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Investigation of laboratory and field tests of piles installed by
displacement technology

Abstract. When compared to conventional pile systems, the Drilled Displacement System
(DDS) and Continuous Flight Auger (CFA) piles offer advantages in terms of improved load-
carrying capacity, quicker installation, and less spoil generation. In this article, experiments on
miniature piles built utilizing the Drilled Displacement System (DDS) and Continuous Flight
Auger (CFA) technologies in a soil-filled test tank are described. For the study, model piles
with dimensions of 20 mm in diameter and 300 mm in length were used, scaled at 1/20. The
model piles are subjected to static loading, and throughout each phase of the loading process, the
relevant displacements are measured. For both DDS and CFA piles, the analysis’s findings on
load-settlement curves and estimates of ultimate bearing capacity were compared. The results
of model tests showed that the load-bearing capacity of DDS technology is 3.2 times higher
than CFA technology. Using the model test results, a recommendation was made to apply DDS
technology to field test work. Additionally, full-scale field tests with static loads were performed
on DDS-drilled piles with dimensions of 400 mm in diameter and 6 m in length. The field test’s
load-settlement response exhibits good agreement with the model testing. Overall, the study’s
findings offer insightful information about the behavior and performance of DDS piles that
may be used to improve the design and installation of these piles in various soil types.
Keywords: scaled model tests, model piles, bearing capacity, static load test
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1. Introduction

Pile foundations are the most demanded type of foundations at construction sites on the
territory of Kazakhstan. To date, the following types of pile foundations are widely used on
construction sites (see Fig.1):

1. Driven piles using hydraulic hammers made by Junttan, Banut-650, Rapat;

2. Drive-in piles with diesel hammers type MSDSh1, MSDT1;

3. Piles were driven by indentation with the help of “Tizer” equipment;

4. Drilled piles with casing pipe using traditional technology of pile foundation making
with the help of drilling equipment SO-2;

5. Bored piles, protected by casing, installed with the help of modern “Bauer”, and
“Casagrande” drilling rigs

6. Bored piles with a continuous through-type auger, installed by CFA technology

7. Drilled piles with short boring augers, arranged with SM-70, SBU-100, Klemm, and
Soilmec;
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8. Drilled bored piles in the rolled boreholes using DDS (FDP) technology, with the help of
“Bauer” equipment;

9. Jet Grouting piles, “Jet Grouting” type.

Full classification of piles used at construction sites in Kazakhstan, taking into account the
modern technology of their device is shown in Fig.1.

———  Pile Foundations |
I |
Driving piles ||Indentation | | Boring piles| |Boring-injection
| | I I
Hydrohammer ||Vibration || Traditional | |Jet Grounting
I case-pile
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Figure 1. Pile foundations used on construction sites in Kazakhstan

The study of pile foundations, as well as DDS (FDP) and CFA technology, has been studied
by many domestic and foreign scientists at different times. A significant contribution to the issue
under consideration was made by Decourt et al. [1], Van Impe [2], Bazarbayev [3], Rad et. al [4],
Zhusupbekov et al. [5].

On Kazakhstani soil, pile foundations are the type of foundation that is most frequently
used at construction sites. The reason why pile foundations are so popular is because they
protect the pile’s load-bearing capacity, which is drilled and filled as a result of the increased
load from high-rise buildings and structures. Due to the lack of current regulatory documents
and recommendations for the installation of pile foundations using contemporary technologies,
new technologies and devices that have emerged in connection with the installation of drilled-
filled pile foundations force designers to improve regulatory documents [6].

