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I'natiok O., Jlamuyk M. ExcnepuMeHTaJabHO-TeOpeTHYHi AOCTiAKeHHA POOOTH KYyUIiB OypoHAOMBHHX
MiKponaJjb MpH Aii TOPH30HTAILHAX HABAHTAKEHb

BukopucranHs nNanboBUX (yHIAMEHTIB MiJi 4ac PEKOHCTPYKLil Ta Ha JIUIAHKAaX 13 MIiIbHOI0 3a0yJ0BOIO
YCKJIAIHIOETHCS THM, 1[0 HEMa€e MOXKJIHMBOCTI 3aCTOCYBaTH BEJIMKOTa0apHTHI MallMHU 1 MeXaHi3Mu. Tomy, 0COOIUBO y
BHUIAJIKaX CKJIAIHUX IHXKEHEPHO-TCOJOTIYHUX YMOB, TOCTaTHBO €(PEKTHBHUM MOXE OyTH BHKOPHCTAHHS MIKpONAJlb, SKi
BUTOTOBJISIIOTh 332 JIOTIOMOTOK Majora0apuTHOro oONagHaHHS, 30Kpema uii (yHIAMEHTIB, IO CHPHIMAIOTh
TOPU3OHTAJIbHI HaBaHTAXEHHs (MiANipHi CTIHKY, IIITyHTOBI PSLIU TOLIO).

Ha xadenpi OyniBenbHHX KOHCTPYKIiH JIBBIBCHBKOTO HAI[IOHAILHOTO YHIBEPCHTETY NPUPOJAOKOPHUCTYBAHHSI
po3pobunu i BHPOBaJWIM y peajbHe OYNiBHUITBO HOBY €(EKTHUBHY KOHCTPYKII0 OypOHaOMBHUX 3ali300€TOHHUX
MIKpOTalb 13 MOIIUPEHO I’ SITOK Ta PO3POOHIM METOIAMKY AOCIIIKEHb X POOOTH MpHU [ii TOPU3OHTANBHUX 3CYBHHX
HAaBaHTAXEHb 31 IICOCHEBOIO IIJCHIKON. IIPOBENCHO EKCIICPHMEHTANIbHI JOCIHI/UKEHHS Ta BHCBITICHO pe3ylIbTaTh
HATYPHHUX BHUIIPOOYBaHb KYILIB MIiKpOTIANb 13 PI3HUMH BHJIAMH IITYYHUX ITiJICUIIOK Pi3HOT BUCOTH HA JiF0 TOPU3OHTAIBHUX
HAaBaHTA)XEHb 1 HABEICHO 3aJICKHICTh IX MHEpeMillleHb Bif il 3CYBHMX 3yCHib. 3IilICHEHO TEOPETUYHI PO3pPaxyHKU
HaTpyXeHb 1 gedopmaliiii Mikponaab y peajbHHX IPYHTOBHX YMOBaxX Ta IX TOpIBHSHHS 3 JaHUMH, OTPUMAaHUMH
EKCIICPUMEHTAIIBHO.

3anponoHOBaHa KOHCTPYKIlisS KYILIB MiKponajib e(eKTHBHA 3a BHKOPHCTaHHS K MiAMIPHOT CTiHKU. Pesynbratu
EKCIIEPUMEHTAJbHUX JOCTIDKEHb YKa3yloTh Ha Te, IIO MiJ 4Yac BIAIUTYBaHHS IMiJMIPHAX CTiHOK PEKOMEHIIOBAHO
BJIAIITOBYBAaTH IUTYYHY MHOJAYIIKY 3 Ipy0OyJIaMKOBUX MaTepiaiiB i HmpuiiMaTu MiHIMaJbHY TOBIUMHY IIApy IIiJICHIIKH
BIJITIOBIIHO 10 KOHCTPYKTHBHUX BUMOT 1 ()aKTHYHOI 1H)KEHEPHO-T€OJIOTIUHOT CUTYaIlii AISTHKY OYIiBHHUIITBA.

Konerpykuis mianipHoOi CTIHKM 3 BUKOPHCTAHHSIM 3113006 TOHHUX MiKpOMNab i3 MOIIMPEHOIO 11’ ATOI0 BIIPOBADKEHA
y IIIT BK® «OcHoBa» Ha 00’ ekTax OymiBHHUIITBA 1 peKOHCTPYKIi y M. JIbBOBI Ta JIbBIBCHKIit 001aCTI.

