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HAINPYXEHHS B LIAPI TPYHTY NPOTU3CYBHOI CIIOPY U

3cysu tpynmy € 0OHUMU 3 HAUHeOe3NeUHIWUX I NOWUPEHUX NPUPOOHUX SABULY.
3cyeu Henepedbauysami, UWEUOKICMb 3MIUEHHS 3CY8Y MOJICe KOIUBAMUCH IO KIIbKOX
Mempie Ha piK, 00 KILIbKOX Mempié 3a CeKYHOY. 3cy8 Mmodice 3aniuulamucs
HeaKmueHUM NPOmA20M CMOIiMsb, A NOMIM panmom 3H08)Y NOYamu pyxamucs. 3cy6Hi
npoyecu MoXiCyms HPUBECMU 00 CEPUO3HUX NOUKOONCEHb ma PYUHY8aHb 0)0iseib,
cnopyo, oopie, mpybonposoois, axi 30y0068ani Ha cxuiax abo nopso 3 HUMLU.

3cyeu moosicyms Oymu iHIYIlOBAHT HA CXUNAX, AKI 8MCe 3HAXOOAMbCA HA MEXHCI
PYXy, uepes 00w, maneHHs CHi2y, aopasilo, epo3ilo, 3MiHU PIHS IPYHMOBUX 800 HA
nAamo CXuay i 8 3CYEHUX HAKONUYEHHAX, 3eMAempPyCU, YIKAHIYHY AKMUBHICNb, 6NIUE
J00CvKoi disgnbHocmi abo 0y0b-aKy KomoOiHayito yux ¢axmopie. Cmabinizayis
3CY8HUX Npoyecié 1 NIOBUWEHHS 3a2albHOI CMIUKOCMI CXUNI8 MOMNCIUBL NpU
3ACMOCYBAHHI 3aX00i8 [HICEHEPHO20 3axucmy mepumopit, 0yoigenb i cnopyo, wo
PpOo3mawiosani Ha cxunax. B mux eunaoxax, Koau HeMONCIUBO YCYHYMU 8CI NPUUUHU,
Wo BUKIUKAIOMb 3CY8U, 3ACMOCO8YIOMbCA  YMPUMYIOUL HPOMU3CYBHI CHOPYOU.
Ympumyroui npomuscyeni cnopyou 3abesneuyromov MOMCAUGICMb  CHPUUHAMNISA
3CY8H020 MUCK)Y 34 PAXYHOK PEaKmueHo20 ONopy CMIUKO20 IPYHMY HO NOBEPXHIX
ONnop 21Ub0K020 3aKIAOAHHS, A MAKOMC He OONYCKaloms NpooasiloeaHHs ma
nepenoe3anHs uepe3 Hux IPYHmy 3CY6HO20 MACUBY.

Pozensoaemocsa ooun 3 eghexmusnux memooie 6opomvobUu 3 3Cy8amu IPYHMYy -
elaumy8anHs psady Kommpgopcie 3 Oypociynux nane. Ilpu ympumysaunui 3cygy
MaKkow KOHCMPYKYIEI, MIidC OYPOCIYHUMU NAIAMU VYMBOPIOEMbCS CKIENIHHA 3
rpyumy. Po3pobneno memoouxy obOuucienHs HanpydceHv 6 wiapi IpyHmy npu
B1AUMYBAHHI NPOMU3CYBHOI CnOPYOU V 8U2iAdl KOHmMp@popcie 3 OYPOCIYHUX NAlb.
Ulap rpynmy midxc O6YypoOCiUHUHU NATAMU PO32NA0AEMbCS, AK Oe3UapHipHa Kpy2oed
apka npsmMoKymHoz2o nepepizy, Ha Ky OI€ 3CY8HUL MUCK, PIBHOMIPDHO PO3NOOLIeHUL
no ii nporvomy. Haiibinbwii 6HympiwHi 3yCuiisa ma HANPYICEHHA 8 aApKax makoco
Muny UHUKAONMb NOOIU3Y ONOP.
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Pospaxynox oeowapmuipnoi b6e3wiapniproi apxu, wo mae mpu 3auei 36'a3Ku,
BUKOHYEMbCL Memooom cun. Hasedeno ¢opmynu 0ns obuucieHHs HOPMATbHUX |
OOMUYHUX HANPYIHCeHb. 3a0aruucy MIYHICMIO IPYHMY ma peanizyiodu po3poodieHull
An2OPUMM, MONCHA BUSHAYUMU BIOCMAHb MIXC KOHMpopcamu 3 6YpOCIYHUX NAlb.