Building pile foundations recently has included the utilization of Continuous Flight Auger
(CFA) piles and Drilled Displacement System (DDS) piles. When noise and vibration levels need
to be kept to a minimum in urban settings, DDS piles are a form of displacement pile that are
frequently employed. With the aid of a hydraulic press, a steel casing is pushed into the earth
while soil is also removed and a hole is made. Concrete and reinforcing steel are then used to fill
the space, creating a sturdy base upon which to erect the structure. DDS piles can be constructed
in a variety of soil conditions and are commonly utilized for small to medium-sized structures.
On the other hand, a continuous flight auger is drilled into the earth to the needed depth in
order to construct a CFA pile, a sort of auger cast pile. The auger is then pulled out and concrete
is injected through its hollow stem to fill the space it leaves behind as it is pulled out. As a
result, a continuous concrete column is produced, serving as a sturdy base for the subsequent
construction of the structure. Large constructions with difficult soil conditions, such as soft soil
and rock, frequently use CFA piles.
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DDS technology reduces the time, effort, and cost associated with earthworks while
simultaneously increasing the load-bearing capacity of piles. Over the past ten years, installation
of drilled-filled piles using DDS technology has gained popularity in both Europe and the US. The
major benefits of this method include great economic efficiency, noise and vibration reduction
during pile installation, and increased pile bearing capacity [7]. Despite the benefits listed above,
this technology has a drawback in that it runs the risk of affecting the foundations of existing
buildings and structures. For this reason, it is not advised to use this method in situations where
there is dense urban construction.

Installation of drilling equipment at the drilling site; immersion of the drilling tool with a
sealing system to the design mark; connection of the concrete pump followed by filling the well
with concrete mixture and simultaneous extraction of the drilling tool; immersion in the well with
concrete reinforcement frame to the design mark; are the operations that make up the sequence
of work for installing drilling piles made using DDS technology. The drilling instrument (Figure
2) is a unique aspect of the DDS technology. Because the well is being dug out simultaneously
with the drilling, the soil is compacted radially without having to be dug up, and the walls
are compacted when drilling up [8]. With the help of this technique, heaps up to 0.6 meters in
diameter and 30 meters in depth can be arranged. The following factors should be taken into
account when evaluating productivity: pile diameter, torque and pressing force exerted, and
density (soil strength, soil compaction, and concrete pump power).

Figure 2. Diagram of pile production using DDS technology
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Figure 3. Description of DDS technology drilling Auger

Methods of physical modeling are used to solve a wide range of studies of the behavior of
material objects both within the limits of elastic and plastic deformation and in the state of limit
equilibrium and fracture. Due to the development of numerical methods for solving various
problems using computational technology, mathematical modeling in many cases has become
preferable to experimental modeling. However, the latter are indispensable when investigating
the mechanism of the processes under study - without them, it is impossible to construct a
mathematical description [9].

The purpose of the present study is to carry out scaled model tests on model test piles
installed using the DDS and CFA technology and to compare the load-settlement response. Also,
based on the results of model tests, to develop a recommendation for field tests.

2. Comparison of bearing capacities of model drilled micro piles using DDS and CFA
technologies

In order to investigate the effect of horizontal and stepwise deformations of a soil massif on
changes in its stress-strain state and on the vertical bearing capacity of foundations, model tests
of bored piles in a horizontal and stepwise deformable medium on a scale of 1:20 were carried
out. And also, based on the results of the tests, develop recommendations for field trials. The
choice of piles of this scale was due to the need for numerous tests. In addition, the analysis of
the study [10, 11] conducted on models of a close scale showed that tests of such models allow us
to obtain a qualitatively correct idea of the interaction of foundations with the ground.

Model tests of piles was carried out on a test tank setup which was developed and
implemented in Geotechnical Institute of the Eurasian National University (Figure. 2). The test
material used is poorly graded sand of angular shape with a specific gravity of 2.62 and unit
weight of 1.7 g/c®. Based on direct shear test carried out on the test specimen, the sand was found
to have an angle of internal friction of 37°. An equivalent material (97% sand and 3% spindle oil)
was used as a base to achieve minimal cohesion of 0.9 kPa and elastic modulus of 0.24 MPa. The
test bed was prepared in five layers and each layer was compacted using tamping to achieve a
relative density of 75%.
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Figure 4. Volumetric stand

The augers were prepared for installation of model piles by DDS and CFA technologies with
a diameter of 20 mm and a length of 300 mm considering a scale factor of 1/20. Figure 5 shows
the augers used to install the model pile DDS (b) the model pile CFA (a) which performed by
technologies.

