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TEOPETUYHUIN PO3PAXYHOK APMOBAHHMX OCHOB 3
YPAXYBAHHSAM AHI3OTPOIIII IPYHTIB

BiHHULBbKUIA HaLiOHanbHUA TEXHIYHWUIA YHIBEPCUTET

BeeOeHHs1 8 rpyHmM 20pu30oHmMarnbHUX apMamypHUX erieMeHmis, wo marompb 0ehopMayiliHi MOKasHUKU 8 Mo83008XHbOMY
HanpsmMKy Habazamo suwi, mepemaeopioe lio2o Ha aHisompornHe cepedosuwe. Tobmo, cepedosuule, 8 IKOMy Xxapakmepucmuku
MiyHOCMIi Yy 8epmuKanbHOMY i 20pU30HManbHOMY HarnpsMKy Cymmeeo 8i0pi3HS0MbCS.

B daHiti cmammi po3ansgHymo eunadoK Konu apMamypHi ennemeHmu eknadarombscs 20pU30HMarnbHo, i ix mosujuHa Habazamo
MeHWwa mosWUHU wapie rpyHmy, momy Hel MOXHa 3Hexmyeamu i npuliMamu xapakmepucmuku miyHocmi i deghopmauili
apMorpyHmy 8 20puU30HMarnbHOMy HarpsiMKy sik Ofisi HeapMO8aHO20. Y eepmuKkanbHOMY HanpsMKy HasieHicmb apMamypu 8
macusi rpyHmy cymmeeo 3MiHI€E U020 xapakmepucmuku. Lle nidmeepdxeHO ompumaHumu pe3yrnbmamamu MoOerbHUX
surnpobysaHsm.

Po3paxyHOK apmMogsaHux OCHO8 3800UMLCS 20/108HUM YUHOM OO0 8U3HAYEHHS 8rUsy rnapamempie apMmyeaHHsi Ha po3nodin
HarnpyxeHb i 8i0nosi0Ho dechopmauiti 8 wapax apMorpyHmy.

Knroyoei crioea: apmosaHi ocHO8U, aHi3omponis rpyHmis, deghopmauii apmorpyHmy, napamempu apMy8aHHs.

Beryn

Pimennst 0a3yeTbcsi Ha OCHOBHUX (OpMyJiaX HANpPYXEHOro CTaHy aHI30TPOIHOI HaMiBILUIONIMHH,
3aHABAHTAXXCHOI JIHIHHUM HaBaHTakeHHsIM. OCHOBa TpE/ICTaBIIeHA JIHIHHO-IEPOPMIBHUM  ITOPUCTUM
CEPEIOBHUIIEM, CTaH SKOI'0 XapaKTepU3yeThess Moy asimu aedopmaitiii Ex, E;, koedirienramu [lyaccona vy, v;
1 MmomynieM 3¢yBY Gy. Ilicist po3B’s;3aHHS CHCTEMH PIBHSIHD PIBHOBArH 1 PIBHAHB CYyMICHOCTI aBTOpaMU POOOTH
[1] orpumani popmymnu (1) mis BU3HAUCHHSI CKJIAIOBUX HAIIPY)KEHB:
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O — xoediuient nedopmaniiinoi anizorporii;
X, Z — KOOPJAMHATH TOYKH, IO PO3TIIAIAETHCS, BIAMOBIAHO TOPU30HTAIIBHI 1 BEpTHKAIBHI.

MakcumManbHe AOTUYHE i TOJIOBHI HAlpPYy>KEHHS CEpelOBHILA 3TiIHO Teopii MPYKHOCTI BU3HAYAIOTHCS
BHpa3aMu:

Gz—Ox 2 2
’Cmax = (T) +TXZ

2
G7+G 67—C 2
B P o

2
GZ+GX O07—0 2
02 = > — ( 22 Xj +'|.'XZ

HAYKOBO-TEXHIUYHHMI XYPHAIT “CYYACHI TEXHOJIOT'Ii, MATEPIAJIM I KOHCTPYKIIIi B BYIIBHULITBI” 69
© Kopuercekuii b. b., Konecauk A. B., 2023



MEXAHIKA TPYHTIB TA ®YHIAMEHTU

B Hamomy BUNIanKy po3risgaeMo Halpy:KEHHS i IEHTPOM HaBaHTa)KEHHs, TOOTO MpH x =0. Toni
piBHSAHHA (2) MPUAMYTH BUTIISA:
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3 piBHSHB (1) KOMIIOHEHTH HANIPYXEHHS oy ,07,7y; NPU X=0 BUpaXarOThCS SIK:
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OcHOBHA YacTHHA

BBomuMo jomyIeHHS, IO TO BCIi JOBXWHI TOPH30HTAIHHOTO apMATYPHOIO €NEMEHTY JIOTHYHI
HANpYKeHHS B IPYHTI 30€piraloTh CBOi MAaKCHMaJbHI 3HAYEHHS, TOOTO rmay . 1aKi HAmpy)KEHHS ITOBHHHI

BpPaxOBYBAaTHCh B MeKax 00'eMy BIIMBY apMaTypHOTo eneMenTy [2-3], 1o #ie B 3amac MillHOCTI.
Ha mingcraBi mux MipKyBaHb OTPHMAEMO

F=2bapmTmaxdx . (6)
[aTerpyroun Bupas (6) i MiACTaBIAIOYHN 3HAYEHHS gy 3 (5), OTpUMaeMo
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Jie bapy - IMMPHHA APMATYPHUX EIEMEHTIB; Lapy— IOBXKMHA aDMATYPHUX EJIEMEHTIB.

