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

Abstract. Drilled piles installed using CFA (Continuous Flight Auger) and DDS (Drilled
displacement system) technologies are relatively new construction products in the market of
Kazakhstan for the last 15 years, but already today the technology has a significant practical
value in the construction of the cities of Astana, Almaty and other regions. This article presents
model tests of bored piles installed using Drilled Displacement System (DDS) and Continuous
Flight Auger (CFA) technologies on a volumetric bench. For testing we used 1:20 scale, piles
diameter was 20 mm, length was 300 mm. Drilling was performed using augers that were
prepared in advance through a 3D printer. The load on the model piles was applied in steps of
39 N up to the ultimate load of 391 N. Based on the results of the study, the «settlement-load»
plots of the DDS and CFA model piles were obtained, as well as a comparison of the bearing
capacity of these piles by static test method. Based on the study, it was found that the DDS piles
exhibit good bearing capacity performance compared to the CFA piles. Overall, the results of the
study provide valuable information on the performance behavior of DDS and CFA piles, which
can be used to optimize their design and installation in different soil types.
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1. Introduction

CFA (continuous flight auger) and DDS (Drilled displacement system) technologies were
mastered in Kazakhstan about twenty years ago, when constructing bases and foundations of
buildings and structures erected on weak soils. During the CFA and DDS pile construction in
the new capital city the equipment of Italian company «SoilMec» and German company «Bauer»
were used. The borehole for the piles is developed with the help of a continuous through auger
drilling, which results in the excavation of the soils. The technology of CFA piles using continuous
through auger, includes the following steps [1, 2, 3]:

1. Installation of drilling equipment at the drilling site (Figure 1 a);

2. Drilling the borehole with auger string to the design grade (Figure 1 b);

3. Gradual extraction of the auger string with simultaneous filling of the borehole with
concrete mixture (Figure 1 c);

4. Moving the drilling equipment to another drilling location (Figure 1 d);

5. Installation of the reinforcement cage by vibratory dipping using a crane (Figure 1 e);

6. Formation of the pile head for connection to the pile pedestal (Figure 1 f).
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Figure 1. Diagram of pile fabrication using CFA technology

The diameter of the borehole is equal to the diameter of the drill tip of the auger string,
which can be 400, 450, 500, 600, 600, 700, 800, 900, 1000, and 1200 mm. CFA bored piles have the
following advantages [3, 4, 5]:

- Automated control of the pile device, through which it is possible to obtain data of auger
immersion depth, drill rotation parameters, parameters of injected concrete;

- Possibility to use the technology in sandy soils and tight plastic loamy soils, as well as the
soils with a significant difference in the strength of the layers;

- the possibility of piling near existing buildings, because as a result of excavation of the
ground surface is not dislodged, and the use of small-sized drilling rigs in confined spaces have
insignificant vibration effects on existing buildings and structures;

- High productivity of CFA piles. The productivity of CFA piles is 3 times higher than
the productivity of traditional technology of bored piles under protective casing in the ground
conditions of Astana;

- Automated drilling tool cleaning system.

The disadvantage of CFA technology can be attributed to the high consumption of
concrete when piling on water-saturated dusty-clay soils as a result of overpressure and high
compressibility of weak soils.

The DDS (Drilled Displacement System) or FDP (Full Displacement Pile) technology was
developed by the same German company «Bauer» and represents the drilling of a pile without
excavation and with full displacement of the soil with the help of a special drilling element - a
packer. The packer is a series of conical rollers successively mounted on the shaft, the axes of
which are displaced relative to the common axis of the shaft to the sides. Thus, when rotating the
shaft, the rollers rotate in a helical line, realizing the feed of the reamer, which allows to carry
out penetration in the ground due to the torque applied to the shaft of the reamer. The use of
the reamer provides drilling of a borehole with smooth and strong walls of significant diameter.

The design of the roller allows the concrete to be delivered during the upward stroke of
the roller. The DDS technology, which allows piles to be made at a fairly high speed, without
vibration and noise, has a number of undeniable advantages:

- High productivity of piling (up to 30 piles per shift);

- Application of the technology reduces the cost of works by saving on the cost of soil
removal;

- High quality of concrete filling of the borehole, as a result of its delivery under pressure;

- High bearing capacity of piles due to soil compaction and pressurized concrete mixture

supply;

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



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

- high accuracy of pile arrangement controlled by on-board computer [6, 7, 8].

The use of special drilling tools makes it possible to install piles through dense sand layers,
and in the presence of obstacles in the form of rocks, it is possible to continue drilling by replacing
the drilling tool with a boring tool.

