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Anortanis. Jlocmimkena peanizamis poOOTH
POCTBEpKY 1 IaJjib y CKJIa/i CTOBIYACTOTO MaIbOBO-
ro pyHIaMEHTy B 3aJIC)KHOCTI Bij JOBXWHU Majb,
CHoco0y BIAIITYBaHHS Majlb, BiACTaHI MK HaJISIMH
1 BUILy TPYHTIB NP CTallill KUTBKOCTI manb. AHai-
3YBAJIINCh CTYMiHL peajizamii Hecydoi 3MaTHOCTI
nane i CTymiHb peaiizamii poOOTH POCTBEPKY Y
CKIaji mamboBoro gyHaamenty. s po3B’si3aHHS
MIOCTaBJICHUX y NaHili poOOTi 3aBAaHp OyJI0 BHKO-
HaHEe MaTeMaTUYHE MOJICIIOBAHHS METOIOM CKiH-
YEHHUX ENIEMEHTIB CyMicHOi poOOTH eJeMEHTIB
NagbOBOrO (DYHAAMEHTY 3 IPYHTOBOIO OCHOBOIO Ta
OKpeMO poOOTH TaTi 1 pOCTBEPKY K (PyHIAMEHTY
MIJIKOTO 3aKJIaJlaHHs. y MPOTPaMHOMY KOMILIEKCI
«Plaxis 3D Foundation».

BcTanosneHo, mo peaizariisi HeCydoi 31aTHOC-
Ti ANk y CKIal GyHAAMEHTY 3 BEIHKOIO BiJICTaH-
HI0O MK MaJIsIMH 3HA4HO Kpamia. J[oBKMHA majib
TAaKOX BIUIMBAE€ Ha CTYyMiHp iX peamizamii. [lpu
301IbIIEHH] TOBKHMHU HECydYa 3JaTHICTh Majb pea-
mi3yeTbes MeHie. Haiibinpima peanizamiss Hecydol
3IaTHOCTI Majb y cKiIaai (yHIaMeHTy crocTepira-
€TBCS JUTSI KOPOTKHMX Iajhb. Peamizallis THCKY Tif
MiOIIBOIO POCTBEPKY i3 30LIBIICHHSM KPOKY T1ajb
TaKOXK MOKpPAILy€eThCsI, peajli3allisi Hecyuoi 34aTHO-
CTi pocTBepKy ckianae Bif 8 10 50%, mo mo3Bosie
MiABUCUTH HECydy 3IaTHICTh QyHmameHty. Jlis
MiMIaHUX 1 TIMHACTHX TPYHTIB XapakTep Iepepos-
MOAUTY 3yCHJIb MDK €IEeMEHTaMH CTOBIYACTOTO Tia-
JTLOBOTO (hyHIAaMeHTy aHayoriuaui. it Gynnamen-
TiB 3 OypoBHX Najib CTYHiHb peamizamii TUCKY MiJ
ITiIOIIIBOIO POCTBEPKY, SIK 1 CTYTiHB peali3allii Hecy-
40i 34aTHOCTI TaJlb BWINA, HUK I (DyHIAMEHTIB 3
3a0uMBHUX Tajb. KepiBHUM (akTopoM € JOBXKHHA
nab.

JochimkeHa ekoHOMiuHA €QEeKTHBHICTH Tepe-
XOJly B OJHOPIMHUX IPYHTaX BiJ KyIla 3 JOBIHX
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NaJib MPH CTAaHIAPTHOMY MiHIMAJIILHOMY KpOIIi IO
Kylla 3 KOpPOTKHX Najb MpH 30UIbIIEHIH BigcTaHi
MK MaJsiMd. 3a paxyHOK BpaxyBaHHS CIIUIBHOL
pOOOTH Ak 1 POCTBEPKY KYII 3 KOPOTKUX Tallb 3
OimplviMu  TabapuTaMH  POCTBEPKY 3a0e3reuye
TaKy K Hecydy 34aTHICTb, SIK KyII 3 IOBTUX NaJb 3
KOMITAKTHUM POCTBEPKOM.

He nuBnsumck Ha 3Ha4YHE 3pPOCTAHHA 00’ €My
0eTOHy pOCTBEpKY 1 KUIBKOCTI apMaTypu npu 30i-
JIBIIEHH]I KPOKY TMajlb €KOHOMIsI KOIITIB Ha BapTOC-
Ti Majb 3a0e3rneuye eKOHOMIYHHIA €EKT BiJl BUKO-
pUCTaHHA KYyLI[iB 3 KOPOTKHX MaJlb 3 LIMPOKUMHU
poctBepkamu 110 35%.

Kirouosi caosa. CroBmuactuil manboBHi
(dbyHIaMeHT, pocTBepK, 3a0uBHa majs, OypoBa ma-
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751, TIEPEepO3IOIiN HaBaHTAXEHb, CTYIIHb peaiza-
ii HecydJol 3JaTHOCTI, KOIITOPUCHA BapTiCTh, €KO-
HOMIiYHA JIOIUIBHICTE.

I[TOCTAHOBKA ITPOBJIEMU
TA AHAJII3 ITOIEPEHIX JOCIIIKEHD

Oco06sMBOCTI MOBEAIHKM NaJlb 1 POCTBEpPKa
y CKIaJl Tpynu AOCTIIKyBaJlaCh 3HAYHOIO
kinpkicTio aBTopiB (I'omy6koB b. M., bapto-
aomeit A. O., opomkeBuy H. M., 3HameHChb-
kuil B. B. JleBansroBepkuii €. E., CepHoB B.
O., Burland J. B. [1], Hanna T. H.[2],
Whitaker T. [3], Katzenbach R. [4], Poulos H.
G. [5], Randolf M. F. [6]). B pe3ynbraTi BcTa-
HOBJICHO, II0 HEKOPEKTHO MpHU3HAYaTH Mapa-
MeTpH (QYHIAMEHTIB 3 TPYIH Malb HA ITiICTaBl
rnapamMeTpiB OJMHOYHUX Tajb, MOTPIOHO Bpa-
XOBYBAaTH B3A€EMOJII0 BCIX E€JIEMEHTIB MaJIbO-
BOrO (pyHIaMEHTY.