DDS auger CFA auger

(a) (b)
Figure 5. Photographs of test auger a) model DDS auger b) model CFA auger

Figure 6 shows the static load test setup for the present study. The load on the pile was
applied in steps of 39 N to the ultimate 235 N with metal weights of 4 kg. The displacement of the
model pile was measured by deflectometer with accuracy class of 0.01 mm, which are attached
to the frame of the volumetric stand.
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Figure 6. Static tests of the DDS and CFA model piles

2.1 Field studies on DDS piles
Based on the recommendation from model studies, field investigation was conducted on 2
test piles with a diameter of 400 mm, length 6 m at a test site in Astana, Kazakhstan using the

DDS technology. The soil properties at the test site for different depths are shown in Table 2.

Table 1. Physical and mechanical properties of soils

Layer Soil description Layer Soil properties
no. thickness,
m E, MPa C, kPa ¢, deg.
1 top soil-loam 0,4 - - -
2 loam 51 48 17,6 16
3 gravelly sand 5,1 35 - 39
4 silty clay 1,0 4,8 17,6 16-
5 rock debris with silty 44 - - -

clay inclusions

The load on the pile was applied in steps of 180 kN and 90 kN to the limit of 1080 kN by
the hydraulic jack DU200P150 (Figure 7). The hydraulic jack force is regulated by fluid supply
from the pumping station and fixed with a technical manometer. Pile movement is measured by
means of displacement transducers with accuracy of 0.01 mm, which are fixed on a bench mark
system fixed to the ground. The reference system is independent of the movement of the beam
and pile system (Figure 7).
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Figure 7. Field test results of load-settlement response of DDS piles

3. Results and Discussion

Static tests on the model piles DDS (Drilled displacement system) and CFA (Continuous
flight auger) were carried out on the volumetric stand. After the static test, the «settlement- load»
graphs of the DDS and CFA piles were obtained. The DDS model pile sag was 12.21 mm, and the
CFA model pile was 19.25 mm.

The CFA technology piles at a load of 196 N were completely submerged. The test results
show that the bearing capacity of the DDS model pile is higher than the CFA piles. Considering
the results of our model tests, it was recommended to use DDS technology for bored piles at the
«Asyltay» (Astana, Kazakhstan) construction site. At the same settlement of 12.21m, the bearing
capacity of the DDS model pile was 3.2 times higher than the CFA model pile (Figure 8). Figure
8 shows graph «load — settlement» of the DDS and CFA model piles.
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Figure 8. Load — settlement response of the DDS and CFA model piles
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Figure 9. Field test results of load-settlement response of DDS piles

For the construction of industrial and civil multi-story buildings, the DDS pile technology
is taken in accordance with the Construction Norms and Regulations RK 5.01-01-2002 for
reinforced concrete structures [12]. This technology offers several advantages, making it
particularly attractive for use in dense urban areas. One of the main advantages is the absence
of vibration or noise during the construction process. Additionally, there is no need for soil
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excavation, which reduces the overall cost of the project by eliminating the need for soil removal.
The onboard computer controls the entire process, ensuring high accuracy of pile setting in the
plan, compliance with the verticality of drilling, immersion depth of the working body, and the
pressure of concrete when filling the borehole. As a result, high-quality concreting is achieved
with smooth and strong walls after unrolling, and pressurized concrete feeding through the
hollow unroller.

