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Analytics

The scientific journal News of the National Academy of Sciences of the Republic of Kazakhstan,
Series of Geology and Technical Sciences has been indexed in the international abstract and citation
database Scopus since 2016 and demonstrates stable bibliometric performance.

The journal is also included in the Emerging Sources Citation Index (ESCI) of the Web of Science
platform (Clarivate Analytics, since 2018).

Indexing in ESCI confirms the journal s compliance with international standards of scientific peer
review and editorial ethics and is considered by Clarivate Analytics as part of the evaluation process
for potential inclusion in the Science Citation Index Expanded (SCIE), Social Sciences Citation Index
(SSCI), and Arts & Humanities Citation Index (AHCI).

Indexing in Scopus and Web of Science ensures high international visibility of publications,
promotes citation growth, and reflects the editorial board’s commitment to publishing relevant,
original, and scientifically significant research in the fields of geology and technical sciences.

«Kazaxcman Pecnybnuxacel ¥immulx 2vlieim akademuscvinvly Xabapnapul. [eonocus wcomne
MEXHUKANBIK  bLILIMOAD Cepuschly eblivlmu dcypuanst 2016 dceinoan 6acman Xanelkapanwlk
peepamusmix JHcaHe EbLILIMUMEMPUATLIK Scopus 0epeKKOPbIHOA UHOEKCmeneol JHeaHe mypaKmol
OUOTUOMEMPUATBIK KOPCemKiumepoi Kepcemin Keneoi.

Convimen kamap ocypran Web of Science naamgpopmacwinviy (Clarivate Analytics, 2018)
Xanvikapanvli peghepamusmix sicamne Haykomempusnwlx oepekkopwl Emerging Sources Citation Index
(ESCI) mizimine eneizineen.

ESCI 0epexkopuvinoa unoekcmenyi scypHAIO0bIH XATbIKAPAbIK SbLILIMU PeYEH3UANAY MATAnmapvl
MeH pe0aKyusIblK SMUKa CMaHoapmmapviia catikecmiein pacmatiosl, conoati-ax, Clarivate Analytics
Komnauuscel mapanvinan oaceiivimovt Science Citation Index Expanded (SCIE), Social Sciences
Citation Index (SSCI) owcone Arts & Humanities Citation Index (AHCI) depexkoprapvina ewneizy
Kapacmulpuliyod.

Scopus  owcone Web of Science Oepexkkoprapvinoa uUHOEKCMENYi  HCAPUATAHBIMOAPOLIH
XanvlKapanvlk 0eyeelioe Heo2apbl CYPAHbICKA ue OOIYbIH KAMMAMACHI3 emeoi, O1apObly 0UeKCos Ay
KopcemKiwimepiniy apmyusina viknan emeoi Jcane pedaKyusiblK alKanbly 2e0n02us MeH MeXHUKATbIK
SBLILIMOAD CANACHIHOA&bL ©3eKMmi, Oipecell JiCoHe EbLIbIMU MYPEbIOaH MAHbI30bl 3epmmeynepoi
JCapuAnay2a YMmuliblColH AUKbIHOALObL.

Hayunwiii sicypran « News of the National Academy of Sciences of the Republic of Kazakhstan, Series
of Geology and Technical Sciencesy c 2016 2o0a undexcupyemcs 6 mesncoyHapooHoll pepepamusHol
u Haykomempuueckou 6aze Oanuwvix Scopus u OeMOHCmpupyem cmabuivHvle OubIUOMempuiecKue
nokasamern.

JKypHan maxaice 8KIHOUEH 6 MENCOYHAPOOHYIO pedhepamueHyio U HAYKOMEmPUYecKyro 6azy OaHHbIX
Emerging Sources Citation Index (ESCI) nramgopmer Web of Science (Clarivate Analytics, 2018).

HUnoexcuposanue ¢ ESCI noomeepoicoaem coomeemcmeue HCYPHALA MENCOYHAPOOHBIM
CMAHOApMam HAyUHO20 PEYeH3UPOBAHUS U PEOAKYUOHHOU IMUKU, d MAKIHCE PACCMAMPUBAEMCS
xomnanueu Clarivate Analytics 6 pamkax oanvHetiue2o exkarouenus uzoanus 6 Science Citation Index
Expanded (SCIE), Social Sciences Citation Index (SSCI) u Arts & Humanities Citation Index (AHCI).