BinpmiicTe aBTOPIB Bi3HAYAIOTh, 10 HU3b-
KUl pOCTBEPK BKJIIOYAETHCS B POOOTY MO Mipi
YIIUTBHEHHS IIapiB IPYHTY MiJA IMiJONIBOIO
POCTBEpKY, 4epe3 MiJOIIBY POCTBEPKY MOXKE
nepesaBaTuch Ha IPYHTOBY OCHOBY 3Ha4Ha
gactka (10-50%) nHaBaHTakeHHS Ha ¢yHAA-
MeHT. [pyHT y BEpXHill 4acTHHI MiXKIIaIbOBOTO
MPOCTOPY TEPEMINIYEThCA BITHOCHO IIallb,
3aBJIIKM YOMY OMIp TepTsl BEPXHbOI YACTHHU
MOBEPXHI MaJIb 3MEHIIY€ETHCS.

JocmimpkenHss poO0TH NalbOBUX TPYI MPo-
JIOBXKYETHCS K B YKpaiHi, TaK 1 32 KOPJIOHOM.
Tak, y pobortax [7 — 9] Ha miacTaBi (Gi3U4HOTO
Ta MaTEMaTHUYHOTO MOJIEIIOBAaHHS POOOTH Ma-
JBOBUX TPYH 3 PI3HOIO KUIBKICTIO Majlb B Me-
JKaxX pOCTBEPKY CTAIMX PO3MIpiB 3pO0JICHI TaKi
BHUCHOBKH:

® BiJICOTOK HAaBaHTAXEHHS, SIKE CIpHUiIMae
POCTBEpPK, 30UTBIITYETHCS IO Mipl 3MEHIICHHS
IOBYKUHH 1 KIIBKOCTI I1aJIb;

® i3 3MEHIICHHSM JIOBXKHHH TaJlb BIJICOTOK
HAaBAaHTAXXCHHS, [0 CHPUIMAETBCA POCT-
BEpKOM, 30UTbIITy€eThCs 10 38%;

® 13 3MEHIIEHHIM KIJIbKOCTI IIaJIb BIJCOTOK
HABAaHTAXXCHHS, [0 CHOPHUIMAETBCA POCT-
BEPKOM, 30UTbITY€ThCS 10 55%);

e 30UIBIICHHS KIJTBKOCTI Majibh MPU3BOIUTH
70 3017bIICHHS HABaHTA)XXEHHS, SIKE CIpHiiMae
(dbyHIaMeHT, aje y 3HayHO MEHIIii CTemeHi,
HIX MOKHa OyJI0 O4YiKyBaTH.

Haxg nutaHHSMH pO3NOALTY 3yCHIb MiX
€JIEeMEHTaMU MajJbOBOr0 (hyHIAMEHTY Ipallto-
10Tk HayKoBI kadenpu BMI'A BHTVY [10 —
15]. ame € me Garato acrekTiB, sKi 3ajudIIa-
€THCS 1032 YBArolo. 30KpeMa 9u € eKOHOMIYHO
JOLITBHAM BUKOPUCTAHHS KOPOTKHMX Malb Y
MOPIBHSIHHI 3 JIOBIMMH 1 32 SKMX YMOB BHKO-
pUCTaHHS KOPOTKUX MaJlb MOXE JaTh €KOHO-
MiYHUH eeKT.

OcCKUTbKM TIPOCKTyBaHHS (yHIAMEHTIB Y
BUTJISZL TPYI Najib 32 HopMamH [16] 3aiiicHio-
€TbCA Ha IIACTaBl BU3HAYEHHS TPAaHUYHOIO
OIIOpYy OAMHOYHOI Mai, TO MPHU MPOEKTYBAaHHI
3a HOpMaMH KOPOTKiI mami OyayTh MOCTYyIIa-
TUCH JIOBI'MM (32 YMOBH 30€pEeXEHHS iX KiJb-
KOCT1).

BpaxyBanH criibHOT poOOTH BCIX €JIeMeH-
TIB MaJbOBOTO (YHIAMEHTY MOXE MiABUCUTH
e(EeKTUBHICTb 1 HAAIMHICTh MPOEKTHUX PIIICHb
3 BUKOPHUCTaHHIM KOPOTKHX Majb, TOMY TeMa
JOCIIJKEHHS € aKTyaJIbHOIO 1 Ma€ MPaKTUYHE
3HA4YEHHS.

META POBOTHU

Metoto poOOTH € IOCHiKeHHS ePeKTHB-
HOCTI BUKOPUCTAHHSI KOPOTKHX TaJlb Y CKJaji
CTOBIMYACTHX MaIhOBUX (DYHIAMEHTIB y TOpI-
BHSIHHI 3 TOBTHMH.

Byna mocraBieHa 3agada BUSBUTH BIIHB JI0-
B)KMHU TIAJIb Ta BiJICTaHI MIX MaJsIMHU Ha Tiepe-
PO3MOALT 3yCHUIb MK €JI€MEHTaMHU CTOBITYAC-
TUX NaJbOBHX (PyHIaMEHTIB Ta €(PEKTHUBHICTh
pob6oTH y ckiami PyH/IaMEHTY.

Kpim reomeTpuuHux napameTpiB najib J0C-
JDKYBaBCS BIUIMB TaKWX IapaMeTpiB: BHI
nanb (BIAmITOBaHI Oe3 BUIIMaHHS Ta 3 BHIA-
MaHHSIM TPYHTY), (i3MKO-MEXaHiuHI XapakKTe-
PUCTUKA OCHOBH Ha €QEeKTHBHICTH pPOOOTH
€JIEMEHTIB MaJbOBOTO QyHIAMEHTY.

JocmipkyBanack €KOHOMIYHA — e(EeKTHB-
HICTh TIEPEXOJy B OMHOPITHUX TIPYHTAX BiJ
KyIla 3 JOBTUX Majb PH CTaHIAPTHOMY MiHi-
MaJBHOMY KpOIli 0 KyIla 3 KOPOTKHX MaJb
pu 30UTBIICHIN BiICTaH1 MiXK MaIsIMU.