Kniouosi cnosa: cxun; npomuscysna cnopyoa, Oypociuni nani;, Koumpgopc,
Oe3uapHipHa apka, Memoo CUull;, HanpyiCeHHs.

Beryn. 3cyBu IDYHTY € OJTHUMH 3 HaAWHEOE3MEUHIKNX 1 TOMUPEHUX MPUPOTHUX
SBUIL. 3CYyBU HemepeadadyBaHi, MBUAKICTh 3MIIIEHHS 3CYBY MOXE KOJHWBATHUCh BiJ
KUIBKOX METpPIB Ha pIK, JI0 KIIBKOX METPIB 3a CEKYHAY. 3CYyB MOXE 3aJHIIATUCS
HEAKTUBHUM IMPOTATOM CTOJITh, & MOTIM PAanNTOM 3HOBY MOYATH pyXaTUCA. 3CYBHI
MPOIIECH MOXYTh MPHUBECTHU J0 CEPUO3HUX MOUIKO/KEHb Ta PyHHYBaHb OYyHiBEb,
CHOpY/, AOpPIT, TpPyOOIPOBOIB, sIKi 30y10BaH1 Ha cxuiaax abo Mopsi 3 HUMH.

3cyBU MOXYTh OyTH 1HILIMOBaHI Ha CXHWJIAX, Kl BXKE 3HAXOASATHCS HAa MEXI
pyXy, 4epe3 J0Illi, TAHEHHS CHIry, abpa3ito, epo3it0, 3MIHU PIBHS IPYHTOBHUX BOJ Ha
IJIaTO CXUJY 1 B 3CYBHUX HAKOMUYEHHSX, 3E€MJIETPYCH, BYJKAHIYHY aKTUBHICTb,
BIUIUB JIFOJCHKOI JISUNIBHOCTI a00 Oyab-sky KoMmOiHamio nux ¢gakropis. Ctadiiizarlis
3CYBHUX TIPOIIECIB 1 MIABUILNEHHS 3arajbHOi CTIMKOCTI CXWJIIB MOIIUBI TpHU
3aCTOCYBaHHI 3aXO0JiB 1HXXEHEPHOTO 3aXHUCTy TEPUTOpiil, OyHdiBedab 1 CHOPYM, IIO
pO3TalllOBaHl Ha cXWiax. B TUX BUMaakax, KOJIM HEMOXKIUBO YCYHYTH BCl IPUUYUHHU,
[0 BHUKJIMKAIOTh 3CYBH, 3aCTOCOBYIOTHCS YTPUMYIOUI MPOTU3CYBHI CHOPYIH.
Y TpuMytodi NpOTU3CYBHI CIOPYAH 3a0€3MEUYIOTh MOXIUBICTh COIPUNUHATTS 3CYBHOTO
TUCKY 3a PaXyHOK PEAKTUBHOI'O OMNOpPY CTIMKOrO TIPYHTY MO IMOBEPXHAX OIMOpP
rrOOKOro 3aKkiafiaHHs, a TAKOXK HE JIOMYCKAIOTh MPOAABIIOBAHHS Ta MEPETNOB3aHHS
4yepe3 HUX IPYHTY 3CYBHOT'O MAaCHUBY.

OnHum 3 e(eKTUBHUX METOAIB OOpOTHOM 3 3CyBaMU I'PYHTY € BJAIITyBaHHS
psny KOoHTpdopciB 3 OypociuHUX nalib. [Ipu yTpruMaHHI 3CyBY TaKOIO KOHCTPYKIIIEIO,
MK OypOCIYHHMU NAJISIMU YTBOPIOETHCS CKIICTIIHHS 3 TPYHTY.

