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AHHOTALNA

BBepeHue. B HacTosLLee BpeMsl TEMMbI poCcTa PasBUTUSE NPOLIECCOB ypbaHU3aLmm B KPYMHbIX ropoAax C KaxKabliM rofoM CTpe-
MUTENbHO YBbICTPsOTCS. Ha cTagum npeaBapuTeribHOrO NPOEKTUPOBaHUSA CBalHbIX (DYHAAMEHTOB BaXKHOWM YacTbio SIBMSIETCS
onpefereHve Hecylleln cnocobHocTu cBan. bapeTTbl — athhekTUBHbIE KOHCTPYKLMM OyHAAMEHTOB, B TOM YuChe U ANs Bbl-
COTHbIX 30aHUI Ha crabbix rpyHTax. B Takmx ycnoBusix npoekTupyroTcs 6apeTTbl 6onbLuoi AnuHbl. Mpn aToM ncnonb3yemblie
HOpMaTMBHbIE METOAbI pacyeTa HECYLLEN CMOCOBHOCTY U OCafOK HE YYUTLIBAOT 0COBEHHOCTEW HanpsikeHHO-AeddOpPMUPOBaH-
HOTO COCTOSIHWS OCHOBaHUs! 1 B3auMoAeNcTeus ¢ bapettamm B yHAAMEHTaX BbICOTHbIX 34aHWIA C Pa3BUTOM NOA3EMHON YacTbio.
MaTtepumanb! 1 MeToAbl. 3a4a4ya paccMOTpeHa No pesynsraTtaM MofeBbiX UCNbITaHUI CBasiMK (METOA CTaTUYECKUX Harpy-
30K) C pac4eToM aHanMTUYeCKMmM METOAOM MO MNPOYHOCTHLIM XapaKTEPUCTUKAM FPYHTOBOIO OCHOBaHWS!, ONMUCAHHBLIM B HOp-
MaTuBHbIX fokyMeHTax Cl 24.13330.2011 «CanHbiii pyHaameHT». MNpeanoxeHa HoBasi MeToAMKa pacyeTa, U3noXeHHast
B MpunoxeHumn [] ykazaHHoro Ceoga npaBui ¢ y4ETOM COOTBETCTBYHOLUMX (DAKTOPOB, TAKMX KaK B3aUMHOE pacrofioXeHne
CBall B rpyHTe, UX ANWHA, War 1 T.4.

Pesynbrathbl. [TonyyeH rpadvk 3aBUCMMOCTU OCafKW OT Harpy3ku No pesynsratam HaTypHbIX UCNbITaHWi GapeTT npu orpa-
HUYeHUK npegensHon ocagaku 40 mm. MpoBeaeHO cpaBHEHUE aHANUTUYECKUX Pe3yrbTaToB C MOMEBbIM UCMbITAHMEM CBauv
B CMOXHbIX MH)XEHEPHO-reoIorM4ecknx ycnoBusx r. XaHon, BoetHam.

BbiBoabl. BbiBOAbI, NONyYeHHbIE aHANUTUYECKUM METOAOM pacyeTa HecyLle crnocobHOCTU oagMHOYHON BapeTThl Mo Npoy-
HOCTHbIM XapakTepUcTMKam C yY4ETOM pasrpy3ku Ha cnabbix rpyHTax npu pa3paboTtke rmy6okoro KOTnoBaHa, AOCTaTOYHO
6rnn3ku K pesyrnsratam CTaTUYECKMX MOMEeBbIX UCMbITaHUA. [laHHbIe pelleHns MoryT ObiTb NPUMEHEHbI AN onpeaeneHus
HecylLlel cnocobHoCTM cBal 1 6apeTT Ha cnabbix rpyHTax.

KNOYEBBIE CITOBA: aHanuTuyeckue pacyeTbl, Hecyllasi cnocobHOCTb CBal, oAMHOYHas BapeTTa, pe3ynsTaThl NoNeBbIX
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Methodology for evaluating the bearing capacity of a deep
excavation barrette in complex geotechnical conditions in Hanoi
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ABSTRACT
Introduction. At present, the rate of growth in the development of urbanisation processes in large cities is increasing rapidly
every year. At the stage of preliminary design of pile foundations, an important part is to determine the bearing capacity of
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the pile. Barrettes are effective foundation structures, also for high-rise buildings on soft soils. In such conditions, long bar-
rettes are designed. At the same time the used normative methods used of calculating the bearing capacity and settlement
do not take into account the features of the stress-strain state of the foundation and the interaction with barrettes in the foun-
dations of high-rise buildings with a developed underground part.

Materials and methods. The task has been considered on the basis of the results of field testing with piles (static load
method) with the calculation by the analytical method according to the strength characteristics of the soil foundation, de-
scribed in the regulatory documents SP 24.13330.2011 “Pile Foundations”. A new calculation method is proposed, which is
set out in Appendix D of the specified set o.rules, taking into account relevant factors, such as the relative position of piles
in the ground, their length, pitch, etc.

Results. A graph of the dependence of settlement on load was obtained based on the results of full-scale tests of barrettes
with a limiting settlement of 40 mm. Analytical results are compared with field testing of a pile in difficult engineering and
geological conditions in Hanoi, Vietnam.

Conclusions. The conclusions obtained by the analytical method of calculating the bearing capacity of a single barrette in
terms of strength characteristics, taking into account unloading on soft soils during the development of a deep pit, are quite
close to the results of static field tests. These solutions can be applied to determine the bearing capacity of piles and bar-
rettes on soft soils.

KEYWORDS: analytical calculations, pile bearing capacity, single barrette, field test results, weak soils, comparative analy-
sis, deep excavation construction, Hanoi
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BBEJAEHHUE

B nHacrosimiee Bpemsl TEMIIBI pocTa pa3BUTHSA MPO-
1eccoB ypOaHHM3aluu B KPYITHBIX TOPOJax C KaxJbIM
TOJIOM CTPEMHTEIBHO YOBICTPsIIOTCS. B KpynHBIX TOpos-
CKHX palloHaX MUpa BEAETCS aKTUBHOE CTPOUTEIBCTBO
BBICOTHBIX YHHKaJbHBIX 31aHuit'. [Ipu pa3BuTHu coBpe-
MEHHOTO IJIOTHOTO TOPOJICKOTO ITPOCTPaHCTBA TpeOoBa-
HHE MEXaHW4eCKol 0e30MacHOCTH 3THX PadOT MOXKET
OBITH 0OECTICYEHO TOJBKO Ha IPOYHOM OCHOBAHHH, OCO-
OCHHO MPH CTPOUTENBCTBE Ha CNA0BIX IPYHTAX’.