OCHOBHE JIOCJIJKEHHS

Ockinbku (pi3MuHe MOJETIOBAHHS 1 THM Oi-
JIBIIIE TIOJIbOBI JTOCHIDKEHHS MallboBHX (DyH-
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JAMEHTIB € TPOMI3JIKHMHU 1 TOpOTO BapTiCHU-
MH, a B BUNAJKY (PI3MYHOIO MOJETIOBAHHS J10
TOTO K MOX€ BHUKOPHUCTOBYBATHCH JIUIIE TIi-
I[aHa OCHOBA, TO y CBITOBIM MPaKTHUI MPOMO-
HYIOTBCSI PI3HOMaHITHI PO3PaXyHKOBI METOAU
JUIS KUTBKICHOTO aHalizy poOOTH MajbOBHX
(yHIAMEHTIB 3 HU3bKUMHU Ta BUCOKHMHU POCT-
Bepkami [17].

JocnimkeHHs: TPOBOAMIOCH Ha 0a3i mare-
MaTHUYHOIO MOJICJIIOBAHHSA Yy IPOrpaMHOMY
komiuiekci Plaxis 3D, sxuii po3poOnenuii Ha
OCHOBI METONIB CKIHYEHHHUX €JIEMEHTIB Ta
YMOB IPOCTOPOBOI 3ajaui. J[ouigbHICTh BUKO-
pucTaHHs nporpaMmHoro komruiekcy Plaxis 3D
JUISL PO3B’SI3aHHS PI3SHOMAHITHUX 3a/1a4 reoTe-
XHIKH MATBEPKYEThCSI OaraTbMa aBTOpamMu.
IIpozpama yucenvrho2o mooentogants poobomu
cucmem cmosnyacmuti pOCmeepK — naui — [pyHm

MoenbHi eKCIIEpUMEHTH PO3/AUICHO Ha Ta-
Kl miArpynu:

I — MonemoBaHHs CyMiCHOI poOOTH POCT-
BEpKY 1 Tajb Ha OJHOPIIHIA MilIaHIi OCHOBI
MpU JIOBXKMUHAX Nanb 3 M, 6 M, 9 M, 12 M Ta
Mpu OChOBIW BiacTtani Mk Humu 3d, 5d, 7d,

TOBIIMHA pocTBepKy 500 MM, mporpamy Moje-
JIOBaHHS HaBeAeHO B Tabn. 1. Xapakrepuctu-
KM THIIAHOTO TPYHTY: TICOK  JpiOHUIA,
y = 18,6 kH/™M?, e = 0,67, ¢ = 2 kIla, ¢ = 32°,
E =28 Mlla;

I - monentoBaHHs cyMmicHOI poOOTH POCT-
BEPKY 1 Majb Ha OJHOPITHIN TIIUMHUCTIN OCHOBI
MpU JIOBXKMHAX manb 3 M, 6 M, 9 M, 12 M Ta
Ipu OChOBIW BifcTaHi Mix HumE 3d, 5d, 7d,
ToBIIMHA pocTBEepKY 500 MM, mporpamy mojie-
JIOBaHHS HaBeaeHO B Tabn. 1. Xapakrepucrtu-

KU1 TJIMHUCTOTO IPYHTY: CYTJIMHOK,
y=18,7 xH/M? ¢=23 «klla, ¢@=21°,
v=0,35, £ =14 Mlla;

Il — mopemtoBaHHS pPOOOTH OIUHOYHUX

najb Pi3HOI JOBXHHU B PI3HUX IPYHTOBHUX
ymoBax miarpyn [ — II;

IV — MopentoBaHHS pOOOTH POCTBEPKY K
(GyHIAMEHTY MIJIKOTO 3akKjaJiaHHS B PI3HUX
rpyHTOBUX yMoBax miarpyn [ —II.

VY mepmrniii cepii MoIeNIOBaNNCH 3a0WBHI
nani, y Ipyrii cepii — OypoBi maii.

Tabmums 1 — [Iporpama MomemtoBaHHS CyMICHOI poOOTH POCTBEPKY 1 Malh CTOBITYACTOTO MABOBOTO (DyH-

namenty st migrpym [ — 11

Table 1 - The program for simulating the joint operation of the grid and the piles of the columnar pile

foundation for subgroups I - 11

T'pyna focsinis JloB)KuHA Ta MMOTIEPSYHUI PO3MIp Kpoxk i KiTbKicTh Po3mipu pocTBepka
najb najb
1 3d, 9 mwr. 2,4x2.4 M
2 L=3Md=03m 5d, 9 . 3,6x3,6 M
3 7d, 9 . 4,8x4,8 M
4 3d, 9 mwr. 2,4x2.4 M
5 L=6Md=03m 5d, 9 . 3,6x3,6 M
6 7d, 9 . 4,8x4,8 M
7 3d, 9 mwr. 2,4x2.4 M
8 L=9Md=03m 5d, 9 . 3,6x3,6 M
9 7d, 9 . 4,8x4,8 M
10 3d, 9 wr. 2,4x2.4 M
11 L=12m,d=0,3M 5d, 9 . 3,6x3,6 M
12 7d, 9 . 4,8x4,8 M
Pezynemamu  uucenvbnoco  MoOeno8anHs Ha puc. 1, 2 HaBeieHO BapiaHTH PO3PaXyHKO-

cucmemu «pocmeepKk — Naii — OCHOBA»

Beymunnza HaBaHTa)keHHS Ha Mozei 30UIb-
IIyBajiach J0 THX IIip, TIOKK Aedopmaltii 3Haxo-
JIJTACh B MEXax JIOMYCTUMHUX 3HA4YeHb (HE MCH-
e 100 mm).

BUX MOJIEJIEH CTOBIYACTOrO MaiboBOro (pyHma-
MEHTY Ta IPyHTOBOT'O MacHBY.