HUnoexcuposanue 6 Scopus u Web of Science obecneuusaem 6bICOKYIO MeHCOYHAPOOHVIO
80CcmMpebosaHHOCMb  NYOIUKAYULl, CHOCOOCMEYem pocmy YumupyeMocmu u noomeepicoaen
cmpemaerue pedaKyuoHHOU Koate2uu nyOIuKo8anms akmyaibHble, OPUSUHATbHbIE U HAYYHO 3HAYUMbLE
UCCIe008AHUS 8 0OIACTIU 2€002UU U MEXHUYECKUX HAVK.
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Abstract. Relevance. Seismic isolation of buildings remains a highly critical
issue in earthquake engineering. In this context, experimental research has
demonstrated that pile foundations with a high pile cap exhibit a significant seismic
isolation effect compared to low pile caps, which have shown only limited seismic
isolating efficiency based on the aftermath of strong earthquakes. Objective.
To obtain data on the dynamic and dissipative characteristics of full-scale pile
foundations featuring both hinged and rigid pile-to-cap connections with a high
pile cap under seismic-type loading based on comprehensive experimental studies,
and to justify their implementation in engineering design practices. Methods. The
field experiments included static testing of single piles, as well as static, dynamic,
and seismic-blast testing of full-scale pile foundations with a high pile cap. Two
types of connections between the pile heads and the cap were evaluated: a hinged
connection (R-2) and a rigid connection (R-1). Specialized testing equipment and
measuring instruments were utilized to record displacements and accelerations.
Results. Single pile testing, serving as analogs for the capped piles, established
that the effective embedment depth of the piles in the soil is 33—59 cm (equivalent
to 1-2 times the lateral dimension of the pile cross-section) and determined their
dissipative characteristics. For the pile caps, ultimate horizontal displacements,
dynamic responses, oscillation periods, and logarithmic decrements were
determined. The oscillation decrement of the hinged cap (R-2) exceeded that of
the rigid cap (R-1) by 1.6 times, while its displacement was 4 times greater. The
results of the seismic-blast loads demonstrated good correlation with the dynamic
test data for the R-2 cap and satisfactory correlation for the R-1 cap. Conclusions.
The implementation of pile foundations with a hinged connection between the pile
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heads and a high pile cap can significantly reduce seismic loads on buildings by 2
to 4 times, depending on soil conditions and seismic demand characteristics. It is
recommended to deploy this type of pile foundation in combination with various
types of dampers to ensure efficient and reliable seismic isolation for buildings.
Keywords: seismic isolation, pile foundations, static and dynamic testing
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CEVICMHUKAJIBIK AMMAKTAPFA APHAJIFAH BUIK
POCTBEPKTI KAJA IPTETACTAPBI

AbakanoB MupKeH — TEeXHUKA FBUIBIMBIHBIH TOKTOPHI, Satbayev University, Anmartsl, KasakcraH,
E-mail: m.abakanov(@mail.ru, https://orcid.org/0009-0005-0662-7466.