BaperTsr — BBICOKOA((EKTHBHBIE KOHCTPYKINU
(hyHIaMeHTOB JUIsl BBICOTHBIX 3/IaHUH Ha cla0ObIX IPyH-
Tax. TexHonoruueckas MOCIEAOBATENBHOCTD BBINON-

HEHUSI OJMHOYHBIX OapeTT aHaJIOrMYHa YCTPOMHCTBY
TpaHIIEHHOH «cTeHsI B TpyHTe» (puc. 1) [1]. [Ipumene-
HHE 0apeTT 3aCTaBIsIET UCKAaTh HOBBIE CIIOCOOBI MOBBI-
IIEHHs KadecTBa PacueToOB M MPOECKTUPOBAHUS (QyH/Ia-
MEHTOB, B YaCTHOCTH TpeOyeTcs pa3padaTriBaTh HOBEIC
MeTONBI pacdera. MHOTHE pOCCHICKHE U 3apyOesKHBIC
Y4eHbIe H3y9alll IPUMEHUMOCTb OapeTTHOro (GyHIa-
MEHTa Ha MPAaKTHKE, 0COOEHHOCTH B3aMMOACHCTBUS
OapeTT MexIry coboif M TPYHTOM, B TOM YHCIIE B YCIIO-
BUSIX claObix rpyHTOB® [2—8]. [Ipn 9TOM HCTONB3yeMble
HOPMAaTHBHBIE METOJIBI PacyeTa HeCyIIel criocoOHOCTH
M 0CaJOK HE YYUTHIBAIOT OCOOCHHOCTEH HAIPSKEHHO-
JeOpMHUPOBAHHOTO COCTOSTHUSI OCHOBAHMS B (DyHIaMeH-
Tax BBICOTHBIX 3[aHUH C Pa3BUTOM NOA3EMHOM YaCThIO.
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Puc. 1. Cxema ycTpoiicTBa OAMHOYHBIX OapetT [1]

' ynamoes O.A. OcHoBaHus U (yHIAMEHTBI BBICOTHBIX 3IaHHUIA. 2-¢ M311., lepepab. u aom. M. : M3a-so ACB, 2020. 442 c.

2 Manzywes PA., 3uamenckuii B.B., Tomman A.JI., I[Tonomapes A.5. Cau u cBaiiHbIe (yHIaMEHTE. KOHCTPYKIUH, IPOEKTH-

pOBaHHe U TEXHOJIOTHH : y4e0. u3a. / mox pexn. P.A. Manrymesa. 3-e u3n., crep. M. : Uza-so ACB, 2021. 320 c.

3 Manzywes P.A., Huxugoposa H.C., Koniowros B.B., Ocoxun A.H., Canun J].A. TIpoeKTHPOBAHHE U yCTPOHCTBO MON3EMHBIX
COOpYXEHHI B OTKPHITHIX KOTJIOBaHaX : yue0. mocodue. M. ; CII6 : Uzn-Bo ACB, 2013. 256 c.
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B npoextupoBaHiu cBaiiHOTO (pyHIAMEHTa Bax-
HOM 4acThIO SIBJISIETCS OMpEJeeHHe Hecylei cro-
COOHOCTH CBaW MO TPyHTY. MeTojaM KOTUYeCTBEHHOM
1 KaueCTBEHHOW OIIEHKH Hecymel crmocoOHoCTH 6a-
peTT OONBIION JIUHBI TOCBSIICH Pl UCCIAEAOBAHUN
yuenbix-reorexaukoB: O.A. Hlynarsesa, 3.I. Tep-
Maprupocsua, B.B. Cunoposa, P.A. Manrymesa,
H.C. Huxutnna, Jle Uynr Xuey, Minh Cu Le, Phu
Huan Vo Nguyen, T.D. Nguyen, V.Q. Lai, D.L. Phung,
T.P. Duong [9-13] u np. MHoTHEe aBTOPHI H3ydasIH
OCOOCHHOCTH H CIIOKHBIC XapaKTepbl HHXKCHEPHO-TE0-
JIOTUYECKUX YCIOBUH I. XaHOH, BIUSIOLIUX HA YCTPOU-
CTBO CBaWHBIX (PYHIAMEHTOB IPH PA3ITHIHBIX YCIIO-
BHSX CTPOMTEIBCTBA BBICOTHBIX 3[aHWUU, HAIPUMED
JLA. Crpoxora, X.T. ®u, 2013; Do Quang Thien,
2014; A.1O. Ilpokomnosa, B.H. Hryen, JI.Y. Yan, 2016;
S.D. Dao, V.H. Dao, 2017; B.X. Hryen, H.C. Hu-
kudoposa, 2017; 0. Xapuna, 2020; T.T.D. Pham,
2021 [14-20].

B HacTosIee Bpemsi CTPOUTEIBCTBO BBICOT-
HBIX 3JJaHUH ¥ MHOTO()YHKIIMOHATBHBIX KOMILICKCOB
He 00XonuTcs 0e3 pa3BUTOW MOA3EMHON YacTU Kak

B IUIaHe, Tak u 1o ruyoune (puc. 2) [21]. Bmemato-
HHi T1yOOKHEe KOTIOBaHbl MACCHB TPYHTA HAXOIUTCS
B CJIOKHOM HAIpPsKEHHO-Ie()OPMHPOBAHHOM COCTOSI-
HUH, Ha KOTOPOE OKAa3bIBAIOT BIUSHUE MHOTHE (AKTO-
PBI: HH)KEHEPHO-TE0JIOTMUECKHE YCIOBHS, pa3rpyska
1 pa3yIUIOTHEHHE TPYHTA MPH IKCKABAIIMH, JKECTKOCTh
OTpaXIAIOIIMX KOHCTPYKIIUHA, METOJ] OCBOCHHSI MO/~
3€MHOTO MPOCTPAHCTBA U JAPyTrHUe. YIPOIICHHBIC HH-
JKCHEPHBIC U SMIIUPUUICCKUE METOIUKH OTPEACIICHUS
Hecyllei ciocoOOHOCTH CBail ¢ Y4ETOM BIIMSIOIIMX
(haKTOPOB HY)KAAIOTCS B JATBHEHIIINX UCCIICIOBAHUSMX.