Ha puc. 3 — 6 HaBeneHi rpadiku 3aJIeKHOCTI
HECYy4oi 3/1aTHOCTI CTOBITYACTOTO MAIBOBOIO Y-
H/IAMEHTY B IILJIOMY BiJl TOBXWHH Nainb. OHOYa-
CHO Ha rpagikax NoKa3aHUH XapakTep 3pOCTaHHs
CYMH HECYUHX 371aTHOCTEN OIMHOYHUX IaJlb.
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=

Puc. 1 — Po3paxyHKOBI MOJIeJi CTOBITYACTOrO Ia-
JLOBOTO (PYHAAMEHTY, MaJi JOBKUHOI 3 M Ta 9 M
pu kpoiri 3d

Fig. 1 — Calculation models of a columnar pile
foundation, piles 3 m and 9 m long at a 3d step
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Puc. 2 — Po3paxyHkoBa MOEIb IPYHTOBOTO MACUBY
Fig. 2 - Calculation model of the soil massif
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Fig. 3 - Graph of the dependence of the bearing
capacity of the columnar pile foundation on the
length of the piles (driven piles, soil - sand)
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Fig. 4 — Graph of the dependence of the bearing
capacity of the columnar pile foundation on the
length of the piles (driven piles, soil - loam)
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Fig. 5 — The graph of the dependence of the
bearing capacity of the columnar pile foundation
on the length of the piles (drilled piles, soil - sand)
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Fig. 6 — The graph of the dependence of the
bearing capacity of the columnar pile foundation
on the length of the piles (drilled piles, soil - loam)

51



OCHOBHU TA ®YHJAMEHTU. 2024. Bumyck 48

3arampHa Hecy4a 3JIaTHICTH 30UTBIIYETHCS
Mpy 301BLICHH] JOBXHHHU 1 KPOKY Mallb, 110
3aKOHOMIPHO, ajie Hecyda 3JaTHICTh (yHma-
MEHTY 3 3a0MBHHUX Iajb MEPEBUIIYE CYMY He-
CYYMX 3[JaTHOCTEH OJMHOYHHX T1aJIb Y TJINHHC-
TOMY TPYHTI, a B mimanomy npu kpoui 3d nu-
Ie sl KOPOTKKX manb. [Ipu 3011bIIeHHi Kpo-
Ky mnanb (i BiAMOBIIHO 301MBIICHHI IJIOMII
POCTBEpKY) 3arajbHa Hecyd4a 34aTHICTb (yH-
JTAMEHTY BIJITOBITHO 3POCTAE.

s OypoBuX Manb Hecyya 31aTHICTh (yH-
JAMEHTY TICPEBUIIYE CyMy HECYYHX 3JaTHOC-
Tel OMHOYHHUX Talh B OyAb-IKOMY BUIAJKY 1
3 30UTBIIEHHSIM KPOKY Tajib II€ TEPEBUIIICHHS
CTa€ JIy’Ke CYTTEBHM.

Mo>kHa BII3HAYUTH TAKOXK, 110 301JILIIICHHS
JIOBXXHHH Tajdi y 4 pa3u Jae 301IbIIeHHS HeCy-
4oi 37aTHOCTI QpyHIaMmeHty numie y 1,5 pasu
npu kpoui 7d 1y 2 pa3u npo kpomi 3d. Orxe,
e(heKTUBHICTh pOOOTH KOPOTKHUX IMaJlb y CKIaI1
(GbyHIaMEeHTy 3HaYHO BUILA.

Amnauni3 rpadikiB Ha puc. 3 — 6 Mokasye, 110
(dbyHIaMeHT 3 3a0MBHHUX Tallb JOBXHHOK 12 M
TIPH pO3Mipax pocTBEepKy 2,4 x2,4 M (KpOK Iajib
3d) mae Taky X Hecydy 37aTHICTh, IK (QyHAa-
MEHT 3 TaJb JOBXHHOIO 6 M TIpU pO3Mipax
poctBepky 3,6%3,6 M (kpok nans 5d) i ¢pyHna-
MEHT 3 TaJb JOBXHHOIO 3 M TpU pO3Mipax
poctBepky 4,8x4,8 M (kpok mams 7d). Crix
BII3HAYMTH, 110 Tpadiku MoOy10BaHi JJis 3HA-
YeHb Hecy4oi 3AaTHOCTI pu ociganHi 100 M.

Jnst dyHnameHTiB 3 OypoBHX Majib KapTHHA
me kpame. Hecyua 3gatHicTh QyHAaMEHTY 3
NaJib JOBXKUHOK 3 M HaOJIMKAETHCS 10 HECy-
40i 34aTHOCTI (PyHIAMEHTY 3 Hajb JOBXKHHOIO
12 M npu po3mipax pocTBepKy 2,4%x2.4 M Bxke
IIpH po3Mipi pocTBEpKY 3,6%3,6 M.

TakuM YUHOM MOJYKHA 3HAYHO CKOPOTHTH
JIOBXXHHY TaJIb 32 paXxyHOK 301UIbIIeHHS rada-
PHUTIB POCTBEPKY.

Jlsist Kpamoro po3yMiHHSI BIUITMBY OKPEMHUX
€JIEMEHTIB TaTboBOro (hyHIaMEHTy Ha HOTO
CyMapHy Hecyuy 3/1aTHICTb Ha rpadikax puc. 7
— 10 nHaBeneHa 3aneKHICT, HABAHTAXKEHHSA, 1110
NpUIagae Ha POCTBEPK 1 mami y ckiani ¢ys-
JAMEHTY BiJ IOBXXKMHU 1 KPOKy manb. Ha pu-
CYHKax INOKa3aHa TaKOX 3aJIe)KHICTh CyMapHO1
Hecyd4oi 374aTHOCTI OJWHOYHMX TMajab Bix iX
JOBXUHM. 3HAYCHHsS HABaHTA)XEHb HA POCT-

Bepk 1 mami Ha puc. 7 — 10 BU3HaYaNMCh ISt
ocimanHasa 100 mm.

bauumo, 110 HaBaHTa)XEHHS, 110 MPUIAJIAE
Ha POCTBEPK, MPAKTUYHO HE 3aNEKUTh BiJl
JOBXKWHU TIaJh K JJIs 3a0UBHUX, TaK 1 Oypo-
BUX Majib 1 MPU PI3HUX BUAAX IPYHTY OCHOBHU.
[Ipn KOpOTKMX HalsiX pOCTBEpPK 3abe3neuye
CHPUUHATTS 3HAYHOI YACTKU HABaHTA)KEHHS Ha
(yHIaMEeHT, a TpU JOBTHX MAaJSX MEPEBAKHY
YaCTKy HaBaHTAKCHHs OepyTh Ha cebe maii.
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Puc. 7 — 3anexxHicTh HABAaHTAKEHHS, 1[0 TPUTIAIAE
Ha POCTBEPK 1 MaJli y cKiaji majiboBoro ¢y-
HIAMEHTY BiJl OBKWHU 1 KPOKY mNaib (Tai
3a0HBHI, IPYHT ITiIIaHU)