AHaJI3 monepeaHix AocCaigxeHb. J(OCTIKEHHIMHU 3CyBIB IPYHTY Ta METO/IIB
O00poTHOM 3 HMMHU AaKTUBHO 3aiiMalOThCsl B yCbOMY CBITIL. Y OOpoThOl1 31 3cyBaMu
MPUMUHATO HACTYIHI OCHOBHI METOJHY: PO3BAHTAXKEHHS IUISIXOM 3MIHH T'€OMETpil
MOBEPXHI 3eMJTi, OCYIIEHHS HUISAXOM OYJIIBHUIITBA MOBEPXHEBUX Ta MIANOBEPXHEBUX
IpeHaXHUX crnopya [1-4], a Takok YTBOpPEHHsS ONOpPY ULUIAXOM BCTAaHOBJICHHS
OesnepepBHUX ab0 OKpPEeMUX YTPUMYIOUUX KOHCTPYKIIHM, TakuxX SK CTIHH a0o
npoTtuscyBHi nami [5-8]. [IpoTuscyBH1 nami, sSIK MiAKPECTIOETbCS B poboTax [9-11],
MalTh 0araTo mepeBar y ImpakTUYHOMY 3acTocyBaHHI. [lo-mepiie, omip KOB3aHHIO
nmajgl € BHUCOKHMM, a Miclle i1 BCTAHOBJEHHS THY4YKuM. bynu po3poOiieHi pi3Hi
CTPYKTYpH, K1 3a0€3MeUyI0Th MPSIMUN OMIp AJIs MiATPUMKHU CTIMKOCTI IPOTH 3CYBY.
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HamnpukiHii 1p0oro orisay 3a3HadyuMo, 110 Yy Hallllid KpaiHl ICHY€ JOCUTh PO3BHHEHA
HOpMaTHBHA 0a3a 3 IH)KEHEPHUX METOJIB 3aXUCTY Bij 3CyBiB IpyHTY [12-14].

Meta. Metoto pobGotu Oyna po3poOKa METOAUKH OOYMCIICHHS HANpPY>KEHb B
mapi IpyHTY OpH BIAIITYBaHHI MPOTU3CYBHOI CHOPYAM Yy BUTISIAI KOHTPHOPCIB 3
Oypociunux naisb (puc. 1).

e

Puc. 1. I[IpoTuscyBHa ciopyzaa y BUTIIAA1 KOHTP(HOPCIB 3 OypOCIYHUX MANIb

Marepianu Ta MeTOAM IOCJiI:KeHHsSI. BUKPUCTOBYIOTHCS METOAU MEXAHIKH
nehOopMIBHOTO TBEPJOTO Tijia, Oy 1IBEIbHOT MEXaHIKH, OTIOPY MaTepiaiB.

PesyabTatn Ta 00roBopeHHsi. 3 mnorsAay  OyAiBEIbHOI  MEXaHIKH
pO3MISAATUMEMO IIap IPYHTY MIXK OypOCIYHUMHU HalsIMU SIK O€3IIapHIPHY KPYTOBY
apky panaiycoM r. HaBaHTaxxe€HHSIM Ha apKy € 3CyBHUM THUCK p, PIBHOMIPHO
po3MnoaIeHu 1o ii nponsoty (puc. 2, a). Ilomepeunuit mepepiz apku npuiiMaemo
MPSIMOKYTHUM, BUCOTOIO @ Ta IIUPUHOIO L.

besmapripHa apka - KpUBOMIHIMHUN CTPUIKEHB, 3alIEMJICHUN JTBOMAa KIHIISMHU.
Bona Tpu4i cTaTH4HO HEBU3HAYEHA, OCKIJILKU B OMOPAaX BUHUKAIOTH IIICTh PEAKINH -
JIB1 BEpPTUKAJIbHI, 1Bl TOPU3OHTAJIbHI 1 JIBA MOMEHTH, a PIBHAHb PIBHOBArU ISl apKu
MOXHa CKJIACTH TUIbKU Tpu. HalO1bIl BHYTPIIIHI 3yCHIUIA Ta HAMPYKEHHS B apKax
TaKOTO TUITY BUHUKAIOTh MOOJIU3Y OIOp.
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Po3paxyHok aBomapHipHOi Oe3lIapHIpHOI apKu BHUKOHYETHCS METOJOM CHIL.
besmapnipna apka Mae Tpu 3aiiBi 3B'sS3ku. TyT AJis OTPUMaHHS OCHOBHOI CHCTEMH
apKy po3pi3aioTh y CEPEAHOMY MEPEPi3i.