MATEPHAJIBI U METO/JbI

CornacHo pocCUICKUM CTaHAapTaM IO NPOEKTHU-
POBaHHIO CBallHBIX (yHIaMEHTOB*, HecymIas CIoco6-
HOCTb BHCSYHX CBal IO TPYHTY CKJIaJIbIBAETCS U3 CO-
MPOTHUBIEHUN TOA HIDKHUM KOHIIOM U 1O OOKOBOH
MOBEPXHOCTHU CBaH, KOTOPBIE 3aBUCAT OT (PU3NIECKHUX
U IPOYHOCTHBIX XapaKTEPUCTHK rpyHTa®> ¢ [22]:

F,=v, (VCRRA+UZY¢ﬁhi)’ (1)
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Puc. 2. TexHonoruueckas cxemMa METOJIOM «CBepXy—BHU3» [20]

4 CI124.13330.2011. Cox mpasut. Craiinble (hyHAaMeHTH. AKTyannsupoBadHas pegakius CHull 2.02.03-85. M. : Cranmapt-

uHpOpM, 2011. 152 c.

STOCT 20276-2012. I'pyHTBI. MeTO/BI HOJIEBOTO ONpEEIEHHUs XapaKTEPUCTHK IIPOYHOCTH U 1€()OPMHUPYEMOCTH.

¢ Yxos C.B., Cemenos B.B., 3uamenckuii B.B., Tep-Mapmupocsan 3.I, Yepuviues C.H. Mexanuka TpyHTOB, OCHOBAHHUSA U (yH-

IaMeHTHI : yued. mocooue / mox pexn. C.b. YxoBa. 4-e uzz., crep. M. : Beicimas mkoma, 2007. 566 c.
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rae Y, — Kod(GQuiment ycnosuii paboTel CBau B IPyH-
Te, MPUHUMAaEMBbIil paBHBIM 1; S k03 uru-
€HTBI YCJIOBHI pabOTHI IPyHTa COOTBETCTBEHHO IMOJ
HIKHUM KOHIIOM U Ha OOKOBOW MOBEPXHOCTU CBaW;
R — pacueTHOe CONPOTUBIEHUE IPYHTA M0 HUXKHUM
KOHITOM cBau, klla; 4 — miomans onupanus Ha TPYHT
CBaW, M?, U — HApPYKHBIA MEPUMETP MOMEPEUHOTO
cedyeHMs CBaH, M; f, — pacueTHOE COMpPOTHBJIEHHE
1o 6oxoBoil mosepxHoctu i-ro cios, klla; & — Toi-
IIMHA i-TO CJI0s TpyHTa, M (puc. 3).

Ocajka OMMHOYHBIX CBall 0OPaTHO MPOTOPIHO-
HaJlbHa MOIYJIO ciBura G TpyHTa, KOTOPBIA 3aBHCHUT
OoT MOy obmiel Aedopmariuu E, u onpeaesieTcs
COMTaCHO METOMHKE* IO hopmyIe:

N

s=p—,
BGll

()

rae B — pa3MepHsblid koaddunuent; N — BepTHKaIb-
Has Harpyska, nepegaBaeMas Ha cBaro, MH; G — yc-
penHeHHBIH MOaynb caBura, Mlla; / — miuHa cBan, M.
Jis cBail, mpope3arIux TONIY CIa0bIX TPYH-
TOB, ONPEACISIONINM KPUTEpUEM HecyIed crmocoo-
HOCTH TIO TPYHTY, SBJISCTCS JOCTHKCHHE MPEICTHHON
ocanku mox Harpyskoi. [losTomy momonHUTETbHAS
mpoBepka mo Gopmyie (2) ABiaseTcs: 00sS3aTeIbHBIM
ycnoBueM. OTHAKO CpaBHEHUS PE3YIBTATOB MOJIEBBIX
HCIBITAHUH C PACUYCTHBIMH METOJaMH MOKa3bIBAIOT
3HaYUTEIbHbIE PACXOXKACHUS 3HaUeHU [4, 9].
OTMeueHo, YTO pa3rpy3Ka IpyHTa HHUXKE JTHA TITy-
OOKHX KOTJIOBAaHOB MIPH 3KCKABAIIUH SIBIISIETCS BAXKHBIM
(hakTOpOM, KOTOPHIA CIENYyET YUUTHIBATH IPH TIPO-
SeKTHUPOBAHUHU U pacyeTax (GyHIaAMEHTOB. B mepuon
paboT HYIEBOTrO IUKJIA MPU pa3padoTKe KOTIOBaHA
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Puc. 3. PacuetHast cxema K ONpECICHUIO HECYIIIeH Croco0-
HOCTH CBaH MPAKTHYECKUM METOJIOM

HayallbHOE HANPSHKEHHOE COCTOSIHHE BMEIIAIOIIEro
MacCHBa IpyHTa BUJOU3MCHACTCA U B TaKOM BHIAC
B3aHMOI[eI>’ICTByCT C JOIMOJHUTCIbHBIMU HAPAXKCHU-
SIMHU OT 31aHus’. ECITH OCHOBaHHE CIIOKEHO CIabbIMU
IPYHTaMH C HU3KUM MojyneM nedopmanuu, Gaxkrop
pas3rpy3Kku npu IIyOMHAX KOTJIOBaHA CBBIIIE 5 M Oy-
JCT OKa3bIBATh 3HAYHUTCIIBHOC BJIMAHUC HA B3aHMOHCﬁ-
CTBHE OKOJIOCBAiHOTO MaccuBa ¢ OapeTTamu.