4. Conclusion

Based on the results of testing model piles on a volumetric stand, a comparative analysis
of the bearing capacities of model piles using DDS and CFA technologies was obtained. The
results showed that the load-bearing capacity of model piles using DDS technology is higher
than CFA piles. The results obtained served to recommend this technology for use at the Asyltas
construction site. The results of the axial compression loading tests performed in soft to firm or
stiff clays demonstrated the suitability of DDS technology pile foundations. The results of the
loading testing program confirmed that the DDS bored pile is a viable deep pile foundation
option for the construction site in Kazakhstan and demonstrated their advantages. The results
of the static load tests were satisfactory, as the maximum test load on the pile was 1080 kN.
The settlement was 27 mm These investigations are important for the understanding of soil-pile
interaction on the problematical soft soils ground of by different technologies (DDS and CFA) in
Astana, Kazakhstan.
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bIrpIcTBIPY TEXHOAOIMSICHI OOVIbIHINA JKacaAfaH OYpPFbIAaHbII TOATBIPbIAAaThIH
KajaaapAblH 4a00paTOPMAABIK JKoHe 4aAaablK ChIHaAKTapbIH 3epTTey

A XK. XKycyn6ekos'?, A.B. Uanr’, Ax.C. Aaanust’, A.b. Vicakyaos”, C.b. Ickakos!
'1.H. I'ymunres amuvindazvt Eypasus yammuix ynusepcumemi, Acmana, Kasaxcman
“Mackey MemAakemmix Kypuiavic yrnusepcumemi, Mackey, Kasaxcman

$Tamxanz ynusepcumemsi, Hoto-Taii6ai1, Taiieano

AnnoTanus. JacTypai KajasapMeH CaABICTHIPFaHAQ, BIFRICTHIPY TexHoaoruscs Oorbrama (Drilled
DisplacementSystemaprrkapait DDS) 0y pFrL1aHBIII TOATE pELAATEHIHKadadapMeHy3aikcizmaek(Continuous
Flight Auger apsr kapait CFA) TexHOAOTMACH OOBIHINA >KacaAFaH OYPFBIAaHBII TOATHPHLAATHH Kajalap
KeTepy KabiaeTiMeH, )Xbpla4aM OpHaTy >KoHe OYAiHyAiH a3 KaAbIIITacybl TYPFBICBIHAH apTHIKIIBLABIKTapFa
ne. bya makaaaga xeaemai crerare Drilled Displacement system (DDS) sxone Continuous Flight Auger
(CFA) TexnoaorusAapbl apKblAbl CAAbIHFaH MOAeAbAl KajalapablH ToXXipubesepi curiarrairad. 3eprrey
yuin guaMerpi 20 MM >koHe y3bIHABIFEI 300 MM 1/20 macimraOTarsl MO4eAbAiK Kadadap >KacaAbBIHABL
Moaeapaik Kadadap cTaTHKaAbIK >KYKTeMere YIIbIpaAbl >KoHe TUey IIPOLIeCiHiH op Ke3eHiHJAe colikec
MoHi aabHABL. DDS Kagaaapsl ymin de, CFA Kagasaphl YIIiH ge «IIery->XykreMme» rpaduri TalaHbll,
IIeKTi KYK KOTeprilTirinig 6arasay HoTMKeAepi caabICThIpbLAABL 3epTTeyre calikec, DDS kagaaapsl xXyk
keteprimrriri CFA kagasapsiHan aceinn Tycri. CoHbiMeH Katap, Anamerpi 400 MM >KoHe Y3BIHABIFEI 6 M
6oaaTtei DDS OyprblaaHbIIT TOATBIPLIAATEIH KajadapbhlHa CTaTUKAABIK KYKTeMeAepMeH TOABIK, ayKbIMABI
AaAaAblK ChIHaKTap >KYprisiasi. JasaablK >KyKTeMeHi ecelTey Ke3iHJeri ChIHAK HaTIV>KeAepi peakI/sIChl
MOJeAbAIK TecTidey HoTUKeAepiHe JKaKChl calikec keaeai. Tyracrait aaranga, seprrey HaTmKeaepi DDS
KaZaJAapbIHBIH CUIIaTTaMalapbl MEH ©HIMAiAiri Typaasl maiAaabl akrapaT Oepei, OHBI 9PTYPAi TOIIBIpaK
TypAepiHae OCBl KagaAapAblH AU3aliHBI MeH OPHATBIAYBIH JKaKcapTy YIIiH IaiijadaHyra 001aabl.

Kiar cesgep: macmrabraaraH MoAeAbai Kajga, MOJeabAl ChIHAK, KOTEpPTill KadideTi, craTMKaAbIK
JKYKTeMeAiK ChIHaK.