AHHoOTAanusl. Osexminici. CeWCMOTYpaKThl KYpBUIBICTa FHUMapaTTapiabl
ceiicMUKaJbIK OKIIayaay eTe ©3¢KTi Macese Ooibin Kana Oepeni. Ocel TYpFbIaa,
KYPTi3ireH SKCIIEPUMEHTTIK 3epTTEeyIep/iH HOTHXKelepi OOWBIHINA >KOFaphl
POCTBEPKTI KaJallbl ipreracTtap, KYHITi )ep CIIKIHICTEpiHIH canmapbl OOWBIHINA
Oenrini Oip ceHCMOOKIIAYNAFBIII THIMIUTIK KOPCETKEH TOMEH POCTBEPKTEPMEH
CaNbICTBIpFaHia, aWTapibIKTall JKOFaphl CEHCMOOKIIAYNAFbIll dcepre ue
eKeHMITiH gonenneni. Maxcamul. KemeHai SKCIepUMEHTTIK 3epTTeyiep Heri3inae
CeHCMUKaJBIK YITiAeri IKYKTEeMeNepIiH oCepiHeH >KOFapbl pPOCTBEPKIICH
LIApHHUPJII JKOHE KaraH KOCBUIFaH Kajajbl 1preTacTapAblH JIHHAMHUKAJIbIK
XKOHE NUCCHUIATHBTIK CHUIaTTaMajapbl OoibIHIIA HOTIOKenep aiy. OnapisiH
xobanay ToxipuOeciHAe KONOaHBUIYBIH Herizaey. oOdicmepi. Toxipubenep
JananblK oKarjainapna TaOWFM eNIIeMIeri JKeKe KaJauapAbl CTaTHKAaJbIK
ChIHAayAbl, COHIAN-aK >KOFAapbl POCTBEPKTI KaJgasbl ipreractaplbl CTaTUKANBIK,
JUHAMUKANBIK JKOHE CEHCMHUKANBIK-)KApPbUIBICTBIK ChIHAYIBl KaMTBIOBL. MyHIa
Kazna OacTapbIHBIH POCTBEPKIICH OAMIaHBICHIHBIH €Ki TYpl 3epTTeNIi: IapHUpPIi
(P-2) xxone xaran (P-1). OpbIH aybIcTBIpYNIap MEH YACYJIEPi TipKey YIIiH apHaibl
CBIHAK >KaOIBIKTaphl MEH OJIIeyilll Kypalaap NaiganaHsulnel. Homuoicenepi.
PocTBepk KaganapbIHBIH aHAIOTHl PETiHE KeKe KaJalapabl ChIHAY HOTIDKECIHAE
KaJaJapIblH TOINBIpAaKTaFbl INAPTTHl KBICBUTY Tepenairi 33—59 cm-re Hemece
KaJa KUMAaChIHBIH KOJICHEH oeMilid 1—2 ecenirine TeH eKSHIITT aHBIKTAIIbI
KOHE ONapblH AWCCHUIIATHUBTIK CHIIATTaManapsl anbHIbel. PocTBepkTep OoiibIHIIA
LIEKTI KOJIEHEH OpBIH aybICTHIpYIap, IWHAMHMKAJBIK peakuusuiap, TepOernic
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Ke3eHaepi MeH JeKpeMEeHTTepi aHBIKTaIAel. P-2 TrapHupni pocTBEpKTIH
Tepbenic aekpementi P-1 karaH poctBepkiHeH 1.6 ece, am OpBIH ayBICTBIPY
kepceTkimi 4 ece apTThl. CeCMUKAIBIK-KapbUTBICTHIK 9CEPIIEPAIH HOTIKENepi
P-2 pocTBepki yIIiH TUHAMHUKAIBIK CHIHAKTApPIBIH AepEeKTEepiMeH KakKchl, an P-1
YIIH KaHaFaTTaHapJBIK COWKECTIK KepceTTi. Kopwimwsindvl. KypbuieicTa Kana
OacTapel KOFaphl POCTBEPKIIEH IAPHHUPII KOCBUIFAH KaJalbl ipreTacTapiabl
KOJIJIaHy TOIBIPaK JKaFAaiiapbl MEH CEMCMHKAIIBIK dCEPIIEP/IiH CHITaTTaMalapblHa
OaiflaHBICTHl FUMapaTTapFa TYCETiH CEHCMHKaNBIK XYKTeMeHi 2-meH 4 ecere
NeiiiH alTapIbIKTall TOMEHIETyTe MYMKIiHIIK Oepeni. Fumaparrapas! TriMi )koHe
CeHIMJII CefiCMOOKIIIayayibl KaMTaMachl3 €Ty YIIiH KaJallbl ipreTacTapIbiH Oy
TYpiH AeMIiepiepaid SpTypii TypiaepiMeH KeIIeH/ i TYPe KOJIAaHY YChIHBLIA B,

Tyiiin ce3nep: celicMooOKIIaynay, Kaja ipretactapbl, CTaTUKAIBIK KOHE THHA-
MUKAITBIK CBIHAKTAP

©Aobakanos M.C., 2026.
Satbayev University, Anmarsl, Kazaxcran.
*E-mail: m.abakanov@mail.ru

CBAMHBIE ®YHJIAMEHTBI C BBICOKUM POCTBEPKOM JIJIsI
CEMCMHUYECKUX 30H

AbakanoB MUpKeH — JIOKTOp TEXHHYECKHUX Hayk, Satbayev University, Anmarsl, Ka3zaxcras,
E-mail: m.abakanov@mail.ru, https://orcid.org/0009-0005-0662-7466.