Ha ocHOBaHMH ONMCAHHBIX NPEANONOKEHUN
B HacTosuiedl pabore mpejsaraeTcs onpenelsiTh
HECYIIYI0O CHOCOOHOCTh OaperTT B clIalbIX TPyHTaX
10 KPUTEPHUIO OFPAHUUYEHHUS NPEAEIbHON BepTUKAIb-
HOM nedopManuu, OCHOBAHHON Ha MOJOKEHHUAX?,
Jlns yuera s dexra pa3rpy3ku KOTJIOBaHA B mpeje-
Jax pas3rpy3o04Hoii Tonuu H = pekoMeHIyeTcs B pac-
4€TC€ OCaAKH NMPUMEHATH MOAYJb CABHUIA IIpU pas3-
rpy3ske 1mo dopmyie:

1

G, =——E,_,
ur 2(1+Vw) ur (3)

rae v, — Kkod(puunent nonepeynoit pegopmanuu
IpYHTa TPU pasrpy3Ke/IOBTOPHOM Harpyx eHuu (J0-
nyckaercs npunumars 0,2); £ — momyis gepopma-
I[UH IPYHTA 110 BTOPUYHOW BETBU HArPYyKESHUSI.

Monyne nepopmaunn pasrpysku H, npubnusu-
TENbHO B 2...7 pa3 Gonbie Moayist obmen nedgopma-
I[UH, OIPEJIEIICHHOTO B MPUOOPE TPEXOCHOTO CXKATHUS
(puc. 4). I[ToaToMy B KauecTBE IPEABAPUTEIHHOTO 3HA-
YEHUS I0IyCKAaeTCA OTPaHMYNBATHCS YCIOBHEM:

H, =S5E. @)

Pasrpy3ounas Toxma ompenensercs NIyOMHON
H_, Ipn KOTOpOH BEPTHKAILHBIE HANPSKEHHS OT COO-
CTBEHHOTO BECa BBIHYTOTO IPYHTA G PABHSAIOTCS IO~
JIOBUHE TPUPOHOTO BEPTHKAILHOTO fasnenns 0,56,
a Jis clabbIX TPYHTOB C MoayieM nedopMaiuu
E <7 Mlla rny6buna H  onpenenseTcs u3 yCIoBHSL:

o, = O,Zng. (®)]

[ToneBsle ucnbiTanus cBai-0apeTT OOJBIION
JUIMHBI CTATHYECKON BAaBIHBAMONIEeH Harpy3koi® [21]
SABJISIIOTCS TPSIMBIM M Han0oJiee TOYHBIM METOIOM
OTIpeJIeJICHHs HECYIeH CIIOCOOHOCTH CBaid 10 TPYHTY.
Jlatunky, ycTaHOBJICHHBIE HA OTOJIOBKAX CBa, (prukcu-
PYIOT nedopMaliy cBai 1moJ Harpy3KoH.

Ha mnomanke Oymymero cTpouTeascTBa roposa
XaHos1, XapaKTepHU3YIOLIEHCS CI0XKHBIMU HHKEHEPHO-
TE0JIOTHUYECKUMHU YCIOBUSMH, OBUIM H3TOTOBJICHBI
W TIPOBEJICHBI HAaTypHBIC NCIBITAHUS ONMHOYHBIX Oa-
perT ceuenuem 800 x 2800 MM 10 MaKCUMaJlbHOM Ha-
rpy3ku 30 MH ¢ momomibio rufipaBIM4ecKux JOMKpa-
TOB.

7 Tep-Mapmupocsn 3.1 Mexanuka rpyntoB. M. : Uzn-so ACB, 2009. 256 c.
8 TOCT 5686-2012. I'pyHTsI. MeTOIBI HONEBHIX UCIBITAHKH CBASMH MO MEXIYHAPOJHON CTaHAapTH3aluu B Poccuiickoit

Oenepannu. M. : Crangaptuadopm, 2014. 43 c.
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Puc. 4. 3aBucumocts nedopMai OT HANPSDKEHUS K OTIpe-
JIeNICHUIO Moaysiell ne)opMaluy B yCIOBHUAX TPEXOCHOTO
CKaTHA

Touniy ocHOBaHHUS B IIpeAeax pa3BeJaHHOM ITy-
6unbI 60 M cnararT ciiadble TPYHTHI C HU3KUMH Je-
(hopMaMOHHBIMU U IPOYHOCTHBIMH XapAKTEPHCTHKA-
MU (Tabm. 1).

TabJ. 1. dusznuko-MexaHn4ecKue CBONCTBAa IPYHTOB

PE3YJUBTATBI HCCJEJOBAHNUA

Hpu nocrmkenun Harpysku F, . = 27 500 xH
OcajKa OroJIOBKa 0apeTThI 110 pe3yabTaTaM UCTIBITaHUN
cocraBmia 40 MM (cMm. puc. 5). JlaHHOE 3HAUYEHHE TIPH-
HATO 32 HECYLIYIO CIIOCOOHOCTh OAPETTHI 110 TPYHTY .

Ha puc. 6 nokazaHa pacueTHas cxema K onpee-
JICHUIO Hecyled cnocoOHocTu. B cBonHOM Tabmn. 4
MpeJCTaBIeHbl PE3YJbTaThl pacyeTa Mo pa3inyHbIM
METOJIUKAM.

Pe3ynbrarel onpeneneHus Hecymen crocoOHO-
CTH OIWHOYHOH 0apeTThl JIUHOHW 37 M B 3aBHCHMOCTH
OT TIIYOHWHBI 3aJ0KEeHHA ee ocTpus 1o 51,90 M mpexn-
CTaBJICHBI B Ta0OM. 2.

Hecymiast cnocoOHOCTH 6apeTThl, onpeaeaeHHas
o popmyne (1), cocrapuna I, = 27 285 xH. ITo ¢op-
MyJe (2) U3 yCIIOBUS OTpaHUYCHUS PEACTbHOM 0CaAKHI
F,, = 18 450 kH, 9TO 3HaYMTENBHO OTINIAETCS OT MO-
JTyYCHHBIX 3HAUYEHUH OMBITHBIM ITyTEM MPH CTaTHde-
CKUX MCIBITAHUSIX.