Nccaegosanne 1a00paTOPHBIX M IOAE€BbIX VICIIBITAHMII CBali, yCTAaHOBAEHHBIX METOAOM
BBITE€CHEeHIsI

A XK. XKycyn6ekos'?, A.B. Uanr’, Ax.C. Aaanst’, A.b. Vicakyaos”, C.b. ickakos!
'Egpasutickuii HayuoHarviolil ynusepcumerm umenu I'ymuresa, Acmana, Kasaxcman
?Mockosckuii 2ocydapcmeeH oLl cmpoumeAvHulil yHusepcumem, Mockea, Poccutickas Qedepauius
Yuusepcumem Tamiane, Hoto-Taii6aii, Tatiéars

AnnoTanus. Ilo cpaBHeHUIO ¢ TPaAMITMOHHBIMMU CBalfHBIMIU CHICTEMaMM CBal, M3TOTOBJAEHHEIE IIO
texnoaorysM Drilled Displacement System (DDS) u Continuous Flight Auger (CFA), umeroT mpenmy1jectsa
B BIIJe IIOBBIIIIEHHON HeCylleil CIocOOHOCTH, ©oaee OBICTPOI YCTaHOBKM U MEHBINEro oOpa3oBaHMs
rpyHTa. B gaHHOI cTaThbe ONMCHIBAIOTCS DKCIEPUMEHTH C MOAEALHBIMM CBasIMM, ITOCTPOEHHBIMU C
ncnoap3osanueM TexHoaoruit Drilled Displacement System (DDS) n Continuous Flight Auger (CFA) B
3aIT0/HEHHOM I'PYHTOM OOBLeMHOM cTeH/e. /A5 1ccaeA0BaHUs CII0AB30BaANCh MOAEAN CBail A1laMeTpOM
20 mMm m gaunoit 300 MM B Macmtabe 1/20. MogeapHble cBau IIOABEPTAIOTCS CTATUIECKOMY HaIrpy>KeHUIO,
U Ha Ka)kAOM BTalle ITpoIiecca Harpy>KeHUs M3MepsIOTCsA COOTBeTCTBYIOINNe IepemerrneHus. Jas cpait
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DDS u CFA 65140 mpoBeJeHO CpaBHEHUE Pe3yAbTaToB aHaausa rpaduka «ocajka-Harpyska» M OLIEHOK
IpejeAbHOM Hecyeit crrocodHocTn. CoraacHo pesyabraTaM uccaegosanus, ceau DDS nipeBocxoasT cean
CFA mo necymieit criocobnoctu. Kpome Toro, Oplam mposeseHbl HaTypHbIe UCHBITAHUS CTaTUYeCKUMMU
HarpyskaMm cBaif, IpoOypeHHbIX 110 TexHoaornu DDS, auamerpom 400 MM u agamnoit 6 M. Peaxims
Harpys3oK IIpM HaTYPHBIX MCIIBITAHMAX XOPOIIO COrdacyercsl ¢ MOAEeALHBIMM MCIBITaHUAMU. B 1eaom,
pe3yAabTaThl MCCAeAOBaHMSA AAlOT IAyOOKylo MHQpOpPMAIMIO O IIOBeAEHMM MU XapaKTepUCTUKax CBail
DDS, koTopas MOKeT OBITh UCIIOAb30BaHa AAsl yAyYIIIeHNs ITPOeKTUPOBaHUs M YCTaHOBKYM DTUX CBail B
Pa3AMYHBIX TUIIAX IPYHTOB.

Karouesble caoBa: ucnpITaHUs Ha MacIITaOHO MOJAeAM, MOJeAbHbIe CBal, HecyIas CIIOCOOHOCTD,
UCIIBITaHNe CTaTYeCKOl Harpy3Koil

References

1. Decourt, L. Behaviour of a CFA Pile in a Lateric Clay// Proceedings of the 4th International
Geotechnical Seminar on Deep Foundations on Bored and Auger Piles // BAP IV. Ghent, Belgium, 1993.
- pp. 301-308.

