taking
into account correlation factors depending on the number of tests. For a series of three piles, the
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correlation factors &, = 1.20 and &, = 1.05 were adopted in accordance with Appendix A, Table A.9
of SP RK EN 1997-1:2004/2011.
The mean value of the ultimate load was 681.0 tf, and the minimum value was 658.0 tf. The
characteristic resistance was determined as follows:
Rc;k = min(Rmean / §;; Rmin/ &,)
Rc;k = min(681.0 / 1.20; 658.0 / 1.05) = 567.5 tf. 3)
The design resistance was determined taking into account the partial factor yt = 1.15, according
to Appendix A, Table A.7 of SP RK EN 1997-1:2004/2011:
Rc;d = Rc;k / yt = 567.5/ 1.15 = 493.33 tf. 4

Load on the pile, t
0 100 200 300 400 500 600 700 800

0 l——g

5,00 \

-10,00 N,

-15,00

RK EN (7): 493.33 tf

Ultimate vertical load on the pile foundation according to SP \

E
E
F 20,00 \
5 7 | Ultimate design vertical load Fd according to SP RK (3): 548.33 tf
3
2

25,00 N

\\
000 -~
\H

-35,00

-40,00

Figure 6 - Load-settlement curve of the bored pile under compression loading [Authors’ material]

The ultimate loads were determined from the experimental load-settlement curves. In addition,
the results were processed in parallel according to SP RK 5.01-103-2013 and Eurocode 7 for
subsequent comparative analysis (Table 4).

The number of tested piles in this study was three, which corresponds to the actual experimental
database of the considered site. When processing the results according to Eurocode 7, this number of
tests was taken into account through the correlation factors &, = 1.20 and &, = 1.05, which depend on
the number of tested piles. Thus, the limited sample size was directly considered in the calculation
procedure by reducing the characteristic resistance. At the same time, the obtained results should be
regarded as a site-specific assessment applicable to the considered engineering-geological conditions.
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To form a broader statistical database, additional pile tests at other sites in the Republic of Kazakhstan
are required.

Table 4 - Comparison of the results of static load test processing according to SP RK 5.01-103-
2013 [1] and Eurocode 7

Ne Parameter SP RK 5.01-103- Eurocode 7
2013
1 Number of tested piles 3 3
2 Ultimate loads from tests, tf 658; 685; 700 658; 685; 700
3 Processing principle Min. value Mean and min. values with &
4 Mean value, tf - 681
5  Minimum value, tf 658.0 658.0
6  Correction factors - & =1.20; & =1.05
7  Characteristic resistance, tf 658.00 567.50
8  Reliability factor / partial factor y, = 1.20 y: = 1.15
9  Design bearing capacity, tf 548.33 493.33
10 Difference, tf - -54.85
11 Difference, % - -10.00

The obtained difference between the design values according to SP RK 5.01-103-2013 and
Eurocode 7 is explained by the difference in the principles used to process the test results. In the SP
RK approach, the minimum ultimate load from the test series is adopted as the initial value, after
which it is divided by the reliability factor yk = 1.20. In the considered case, this resulted in a design
bearing capacity of 548.33 tf.

Eurocode 7 uses a different principle: the characteristic resistance is determined as the minimum
of two values - the mean test result divided by &, and the minimum test result divided by &,. The
obtained characteristic resistance is then additionally divided by the partial factor yt = 1.15. Therefore,
the design value according to Eurocode 7 was 493.33 tf, which is 54.85 tf, or 10.0%, lower than the
result obtained according to SP RK [1-5].

From a practical point of view, the obtained difference means that the application of Eurocode
7 under the considered conditions leads to a more cautious assessment of the design bearing capacity
of a bored pile. In design practice, this may affect the number of piles in the foundation, their length,
diameter, or the need for additional testing. At the same time, the more conservative value should not
be considered a disadvantage of the method, since it reflects the consideration of uncertainty in
engineering-geological conditions, the limited number of tests, and the statistical variability of the
results.

5 CONCLUSIONS

The conducted study showed that the comparative analysis of the bearing capacity of bored
piles according to SP RK 5.01-103-2013 and Eurocode 7 is relevant for the conditions of the Republic
of Kazakhstan, especially in the design of pile foundations under complex engineering-geological
conditions. The experimental basis of the study included the results of static compression load tests
of three bored piles with a diameter of 1000 mm and a length of 18 m.