[To nmpemnoxenHoit B HacTosIel pabore Moan¢u-
IIMPOBAaHHON METOJIMKE C Y4ETOM pabOoThI OKOIIOCBAHHOTO

I{C?:gzp HanmenoBanwue rpyHra hom |y, kH/M I, e ¢, Tpag K;a Mbi',la

1 HacsinHoii crnexaBmuiics 1.6 16,00 _ B _ B _
TPYHT

2 I'muna texyuast 16,1 17,00 1,408 1,246 6,30 7,00 1,50
3 IMecox menkwmit 5,1 19,00 0,350 0,771 30,00 - 13,5
4 I'muna TexyyennactTuyHas 10,2 17,20 0,811 1,171 18,00 9,10 15,0
5 IMecox menxuit 3,0 19,20 0,350 0,746 30,00 - 13,5
6 CyIIIMHOK MSATKOTIIACTHYHBIH 34 17,80 0,695 1,002 7,40 9,60 5,00
7 IMecox menxwuit 1,0 19,10 0,035 0,755 30,00 - 13,5
8 CyIIMHOK TEeKy4eIIaCTUYHbIN 4.8 17,50 0,930 1,082 8,00 9,50 3,00
9 I'paBuitHO-TaJICYHBIN TPYHT >15,8 20,10 0,300 0,524 38,00 2,00 50,0
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MeToamnka oLeHKU HecyLLeH CrnocobHOCTH 6apeTThbl yBOKOro KOTAOBaHa B CAOXKHbIX
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Tabu. 2. Pacuer Hecylwei cmocoGHOCTH OapeTThI IO IPYHTY

}II/;’P‘;P how | 1, | v, | Zym | fo.xla | Zowm | Rxlla | F,xH | F,xH F,xH
2,00 | 1,05 | 0,60 4,00 5,00 5,00 350,00 43,20 784,00 827,20
’ 1,40 | 1,05 | 0,60 5,70 6,00 6,40 420,00 79,49 940,80 1020,29
2,00 | 0,30 | 0,60 7,40 43,40 8,40 843,33 454,46 1889,07 2343,53
3 2,00 | 0,30 | 0,60 9,40 45,40 10,40 980,00 846,72 2195,20 3041,92
1,10 | 0,30 | 0,60 | 10,95 46,95 11,50 | 1062,50 | 1069,83 2380,00 3449,83
2,00 | 0,80 | 0,60 | 12,50 7,89 13,50 750,00 1138,00 1680,00 2818,00
2,00 | 0,80 | 0,60 | 14,50 7,89 15,50 825,00 1206,17 1848,00 3054,17
2,00 | 0,80 | 0,60 | 16,50 7,89 17,50 925,00 1274,34 2072,00 3346,34
! 2,00 | 0,80 | 0,60 | 18,50 7,89 19,50 | 1025,00 | 1342,50 2296,00 3638,50
2,00 | 0,80 | 0,60 | 20,50 7,89 21,50 | 1050,00 | 1410,67 2352,00 3762,67
0,20 | 0,98 | 0,60 | 21,60 7,89 21,70 | 1050,00 | 1417,49 2352,00 3769,49
2,00 | 0,30 | 0,60 | 22,70 58,70 23,70 | 1890,50 | 1924,66 4234,72 6159,38
’ 1,00 | 0,30 | 0,60 | 24,20 60,20 24,70 | 1955,50 | 2184,72 4380,32 6565,04
2,00 | 0,70 | 0,60 | 25,70 16,13 26,70 | 1050,00 | 2324,08 2352,00 4676,08
° 1,40 | 0,70 | 0,60 | 27,40 16,15 28,10 | 1050,00 | 2421,76 2352,00 4773,76
7 1,00 | 0,20 | 0,60 | 28,60 64,60 29,10 | 2537,00 | 2700,83 5682,88 8383,71
2,00 | 0,93 | 0,60 | 30,10 7,70 31,10 | 1050,00 | 2767,36 2352,00 5119,36
8 2,00 | 0,93 | 0,60 | 32,10 7,70 33,10 | 1050,00 | 2833,89 2352,00 5185,89
0,80 | 0,93 | 0,60 | 33,50 7,70 33,90 | 1050,00 | 2860,50 2352,00 5212,50
2,00 | 0,20 | 0,60 | 34,90 129,82 3590 | 3131,00 | 3982,13 7013,44 10 995,57
2,00 | 0,20 | 0,60 | 36,90 130,00 37,90 | 3311,00 | 5105,33 7416,64 12 521,97
’ 2,00 | 0,20 | 0,60 | 38,90 130,00 39,90 | 3491,00 | 6228,53 7819,84 14 048,37
0,10 | 0,20 | 0,60 | 39,95 130,00 40,00 | 9375,00 | 6284,69 | 21000,00 | 27 284,69
* HHKEHEPHO-TCOJIOTHYECKHIl HJIEMEHT.
Taba. 3. Pacuer Mmonyns u kosddunrenrta nonepedHoi nedopmannu
Howmep UT'D E, xlla E, xlla v \z
2 1500 7500 0,40 0,3
3 13 500 67 500 0,30 0,2
4 15 000 75 000 0,40 0,3
(wan H,= 10 m) ’ ’
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Puc. 7. CoBMemeHHbIH I‘paq)I/IK 3aBUCUMOCTH OCAJKU OT HArpy3ku II0 pE€3yJjibTaTaM aHAJIUTUYCCKUX paCH€TOB U HATYPHBIX

HCHIBITAaHUN

IpyHTa 10 BTOPUYHOI BETBU MOCIIE Pa3rpy3KH KOT-
JI0BaHa HeCyIIasi COCOOHOCTh 0apeTThl COoCTaBMIIA
F, =24 600 xH npu 3a1aHHbIX paCYETHBIX IIAPAMETPAX
(tabn. 3): myOuna komoBaHa 15 M, mmpuHa 61 M, riny-
OuHa pasrpy304HOH Tosy HasHadena = 10 m.
JlaHHO€ 3HaueHue ¢ JOCTaTOYHOH TOYHOCTBIO CO-
IVIACYeTCsI C pe3yNIBTaTaMH MOJICBBIX HCTIBITaHuH (pHc. 7).