Bubupaemo cuMeTpuuHy €KBIBAJICHTHY CUCTEMY, PO3pI3aloud apKy MOCEpearHi
nponboTy. Tonal 13 TppOX HEBIAOMUX 3alUINAIOThes aume 181 — X, X,, a oOpaTHO
CUMETpPUYHE HEBIJJOME JOPIBHIOE HYIIO (puc. 2, 0).

BBoauMo KOpPCTKI KOHCOJ, B PE3yJbTaTi YOTO OTPUMYEMO JBa HE3aJIECXKHI
PIBHSIHHS METOJly CHUJI:
onX,+4,=0;0,X,+A, =0.

OCKUIBKM apKa Ma€ MOCTIMHUN MOonepeyHud mnepepis, MOJOKEHHS MPY>KHOIO
: . r
HEHTPY 301ra€ThCs 3 MOJIOKEHHAM IIEHTPY THKKOCTI miBKona ). =—=0,637r.

v A

o
=y

Yk

Puc. 2. be3mapnipHa apka, OKpecieHa 1o ay3i Kojia
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CknaneMo Bupasu 11t MOMeHTIB M|, M,, M, , BpaxoByI04H, 1110

29
X=rcosa —rcosa,,

. . . : 2r
y=rsina—rsina, —y, =rsina —rsina, ——; ds=rda.

4
B
O, =arccos—
2r . (1)
— . . 2 : . 2
M, =-1-y=—(rsina —rsina, __r) =—rsina +rsina, + _r;
7 1
M2 :_1,
2 2
oo P :_p(rcosa—rcosac)

4 2 2
Bu3znauaeMo 0MHUYHI Ta BaHTAKHI TTEPEMIIICHHS:
2

/2 2 2 /2 2
0,=2 I (—rsina +rsina, + —j rda =2r j (—sina +sina, + —j da.

7 V1
ac ac
/2
0,, =2'[ rda.
%c
/2 2
, , 2r\| p(rcosa—rcosa
A, :2‘[(—rsma+rsmac+— - ( ) do =
p
- T 2

/2
g : : 2r 2
:pj —rsina +rsina, +— |(rcosa —rcosa,. ) da.
m

ac

/2 /2
1
A,, =2I Ep(rcosa —reosa,.) da =pj (reosa —reosa,) da.
Busnagaemo HeBigomi 3ycumiig X, X,:
X, =—A1p /0,;
X,==A,,/0,.

Buznauaemo 3ruHaibHI MOMEHTH B OIIOPHHX Ta CEPEIHbOMY Iepepizax:
2
_yy - Pr—xc) .
M.=M,=- 5 + Xy, —X,;
My =-X,(r-y.)-X,.
3ruHaIbHUN MOMEHT Y JOBUIBHOMY HEPEpi3i apKHu:

2
X —X
M:_p( ) - X, (y—yc)—X,.
2 (2)
Kyr, 10 BHM3HAYa€ IOJIOKEHHS IEpepidy, B SAKOMY Ji€ MaKCHMalbHHH 3a
a6COHIOTHOIO BCIIMYHUHOIO 3FI/IHaHBHI/Iﬁ MOMCECHT, BU3HaA4Ya€EMO 3 YMOBI/I
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dM

—=0.

da

[TonepeuHi Ta NO3M0BXKHI CHJIM BU3HAYAIOTHCS 32 (OPMYJIaMUL:

Q=X cosa + psina(x —x,). (3)
N =X, sina + pcosa(x —x,). 4)

Bupasu (2)-(4) MICTATh y HESIBHOMY BUIIISAAL KyT ¢, SIKUH, BpaxoByroud (1),
BUPAXKAETHCS Yepe3 BIICTaHb MIXK psjgaMu OypOCIUHMX Majb B.

HopmanpHi HampyXeHHsST B JOBUIBHOMY TIiepepi3i apku (mapy TIpYyHTY)

BU3HAYAIOTHCA TAK:
M N

o=—+—, 5
w A )
JloTHuHI Hanpy>KE€HHs MOXHA BU3HAYUTH 3a (popmyiioro JKypaBCchKoro:
<, (6)
T= ,
al,

e g — MHPHHA [OMEPEYHOro mepepisy; S, 1 [, — CTATUYHMNH MOMEHT Ta MOMCHT

X
1HepIi nmepepizy MO0 HOro TOJI0BHOI IEHTPAIbHOI OC1 BIAMOBIAHO.