Based on the interpretation of the experimental load-settlement curves, the ultimate loads were
determined as 658.0, 685.0, and 700.0 tf. The calculation according to SP RK 5.01-103-2013, based
on the minimum ultimate load and the reliability factor yk = 1.20, resulted in a design bearing capacity
of 548.33 tf. Processing the same results according to Eurocode 7, taking into account the mean and
minimum values, the correlation factors &, = 1.20 and &, = 1.05, as well as the partial factor yt = 1.15,
resulted in a design resistance of 493.33 tf. The difference between the calculated values was 54.85
tf, or 10.0%.
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It was established that, in the considered case, Eurocode 7 provides a more conservative
assessment of pile bearing capacity. This is due to the fact that the European approach takes into
account not only the minimum test value, but also the statistical reliability of the experimental
database through correlation factors. This approach is important when the number of tests is limited
and the ground conditions are heterogeneous.

The practical significance of the obtained results lies in the possibility of using the Eurocode 7
methodology as an additional tool for verifying design solutions in the design of bored piles in
Kazakhstan. When applying Eurocode 7, it is recommended to consider the actual results of static
load tests, the number of tested piles, the engineering-geological variability of the site, and the
requirements of the National Annex to Eurocode 7.

Experimental studies also indicate that soil improvement contributes to increasing the seismic
performance of foundation systems and should be considered together with reliable pile design
methods [34,35].

The limitation of this study is the use of an experimental database that includes three tested
piles at one site. Therefore, the obtained conclusions should be considered applicable to the
investigated ground conditions. Further research should be aimed at expanding the database of full-
scale static load tests of bored piles in different regions of Kazakhstan, comparing Eurocode 7
calculations with static cone penetration test results, and refining national reliability factors for pile
foundations, taking into account local engineering-geological conditions.

REFERENCES

1. SPRK 5.01-102-2013*. (2015). Foundations of Buildings and Structures [Osnovaniya zdanii
i sooruzhenii]. Astana. (In Russ.)

2. SP RK 5.01-103-2013. (2013). Pile Foundations. [Svainye fundamenty]. Nur-Sultan. (In
Russ.)

3. SP RK EN 1997-1:2004/2011. (2011). Geotechnical Design. Part 1: General Rules.
[Geotekhnicheskoe proektirovanie. Chast 1. Obshchie pravila]. Astana. (In Russ.)

4. SPRK EN 1997-2:2007/2011. (2011). Geotechnical Design. Part 2: Ground Investigation and
Testing. [Geotekhnicheskoe proektirovanie. Chast 2. Issledovaniya i ispytaniya grunta]. Astana.
(In Russ.)

5. SPRK 2.03-30-2017. (2017). Construction in Seismic Zones of the Republic of Kazakhstan.
[Stroitel'stvo v seismicheskikh raionakh Respubliki Kazakhstan]. Astana. (In Russ.)

6. Natsional'noe prilozhenie SP RK EN 1997-1:2007/2011. National Annex. [Natsional'noe
prilozhenie] (2011). Astana. (In Russ.)

7. SP RK EN 1990:2002+A1:2005/2011. (2011). Basis of Structural Design.[Osnovy
stroitel'nogo proektirovaniya]. Astana. (In Russ.)

8. Randolph, M. F. (2003). Science and empiricism in pile foundation design. Geotechnique,
53(10), 847-875.

9. Poulos, H. G. (2000). Pile testing: From the designer’s viewpoint. In O. Kusakabe, F.
Kuwabara, & T. Matsumoto (Eds.), Proceedings of the Second International Statnamic Seminar.
Tokyo, Japan.

10. NTP RK 08.05.1-2013. (2013). Design of Foundations of Buildings and Structures in Seismic
Regions. [Proektirovanie osnovanii i fundamentov zdanii i sooruzhenii v seismicheskikh
raionakh]. Astana. (In Russ.)

11. NTP RK 07-01.4-2012. (2012). Geotechnical Design. Part 1: Basis of Geotechnical Design.
[Geotekhnicheskoe proektirovanie. Chast 1. Osnovy geotekhnicheskogo proektirovaniya]. Astana.
(In Russ.)

12. Federation of Piling Specialists (FPS). (2006). Handbook on Pile Load Testing. FPS.

13. Fleming, W. K. G., Weltman, A. J., Randolph, M. F., & Elson, K. (2009). Piling

Engineering (3rd ed.). Taylor & Francis.

393
https://doi.org/10.51488/1680-080X/2026.2-22


https://doi.org/10.51488/1680-080X/2026.2-22

Bulletin of the Kazakh Leading Academy of Architecture and Civil Engineering. Ne2 (100), 2026. Architecture & Construction

14. Brown, M., & Ball, J. (2024). Pile capacity testing. In ICE Manual of Geotechnical
Engineering (2nd ed., Chapter 98, pp. 1599-1620).

15. Hoelscher, P., & van Toll, F. (2009). Rapid Load Testing on Piles. CRC Press/Balkema.

16. Frank, R., Bauduin, C., Driscoll, R., Kavvadas, M., Krebs Ovesen, N., Orr, T., &
Schuppener, B. (2004). Designers’ Guide to EN 1997-1 Eurocode 7: Geotechnical Design —
General Rules. Thomas Telford.