Ku1104oBi ci1oBa: excriepMMeHTaNIbHI AOCTIPKEHHS, TOPU30HTAIbHI HABAHTA)KEHHS, TEOPETUYHI pO3paxyHKH, KyIIi
MiKpoTaJib, OypOHAOMBHI 3aJ1i300€TOHHI MIiKpOTaii 3 MONIMPEHOI0 I1’STO0, PeajibHi IPYHTOBI YMOBH, IITYYHI IiJCHIIKH,
rpy0o0y/IaMKOBi MaTepianu, MiAmipHi CTIHKY, 00’ €KTH OyJiBHUITBA TA PEKOHCTPYKILI.

Hnatiuk O., Lapchuk M. Experimental and theoretical studies of the operation of the bushes of drilled
micropiles under the action of horizontal loads

The use of pile foundations during reconstruction and in densely built-up areas is complicated by the fact that there
is no possibility of using large-sized machines and mechanisms. Therefore, especially in cases of complex engineering and
geological conditions, the use of micropiles, which are made with the help of small-sized equipment, can be quite effective,
in particular, for the foundations that perceive horizontal loads (retaining walls, sheet pile rows, etc.).

At the Department of Building Structures of Lviv National Environmental University, a new effective design of
drilled reinforced concrete micropiles with a spread heel was developed and implemented in real construction, and a
methodology for researching their operation under the action of horizontal shear loads with crushed stone was developed.
Experimental studies have been conducted and the results of experimental full-scale tests of micropile bushes with different
types of artificial backfill of different heights on the action of horizontal loads have been shown, and the dependence of
their movements on the action of shear forces has been shown. Theoretical calculations of the stresses and deformations of
micropiles in real soil conditions were carried out and their comparison with experimentally obtained data was carried out.

The proposed design of micropile bushes is effective when using it as a retaining wall. The results of experimental
studies indicate that when installing retaining walls, it is recommended to arrange an artificial pillow of coarse-grained
materials, and it is recommended to take the minimum thickness of the backfill layer in accordance with the structural
requirements and the actual engineering and geological situation of the construction site.

The construction of the retaining wall using reinforced concrete micropiles with a spread heel is implemented in the
PP BKF «Osnovay at construction and reconstruction sites in the city of Lviv and Lviv region.

Key words: experimental research, horizontal loads, theoretical calculations, micropile bushes, drilled reinforced
concrete micropiles with a wide heel, real soil conditions, artificial fill, coarse aggregate materials, retaining walls,
construction and reconstruction objects.
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Pospgin 2

IlocTanoBka mpodjemu. Ha npaktuiii Oyis-
HUITBA B MEXaxX 30HM MOXJIMBHUX 3HAYHUX YIIib-
HEHb 1 30H 3CyBIB Hil (yHIAMEHTOM IpHU 3aMiHi
c1abKoro TIPYHTY HAa MAJIOCTHCIMBHHA 3 BIIHOCHO
BHCOKHUM OIIOPOM 3CYBY po0OTa TIPYHTIB OCHOBHU
3HAYHO  MOKpAINyeTbCcAd.  AKTYaJbHICTE  po0OOTH
3yMOBJIIEHa MOTPeOOI0 JOCTIKEHHS BIUIMBY Masb Ha
JI0 3CYBHUX HABaHTaXEHb IIiJ 4ac poOOTH iX sK
MIAMIPHAX CTIHOK 13 PI3HOK TOBIIMHOKO IMICOSHEBUX
M1JICUIIOK.

AHani3 ocTaHHIX Jocjif:KeHb i myOJikamiii.
[Mpuanunmu pobotu ¢GyHIameHTtiB (a came Oypo-
HaOWBHHX MIKpOTalib) V IPYHTaX Pi3HOTO THITY Ta 3a
PI3HUX HABaHTAXEHb OMUCYBAJIH Yy CBOIX Mpamsix
M. 1O. Illemenkos, B. A. babenko, H. B. Kynunkosa,
B. 1. Tepnoswmii, O.JI. Bunaukos, M. JI. 3omuenko,
C. A. Cmiocapenko. [IpobremMoro y 1ux IOCIiIKeH-
HAX € BpaxyBaHHsA CIUIBHOI pPOOOTH IITYYHOI
MIJICHITKK 3 TUTIOM SK OKPEMO CTOSYHMX, TaK 1 KYIIiB
najib, X MPYXHO-Ie(QOPMIBHOTO CTaHy Ta ITOJAJBIII
pekoMeHfamii MiA dYac BIAIITYBAaHHS MiANIPHUX
CTIHOK NpeJCTaBIeHO] KOHCTpyKii [1; 2].