Fig. 7 — Dependence of the load falling on the
grid and piles as part of the pile
foundation on the length and pitch of the
piles (driven piles, sandy soil)
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HTY Bil MOBXHWHH 1 KpPOKy mamb (majii 3a0WBHI,
IPYHT TJIMHUCTHIN)

Fig. 8 — Dependence of the load falling on the grid
and piles as part of the pile foundation on the
length and pitch of the piles (driven piles, clay soil)
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Puc. 9 — 3anexxHicTh HaBaHTaXKEHHS, 110 TPUTIATAE
Ha POCTBEPK 1 MaJli y CKJIaJi MaIboBOTo (hy-
H/IaMEHTY BiJl JOBXHUHH 1 KPOKY Hauib (Tmai
OypoBi, IpyHT HillaHH)

Fig. 9 — Dependence of the load falling on the grid
and piles as part of the pile foundation on
the length and pitch of the piles (drilled
piles, sandy soil)
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Puc. 10 — 3anexHiCTh HaBaHTAXEHHS, IO MPHUTIa-
Ja€ Ha POCTBEPK 1 MaJli y CKJIAAl MalbOBOTO
(yHIaMeHTy BiJ NOBXHHHA 1 KPOKY TMaib
(maumi OypoBi, TPYHT TIIHHUCTHH)

Fig. 10 — Dependence of the load falling on the
grid and piles as part of the pile foundation
on the length and pitch of the piles (drilled
piles, clay soil)

Bunno Takox, mo mani y ckiaagi gyHma-
MEHTY Kpaiie cebe peasi3yroTh, HXK OJMHOYHI.
Buxkmrouenns cknagaroTe GyHIaAMEHTH 3 3a0H-
BHUX MaJjb Yy MIIIAHUX IpyHTaX (puc.7), ane i B
[IbOMY BHWMAJKy Tipia peami3aiis Hecydoi
3IaTHOCTI TMalb CTOCYETHCS JIMIIE JIOBIHX
najb. J[7s manb JOBXHHOIO 3 M B OY/Ib-IKOMY
BUMAJKYy TaJli y Tpyni CIpUiMaioTh Oiiblie
HABaHTAXXEHHSI, HI’K CyMa HECYUYHX 3/1laTHOCTEN
OJIMHOYHUX TaJh.

[IpencraBisie iHTEpec BU3HAYEHHS IUTO-
MOi Hecyd4oi 3/aTHOCTI MaJlb Ta POCTBEPKIB Y
ckianai (QyHIaMeHTIB (BIIHOIIEHHS HECydol
3JaTHOCTI eeMeHTa 70 ioro 06’emy, kH/m?).
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Hecyua 3/1aTHICTh KOPOTKUX MaJlb Y BCiX BHIIA-
JIKaxX € HahWOUIbIIOI (TTMTOMa Hecyda 3/1at-
HICTh TPUMETPOBOI Maji MEPEeBUIILYE MUTOMY
HECyYy 3[IaTHICTh JBaHAIIATAMETPOBOT Nl B
1,5 — 2 pa3u. [Iuroma Hecy4a 3AaTHICTH Majb
3pOCTa€e TaKOX 1 MpHU 30UIBIICHH] KPOKY Mallb
(po3mipiB pocTBepKy). Taki 3a1eKHOCTI CIOC-
TEpiraloThbes SK AJs 3a0MBHHX, Tak 1 s Oy-
POBHX NaJIb HE3aJIEXKHO BIJ BUAY IPYHTY.
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11 — Dependence of the specific bearing
capacity of piles and grating on the length and
pitch of the piles (driven piles, sandy soil)

Puc.

Fig.

2600

—e— -mani
& By
2200 — -X— - OAWHO4HI
rani
—®— -pocTBeEpK
% 1800
£ 1400 L\Q’\, -
I >
Q — 3 5d
@ 1000
g N \0\!ng
Z I —
T
g 80 .
9 A
= 200 Jp— d
. ——— 5d
100 — = ——==t==
1t\\\“ﬂk——774 77777 s
3 6 9 12 Lm

Puc. 12 — 3anexxHicTh TUTOMOT HECY4Oi 34aTHOCTI
Mayb i pOCTBEPKA Bijl TOBXHUHU 1 KPOKY TaJb
(mauti 3a0WBHI, TPYHT TITMHUCTHIA)

12 — Dependence of the specific bearing
capacity of piles and grid on the length and
pitch of the piles (driven piles, clay soil)

Fig.
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Puc. 13 — 3anexxHicTh TUTOMOI HECYUOi 34aTHOCTI
naJb i pOCTBEPKY BiJ JOBXUHH 1 KPOKY Iajb
(masti OypoBi, IPYHT TiIIaHUH)

Fig. 13 — Dependence of the specific bearing
capacity of piles and grid on the length and
pitch of the piles (drilled piles, sandy soil)
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Puc. 14 — 3anexHicTh MUTOMOI HECYJOi 3IaTHOCTI
MaJib 1 pOCTBEPKY BiJl JOBXKHUHU 1 KPOKY Tajb
(mani OypoBi, IPyHT TTTHHUCTHIA)

Fig. 14 — Dependence of the specific bearing
capacity of piles and grating on the length and
pitch of the piles (drilled piles, clayey soil)

[Ifo cTocyeTpcs MUTOMOI HECYHOI 34aTHO-
CTi POCTBEPKY, TO BOHA NPAKTUYHO HE 3alie-
XKUTh BiJl JTOBXHHU Iallb 1 HECYTTEBO 301J1b-
IIY€THCS 13 301IBIICHHAM 1X KPOKY ISl 3a0UB-
HUX TaJb 1 IPAaKTUYHO HE 3AJIC)KHUTH BiJl KPOKY
1 HECyTT€BO 3OLIBIIYETHCS 13 301IBLICHHIM
JOBXHUHH 17151 OypoBUX. Bun rpyHTYy HE BILUTH-
Ba€ Ha SKICHy KapTHHY PO3MOILUTYy MHUTOMOI
HECYYOi 37JaTHOCTI POCTBEPKA.