AHHOTanusl. AxmyansHocms. B celicCMOCTOMKOM CTPOUTENBCTBE OIHOM
3 HambOoyiee aKTyalbHBIX MPOOJIEM OCTaeTcs CEHCMOM3ONIALMS 3OaHUH U
coopyxkeHui. B 3Tol cBs3u cBaiiHble (yHAaMEHTHI C BBICOKUM POCTBEPKOM
NPEACTABISIIOT 3HAUMTENBHBIH HAaydHBI W TpakTHueckudd wuHTepec. llo
pe3ynbTaraM HKCIEPHUMEHTANbHBIX HCCIEIOBAHUH OHU MPOIEMOHCTPUPOBAIN
BBIPQXKEHHBI CECMOM30MMPYIOIMK 3PQEKT M0 CpaBHEHUIO ¢ (QyHAaMEHTaMU
C HHU3KMM POCTBEPKOM, KOTOPBIE, COIVIACHO aHAJIN3y MOCIEACTBUI CHIIBHBIX
3eMJICTPSICCHUH, TakKe NPOSBISUIM  ONpPEAETICHHbIE CEeHCMOM30IMPYIOIINE
cBoiicTBa. [[ens. Ha ocHOBE KOMIUIEKCHBIX 3KCIIEPUMEHTANIBHBIX HCCIIEIOBaHUI
MOJYYHUTb JaHHBIE O TUHAMUYECKHUX U TUCCUIIATUBHBIX XapaKTEPUCTHUKAX CBAHBIX
(yHIZaMEHTOB C BBICOKMM POCTBEPKOM NPH MIAPHUPHOM H )KECTKOM COCTUHEHUH
OTOJIOBKOB CBail C POCTBEPKOM MO ACHCTBHEM HArpy30K CEHCMHUYECKOTO THIIA, a
Takke 000CHOBaTh BO3MOKHOCTh MX NMPUMEHEHHS B MPAKTHKE MPOCKTUPOBAHHUS.
Memoowi. VcnplTaHus BKIIOYAIM CTAaTHYECKUE MCCIEAOBAHUS OIMHOYHBIX
CBaif, a TakkKe CTaTUYECKHE, AMHAMHYECKHE M CEWCMOB3DBHIBHBIC HCIIBITAHUS
CBaifHbIX (JyHOAMEHTOB C BBICOKMM DPOCTBEPKOM B HATYpaJbHYIO BEJIHYHHY B
MOJIEBBIX yCIOBHAX. PaccMarpuBaiich JBa BUJa COCIUHEHUSI OTOJIOBKOB CBaif ¢
poctBepkom: mapaupHoe (P-2) n xectroe (P-1). Jlns perucrpanuu nepeMenieHui,
YCKOPEHHUH U APYTHX MapaMeTpoOB HCIIOIb30BAIUCH U3MEPUTENbHBIE TIPUOOPHI U
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CHEIMAIbHOE HUCIBITaTeNbHOE oOopynoBaHue. Pezyismamul. Ilo pesynbpraTtam
HUCTIBITAaHUNA OJJMHOYHBIX CBaid, pacCMaTPUBAEMbIX KaK aHAJIOTHU CBail pOCTBEPKOB,
ompejesieHa ITyOMHa YCJIOBHOTO 3allleMJICHUs] cBali B rpyHTe, paBHas 33-59
cM, i 1-2 OOKOBBEIM pa3MepaM CedeHHs CBad, a TakKe yCTaHOBJIEHBI WX
JUCCHUIIATUBHBIE XapaKTepUCTUKU. JJIT POCTBEPKOB OIpEAeICHBI IpeneiabHbIe
TOPU3OHTAJbHBIE MEpPEMEUICHUsl, JOUHAMUYECKHUE pEaklUUH, MEepUoAbl U
JIeKpeMeHThl KoneOaHuil. JlekpemeHT KonebGaHuid pocTBepka P-2 mpesbicuin
aHAJIOTUYHBIN moKa3zarens pocTtBepka P-1 B 1,6 pasa, a mepemenienue - B 4 pasza.
Pe3ynbTarhl ceiicMOB3pBIBHBIX BO3JEUCTBUN TMOKA3ajd XOPOIIYI0 CXOAUMOCTH C
JaHHBIMU TUHAMUYECKUX UCTIBITAaHUH /U1 pocTBepKa P-2 U yI0BIeTBOPUTENBHYIO
CXOIUMOCTB i pocTBepka P-1. Buigoodw:. IlpumeHeHre cBalHBIX (yHIAMEHTOB
C BBICOKMM pOCTBEPKOM M INApHUPHBIM COEAMHEHHEM OTOJIOBKOB CBail B
CTPOUTENLCTBE MO3BOJSET CHU3UTH CEHCMUYECKYI0 Harpy3Ky Ha 3laHus B 2—4
pasa B 3aBUCUMOCTH OT I'DYHTOBBIX YCJIIOBHM U XapaKTEPUCTHK CEUCMHUYECKUX
BO3JICHCTBHI. PeKoMeHIyeTCs UCIIONb30BaTh JAHHBIN THUI CBAWHBIX (P)YHIAMEHTOB
COBMECTHO C pasNUYHBIMH BUAAMH JeMIdepoB ia obecriedeHus Ooree
3¢ (EeKTUBHON M HAJIC)KHON CEHCMOU3OJISINY 3IaHUH.

KuaroueBsble ciioBa: ceiicMOM30IIANNs, CBaliHbIe ()YHIAMEHTBI, CTATHYECKHIE U
TUHAMHAYECKUE UCTIBITAaHUS

Introduction. In the field of earthquake engineering, ensuring the reliable
seismic resistance of buildings and structures remains a critical challenge. A
specialized approach to this problem involves the seismic isolation of above-
ground structures at the foundation level. Despite numerous patents and extensive
experimental and theoretical research, only two or three types of seismic
isolation foundations have seen widespread practical application—primarily lead-
rubber bearings. More recently, steel spring isolators have been proposed, with
their effectiveness experimentally validated, alongside traditional low-pile-cap
foundations in weak soil conditions. The primary drawbacks of rubber-metal
bearings are their high cost and the requirement for specialized types of rubber
and steel, as well as the necessity for replacement at the end of their service life,
which limits their mass application.