Despite the above-mentioned qualities, DDS technology has the following disadvantage:

- Increased attention to work order, as it may affect the foundations of adjacent buildings
and structures, as in the case of other compaction technologies.

The investigated DDS technology has long been internationally recognized, but in the
difficult ground conditions of Kazakhstan, the operation of DDS piles is still not fully understood
[9, 10, 11].
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Figure 2. Diagram of pile production using DDS technology

The purpose of this study is to conduct model tests on a volume bench installed using DDS
and CFA technologies and to compare their load carrying capabilities.

2. Laboratory scaled model study
Model tests were carried out on a volumetric stand, the design of which was developed and

implemented under the guidance of Professor A.Zh. Zhussupbekov at the Geotechnical Institute
of the Eurasian National University named after L.N. Gumilev.
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Figure 3. Volumetric stand

An equivalent material (97% fine silica sand and 3% spindle oil) was used as a base, the
physical and mechanical characteristics of which are summarized in Table 1.

Table 1. Physical and mechanical characteristics of natural soil and equivalent material

Name of soils of Specific Clutch, C, Angle of internal ~ Modulus of Poisson’s
full-scale and model  gravity, y, kPa friction, ¢, deg.  deformation, ratio, u
material KN/Mm? E, MPa
Loam 20,5 40,0 29 - -
model material 17,0 0,9 37 0,24 0,25

Metal weights |:'>.

CFA model pile——_"—= ] [ | =——= DDS model pile

Sand bed — >

Figure 4. Schematic of horizontal loads acting on model piles of DDS and CFA technologies

Soil drilling was performed using simulated augers. Drilled Displacement System (DDS)
and Continuous Flight Auger (CFA) augers were designed in 1:20 scale and printed on a 3D
printer. The augers were 20 mm in diameter and 300 mm in length.
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CFA auger DDS auger

a) b)
Figure 5. Model pile augers (a) DDS and (b) CFA

Static testing of model piles was performed using metal weights that were loaded on the
piles. The weight of one weight was 4 kg. The load on the model piles was applied in steps of 39
N up to the ultimate load of 391 N.

Figure 6. Static Load Tests of DDS model pile and CFA model pile

After drilling, the borehole was filled with concrete. Fine sand and cement of M300 grade
were used for concrete. Figure 7 shows photos of model piles after static loading.
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CFA model pile
DDS model pile

Figure 7: Model piles after static testing
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 settlement was 16.03 mm,
and the one corresponding to CFA model pile was 17.49 mm.

The CFA technology piles at a load of 313 N were completely submerged. The test results
show that the bearing capacity of the DDS model pile is higher than the CFA piles. It is observed
that the auger influence of the model pile is significant to the test results.
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Figure 8. Load - settlement response of the DDS and CFA model piles
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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. At a load
of 391 N, the settlement of the DDS model pile was 16.03 mm. The CFA model pile was loaded
to 313 N and its settlement was 17.03 mm. The preliminary results showed that the load-bearing
capacity of model piles using DDS technology is higher than CFA piles.

5. Acknowledgments and funding

This research has been funded by the Committee of Science of the Ministry of Science and
Higher Education of the Republic of Kazakhstan (Grant No. AP13268718).

References

1. 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.

2. Rad S.H., Ghareh S., Eslami A. Experimental and feld studies on the behavior of drilled
displacement piles // Innovative Infrastructure Solutions 6, Noe188 — Springer Nature Switzerland, 2021. —
P. 1-11.doi.org/10.1007/s41062-021-00557-2.

3. Basu P, 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.

4. Issakulov, A., Omarov, A., Zhussupbekov, A., Mussakhanova, S., Issakulov, B. Investigation
of the interaction of the bored micro pile by DDS (FDP) technology with the soil ground. International
Journal of GEOMATE, Vol. 24, Issue 105, 2023, pp. 11-17.

5. Yergen ASHKEY, Interaction of CFA bored piles with soil condition in Astana // A dissertation
submitted in partial fulfillment of the requirements for the degree of DOCTOR OF PHILOSOPHY (Ph.D.)
— Astana.: L.N. Gymileva ENU. -2008. — 52p.

6. 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.

7. A. Zh. Zhusupbekov and Y. Ashkey, T.Zh. Seidmarova, R.K. Bazilov, D.O. Bazarbayev, A.A.
Zhusupbekov. “Geotechnical and Geodisaster problems in Kazakhstan”. Proceedings 4th International
Conference on Disaster Prevention and Rehabilitation, 2007, (Indonesia, Semarang), 28-40 pp.