IlocTtanoBka 3aBaanHsa. Hame 3aBmanus —
po3poOKa e(QEeKTUBHUX KOHCTPYKLIH MiANipHUX
CTIHOK 3 BUKOPHUCTaHHSM 3a1i300€TOHHUX MiKpOnalb
i3 MaKCHMaJbHO BHCOKOIO HECYdJOl0 3HATHICTIO 3
MIHIMAJIBHOIO BHUTPATOI MaTepialliB 1 CIPOIICHOIO
TeXHOHOFieIO X BUT'OTOBJICHHS, CKCIICPUMCHTAJILHE
JOCTIDKEHHsT iX POOOTH Ta po3poOKa MPOIMO3MINH
II0JI0 PO3PAXYHKY 1 MPOEKTYBAHHS MiAMIPHUX CTIHOK
13 BHUKOPUCTAaHHSM 3aJi300€TOHHUX MIKpOHaiab i
1e0eHeBOi i ACUITKH.

Bukian ocHoBHoro marepiany. Ha xadenpi
OyamiBenbHUX KOHCTPYKLINA JIBBIBCHKOTO HAIllOHAIb-
HOTO YHIBEPCHUTETY NPHUPOJIOKOPHCTYBaHHS Oyiia
po3pobiieHa 1 BIPOBa)keHA B peajbHe OyIIBHUIITBO
HOBa e(eKTHBHA KOHCTPYKILis OypOoHaOMBHOI 3aii30-
OCTOHHOI MiKpomalli 3 MOMmUpeHow m’aror [1; 2] i
MPOBEJICHI  CKCIICPUMCHTANIbHI  JIOCHIDKeHHS i
pOOOTH B IHKEHEPHO-TEOJOTIYHHX YMOBAX MUISTHKH
naboparopii OymiBeNbHUX KOHCTPYKIIiH. Y crarTi
HaBEICHI pPEe3yNbTaTH CKCIIEPUMEHTANBHUX —JIOCHi-
JDKEHb KYIIIB 3 JABOX MIKPOMaib 31 MIEOCHEBOIO Iif-
CHUTIKOIO PI3HOI TOBUIMHHU Ha JiI0 TOPU3OHTAIBHHUX
HABaHTAXCHb.

[ BumpoOyBaHb Oyll0o BHTOTOBJICHO TpHU
Kyl mnans JgoxkuHO0 3,0 M: aB1  OypoHaOWBHI
3a;i300eToHHI  Mikpomami  giametpoM 200 MM,
00’eHaHI 3aTi300€TOHHAM POCTBEPKOM i3 po3MipoM
morepeyHoro mepepizy 500x300 MM, Ta dYoTHpH

OypoHaOWBHI 3ai300€TOHHI MiKponasi JiaMeTpoM
175 MM, 00’emHaHi nBOMa 3ami300€TOHHUMH POCT-
BEpKaMH, 3 PO3MIpOM TIIONEPEYHOTO Iepepizy
500%350 mm. [lo BuUIpoOyBaHHS B 30HI PO3TaIly-
BaHHS POCTBEPKiB Oyno BHOpaHO I'PYHT Ha IIIMOUHY
0,5 m 1 3acumano mebdenem (1-4-ro KaaciB MIIIHOCTI 3
KpYyIHicTIO 3epeH 5+20 MM He3alexHO BiJ TIpynu
ripcbkux mopin) 3rigao 3 Bumoramu JICTY b B.2.7-
71-98 [3]. YV npyromy pociiml 3acumka IneOeHeM
ToBImMHOIO 0,5 M BHKOHyBajlack IO He3JIEXKaHiH
IPYHTOBIH OCHOBI TOBIIMHOIO 0,5 M.

BurnpoOyBaHHS HaTYpHHX JOCHITHUX 3pa3KiB
KYILIiB MIKpOMajb MPOBOAMIOCA 3 METOH EKCIIepH-
MEHTaJIbHOI NEPEeBipKH X Hecydoi 3JaTHOCTI Ha JIit0
TOPU30HTANBHOI CHJIM, BHU3HAYCHHS 3aJICKHOCTI
TOPU30HTANLHOTO TEPEeMIllIeHHs Malb y IPyHTaxX 3i
HITYYHOIO MIiJCUIIKOI0 PIi3HOTO THUIy BiJ HaBaH-
Ta’KeHb.

ExcriepumenTanbHi  (ITOJLOBI) BHITPOOYBaHHS
npoBoxuiH 3rigHo 3 Bumoramu JICTY b B. 2.1-1-95
[3] 3a cXeMOw CTaTUYHOTO TOPH3OHTAIBHOTO
HaBaHTaXEHHS. 3a KpUTEpiil HeCcy4oi 37aTHOCTI OYi0
MPUAHATE JOCATHCHHS TPAHWYHOI BEIUYMHH 3CYBY
naii, ske 3a Bumorotw [4] m. 8.2.4 mpuiinsare 40 MM.
Pesynmprati BHIpoOyBaHB 3aHOCHINCH Y >KypHAI.
[Ticas migpaxyHky nedopmariid OyayBanucs rpadiku
3aleKHOCTI  Jedopmariii BiJi HaBaHTaXEHHS, Bij-
moBigHo g0 BuMoOr [4] (mmB. puc.). 3rigHo 3 Tpa-
(bikaMu, Hecyda 37aTHICTh KyniiB maimb jius KMII-1
Fo; =160kH, gmma KMII-2 -
F,, =80xH, a mgna KMII-3 - F,;=130«kH.
JonycTrmMe HaBaHTaXXEHHS Ha MANI0 NMPH KoedimieHTi
HAJIMHOCTI ¥}, = 1,2 CTAHOBUTUME BiJIIIOBIIHO