Evidence from high-magnitude earthquakes has shown that low-pile-cap
foundations in weak soils provide a noticeable seismic isolation effect compared
to conventional foundation types. However, as demonstrated by the results
of these pioneering comprehensive experimental studies (and subsequently
supported by similar research), high-pile-cap foundations exhibit superior seismic
isolation characteristics compared to low-pile-cap systems. This significantly
reduces seismic loads on the load-bearing structures of buildings and facilities.
Furthermore, high-pile-cap foundations featuring a hinged connection between
the pile heads and the cap have demonstrated a substantial seismic isolation effect.

Literary review. Major earthquakes, specifically the 7.9-magnitude Mexico
City earthquake of June 28, 1957, provided the first evidence of the superior
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performance of pile foundations. According to an analysis by (Emilio Rosenblueth,
1957), buildings supported by pile foundations remained undamaged, while
structures on other foundation types sustained varying degrees of damage.

According to research by Ushakov, 2011, pile foundations featuring an
intermediate "cushion" made of inert materials have proven to be the most rational
engineering solution for reducing seismic impacts on above-ground structures.
This approach was developed by both international (Chile) and Soviet (Russia,
Moldova) specialists. The defining characteristic of such foundations is the
absence of a rigid connection between the pile cap and the piles. In this system,
a sand-and-gravel cushion is spread and compacted over the heads of piles
driven into Category III soils (based on seismic properties); a reinforced concrete
structure, similar to a conventional pile cap, is then placed atop this cushion. In pile
foundations with an intermediate cushion, the transmission of horizontal (seismic)
loads to the superstructure is drastically reduced, as the energy is distributed and
dissipated throughout the cushion.

Consequently, the behavior of buildings on low-pile-cap foundations
significantly mitigates seismic loads on superstructures to a certain degree. This
is due to the horizontal flexibility (compliance) of the pile foundations and the
resulting energy dissipation within the soft soil strata during seismic events.

In line with this, a series of experimental and theoretical studies have been
conducted to investigate pile behavior under seismic-type loading.

Researchers (Xiu Luo et al., 2001) proposed a method for evaluating the
seismic resistance of existing pile foundations by analyzing response to seismic
oscillations. This method was developed based on lessons learned from the
devastating Hyogoken-Nanbu earthquake of January 17, 1995. A comparative
analysis between the proposed evaluation method and the post-earthquake
inspection results of affected pile foundations demonstrated strong correlation
(good convergence).

In a paper by (Murono et al., 2000) the characteristics of forces acting on piles
during earthquakes are examined in terms of inertial and kinematic forces. Most
seismic design codes account for pile foundations based solely on inertial forces.
However, soil deformation caused by seismic waves induces pile bending, leading
to bending moments along the entire length of the pile. In their work, the dynamic
response of a pile foundation subjected to lateral oscillations was investigated
using a numerical "soil-pile-structure" interaction model with varying ratios of the
structure's natural period (Ts) to the soil foundation's period (Tg). Based on linear
and non-linear seismic analysis, they proposed a practical method for estimating
the forces acting on a pile, accounting for both inertial response and the kinematic
effect.

Furthermore, Kong et al., 2019 investigated the soil-pile-structure interaction
of various pile caps under seismic impacts from the El Centro earthquake. A
numerical model was developed for inclined pile groups within a "pile-soil-

12



ISSN 2224-5278 3.2026

structure" system featuring both low and high pile caps. The results indicated that
the vertical and horizontal displacements of both inclined and vertical piles with
a high cap were significantly greater than those with a low cap. This increased
displacement is a positive factor in mitigating seismic loads on buildings.

Kaustav et al., 2019 conducted a dynamic analysis of piles subjected to both
vertical and horizontal loading under seismic conditions. It was observed that
the free-field soil surface displacement initially increases, reaching a peak at a
certain point during the oscillations, and subsequently remains constant over time
due to localized failure of the liquefied soil surrounding the pile foundation. To
derive P-Delta curves under dynamic loading conditions, various combinations
of vertical and lateral loads were applied to the pile head to determine the peak
bending moment acting on the pile.

Matsumoto et al., 1965 conducted static cyclic lateral load tests on large-scale
pile foundations to investigate the influence of vertical loads and pile spacing ratios
during earthquakes. The experiments utilized reinforced concrete raft foundations
supported by 16 piles. The results demonstrated that a significant portion of the
lateral force is transmitted through raft friction under high contact pressure, and
that the piles experience tensile forces from the raft, acting as anchors during large
displacements.

Thus, low-pile-cap foundations or reinforced concrete rafts that integrate
pile heads and bear directly on the ground surface without a gap have shown a
substantial seismic isolation effect during strong earthquakes.

Starting in 1974, pioneering comprehensive field experiments were conducted
on full-scale high-pile-cap foundations featuring a novel hinged connection
between the pile heads and the cap, compared against rigid connections. These
were evaluated as effective seismic isolation systems under static, dynamic
(seismic-type), and seismic-blast loading.