2. Van Impe W. F. Considerations on the auger pile design // 1st International Geotechnical Seminar:
Deep Foundations on Bored and Auger Piles. — Chent, 1988. - 27 p.

3. Bazarbayev D.O., Researching of bored FDP pile in a problematical soil ground // A dissertation
submitted in partial fulfillment of the requirements for the degree of DOCTOR OF PHILOSOPHY (Ph.D.)
- Acrana: EHY nm A.H. I'ymnaesa, 2009. — 82c.

4. Rad S.H., Ghareh S., Eslami A. Experimental and feld studies on the behavior of drilled
displacement piles // Innovative Infrastructure Solutions 6, Ne188 — Springer Nature Switzerland, 2021. —
P. 1-11.doi.org/10.1007/s41062-021-00557-2.

5. Zhussupbekov A., Omarov A., Shakirova N., and Razueva D., Complex analysis of bored piles on
LRT construction site in Astana. Lecture Notes in Civil Engineering, Vol. 49, 2020, pp.461-471.

6. BasuP, Prezzi M., Basu D. Drilled Displacement Piles — Current Practice and Design // DFI Journal
The Journal of the Deep Foundations Institute . Hawthorne, USA, 2010. — P. 3-20.

7. Omarov A., Kuderin M., Zhussupbekov A., Kaliakin N., and Iskakov S., Vibration measurements
at a new monument in Nursultan city. International Journal of GEOMATE, Vol. 21, Issue 85, 2021, pp.24-31

8. Zhusupbekov, A., Bazarbayer, D., Matsumoto, T. Analysis of the Static Test of Boring Piles
Through FDP (Full Displacement Pile) Technology // L. Gumilev atyndagy Euraziya ylttyk universitetinin
HABARSHYSY. — Astana, Kazakstan, 2013. — B. 4. — URL: http://dspace.enu.kz/handle/data/9762.
(application date 14.06.2013).

9. Zhukenova Gyulnara Abaeevna, Work of foundations at influence horizontal and step
deformations of the soil bases // A dissertation submitted in partial fulfillment of the requirements for the
degree of DOCTOR OF PHILOSOPHY (Ph.D.) - Acrana: EHY nm /A.H. I'ymnaesa, 2018. — 122c.

10. Zhukenova G.A., Kaldanova B.O. Program of model tests of piles work under horizontal
deformations. //Proceeding of the International scientific-practical conference «Science, technical regulation
and engineering in construction: condition, prospects», 2016, P.265-267

11. Dhanya, J.S., Banerjee, S., Boominathan, A., Scaled model test on cyclic response of footing on
geotechnical seismic isolation layer // Smart Geotechnics for Smart Societies, 2023, pp. 784-788

12. SNiP RK 5.01-03-2002, Pile foundations, Kazakhstan Standard, KazGor, 2002, pp.57-61.

CseaeHust 00 aBpTOpax:

Pyc.:

AK. 2Kycynbexos — 4.1.H., uccaegosateanb Kadeapnl «Crpoureanctso» EHY nmenn /.H. I'ymuaesa,
ya. Kaxxpimykana, 13, Acrana, Kaszaxcran, +7-701-511-83-82, E-mail: astana-geostroi@mail.ru

A.B. Yanz - PhD, npodeccop xadeapn «I'pakiaHcKoe cTponUTeAbCTBO» TaMKaHICKOTO YHUBEPCUTETA,
E-mail: dwchang@mail.tku.edu.tw

Dhanya ].S. — PhD, nocraokropant kadesps «Crpouteasctso» EHY mmenn A.H. I'ymnaesa, ya.
Kaxxrimykana, 13, Acrana, Kasaxcran, +7-778-066-92-75, E-mail: dhanyacivil@gmail.com

BECTHWVK EHY umenu /A.H. T'ymuresa. Cepus mexnuveckue HayKu U mexHoA0ZUl Ne 4/2023 47
BULLETIN of L.N. Gumilyov ENU. Technical Science and Technology Series