3aJal04iCh MILHICTIO IPYHTY 7, Ta peali3yloud HAaBEACHUIl BUILE AITOPUTM,

MOHA BU3HAYUTHU BIJCTAaHb MIXK psAJIaMi OYpPOCIKHUX Nab B.
BucHoBku

Takum yuHOM, PO3pOOJIIEHO METOJUKY OOUMCIICHHS HANpYyKEHb B 1Iapl IPYHTY
MpU BIAIITYBaHHI MPOTU3CYBHOI CIOPYAW Yy BUIIISIAL KOHTPHOPCIB 3 OYypOCIYHUX
nans. [lap rpyHTy Mik OYpOCIYHUMH MaJISIMU PO3TIISIAE€THCS, SK Oe3lapHipHa
KpyroBa apka MNpsIMOKYTHOIO TMepepidy, Ha SIKy J1€ 3CYBHUU THUCK, PIBHOMIPHO
po3noaiieHnid mo ii mposboTy. HailOunblnl BHYTpIINIHI 3yCHIIJISL Ta HANpyKEHHS B
apKax Takoro TUIy BUHUKAIOTh MOOJINU3Y OIOp.

Po3paxyHok [BomIapHiIpHOi O€3IMIapHIPHOI apKu, 10 Ma€ TPHU 3ailBl 3B'SA3KH,
BUKOHYEThCA MeTOJ0oM cui. HaBeneno (opMynu ayisi oOYUCIEHHS HOpPMalbHUX 1
JOTUYHUX HANPY>KEeHb. 3aJIal0YMCh MIIHICTIO IPYHTY Ta peanizylouu po3poOieHuit
aJITOPUTM, MOKHA BU3HAYUTHU BiICTAaHb MIXK psJlaMHi OypOCIYHUX MAaJlb.
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STRESS IN THE SOIL LAYER OF ANTI-SLIDE STRUCTURE

Landslidessoil erosion is one of the most dangerous and common natural
phenomena. Landslides are unpredictable, the rate of displacement of a landslide can
vary from several meters per year to several meters per second. A landslide can
remain dormant for centuries and then suddenly start moving again. Landslide
processes can lead to serious damage and destruction of buildings, structures, roads,
pipelines, which are built on slopes or next to them.
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Landslides can be initiated on slopes already at the limit of movement by
rainfall, snowmelt, abrasion, erosion, changes in ground water levels on the slope
plateau and in landslide accumulations, earthquakes, volcanic activity, human
activity, or any combination of these. factors Stabilization of landslide processes and
improvement of the overall stability of slopes are possible with the application of
engineering protection measures for territories, buildings and structures located on
slopes. In cases where it is impossible to eliminate all causes of landslides, retaining
anti-slide structures are used. Retaining anti-slide structures provide the ability to
perceive shear pressure due to the reactive resistance of stable soil on the surfaces of
deep-laying supports, and also prevent the soil of the landslide massif from pushing
and crawling through them.

One of the effective methods of combating landslides is considered - the
arrangement of a number of buttresses from bored piles. When the landslide is held
by the specified structure, a soil vault is formed between the bored piles. A method
for calculating stresses in the soil layer when arranging a landslide-resistant structure
in the form of buttresses from bored piles has been developed. The soil layer between
the bored piles is considered as a hingeless circular arch of rectangular cross-section,
on which shear pressure acts, evenly distributed over its span. The greatest internal
forces and stresses in arches of this type arise near the supports.

The calculation of a two-hinged hingeless arch, which has three redundant
links, is performed by the force method. Formulas for calculating normal and
tangential stresses are given. Given the soil strength and implementing the developed
algorithm, it is possible to determine the distance between the buttresses made of
bored piles.

Keywords: slope; anti-slide structure; bored piles; buttress; hingeless arch;
force method; stresses.