In the first stage, single pile tests were performed (Aubakirov et al., 1976) to
establish a baseline for pile performance within groups. These tests determined
bearing capacity and the logarithmic decrement of damping, derived from
hysteresis deformation diagrams. In the second stage (Abakanov et al., 1977),
static and dynamic parameters were obtained for two types of high-pile-cap
foundations (hinged and rigid), followed by analytical modeling. The structural
analysis was based on the fundamental methodologies of K.S. Zavriev and A.T.
Aubakirov, which showed high correlation with the experimental deformation
diagrams of the pile caps.

Subsequently, (Gaipov, 2014) optimized a specific seismic isolation system
known as "pile-in-pipe." Structurally, this system is a variation of the high-pile-cap
foundation. It was shown that under conditions of seismic uncertainty, this system
functions as an adaptive (self-tuning) system, capable of adjusting its dynamic
characteristics in response to seismic impacts of varying intensity. This makes it
an optimal seismic protection system for minimizing horizontal accelerations.

(Belash et al., 2013) investigated construction principles for permafrost regions
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with high seismic activity using high pile caps. Their approach involves installing
specialized dry friction dampers between the piles. Various design solutions for
these damping devices were presented alongside an analysis of building behavior
using this seismic protection system.

(Ajzenberg et al., 2012), in their research on the elasto-plastic performance of
reinforced concrete piles within the "pile-in-pipe" system, confirmed that such
systems belong to the class of adaptive seismic protection, capable of self-tuning
their dynamic properties during earthquakes. They provided examples of practical
implementation in existing structures.

In further publications, (Ajzenberg et al., 2012) identified the most effective
configurations for the "pile-in-pipe" system based on site-specific geological and
seismic conditions. A key advantage identified was the reduction of seismic loads
when pile tips are embedded in deeper, more stable soil layers. This load reduction
occurs due to two factors: the contrast between the weak upper soil layers and the
dense lower bearing strata, and the decrease in ground oscillation accelerations as
the depth of the outer pipe increases from the surface.

Finally, (Bakulina, 2016) conducted experimental model studies on the stability
and deformability of horizontally loaded piles for structures such as power lines,
power plants, and bridges. This work analyzed the impact of the superstructure on
horizontally loaded piles, comparing stress and deformation levels under seismic,
wind, and transport-induced loads.

Materials and methods. The comprehensive experimental program included
static load tests of single piles, as well as static, dynamic, and seismic-blast testing
of high-pile-cap foundations. Two distinct types of pile-to-cap connections were
evaluated: hinged and rigid.

The field tests were conducted at a site characterized by a soil profile (within
the pile driving depth) consisting of macroporous loams, ranging from stiff to
hard consistency, with intermittent layers and lenses of varying grain-size sands.
During the testing period for both single piles and pile groups, the groundwater
table was located at a depth of 9 meters below the surface. Due to the high density
and hardness of the soil, the piles were driven using pre-drilled pilot holes (lead
holes).

Single Piles. The characteristics of the full-scale test piles, their driving depth,
the magnitudes of the applied horizontal forces, and the points of horizontal
displacement measurement (taken at the ground level and at the pile head using
deflectometers) are summarized in Table 1.

Table 1. Key Characteristics of Single Piles.

Test | Total | Driving | Concrete | Reinforcement | Point of Horizontal | Distance from Ground
Pile | Length, | Depth, |Grade Load Application | Level to Deflectometers,
Ne. |L (m) L m Ph, lo, m ln, m

II-1 I1-2
4 12.84 |[11.1 300 8028 AIIl 1.74 0.05 1.94
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5 10.70 |9.1 300 8022 Alll 1.60 0.05 1.45
6 9.55 8.0 300 4018 Alll 1.65 0.12 1.55

High-Pile-Cap Foundations. The characteristics of the full-scale experimental
sections of pile foundations—featuring both rigid (P-1) and hinged (P-2)
connections between the pile heads and the high pile cap—are summarized in
Table 2.

Two types of pile foundations were tested, the first one - with a free-standing
pile height of 1.6m. with rigid fixity of the pile heads into the cap, the second one
- with a height of 2.1m. and a hinged connection of the pile heads with the cap,
under a vertical load on each pile cap of 1200 kN. The primary characteristics of
the pile caps are given in table 2.

Table 2. Key characteristics of pile caps.

Pile cap Ne P-1 P-2

Pile mark SA-12¢10 SP-12¢10

Concrete grade 300 300

Pile Ne in the cap 1 2 3 4 1 2 3 4
Pile driving depth, m 9.819.7|11.1]10.8 | 11.1 11.1 4.8 11.0
Pile reinforcement 8022 Alll 8 0 28 Alll

Pile height above ground level, m 1.6 2.1

Single pile tests were conducted by applying short-term static, alternating,
incrementally increasing horizontal forces of the seismic type to obtain hysteresis
deformation diagrams and dissipative parameters.