8. Zhusupbekov A. Zh., Ashkey Y., Geotekhnicheskij monitoring i razrabotka peredovyh tekhnologij
ustrojstva svajnyh osnovanij zdanij i sooruzhenij v slozhnyh gruntovyh usloviyah Kazahstana s uchetom
trebovanij inzhenerno-geologicheskih izyskanij. Zaklyuchitel'nyj otchet o nauchno-issledovatel’skoj
rabote. NC NTI RK.- Astana, 2007.-62 s.- Inv. No0208RK0039.

9. 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.

10. A. B. Isakulov, A. Zh. Zhusupbekov, B. R. Isakulov, S. B. Iskakov. Topyrak massivinin DDS
tekhnologiyasy bojynsha ornatylgan byrgylanyp toltyrylgan xadalarymen ozara arekettesuin zertteu.
Vestnik evrazijskogo nacional’nogo universiteta imeni L.N.Gumileva. Seriya tekhnicheskie nauki i
tekhnologii, Vol. No4, Issue 141, 2022, pp.19-29.

11. 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

BECTHWVK EHY umenu /A.H. T'ymuresa. Cepus mexnuveckue HayKu U mexHoA0ZUl Ne 4/2023 171
BULLETIN of L.N. Gumilyov ENU. Technical Science and Technology Series



A. Zhussupbekov, D.W. Chang, A. Omarov, A. Issakulov, D. Mukhanov, A. Yessentayev

DDS xane CFA TexHOaOTMsA2apbl OOVIbIHIIA JKacaAdfaH OYPFbIAaHbBII TOATBIPbIAFaH
MOJeabAiK MUKPO KadalapAbIH JKYK KOTeprilllTiriH caabICTBIPY

A.XK. XKycyn6ekos', /4.B. Uanr? A. P. Omapos’, A. b. lcakyaos"”, 4. M. MykaHOB',
A.Y. EcenTaes’
'1.H. I'ymunres amuvirdazvt Eypasus yammuix ynusepcumemi, Acmana, Kasaxcman
*Tamkanz ynueepcumeminin, asamammulx kypoirvic kagedpacor, Hoto-Tai16aii, Tatiéario

Annoranus. CFA (ysaikcis apexeT ereTin mHek) >xaHe DDS (Oyprblaay OpHBIH BIFBICTLIPY JKYlieci)
TEXHOAOTVIAapbIH IaiijalaHa OTBIPHIII JKacaAFaH Oy PFbLAaHBIII TOATHIPBIAFaH KajaAapbl COHFHI 15 JKblaaa
KazakcraH HapBIFBIHAQ CaABICTHIPMAAbl TypA4e KaHa KYPBIABIC ©HiMAepi 0oabll Tabblaaabl. /JereHMeH
OyTiHri TaHAa aTaAfaH TexHoAorys1Aap ActaHa, AaMaThl KadalapblHAa XKoHe OacKa eHipaepai FuMaparTtap
caly KesiHAe alTapABIKTall IPaKTMKaAbIK KYHABIABIKKA 1e. bya Makazada keaemai creHare Drilled
Displacement system (DDS) >xone Continuous Flight Auger (CFA) TexHoaornsaaapsiH Ko4A4aHa OTBIPLII
>KacaAraH OYpFBLAaHBII TOATHIPBIAFaH KajadaphIHBIH MOAEAbAIK ChIHAKTaphl YChIHBLAFaH. TecTiaey y1in 0i3
1:20 macmrTabTEI KOA4aHABIK, Kadadapabig ArameTpi 20 My, y3piHABIFS 300 MM. Byprriaay 3D npunrepain
KOMeriMeH aaAJblH-ada AaliblHAAAFaH IITHEeKTepMeH XKyprisdiasai. Moaeabaik kKagaaapra xykrteme 39 N
kagammeH 391 N 1m1ekTi KyKTemere AeliiH KOA4aHbLAABL. 3epTTey HaTuKeaepi OorbiHma DDS sxene CFA
MOJeAbAiK Kadaslapsl YIIiH «IIIery-Kykreme» rpauKTepi aAblHABL, COHAAl-aK OCB KajadapAblH >KYK
KOTEpIillTiIi cTaTMKaABIK ChIHAK 9Aici OOMBIHIIA CaABICTHIPBLAABL. JepTTey Herizinge DDS xasaaapbiHbiH
CFA xagazapbIMeH CaABICTBIPFaHAA KYK KOTEpPTiIlITiri >JKOraphl eKeHAiri aHbIKTaAAbl. TyTacTai aaraHaa,
seprrey HoTIDKeAepi DDS >xone CFA KagaaapbIHBIH ©HIMAIAITI Typaasl KYHABL akIiapat Oepeai, oaapAbl
9pTYpAi TomIbIpaK TypaepiHge )KoOaday MeH OpHATyAbl OHTall1aHABIPY VIIiH ITaligadaHyFa 60aaabl.