17. Bekbasarov, I. 1., Orazov, S. E., & Abiev, N. A. (2026). Determination of the dimensions of
the compacted zone of near-pile soil during pit punching [Opredelenie razmerov uplotnennoi zony
okolosvainogo grunta pri vyshtampovanii kotlovana]. Bulletin of the Kazakh Leading Academy
of Architecture and Civil Engineering, 1(99), 137-152.
https://doi.org/10.51488/1680-080X/2026.1-09 (In Russ.)

18. Vural, I., Kabaca, H., & Poyraz, S. (2023). A novel approach proposal for estimation of
ultimate pile bearing capacity based on pile loading test data. Applied Sciences, 13(13), 7993.
https://doi.org/10.3390/app13137993

19. Al-Atroush, M. E., Hefny, A. M., & Sorour, T. M. (2022). Modified Meyerhof approach
for forecasting reliable ultimate capacity of the large diameter bored piles. Scientific Reports, 12,
8541. https://doi.org/10.1038/s41598-022-12238-w

20. Bond, A., & Harris, A. (2008). Decoding Eurocode 7. Taylor & Francis.

21. Orr, T. L. L., & Farrell, E. R. (1999). Geotechnical Design to Eurocode 7. Springer.

22. Bond, A. J. (2013). Eurocode 7: Geotechnical Design. Worked Examples. Publications
Office of the European Union.

23. Monteiro, F. F., Oliveira, A. S., Cunha, R. P., Aguiar, M. F. P, Silva, C. M., &
Albuquerque, P. J. R. (2024). Assessment of the bearing capacity of bored piles with Expander
Body technology using pressuremeter test-based methods. In Proceedings of the XVIII
ECSMGE. https://doi.org/10.1201/9781003431749-479

24. Pham, B. T., Nguyen, D. D., Bui, Q. A. T., Nguyen, M. D, Vu, T. T., & Prakash, 1. (2022).
Estimation of load-bearing capacity of bored piles using machine learning models. Vietnam
Journal of Earth Sciences, 44(4), 470—-480. https://doi.org/10.15625/2615-9783/17177

25. Huynh, V. H., Nguyen, T., Nguyen, D. P., Nguyen, T. S., Huynh, T. M. D., & Nguyen, T.
C. (2022). A novel direct SPT method to accurately estimate ultimate axial bearing capacity of
bored PHC nodular piles with 81 case studies in Vietnam. Soils and Foundations, 62(4), 101163.
https://doi.org/10.1016/j.sandf.2022.101163

26. Mahmood, A., Alshameri, B., Khalid, M. H., & Jamil, S. M. (2022). Comparative study of
various interpretative methods of the pile load test. Innovative Infrastructure Solutions, 7, 102.
https://doi.org/10.1007/s41062-021-00697-5

27. Kodsy, A., Iskander, M. G., & Machairas, N. (2022). Assessment of several nominal
resistance interpretation criteria for drilled foundations. Journal of Geotechnical and
Geoenvironmental Engineering, 148. https://doi.org/10.1061/(ASCE)GT.1943-5606.0002733

28. Kodsy, A., Iskander, M. G., & Pandey, S. (2022). Universal criterion for interpreting
capacity from load tests on piles. Transportation Research Record, 2676, 530-541.
https://doi.org/10.1177/03611981221084686

29. Moormann, Ch., & Burlon, S. (2024). Eurocode 7 — second generation — piled

foundations. In Proceedings of the XVIII ECSMGE. https://doi.org/10.1201/9781003431749-
344

30. Al-Atroush, M. E., & Aloufi, M. (2022). Estimation of the large diameter bored pile ultimate
capacity using different design methods: Assessment study. IOP Conference Series: Earth and
Environmental Science, 1026, 012048. https://doi.org/10.1088/1755-1315/1026/1/012048

31. Dzhumadilova, S. Zh., Khomyakov, V. A., & Kuanyshbai, M. A. (2024). Technology of
soil mass strengthening using the two-component polyurethane material GEOPUR [Tekhnologiya
uprochneniya gruntovykh massivov s ispol'zovaniem dvukhkomponentnogo poliuretanovogo

394
https://doi.org/10.51488/1680-080X/2026.2-22


https://doi.org/10.51488/1680-080X/2026.2-22
https://doi.org/10.1088/1755-1315/1026/1/012048
https://doi.org/10.1201/9781003431749-344
https://doi.org/10.1201/9781003431749-344
https://doi.org/10.1177/03611981221084686
https://doi.org/10.1061/(ASCE)GT.1943-5606.0002733
https://doi.org/10.1007/s41062-021-00697-5
https://doi.org/10.1016/j.sandf.2022.101163
https://doi.org/10.15625/2615-9783/17177
https://doi.org/10.1201/9781003431749-479
https://doi.org/10.1038/s41598-022-12238-w
https://doi.org/10.3390/app13137993
https://doi.org/10.51488/1680-080X/2026.1-09

Bulletin of the Kazakh Leading Academy of Architecture and Civil Engineering. Ne2 (100), 2026. Architecture & Construction

materiala GEOPUR]. Bulletin of the Kazakh Leading Academy of Architecture and Civil
Engineering. https://doi.org/10.51488/1680-080X/2024.1-05 (In Russ.)