OT1xe, KepiBHUM (aKTOpPOM, SIKUH BHU3HA-
4yae eQeKTHBHICT POOOTH ManbOBOrO (yHIa-

MEHTY, € JIOBXXHHA MaJIb 1 KOPOTKI Mmaji MalTh
SIBHY TIepeBary HaJl JOBTUMHU.

AHai3 Jae MmiJICTaBy CIOMIBATHCh, IO
3aMiHa ()yHAaMEHTY 3 JOBTUX Majlb 3 KOMIAK-
THUM POCTBEPKOM Ha (YHIAMEHT 3 KOPOTKHX
najib 3 OUTBIIMMH rabapuTaMu POCTBEPKY MO-
xe OyTu e(peKTUBHOIO.

[Tomanpmumii anani3z e(EeKTUBHOCTI TaKoOi
3aMiHM BUKOHAHUH i1 PyHIAMEHTIB 3 3a0UB-
HUX TaJlb, OCKIJIBKU JUIsl HUX Taka e(eKTUB-
HICTH OyJIe MiHIMAJIBHOIO.

Ockinbku Tpadiku Ha puc. 3 — 6 Ta 7 — 14
BiIOOPaXyIOTh HECydy 3JIaTHICTh EJIEMEHTIB
dbyHIaMeHTy TIpW TPAaHUYHOMY 3HA4Y€HHI OCI-
nanas 100 MM, TO IJISI KOPEKTHOTO TEXHIKO-
€KOHOMIYHOTO TIOPIBHSIHHS KOHCTPYKTHBHHUX
pimieHs OyiM BU3HAYEHI 3HAYCHHS HECY4doi
3IaTHOCTI OJMHOYHUX Nalb 33 METOJUKOIO
HOpM [16], a TakoX OCiaHHs MajaboBUX (PyH-
JTAMEHTIB 3 3a0MBHUX MaJlb, 3aIIPOEKTOBAHUX 3
YMOBH, 110 HaBAHTAXXEHHS HA KyII JAOPIBHIOE
CyMi HECY4YHX 3JIaTHOCTEH mainb. Po3rmsmaBcs
Kyl 3 9 najgb JOBXKUHOKI 12 M 1 pOCTBEPKOM 3
po3Mipamu 2,4 xX2.4 M, a TaKoX Kyl1 3 9 manb
JOBXHUHOIO 3 M 3 pocTBepkoM 4,8 x4,8 M. Pe-
3yJIbTAaTH MPEACTABJICH] Y TaOnmuisax 2 Ta 3.

Tabmums 2 — Hecyda 3matnicth, Fq, ommHOYHOL
naJii, BU3Ha4YCHA 32 METOAMKOI0 HOpM, KH

Table 2 — Bearing capacity, Fd, of a single pile,
determined by the norm method, kN

L=3m | L=6m | L=9M | L=12m
I'pyHr - 292 455 637 835
MCOK
I'pyHr - 264 406 566 740
CYIJIH-
HOK

Tabmu 3 — OcifgaHHs MATBOBOTO KyIIa, CM, BH3HA-
YeHe 32 METOJOM IIOIIAPOBOrO IMiICYMOBYBAHHS SIK
JUISL yMOBHOTO (DYHIAMEHTY MIJIKOTO 3aKJIa[aHHs
Table 3 — Settlement of the pile bush, cm,
determined by the method of layer-by-layer
summation as for the conditional foundation of
shallow laying

9 majgb JOBKHHOIO|9 Manb HOBXKHHOIO
12 M 3 pocTBepKOM|3 M 3 POCTBEPKOM

24x24 M 4,8 x4,8 M
I'pyHT - micok 3,5 3,7
I'pysaT - Cyr- 7.3 6,0

JIMHOK
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VY tabmuii 4 Ta Ha puc. 15 Ta 16 HaBeaeHi
HAaBaHTAXXCHHS Ha KyII 1 cymMa 3yCHIIb B OJIU-
HOYHUX TaJSIX, OJCpKaHI 3a pe3yibTaTaMu
MOJIEIIOBAHHA, ajie He Mg ocimadug 100 MM, a
JUTS OCITaHHS BIAIIOBIMHO S = 3 CM JUIA IIiIa-
HOTO IPYHTY 1§ = 5 CM JJIsl TJIMHUCTOTO IPYH-
Ty, 0 Oyze BiANOBIAAaTH MapamMeTpaM Maybo-
BUX (YHIAMEHTIB, 1110 3alIPOEKTOBAHI 32 HOP-
MaMH.

Tabnuus 4 - HaBanTaxkeHHs Ha majaboBUl (yHIA-
MEHT 1 Cyma 3ycWib B OJWHOYHHUX IMAaJsAX 3a pe-
3yJbTaTaMU MOZEIIOBaHHS

Table 4 - Load on the pile foundation and the sum
of forces in single piles according to the simulation
results

o o 1 m 1
= 5 2 ‘B S
¥a] % < m < o K

g 5| 8 £ w = A==

S =l E > 5 ? I T

% | = S E = S % Mﬁ

S 2 8 o T 2 3 55 ¢

H 3 M| & E = & 2 O3 E

3a0uBHI NaJli Y MIAHOMY TPYHTI IpH s = 3 cM

3 | 3d | 2400

M | 5d [ 4050 231 2079
7d | 5300

6 |[3d | 3180

M | 5d | 5440 454 4086
7d | 6200

9 | 3d | 4500

M | 5d | 6830 722 6496
7d | 8000

12 | 3d | 5870

M | 5d | 9050 1060 9540
7d | 11760

3abuBHI T Y TIIMHUCTOMY IPYHTI TIPH S = 5 ¢M

3 | 3d | 2840

M | 5d | 4570 270 2430
7d | 5640

6 |3d | 3930

M | 5d | 6000 425 3825
7d | 7100

9 |3d | 5210

M | 5d | 7900 615 5530
7d | 9090

12 | 3d | 6900

M | 5d | 9750 850 7650
7d | 11200

baunmo, 110 3ycriis B OMMHOYHUX MAJISAX
NpUOJIM3HO BIAMOBIIAIOTH IX HECYYUM 3JaTHO-
CTSIM, BU3HaYeHUM 3a HopMmamu. Jlani Tadi. 4

Ta puc. 15 Ta 16 moka3yrTh, 110 i MPH peab-
HUX 3HA4YEeHHSAX OC1aHb TPYIH Majb HaBaHTa-
KEHHS Ha (YHIAMEHT 3 Hajlb JOBXHUHOIO 6 M
IIpU po3Mipax pocTBepKy 3,6 X3,6 M (Kpok maib
5d) 1 pyHmameHT 3 majghb JTOBKUHOK 3 M TIpH
po3mipax poctBepka 4,8 x4,8 M (kpok nanb 7d)
HAOMMKAETHCS 10 HABAaHTAXKEHHS Ha (DYHIAMEHT
3 3a0MBHUX IaJIb JOBXKUHOIO 12 M mpu po3mipax
poctBepky 2,4 x2.4 M (kpok maib 3d).