SAK/JIIOYUEHHUE U OBCYXIAEHUE

Ha nHanpspkeHHO-1€OpMHUPOBaHHOE COCTOSIHHE
TPYHTOBOTO MAacCHBa, BMEIIAIOIIETO MOA3EMHYIO 4acThb
BBICOTHBIX 3/IaHUM, OKAa3bIBalOT BIMSHHE MHOXECTBO
(haKkTOpOB, CpeIN KOTOPHIX U3MEHEHNE YCIOBUI pabOoTHI
TPyHTa IPU pa3rpy3Ke Hocie pa3pabOTKH KOTIOBaHA.
3Ha4YNTENbHOE BIUSIHIE Pa3rpy3Ka OKa3bIBAaeT MPH OCHO-
BaHMH, CJIO)KEHHOM TOJIIEH Ca0bIX IPYHTOB, JTAHHBIN

(haxTop creyeT yUUThIBaTh MPHU pacyeTe CBaHHbIX (yH-
JTAMEHTOB I10 HECYIIeH CIIOCOOHOCTH U Ie(hOpMAaIIHsIM.

BBonutcst HoHsATHE «TITyOMHBI Pa3rpy304HOI TOJI-
W» OCHOBaHMs /TP OTKOIKE KOTJIOBaHa, B MpeJie-
Jax KOTOpoH je)opMalMOHHbIE TTapaMeTpbl v, | E
OKPY’KalOIIETO CBal0 TPyHTa CleAyeT HMPUHUMATh
10 BTOPUYHOH BETBH.

[penioxxeHHOE U3MEHEHUE K METOJMKE OIpe/ie-
JICHUS! OCa/IKW OIMHOYHOI CBau MO3BOJISIET B YCIIOBUSX
0O0JIBIIOrO 3arTyONeHusl U C1a0bIX IPYHTOB PACCUUTHI-
BaTh HECYUIYIO CITIOCOOHOCTH CBaM MO TPYHTY C YUETOM
pasrpy3ku KOTJIIOBaHA. 3HAYEHUS, MOTYUYEHHbIE TAKUM
00pa3oM, XOpOIIIO OIMMCHIBAIOT MTOBECHUE OapETTHI Ha-
rpy3Ko#, OIM3KOH K MPeAeIbHOMY COCTOSIHUIO, C pa3-
HUIIeH Hecytel crrocodHocTH 0koI0 10 %, 9To MOXKeT
NPUMEHSETCs TSl TPEABapUTENbHBIX pacyeTOB Ha CTa-
JIMH KOHLIETIIINH MTPOCKTA.
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Methodology for evaluating the bearing capacity of a deep excavation barrette in complex geotechnical

conditions in Hanoi P. 6-21

INTRODUCTION

The rate of urbanisation in large cities is increas-
ing rapidly every year. The construction of high-rise,
unique buildings in large urban areas of the world is
increasing'. With the development of today’s dense
urban space the requirement for mechanical safety
of these works can only be ensured on solid founda-
tions, especially when building on soft soils?.

Barrettes are highly efficient foundation struc-
tures for high-rise buildings on soft soils. The techno-
logical sequence of making single barrettes is similar
to the trench “wall-in-soil” construction (Fig. 1) [1].
The usage of barrettes makes us search for new ways
of improving the quality of calculations and design
of foundations, in particular, new methods of calcu-
lation need to be developed. Many Russian and for-
eign scientists studied the applicability of the barrette
foundation in practice, the peculiarities of interac-
tion of barrettes with each other and the soil, includ-
ing those in the conditions of soft soils® [2—8]. At
the same time, the used normative methods for calcu-
lation of bearing capacity and settlement do not take
into account the peculiarities of the stress-strain state
of the foundation in foundations of high-rise buildings
with a developed underground part.

In the design of a pile foundation, an important
part is to determine the bearing capacity of the pile

on the ground. Methods for quantitative and qualita-
tive assessment of the bearing capacity of long bar-
rettes have been devoted to a number of studies by
geotechnical scientists: O.A. Shulyatyev, Z.G. Ter-
Martirosyan, V.V. Sidorov, R.A. Mangushev, N.S. Ni-
kitin, Trung Hieu Le, Minh Cu Le, Phu Huan Vo Nguy-
en, T.D. Nguyen, V.Q. Lai, D.L. Phung, T.P. Duong
[9-13], etc. Many authors have studied the features
and complex nature of engineering and geological
conditions in Hanoi affecting the construction of pile
foundations under different conditions of high-rise
buildings, e.g. L.A. Strokova, H.T. Phi, 2013; Do
Quang Thien, 2014; A.Yu. Prokopova, V.N. Nguy-
en, D.Ch. Chan, 2016; S.D. Dao, V.H. Dao, 2017;
V.H. Nguyen, N.S. Nikiforova, 2017; Y. Harina, 2020;
T.T.D. Pham, 2021 [14-20].

At present, the construction of high-rise build-
ings and multifunctional complexes does not do with-
out a developed underground part both in plan and in
depth (Fig. 2) [21]. The soil mass containing deep ex-
cavations is in a complex stress-strain state, which is
influenced by many factors: engineering and geologi-
cal conditions, unloading and softening of soil during
excavation, rigidity of envelop structures, the method
of development of underground space and others.
Simplified engineering and empirical methods for de-
termining the bearing capacity of piles with regard to
influencing factors need further research.

AR il2 2 2%
i . . o
Guide Wall ] Vertically lifted | ][] L
pipe HEctm
1 | 'y
i i L7 h
1
A
, p
¢ = 5 Reinforcement
Clay cage
mortar
Trench excavation Reinforcement VPT concreting

Fig. 1. Scheme devices of single barrettes [1]

! Shulyatyev O.A. Foundations and foundations of high-rise buildings : scientific edition. 2nd ed., rev. and ext. Moscow, ASV

Publ., 2020; 442.

2 Mangushev R.A., Znamenskii V.V., Gotman A.L., Ponomarev A.B. Piles and pile foundations. Structures, design and
technologies : textbook; R.A. Mangushev (ed.). 3th ed., ster. Moscow, ASV Publ., 2021; 320.