CTaHOBUJIA

N., =133,3kH,N,, = 66,7kHTaN, 3 =

= 108,3 xH [5].
PospaxyHkoBy = Hecydy  37aTHICTB  Oyio
BU3HAUEHO 3TiHO 3 YHHHUMU HOPMaMH IIpH

OJTHOCTaIIHOMY PO3paxyHKy TMalb (mepiia cTasis)
[5]. Pospaxynku najim 3a gedopmarismMu nepeabada-
IOTh TIEPEBIPKY IOTPUMAHHS YMOB JOITyCTHMOCTI
PO3paxXyHKOBHX 3HAa4Ye€Hb TOPU30HTAILHOTO IIepe-
MIILIEHHSI TOJIOBU Nalli Uy, | KyTa ii moBopoTy i), Sk i
32 EKCIIEPUMEHTAIFHUX IOCIHIIKeHb, Hecyda 3IaT-
HICTh manp F; BiINOBigana TPaHUYHOMY 3HAYCHHIO
nonepevHoi cunu H, mpu sKil 3Ha4YEHHA U, HE

HEPEBUIILYBAIO 3HAYECHHS Uy nax = 40 MM. [lomye-
TUME HABaHTOKCHHS Ha Mamo N; BH3HAYAIOCS IPH
koediieHti y, = 1,4 [5]. Pesynbratn excriepumeH-
TaJbHHUX 1 TEOPETHYHUX JOCITIIKEHb BiJIOOpaKeHO Y
TaOIHII.
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610 npuxnadenozo nasanmadicennss AH = f(P) ons docnionux spaskie KMITNe 1, 2, 3
Tabauys

Hecyua 3paTHicTh Kyu(iB MikponaJb i 10MycTHMe HABAHTAKEHHS] HA HUX 1151 gociainie Ne 1(KMII-1),
Ne 2 (KMII-2) ta Ne 3 (KMII-3)

Ne 3a eKcriepuMEHTAIbHUMU 3a TeOpETUYHUM BimHomenHs
JIocIiny JOCITJKCHHSIMA PO3paxyHKOM
F,, xH N,, kH F,, kH N, kH F, | F, N,/ N,

Ne 1(KMII-1) 160 133,3 128 91,43 1,25 1,46

Ne 2 (KMII-2) 80 66,7 61,5 43,93 1,3 1,52

Ne 3 (KMII-3) 130 108,3 98 70,00 1,33 1,55
ITokasuuk Ne 1/Ne 3 1,23 1,23 1,31 1,31
TToxaszuux Ne 3/Ne 2 1,63 1,63 1,59 1,59

BucHoBku. 3ampomoHoBaHa — KOHCTpyKIfis  Impact Micropiles with Enlarged Toe in the Soils of

KYILiB MIKpOIIAJIb € €()eKTUBHOIO 32 BUKOPHUCTAHHS ii
SK MAMIpHOT CTIHKKA. Y pe3yibTaTi MOPIBHIHHS
BCTaHOBJICHO, 10 y BCIX JOCIiaX TEOPETHYHO BH-
3Ha4YeHi 3HaueHHs JedopMarliii MalTh ACMO0 HUXKYl
3HAYCHHsI B BIAMOBIIHUX 3HAY€Hb, OTPUMAHHUX
ekcriepumeHtansHo  (25+33% min F,/F, Ta
46+55 %), u1a OTpUMaHHS OUTBII OJIM3BKUX 3HAYEHb
MOTPIOHO YIOCKOHATIOBATH METOJIUKY PO3PAXYHKY.

Hecyua 3maTHICTh Kyllla MIKpONaib 3aJIC)KHTh
BiJl miameTpa maii i 3poctae Ha 23 % 3a 30UIbIICHHS
fioro Bix 175 mo 200 mm (31 % mpu TeopeTHUHOMY
po3paxyHKy). PyiiHyBaHHS CYIIIBHOCTI TIPYHTOBOI
OCHOBH IiJ] MeOCHEBOK MOMYIIKOK Ha TIMOWHI BiJl
0,5 mo 1,0M 3HMXKye Hecydy 3HaTHICTb KYIIiB
Mikponaib npuomu3Ho Ha 60 %.
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