OTxe, NIATBEPIKYETHCSI BUCHOBOK IIPO
Te, U0 MOXHA 3HAYHO CKOPOTUTH JOBXKUHY
ajb 3a paxyHOK 301IbIIeHHs TabapuTiB POCT-

BEPKY.
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Puc. 15 — 3anexHicTh HaBaHTa)XCHHS Ha MaJTbOBUH
($yHIaMEeHT 1 OJMHOYHI Maji BiJ TOBKUHH 1 KPOKY
najb mpu s = 3 cM (masti 3a0uBHI, TPYHT — MICOK)
Fig. 15 — Dependence of the load on the pile
foundation and single piles on the length and
pitch of the piles at s = 3 cm (driven piles, soil
- sand)
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Puc. 16 — 3anexHicTh HABaHTAXCHHS HA MMaJIbOBUN
(byHIaMEHT 1 OJMHOYHI Talli BiJ JOBXKUHH i KPOKY
majs Ipu s = 5 cM (mani 3abuBHI, TPYHT — CyTIIH-
HOK)

Fig. 16 — Dependence of the load on the pile
foundation and single piles on the length and pitch
of the piles at s =5 cm (driven piles, soil — loam)
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Topisnanvruti ananiz eapmocmi hynoamen-
mi6 3 0082UX Ma KOPOMKUX Nalb
Jlnst TopiBHSHHS BapTOCTi Oynm oOpaHi
TPHU BapiaHTU KOHCTPYKTUBHOTO DillIeHHA (Y-
HJIAMEHTY IpY OJIHAKOBINA HECYUlll 3aTHOCTI.
BapianT 1 — ¢pyHaaMeHT 3 nanb JOBKHUHOIO
12 M npu po3Mmipax pocTBepky 2,4 x2,4 m (puc.
17).
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Puc. 17 — KoHcTpykTuBHE pillieHHS (hyHIaMEHTY
3a BapiadToM 1

Fig. 17 — Structural solution of the foundation
according to option 1

Bapiant 2 — ¢yHgaMeHT 3 manb JIOBXKH-
HOIO 6 M Tipu po3Mipax pocTBepka 3,6 x3,6 M
(puc. 18).
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Puc. 18 — KoHcTpykTuBHE pimieHHS QyHAaMEHTY
3a BapiaHTOM 2

Fig. 18 — Structural solution of the foundation
according to option 2

Bapiant 3 — ¢yHzaMeHT 3 nanb J0BXKHU-
HOIO 3 M Tpu po3Mipax poctBepka 4,8 x4.8 M

(puc. 19).
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Puc. 19 — KoHcTpykTuBHE pilieHHA (yHIaMEHTY
3a BapiaHTOM 3

Fig. 19 — Structural solution of the foundation
according to option 3

byB BHKOHaHUN PO3paxyHOK MIIIHOCTI Ti-
Ja JUIS BCIX TPHOX BAapiaHTIB 3 MiJOMPaHHIM
noTpiOHOI KUIBKOCTI apMmarypu. 3po3yMmiso,
mo BapianT 1 mMae 3Ha4HHN 00’€M maib, aie
HE3HayHl BUTpaTH OETOHY 1 apMaTypu poOCT-
BEpKa, a BapiaHTH 2 Ta 3 MarOTh 3MEHIICHUUN
00’eM manb, ale 3HA4YHI BUTPATH MaTepiaiiB
Ha pocTBepK. Pe3ynbratu po3paxyHKIB HaBe-
neHi y Tabmuni 5 Ta Ha puc. 20.

Tabmursa 5 — Pe3ynpTaTl po3paxyHKy BUTpaT Ma-
TepiaiiB Ha yIAIITYBaHHS NMATbOBUX (YHIaMEHTIB
Table 5 — Results of the calculation of the costs of
materials for the arrangement of pile foundations

Burpatu ma- Bapiant | Bapiant | BapiaaT
TepiaiiB 1 2 3

0O0’eM OGeToHa 9.72 4.86 2.43

b, M°

0O06’eM OeToHa

pocTBepKa, M° 3,29 12,0 21,64

Bara apmary-
pH, KT

175 398 564
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Puc. 20 — 3anexxHicTh BUTpAT MaTepialiB Big Kpo-
Ky Hajib y POCTBEPKY

Fig. 20 — Dependence of material consumption on
the pitch of the piles in the grid

Sk Gaunmo, cymapHi BUTpaTH OETOHY 1
apMaTypy TpU TEPEeXOojl BiJl JOBTUX Majb 13
CTaHJApTHUM KpokoM 3d 10 KOPOTKUX HaJib 3
TT1JIBUIIIEHUM KPOKOM B IIJIOMY 3017IBITYOTHCS
32 paxyHOK 3pOCTaHHS 00’€My pPOCTBEpKY 1
30UIBIIEHHS 3TUHAJBHOTO MOMEHTY Y TLIl
POCTBEpKa BiJ peakiiiii majab i TUCKY MiJl POCT-
BEepKOM (O1JIbIIIE TIIeYE CHUT).

Aue BigoMo, 110 TOTOBI Iajli 3aBOACHKOTO
BHUTOTOBJICHHS € HAHOUIBII JOPOTOI0 KOHCTPY-
KIli€l0 y nepepaxyBaHHi Ha 1 M° y HOpiBHAHHI
3 IHITUMU 301PHUMH Ta MOHOJIITHUMU €JIEMEH-
TaMH.