A. Zhussupbekov, A. Omarov, |.S. Dhanya, A. Issakulov, S. Iskakov

Ucaxyroe A.b. — goxrtopant kadeaprr «CrpomrTeabcTBO»  EBpasmiickoro HaljMoHaAbHOIO
yausepcurteta nmenu /. H. I'ymuaesa, ya. Kaxsimykana, 13, Acrana, Kasaxcra, +7-707-327-43-67, E-mail:
issakulov.abilkhair@gmail.com

HUcxaxoe C.b. - gokropanT kKadgeapnl «CTponuTeabcTBO» EBpa3niickoro HaljMoHaAbHOIO YHUBEpCUTeTa
umenn /1. H. I'ymnaesa, ya. Kaxxeimykana, 13, Acrana, Kasaxcra, +7-706-423-00-80, E-mail: sultan.iskak@
mail.ru

Kas.:

AK. 2Kycynbexoe — 1.7.4., A.H. I'ymmnaes arsingarst Eypasus yATTHIK yHUBepcuTeTiHiH «Kypbrapic»
kadeapaceiupiy 3eprreymrici, Kaxkpimykan kemreci, 13, Acrana, Kasakcran, +7-701-511-83-82, E-mail:
astana-geostroi@mail.ru

A.B. Yanz — PhD, TamkaHr yHusepcuTeTiHiH «A3aMaTTHIK KYPBLABIC» KadelpachIHbIH IIpodeccopsl,
E-mail: dwchang@mail.tku.edu.tw

Ax. C. Adanusa — PhD, A.H. T'ymuaes aroingarsl Eypasust yaTToiK yHuBepcuteTiHiy «Kypbrapic»
Ka(peApachIHBIH ITOCTAOKTOPaHTEL, +7-778-066-92-75, E-mail: dhanyacivil@gmail.com

Ucaxyros A.b. — AH. I'ymmaes armingarsl Eypasus yarTeik yHusepcurteTiHiH — «Kypbrabic»
ka(peapacelHbIH AO0KTOpaHThl, KakpiMykaH kemreci, 13, Acrana, Kasakcran, +7-707-327-43-67, E-mail:
issakulov.abilkhair@gmail.com

Uckaxoe C.b. — A.H. I'ymmnaes areiHAarsl Eypasmst yatTteik yHuUBepcureriniy — «Kypbiabice»
ka(peapaceiHbIH AoKTOpaHTH, KaskeimykaH kerreci, 13, Acrana, Kasaxcran, +7-706-42300 80, E-mail:
sultan.iskak@mail.ru

Amnra.:

A.Zh. Zhusupbekov — Doctor of Technical Sciences, Researcher L.N. Gumilyov ENU Department
of “Construction”, Kazhymukan str., 13, Astana, Kazakhstan, +7-701-511-83-82, E-mail: astana-geostroi@
mail.ru

D.W. Chang - PhD, Professor Tamkang University Department of Civil Engineering, E-mail:
dwchang@mail.tku.edu.tw

Dhanya ].S. — PhD, postdoctoral Student Department of “Construction”, L.N. Gumilev ENU,
Kazhymukan str., 13, Astana, Kazakhstan, +7-778-066-92-75, E-mail: dhanyacivil@gmail.com

Isakulov A.B. - PhD Student of the Department of “Construction”, L. N. Gumilyov Eurasian National
University, Kazhymukan str., 13, Astana, Kazakhsta, +7-707-327-43-67, E-mail: issakulov.abilkhair@gmail.
com

Iskakov S.B. - PhD Student L. N. Gumilyov Eurasian National University —Department of
“Construction”, Kazhymukan str., 13, Astana, Kazakhsta, +7-706-423-00-80, E-mail: sultan.iskak@mail.ru

48 Ne4/2023  /.H. lymunes amvindazor EYY xabapuivicot. TeXHUKANIK ZOALIMOAP KIHE MeXHOAOZUS CepUsChl
ISSN: 2616-7263, eISSN: 2663-1261