32. Abdrakhmanova, K. A., Karakasu, M., Mukasheva, A. S., Tleulenova, G. T., Zhairbaeva,
G. A., & Muzdybaeva, T. K. (2025). Experience in applying field soil tests in the Northern region
of Kazakhstan [Opyt primeneniya polevykh ispytanii gruntov Severnogo regiona Kazakhstana].
Bulletin of the Kazakh Leading Academy of Architecture and Civil Engineering, 4(98), 93—107.
(In Russ.)

33. GOST 5686-2020. (2020). Grunty. Metody polevykh ispytanii svayami. Moscow. (In Russ.)

34. Kirgizbaeva, D., Nurpeisova, M., Menayakov, K., Nurpeisova, T., & Umirbaeva, A.
(2025). Monitoring deformations of engineering structures in seismic regions [Nablyudenie za
deformatsiyami inzhenernykh sooruzhenii v seismicheskikh regionakh]. Bulletin of the Kazakh
Leading Academy of Architecture and Civil Engineering, 2(96), 87-97. (In Russ.)

35. Surovtseva, N. V., Abakanov, T., & Nigmetov, G. M. (2026). Experimental studies of the
seismic vulnerability of a building model on strengthened soils [Eksperimental'nye issledovaniya
seismicheskoi uyazvimosti modeli zdaniya na uprochnennykh gruntakh]. Bulletin of the Kazakh
Leading Academy of Architecture and Civil Engineering, 1(99), 311-325. (In Russ.)

ACKNOWLEDGEMENTS / SOURCE OF FUNDING

The study was conducted using private sources of funding.

CONFLICT OF INTEREST

The authors state that there is no conflict of interest.

ARTIFICIAL INTELLIGENCE STATEMENT

During the preparation of this manuscript, the authors used artificial intelligence tools (ChatGPT)
solely for editorial assistance, such as improving phrasing and checking grammar, spelling, and

punctuation. All ideas, interpretations, and conclusions are the responsibility of the authors, who
take full accountability for the content of the article.

ACKNOWLEDGEMENTS / SOURCE OF FUNDING

The study was conducted using private sources of funding.

CONFLICT OF INTEREST

The authors state that there is no conflict of interest.

ARTIFICIAL INTELLIGENCE STATEMENT

During the preparation of this manuscript, the authors used artificial intelligence tools (ChatGPT)
solely for editorial assistance, such as improving phrasing and checking grammar, spelling, and

punctuation. All ideas, interpretations, and conclusions are the responsibility of the authors, who
take full accountability for the content of the article.

Information about authors:

Zhamek N.A. — PhD Student, School of Construction, International Educational Corporation,
Almaty, Kazakhstan, nzhamek@kazniisa.kz

Jumadilova S.J.— PhD, Associate Professor, School of Construction, International Educational

395
https://doi.org/10.51488/1680-080X/2026.2-22


https://doi.org/10.51488/1680-080X/2026.2-22

Bulletin of the Kazakh Leading Academy of Architecture and Civil Engineering. Ne2 (100), 2026. Architecture & Construction

Corporation, Almaty, Kazakhstan, saule_dzhumadilo@mail.ru

Khomyakov V.A. — Doctor of technical science, School of Construction, International Educational
Corporation, Almaty, Kazakhstan, Khomyakov57@list.ru

Abdrakhmanov D.I. -Master’s Student, School ¢ Construction, International Educational
Corporation, Almaty, Kazakhstan

Awwad T. — PhD, Professor, Department of Construction, Emperor Alexander I St. Petersburg
State Transport University, 190031 Saint Petersburg, Russia

Author Contributions:

Zhamek N.A. — Investigation, Data Processing, Visualization, Writing — Review & Editing.
Abdrakhmanov D.I. — Conceptualization, Methodology, Investigation, Formal Analysis, Writing —
Original Draft.

Khomyakov V.A. — Supervision, Methodology, Validation, Writing — Review & Editing.
Jumadilova S.J. — Conceptualization, Data Curation, Formal Analysis, Writing — Review &
Editing, Correspondence.

Awwad T. — scientific supervision, methodology, validation.

Received 30 April 2026; Revised 13 May 2026; Accepted 28 May 2026

396
https://doi.org/10.51488/1680-080X/2026.2-22


https://doi.org/10.51488/1680-080X/2026.2-22