Pile cap tests were conducted under short-term static alternating incrementally
increasing horizontal forces, as well as dynamic and seismic-blast impacts to obtain
hysteresis deformation diagrams, dynamic, and dissipative parameters of the caps.
The names of the measuring instruments and testing equipment used during static,
dynamic, and seismic-blast testing are shown below. Measuring instruments for
static tests: deflectometers, strain-gauge inclinometers; for dynamic and seismic-
blast impacts: Geiger vibrograph, VBP-large displacement vibrograph, SPED-
accelerometer; equipment for static and dynamic tests: hydraulic jack with pump
station, load cell, quick-release load shaper for creating dynamic load.

Results and discussions. Based on the tests of single piles, the following results
were obtained. Figure 1 shows the test setup and the envelope diagrams "P -y,"
and the calculated hysteresis diagram with varying pile stiffness coefficients as the
load and displacement increase.
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Figure 1. Single pile testing scheme, pile head and pile tip displacement diagrams "P,-y,",
calculated hysteresis diagram and scheme.

Table 3 presents the main experimental results, pile head displacements
and residual pile displacements at the ground level, bearing capacity, and the
logarithmic decrement of damping determined from the hysteresis deformation
diagrams according to the methodology.

It is evident from the table that with a decrease in the bearing capacity and
stiffness of the piles, associated with the combination of the reinforcement ratio
and the manifestation of soil dry friction forces along the lateral surfaces of the
piles, an increase in the logarithmic decrement occurs (6 = 0.57, 0.61, 0.75) due
to improved dissipative characteristics. Based on the pile stiffness at each loading
stage, the effective fixity depth of the equivalent cantilever was determined, which
equaled 1.1d (d - pile cross-section size, 0.3m) at small pile head displacements up
to 15 mm, and 2.0-2.3d at large displacements up to 70 mm.

Table 3. Single pile test results.

Pile Ne | Loading cycles Ne P, kN S,, cm S .. cm 1)
1 14.5 1.66 0.3 0.48
2 21.3 2.76 0.24 0.65
3 28.1 3.60 0.42 0.55
4 4 35.7 416 033 0.55
5 45.0 5.44 0.78 0.6
6 50 6.82 0.98 0.58
Mean value 0.57
1 14.5 1.25 0.2 0.48
2 20.6 1.4 0.2 0.84
3 28.6 2.6 0.23 0.5
5 4 35.6 3.35 0.45 0.52
5 45.0 4.35 0.35 0.59
6 50.0 5.8 0.75 0.5
7 57.7 6.35 0.78 0.63
8 65.0 7.65 1.0 0.82
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Mean value 0.61
1 14.4 1.4 0.38 0.75
6 2 20.6 3.08 0.36 0.58
3 29.1 4.4 0.83 0.91

Mean value 0.75

Table 3 symbols: P, kN applied horizontal force, S, cm horizontal pile head
displacement (P-2 table 1), S, cm residual displacements at ground level, &
damping decrement.

Static tests of pile caps. The following results were obtained from the pile cap
tests. Figure 2 shows the envelope "load-displacement P -y " diagrams for pile
caps P-1 and P-2, plotted based on the maximum loads and displacements at each
stage.
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Figure 2. "Load-displacement P, -y," diagrams for pile caps P-1 and P-2, plotted based on
maximum step-by-step loads and displacements.

The applied ultimate horizontal loads were 386 kN for P-1 and 400 kN for P-2,
with corresponding displacements of 3.0 cm for P-1 and 12 c¢cm for P-2.

A break in the P-2 diagram, indicating a decrease in stiffness, occurred after
overcoming (up to the point of sliding) the total dry friction forces in the hinged
connections and along the lateral surfaces of the piles. This phenomenon is not
observed in the P-1 diagram due to the rigid connection of the piles with the cap
and their smaller horizontal displacements. Under identical ultimate horizontal
and vertical loads, the horizontal displacement of P-2 was 4 times greater than that
of P-1, and accordingly, the stiffness of the latter is 4 times higher.

As seen in Figure 2, the experimental "load-displacement" diagrams for pile
caps P-1 and P-2 are satisfactorily described by a linear relationship obtained
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from calculations using two methodologies: Zavriev K.S. and Aubakirov A.T.
These methodologies assume that the subgrade modulus varies linearly with
depth, starting from zero at the surface, based on an equivalent cantilever scheme.
However, the influence of vertical load on pile deformability was not taken into
account, which can lead to significant errors during the plastic stage of pile
performance (second-order effect) in conjunction with soil stiffness.

Dynamic tests of pile caps. Figure 3 shows the recording of free vibrations
of pile cap fragments recorded by a Geiger vibrograph, obtained during the
instantaneous release of the horizontal load Ph applied by a jack DG-63 (630kN)
via a guy rope.