3 Mangushev R.A., Nikiforova N.S., Konyushkov V.V., Osokin A L, Sapin D.A. Design and arrangement of underground
structures in open basins : textbook. Moscow, Saint Petersburg, ASV Publ., 2013; 256.
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MATERIALS AND METHODS

According to the Russian design standards for
pile foundations®, the bearing capacity of suspension
piles on the ground is composed of the resistances un-
der the bottom end and on the side of the pile, which
depend on the physical and strength characteristics
of the ground™® [22]:

Fdl =Y. (YcRRA+uZyc/”ﬁhi)= )]

where y, — coefficient of ground conditions of the pile,
taken as 1; YoVoy — coefficients of ground conditions
respectively under the bottom end and on the lateral
surface of the pile; R — design resistance of the ground
under the bottom end of the pile, kPa; 4 — the area
of the pile resting on the ground, m?; u — external pe-
rimeter of the pile cross section, m; f, — design resis-
tance on the lateral surface of the i-th layer, kPa; 7, —
thickness of the i-th soil layer, m (Fig. 3).

The settlement of single piles is inversely propor-
tional to the shear modulus G of the soil, which depends
on the general deformation modulus E, and is deter-
mined according to the method* using the formula:

N

s=p—,
BGll

@

where 8 — dimensional factor; N — vertical load applied
to the pile, MN; G — average shear modulus, MPa; / —
pile length, m.

For piles cutting through soft soils, the decisive crite-
rion for the load-bearing capacity in the soil is the achieve-
ment of ultimate subsidence under load. An additional
test according to formula (2) is therefore a prerequisite.
However, comparisons of the results of field tests with
the calculation methods show considerable discrepancies
in the values [4, 9].

It is noted that the discharge of soil below the bot-
tom of deep excavations during excavation is an impor-
tant factor to be considered in the design and calcula-
tion of foundations. During the zero phase of excavation,
the initial stress state of the surrounding soil mass is
modified and as such interacts with the additional stresses
from the building’. If the foundation is composed of soft
soils with a low deformation modulus, the unloading
factor at excavation depths of more than 5 m will have
a significant influence on the interaction of the near-pile
massif with the barrettes.

Based on the described assumptions, this paper
proposes to determine the bearing capacity of a barn in
soft soils by the criterion of limiting the ultimate vertical
deformation based on the provisions of*. In order to take
into account the effect of unloading the excavation within
the unloading thickness H it is recommended to apply
the unloading shear modulus in the calculation of settle-
ment using the formula:

G, = 1

- FE
ur 2(1+Vw) ur > (3)

Existing building
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Fig. 2. Technological scheme by the “top-down” method [20]

4CP 24.13330.2011. Code of Practice. Piled foundations. Revised edition of SNiP 2.02.03—85. Moscow, Standardinform, 2011; 152.
5 GOST 20276-2012. Soils. Methods of field determination of strength and deformability characteristics.

¢ Ukhov S.B., Semenov V.V., Znamensky V.V., Ter-Martirosya

n Z.G., Chernyshev S.N. Mechanics of soils, foundations and

foundations : textbook. S.B. Ukhov (ed.). 4th ed., stern. Moscow, 4th ed. Moscow, Higher school Publ., 2007; 566.
7 Ter-Martirosyan Z.G. Soil Mechanics. Moscow, ASV Publ., 2009; 256.
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Fig. 3. Calculation scheme for determining the bearing
capacity of a pile by a practical meth od

where v — is the coefficient of transverse strain
of the ground under unloading/reloading (it is allowed to
take 0.2); £ — the strain modulus of the ground along
the secondary branch of loading.

The unloading strain modulus / is approximately
2...7 times greater than the total strain modulus deter-
mined in the triaxial compression device (Fig. 4). There
for it is allowed to be limited to the condition as a provi-
sional value:

H =5E. 4)

The unloading thickness is determined by the depth
H , at which the vertical stresses from the excavated
soil’s own weight o_ are equal to half the natural verti-
cal pressure of 0.5 O and for weak soils with deforma-

Table 1. Physical and mechanical properties of soils

Fig. 4. Stress-strain relation to the determination of strain
moduli under triaxial compression

tion modulus £ < 7 MPa the depth /{is determined from
the condition:

o,= O.Zng. %)

Field testing of long-length barrette piles with a stat-
ic indentation load® [21] is the direct and most precise
method for determining the load-bearing capacity of piles
on the ground. Sensors mounted on the pile heads record
the deformation of the piles under load.

At the future construction site in Hanoi, charac-
terised by difficult geotechnical conditions, field tests
were carried out on single barrettes with a cross section
of 800 x 2,800 mm to a maximum load of 30 MN using
hydraulic jacks.

The basement is composed of weak soils with low
deformation and strength characteristics within an ex-
plored depth of 60 m (Table 1).

n];i}l]s;r Ground name h, m ¥, kKN/m? I, e @, hail c,kPa | E, MPa

1 Bulk compacted soil 1.6 16.00 — - - - -

2 Flowing clay 16.1 17.00 1.408 1.246 6.30 7.00 1.50
3 Fine sand 5.1 19.00 0.350 0.771 30.00 - 13.5
4 Fluid clay 10.2 17.20 0.811 1.171 18.00 9.10 15.0
5 Fine sand 3.0 19.20 0.350 0.746 30.00 - 13.5
6 High-plastic clay loam 34 17.80 0.695 1.002 7.40 9.60 5.00
7 Fine sand 1.0 19.10 0.035 0.755 30.00 - 13.5
8 Fluid plastic clay loam 4.8 17.50 0.930 1.082 8.00 9.50 3.00
9 Gravel and pebble soil >15.8 | 20.10 0.300 0.524 38.00 2.00 50.0

8 GOST 5686-2012. Soils. International Standardisation Field Test Methods for Piles in the Russian Federation. Moscow,

Standartinform Publ., 2014; 43.
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RESEARCH RESULTS

When the load F dsite = 27,500 kN is reached,
the settlement of the barrette head was tested to 40 mm
(see Fig. 5). This value is taken as the ground load-bear-
ing capacity of the barrette’.

Fig. 6 shows the calculation scheme for deter-
mining the load-bearing capacity Table 4 summarises
the results of the various calculation methods.

The results of determining the load-bearing capaci-
ty of a single 37 m long barrette, depending on the depth
of its tip to 51.90 m, are presented in Table 2.

The load-bearing capacity of the barrette, de-
termined by formula (1), was F, = 27,285 kN. Us-
ing formula (2) to limit the ultimate settlement,
F, = 18,450 kN, which is considerably different from
the values obtained experimentally in the static tests.