Jlnst  aHamizy €KOHOMIYHOI JIOIITBHOCTI
3alpONOHOBAHUX BapiaHTIB KOHCTPYKTUBHOTO
pimeHHs OyJIM CKJIAQJeHI KOIITOPUCH JJIS
TPbOX 3aIIPONIOHOBAHUX BapiaHTiB. Pe3ynpTaTn
pPO3paxyHKy KOIITOPHUCHOI BapTOCTI HaBEJICHI
y Tabnuii 7 Ta Ha puc.21.

Tabmuus 7 — PesynpTaté po3paxyHKy KOLITOpPHUC-
HOI BapTOCTI YJAIITyBaHHS IMaThoBUX (pyHIaMEH-
TiB

Table 7 — Results of the calculation of the
estimated cost of pile foundations

Komrropucua Bap- Bapiant | BapianT | Bapianar
TiCTh 1 2 3
Bapricts ymamry-

BaHHs Majb, TUC. 126,47 59,69 25,81
TPH.

Bapricts ymamry-

BaHHS POCTBEPKA, 15,64 35,47 63,85
THUC. TPH.

Bapricts apmaty- 4,92 1,19 | 15,86
PH, TUC. TPH.

3arajpHa KOIITO- 152,09 113,43 | 112,96

pHUCHA BapTiCTh,
THUC. I'PH.
3arajapHa KOIITO-

N 135 100,4 100
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Puc. 21 — 3anexHicTh KOMITOPUCHOI BapTOCTI Bij
KPOKY Talb y POCTBEPKY

Fig. 21 — Dependence of the estimated cost on the
pitch of the piles in the grid

BUCHOBKHW TA PEKOMEH/IALIIT

1. Peamizarmis Hecydoi 3AaTHOCTI Tallb Y
KyIIOBOMY MajgbOBOMY (YHIAMEHTI 3pOcTae
MPU 3MEHINIEHHI JOBXWHH TMaJib 1 301JbIIICHH]
IX KpOKYy.

2. Peamizamis poOOTH pOCTBEpPKa TaKOX
MOKpAILy€eThCs TIPH 301TBIICHH] BiJICTaHI MiX
naasiMu.

3. Edexr xkpamoi peamizamii KOpPOTKHX
najp y CKIaAl Kymia 3 OypoBUX MaJlb BUIIHH 32
BIMOBIAHUA edeKT s Kyma 3 3a0MBHHUX
nab.

4. Bun rpyHTYy NpakTUYHO HE BIUIMBAE Ha
XapakTep Mepepo3nOAUTy 3yCHIb MK €lIeMEH-
TaMH CTOBITYACTOTO MATHOBOTO (PYHIAMEHTY.

5. 3a paxyHOK Kpamioi peamizamii podoTu
€JIEMEHTIB MajJbOBOTO (PYHAAMEHTY I Hallb
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Mayioi JOBXHHHA 3 BEIMKHM KPOKOM MOXKHA
JOCSTTH OJHAKOBOI HECyYol 3/1aTHOCTI 3 (yH-
JTAMEHTOM 3 TajJb BEIUKOI TOBKWHU TIPH Tpa-
TUIIITHOMY MiHIMalbHOMY Kpotii 3d.

He puBnsumch Ha 3HA4YHE 3pOCTAHHS
00’eMy OETOHY POCTBEPKY 1 KiTbKOCTI apma-
TYpH Tpu 301JbIIEHHI KPOKY Mallb €KOHOMIs
KOIITIB Ha BapTOCTi 3a0MBHUX Manb 3a0e3re-
qy€e EKOHOMIYHMH e(eKT BiJg BUKOPUCTAHHS
KyIIiB 3 KOPOTKMX Majlb 3 HOIMPOKUMH POCT-
Bepkamu 10 35%.
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Analysis of the effectiveness of the use of short
piles as part of a columnar pile foundation

Irina MAEVSKA,
Natalya BLASHCHUK,
Oleksandr SHMUNDYAK

Summary. The realization of the operation of
the grid and piles as a part of the columnar pile
foundation, depending on the length of the piles,
the method of arranging the piles, the distance
between the piles and the type of soil with a con-
stant number of piles, has been studied. The degree
of implementation of the load-bearing capacity of
the piles and the degree of implementation of the
grid work as part of the pile foundation were ana-
lyzed. To solve the tasks set in this work, mathe-
matical modeling by the finite element method of
the joint operation of the pile foundation elements
with the soil base and the separate operation of the
pile and grid as a shallow foundation was per-
formed in the "Plaxis 3D Foundation" software
complex.

It was established that the implementation of
the load-bearing capacity of piles in the composi-
tion of the foundation with a large distance be-
tween the piles is much better. The length of the
piles also affects the degree of their implementa-
tion. When the length increases, the bearing capac-
ity of the piles is realized less. The greatest imple-
mentation of the load-bearing capacity of piles in
the composition of the foundation is observed for
short piles. The realization of the pressure under
the sole of the grid with an increase in the pitch of
the piles also improves, the realization of the load-
bearing capacity of the grid is from 8 to 50%,
which allows to raise the load-bearing capacity of
the foundation. For sandy and clay soils, the nature
of the redistribution of forces between the elements
of the columnar pile foundation is similar. For
foundations made of drilled piles, the degree of
realization of pressure under the sole of the grate,
as well as the degree of realization of the load-
bearing capacity of the piles, is higher than for
foundations made of driven piles. The guiding
factor is the length of the piles.

The economic efficiency of the transition in
homogeneous soils from a bush made of long piles
with a standard minimum step to a bush made of
short piles with an increased distance between the
piles was investigated. By taking into account the
joint operation of piles and grid, a bush made of
short piles with larger dimensions of the grid pro-
vides the same bearing capacity as a bush made of
long piles with a compact grid.

Despite the significant increase in the volume
of concrete grating and the number of fittings with
an increase in the pitch of the piles, cost savings on
the cost of piles provide an economic effect of
using bushes from short piles with wide gratings
up to 35%.

Key words. Columnar pile foundation, grillage,
driving pile, drilling pile, redistribution of loads,
degree of implementation of bearing capacity,
estimated cost, economic feasibility.

60