KiaT cesgep: macmrabraaraH MoAeabAi Kaja, MOAeAbAi ChlHAK, KeTeprim kabideTi, craTMKaAbIK
JKYKTeMeAiK ChIHaK,.

CpasHeHMe HecyIel CIIOCOOHOCTI MOJAeAbHBIX MUKPOCBaIi C MCIIOAb30BaHNEM
Texumoaormit DDS u CFA

A.K. XKycyno6ekos', 4.B. Uanr? A. P. Omapos’, A. b. Vcakyaos", 4. M. MykaHoB!,
A.Y. EcenTaes’
! Kagpedpa «Cmpoumervcmeo» Eepasutickozo HayuonarvHozo ynusepcumema umenu /.H. ['ymunresa,
Acmana, Kasaxcman
*Kagedpa «I'paxoarickozo cmpoumervcmeo» Tamxareckozo ynusepcumema, Hoto-Taiibzeni, Taiiearo

Annoranus. bypoHaOuBHbIe cBay, yCTaHOBAEHHEIe ¢ McIoAb3oBaHueM TexHoaormii CFA (mrHex
HeIlpepeIBHOTO getictsusA) u DDS (cucrema OypoBOIo BBITECHEHM:I), SBASIOTCSI OTHOCUTEALHO HOBBIMU
CTpOUTeABHBIMU IIpOoAyKTaMu Ha phiHKe Kazaxcrana sa nocaegnne 15 aeT, HO y>kKe CerogHsl TeXHOAOTHS
MMeeT 3HauMTeAbHYIO IIPaKTMIeCKyIO IIeHHOCTh IIPU CTPOUTEABCTBE TOpOJ0B AcTaHa, AAMaTEl U APYTUX
pernonos. B ganHOI1 cTaThe IpeAcTaBAeHbl MOAeAbHble UCIIbITaHMs OypOHaOMBHBIX CBall, yCTaHOBAEHHBIX
¢ ncrnoanzosanneM Texsoaoruii Drilled Displacement System (DDS) n Continuous Flight Auger (CFA) rHa
00beMHOM cTeHae. /A5 TeCTIpOoBaHs MBI MCII0Ab30BaAu Macmitad 1:20, Anmametp cBait coctapasaa 20 My,
AanHa - 300 MM. BypeHne Ipon3BoANA0Ch C IOMOIIBIO IITHEKOB, KOTOPBIe ObLAY 3apaHee ITI0ATOTOBAEHHI C
nnomoipio 3D-npunTepa. Harpyska Ha MogeabHble cBau IpuKAajbiBadach ¢ marom 39 H g0 npeaeabHoin
Harpysku 391 H. Ha ocHOBaHNI pe3yAbTaTOB 1CCA€A0BaHNs ObLAN IIOAYIEHDI IpaUKI «OCaAKa-HarpysKa»
Aast MogeapHbIX cBari DDS u CFA, a Taxke cpaBHeHMe HeCylIeli CltoCOOHOCTU DTHUX CBaii II0 CTaTUIECKOMY
ycIbpITaHMIo. Ha ocHOBaHMM TPOBeAeHHOTO MCCAeA0BaHNsl OBLA0 yCTaHOB/AEHO, uTo cBau DDS obaagaior
XOpolIIei HecyIrel crrocoOHOCThIO 110 cpaBHeHNIO co csasiMy CFA. B 11ea0M, pedyabTaTsl MccAeAOBaHIS
IpeAOCTaBASIOT IIeHHYI0 MH(OPMaLMIO O BDKCILAyaTallIOHHBIX Xapakrepuctukax csaii DDS u CFA,
KOTOpas MOXKeT OBITh MCI0Ab30BaHa AAs ONTUMM3AIMU MX KOHCTPYKIIMM M YCTaHOBKU B Pa3AMIHBIX
TUIIaX TPYHTOB.

Karouesble caoBa: MaciTaOHble MOAeAbHBIEe VICITBITAHI, MOAeABHbIE CBaM, HeCyIas ClIOCOOHOCTS,
VICIIBITAHIE CTAaTUYeCKON Harpy3KOIl.
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