Barrette head load, MN

0

15

20 25 30 35

5.0
10.0
15.0 &
20.0 |
250 f
300 F
35.0
40.0
450
50.0

Displacement, mm

Fig. 5. Results of full-scale static tests of barrette piles

Ground water level

Excavation bottom

Absolute evaluation z, m

7 m

8x08x3

=9

Barrette pile L x B x H

Fig. 6. Scheme for calculating the bearing capacity of a single barrette
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Table 2. Calculation of the load-bearing capacity of the barrette on the ground
Number of
the GTE* hi, m I Yy Zi/, m ﬁ_m, kPa Z,m | R, kPa F P kN F, kN F, kN
2.00 1.05 | 0.60 | 4.00 5.00 5.00 350.00 43.20 784.00 827.20
2
1.40 1.05 | 0.60 | 5.70 6.00 6.40 420.00 79.49 940.80 1,020.29
2.00 0.30 | 0.60 | 7.40 43.40 8.40 843.33 454.46 1,889.07 2,343.53
3 2.00 0.30 | 0.60 | 9.40 45.40 10.40 | 980.00 846.72 2,195.20 3,041.92
1.10 0.30 | 0.60 | 10.95 46.95 11.50 | 1,062.50 | 1,069.83 | 2,380.00 3,449.83
2.00 0.80 | 0.60 | 12.50 7.89 13.50 | 750.00 | 1,138.00 | 1,680.00 2,818.00
2.00 0.80 | 0.60 | 14.50 7.89 1550 | 825.00 | 1,206.17 | 1,848.00 3,054.17
2.00 0.80 | 0.60 | 16.50 7.89 17.50 | 925.00 | 1,274.34 | 2,072.00 3,346.34
4
2.00 0.80 | 0.60 | 18.50 7.89 19.50 | 1,025.00 | 1,342.50 | 2,296.00 3,638.50
2.00 0.80 | 0.60 | 20.50 7.89 21.50 | 1,050.00 | 1,410.67 | 2,352.00 3,762.67
0.20 0.98 | 0.60 | 21.60 7.89 21.70 | 1,050.00 | 1,417.49 | 2,352.00 3,769.49
2.00 0.30 | 0.60 | 22.70 58.70 23.70 | 1,890.50 | 1,924.66 | 4,234.72 6,159.38
5
1.00 0.30 | 0.60 | 24.20 60.20 2470 | 1,955.50 | 2,184.72 | 4,380.32 6,565.04
2.00 0.70 | 0.60 | 25.70 16.13 26.70 | 1,050.00 | 2,324.08 | 2,352.00 4,676.08
6
1.40 0.70 | 0.60 | 27.40 16.15 28.10 | 1,050.00 | 2,421.76 | 2,352.00 4,773.76
7 1.00 0.20 | 0.60 | 28.60 64.60 29.10 | 2,537.00 | 2,700.83 | 5,682.88 8,383.71
2.00 0.93 | 0.60 | 30.10 7.70 31.10 | 1,050.00 | 2,767.36 | 2,352.00 5,119.36
8 2.00 0.93 | 0.60 | 32.10 7.70 33.10 | 1,050.00 | 2,833.89 | 2,352.00 5,185.89
0.80 0.93 | 0.60 | 33.50 7.70 33.90 | 1,050.00 | 2,860.50 | 2,352.00 5,212.50
2.00 0.20 | 0.60 | 34.90 129.82 3590 | 3,131.00 | 3,982.13 | 7,013.44 10,995.57
2.00 0.20 | 0.60 | 36.90 130.00 37.90 | 3,311.00 | 5,105.33 | 7,416.64 12,521.97
9
2.00 0.20 | 0.60 | 38.90 130.00 39.90 | 3,491.00 | 6,228.53 | 7,819.84 14,048.37
0.10 0.20 | 0.60 | 39.95 130.00 40.00 | 9,375.00 | 6,284.69 | 21,000.00 | 27,284.69
*geotechnical element.
Table 3. Calculation of the modulus and coefficient of transverse deformation
Number of the GTE E, kPa E, kPa v v,
2 1,500 7,500 0.40 0.3
3 13,500 67,500 0.30 0.2
4 15,000 75,000 0.40 0.3
(over H =10 m) ’ ’ ’ ’

According to the modified method proposed in this pa-  design parameters (Table 3): excavation depth 15 m, width
per, taking into account the work of near-pile soil on the sec- 61 m, depth of unloading thickness is set // = 10 m.
ondary branch after the excavation unloading, the bearing This value agrees reasonably well with the results
capacity of the barrette was F,, = 24,600 kN with the given  of the field tests (Fig. 7).

19

(L) L ONSS]"CL IO enconra et soucio



Science :ﬁlt:lnftll::glii':::l: Vol. 13.Issue 1(47)

Nadezhda S. Nikitina, Trung Hieu Le

2,500 5,000 7,500 10,000 12,500 15,000 17,500 20,000 22,500 25,000 27,500 30,000 32,500

Load P, kN

=)
=)
|5
=)
2
B
n . . . .
~60 —— p.7.4.2 CP24.13330.2011 (not including unloading) &
70 A p. 7.4.2 CP 24.133330.2011 (modified)
== Ficld tests results
-80

Fig. 7. Combined graph of dependence on load based on the results of analytical calculations and full-scale tests

CONCLUSION AND DISCUSSION

The stress-strain state of the soil mass contain-
ing the underground part of high-rise buildings is
influenced by many factors, including the change
of soil conditions during unloading after excavation.
The unloading has a significant effect in the case
of a foundation composed of soft soils and this fac-
tor should be taken into account when calculating
the bearing capacity and deformations of pile foun-
dations.

The concept of the “unloading depth” of
the foundation /A  is introduced when excavating

the excavation, within which the deformation param-
eters v and E  of the soil surrounding the pile are to
be assumed according to the secondary branch.

The proposed modification to the method for deter-
mining the settlement of a single pile makes it possible
to calculate the ground-load-bearing capacity of the pile
with regard to excavation unloading under high-depth
and weak soils. The values obtained in this way de-
scribe well the behaviour of the barrette with a load
close to the limit state with a bearing capacity differ-
ence of approx 10 %, which can be used for preliminary
calculations in the conception phase of the project.
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