Table 4 presents the values of applied horizontal loads, displacements, natural
vibration periods, and damping decrements for the two types of pile caps. It is
evident from these values that the deformability, natural vibration periods, and
dissipative characteristics of P-2 were greater compared to P-1. The measured
values of the dynamic characteristics of the caps obtained with the measuring
instruments—electronic VBP and mechanical Geiger vibrographs—show
excellent agreement (within 3%), which confirms their reliability.

I‘E‘Hl!—

age 3.hax

Figure 3. Free vibration recordings of pile caps captured by a Geiger vibrograph.

A general comparison of the performance of single pile No. 4 and an identical
pile (in terms of reinforcement, cross-sections, and concrete grade) within pile
cap P-2 shows that the damping decrement of the latter increased by 0.63 / 0.57
= 1.11 times, excluding certain influences of dynamic loading. This increase in
the dissipative characteristics of the piles within pile cap P-2 is explained by the
additional influence of dry friction forces in the hinges.
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Table 4. Dynamic Test Results.

Pile| Vibro- Horizontal load and Natural vibration period Logarithmic
cap | sensor type displacement damping decrement,
P, kN S,, cm T, ,sec T,sec 8
208 1.33 0.56 0.53
VBP 295 2.06 0.61 0.57 0.36
347 2.55 0.66 0.60
P-1 383 3.13 0.67 0.62
Mean value of VBP (Large displacement 0.58
vibrograph)
Geiger 208 1.33 0.53 0.51
Vibrograph 295 2.06 0.58 0.55 0.39
347 2.55 0.61 0.58
383 3.13 0.65 0.62
Mean value of Geiger Vibrograph 0.57
123 2.06 1.1 0.96
VBP 150 3.91 1.2 1.05 0.63
248 6.16 1.3 1.1
302,5 8.23 1.36 1.16
P-2 Mean value of VBP (Large displacement 1.07
vibrograph)
Geiger 123 2.06 1.07 0.95
Vibrograph 150 3.91 1.23 1.09 0.63
248 6.16 1.39 1.19
302,5 8.23 1.49 1,36
Mean value of Geiger Vibrograph 1.1

In P-1, the opposite trend is observed, i.e., a decrease in the damping decrement
compared to single pile No. 5 by 0.39 / 0.61 = 0.64 is noted, which demonstrates
the influence of the rigid fixity of the pile heads in the cap.

Seismic-blast impacts. Testing of the pile caps for seismic-blast impacts in
the second series of stronger 10-magnitude blasts was conducted using delayed
explosions of three rows of boreholes at 1 and 1.5-second intervals.

Table 5 presents the key experimental data obtained from seismic-blast impacts.
A comparison of the dynamic parameters (periods and damping decrements) for
pile caps P-1 and P-2 across dynamic and seismic-blast tests yielded the following
results:

— Under 8-magnitude impact: Natural vibration periods were T = 0.75 s for P-2
and T = 0.45s for P-1 (first series of blasts).

— Under 10-magnitude impact: Natural vibration periods were 7=1.05s for P-2;
and T=0.5s for

P-1, damping decrements were 6=0.65 for P-2, and 6=0.49 for P-1 (second
series of blasts).

When comparing seismic-blast impacts to dynamic tests, the period for P-1
decreased by up to 12%, while ¢ increased by up to 26%. For P-2, the differences
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in these values were negligible (4% difference in periods and 3% in damping
decrements).

Consequently, the dynamic characteristics of P-2 obtained during seismic-blast
impacts show good agreement with the results of the dynamic tests.

Table 5. Results of pile cap testing under seismic-blast impacts.

Cap Ne | Acceleration sensor Average maximum Natural vibration Logarithmic
locations acceleration, mm/s2 period, s damping decrement
P-1 Soil 8232 0.5 0.49
Pile cap 6500
P-2 Soil 9894 1.05 0.65
Pile cap 2040

Conclusion. The results of comprehensive experimental studies have
demonstrated enhanced seismic isolation and dissipative characteristics of pile
foundations with hinged connections between the pile heads and the high pile cap
compared to rigid connections. Specifically, the logarithmic damping decrement
of P-2 exceeded that of P-1 by 1.6 times, while horizontal displacements were 4
times greater.

The seismic-blast impact results showed good convergence with the
experimental data from dynamic testing for pile cap P-2.

Overall, the use of pile foundations with hinged connections between pile
heads and a high pile cap in construction allows for a significant reduction in
seismic loads on buildings—by 2 to 4 times—depending on soil conditions and the
characteristics of seismic impacts. This type of foundation is an effective and
reliable seismic isolation solution that does not involve significant technological
complexity in construction compared to traditional foundations.

The results of these comprehensive experimental studies can be utilized to
improve pile foundations with hinged connections for various structural systems
and building heights.

It is recommended to use pile foundations with hinged connections in
earthquake-resistant construction in combination with various types of dampers,
taking into account soil conditions, building structural systems, and seismic impact
characteristics.
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