REFERENSES

1. Godt, JW., Baum, R.L., and Lu, N. (2009). Landsliding in partially
saturated materials. Geophys. Res. Lett. 36. doi:10.1029/2008GL035996. {in
English}

2. Chen, Z., Shuai, F.X., Cao, C.X., Xu, H.L., Shang, Y.Q., and Sun, H.Y.
(2021b). A new method to prevent seepage erosion of loess slope toe using the
combination of filter pipe and siphon drainage. Bull. Eng. Geol. Environ. 80, 4171
4190. doi:10.1007/s10064-021-02182-w. {in English}

3. Medina, V., Hurlimann, M., Guo, Z.Z., Lloret, A., and Vaunat, J. (2021).
Fast physicallybased model for rainfall-induced landslide susceptibility assessment at
regional scale. Catena 201, 105213. doi: 10.1016/j.catena.2021.105213. {in English}



Byoisnuymeo ma yusinera indcenepisn 263

4. Fang, K., Tang, H.M., Li, C.D., Su, X.X., An, P.J., and Sun, S.X. (2023).
Centrifuge modelling of landslides and landslide hazard mitigation: A review.
Geosci. Front. 14, 101493. doi: 10.1016/j.gst.2022.101493. {in English}

5. Hassiotis, S., Chameau, J. L., and Gunaratne, M. (1997). Design method for
stabilization of slopes with piles. J. Geotech. Geoenviron. Eng. 123, 314-323.
doi:10.1061/(asce)1090-0241(1997)123:4(314). {in English}

6. Ausilio, E., Conte, E., and Dente, G. (2001). Stability analysis of slopes
reinforced with piles. Comput. Geotech. 28, 591-611. doi:10.1016/S0266-
352X(01)00013-1. {in English}

7. Chen, G.F., Zou, L.C., Wang, Q., and Zhang, G.D. (2020). Pile-spacing
calculation of anti-slide pile based on soil arching effect. Adv. Civ. Eng. 2020, 1-6.
doi:10.1155/2020/7149379. {in English}

8. Liu, X.L., Yan, J.K., Tong, B., and Liu, L. (2021). Evaluation of micropiles
with different configuration settings for landslide stabilization based on large scale
experimental testing. Front. Earth Sci. 9, 693639. doi:10.3389/feart.2021.693639. {in
English}

9. Wang, L. P., and Zhang, G. (2014). Centrifuge model test study on pile
reinforcement behavior of cohesive soil slopes under earthquake conditions.
Landslides 11, 213-223. do1:10.1007/s10346-013-0388-2. {in English}

10. Al-Defae, A. H., and Knappett, J. A. (2015). Newmark sliding block model
for pilereinforced slopes under earthquake loading. Soil Dyn. Earthq. Eng. 75, 265—
278. doi: 10.1016/j.s0ildyn.2015.04.013. {in English}

11. Chen G, Guo F, Zhang G, Liu J and Ding L (2023) Anti-slide pile structure
development: New design concept and novel structure. Front. Earth Sci. 11:1133127.
doi: 10.3389/feart.2023.1133127. {in English}

12. DBN V.1.1-46:2017 "Inzhenernyi zakhyst terytorii, budivel i sporud vid
zsuviv ta obvaliv. Osnovni polozhennia". Kyiv, Minrehion Ukrainy, 2017. 53s. 13.
DBN V 1.1-25:2009 "Inzhenernyi zakhyst terytorii ta sporud vid pidtoplennia ta
zatoplennia". Kyiv, Minrehion Ukrainy, 2010. 34s. {in Ukrainian}.

13. DBN V 1.1-25:2009 "Inzhenernyi zakhyst terytorii ta sporud vid
pidtoplennia ta zatoplennia". Kyiv, Minrehion Ukrainy, 2010. 34s. {in Ukrainian}.

14. Rozrobka DBN "Inzhenernyi zakhyst terytorii, budivel 1 sporud vid zsuviv
ta obvaliv. Osnovni polozhennia" ta DSTU-N B "Inzhenernyi zakhyst terytorii,
budynkiv 1 sporud vid zsuviv ta obvaliv" do noho / Yu.S. Sliusarenko, Yu.l. Kaliukh,
V.D. Shuminskyi, V.A. Tytarenko, O.M. Trofymchuk, O.A. Klimenkov, Ya.O.
Berchun, M.L. Zotsenko, Yu.L. Vynnykov, Yu.l. Bida, S.V. Velykodnyi // Budivelni
konstruktsii. 2016. Vyp. 83(1). S. 195-205. {in Ukrainian}.