3ycuiuis T 3HAXOAMMO AHAIOTIYHO 13 BpPaxyBaHHAM MAaKCHUMAaJbHHUX BEPTUKAJIBHHUX CTHUCKAIOUHX
HaNpyXeHb, 10 AIFOTh 10 KOHTAKTY 3 apMaTypoIo.
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ne T — koedinient Teprs; @apy— IVIONIA KOHTAKTY apMaTypH.

[lepepiz apMaTypHUX €1EMEHTIB MOJKHA OTPUMATH, SIKIIO 33JaTH PO3PaXyHKOBHH OITip MaTepiaiy, o 1Is
HUX 3aCTOCOBYETBHCS:
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I[J'ISI KOXXHOI'o mapy, o po3ridga€TbCsa, MOKXHA BUSHAYUTHU 3HAUCHHS 3YyCHUIIb PO3TATY 1 cHlI TCPTA:

, A
, 2A

3 Bupasy (11) rpaHuuHe i HOpMaJlbHE TOPU3OHTAIBHE ITOJOBKCHHS KIHIIB apMaTypHUX EJICMECHTIB
BU3HAYACTHCA CIHIBBIIHOIICHHIMHU:
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BukopucroBytoun dopmynu (5), (12), MOKHa BU3HAUMTH BEPTHKAILHY BiICTAHb hep MK apMaTypHUMHU
mapamu. Hexaii:

Tmax = (14)

hapM
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TR)H] haph4: Tinaip, (15)

A A

G;— MOJIYIb 3CyBY aHI30TPOITHHX apMOBAHHX IPYHTIB;

Hedopmarii 3cyBy aHI30TPOIMHUX TPYHTIB OOCTIKYBAIUCh PSAAOM aBTOpiB [5:6] 1 Oymm oTpumani
BiJIMIOB1/THI 3aJI€KHOCTI.

B imxeHepHil MpaKTUIlI YaCTO BUKOPUCTOBYIOTH ciiBBinHOMEeHHsT CeH-BeHana myisi BU3HaYeHHS MOIYIIS
3CyBY, KOTpE Ma€ BHUTJISL;

ExE;

— (16)

z

e Ey - Monynb aedopmanii HeapMOBAaHUX MiABAJMH Yy TOPHU3OHTAJIBHOMY HANpPsAMKY; E; - MOZIYIb
nedopmarii apMOBaHUX MiABAaJMH Yy BEPTHUKAIBHOMY HANPAMKY; vz - KoediuieHT Ilyaccona B miommHi
apMyBaHHS ITPU HABaHTAXXEHHI, IO JIi€ TI0 HOpMaJIi 10 Hei (1o oci z).

3 BpaxyBaHHsM (16) i 3HaYeHb Tmax. Uy BUpa3 (15) npuiive Burisa
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Bupasumo Monynp aedopmaiii apMOBaHHX OCHOB y BEPTHUKAIbHOMY HampsMKy E;, depe3 noBXKHUHY

apMatypy Lapw 1 KPOK apMyBaHHS hapu:
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Busnaunmo mMonynb 3cyBy GG, aHI30TPOIIHHX apMOBAaHUX IPYHTIB, BpaxyBaBIIH MMapaMeTpy apMyBaHHS, a
TaKOXX aHI30TPOMHI BIACTHBOCTI IPYHTY. [l IbOTO CKOpHUCTaEMOCH 3aJISKHICTIO, KA TIpUBeAeHa B poOoTi [7]

GZ: EZ

(19)

2(1+vy )vz+(1—v§5)(4K2—2)

Ex .. U .
5:E— - koedimieHT nedopmaniitnoi anizorpomii; K — koedilmieHT, 1m0 BpaxoBye NapameTpu
z

apMyBaHHS, aHI30TPOITHI BIaCTUBOCTI IPYHTY i HOTO CTaH:

4(1+e)

1+(%b)2

1€ € — KoedillieHT MOPUCTOCTI TPYHTY; b = B/2 — nonoBuHa mmpuHu QyHIAMEHTY, M;

Z — BiICTaHb Bijl MiIOMBH QyHIAMEHTY 1O TAMOWHI J0 Mapy apMyBaHHS, IO PO3TIISIAETHCS, M:

[IPH OHOLIAPOBOMY apMyBaHHI Z = hya;

npu GaraTomapoBoMy apMyBaHHi Z = hua + Napu X (N-1);

Niac — TIMOKMHA 3aKNIAIaHHS MIEPIIOro Mmapy; hapy — BEPTHKAJIbHA BIJICTaHb MK [IapaMH apMyBaHHS
(kpok apMyBaHHS); N — KUTBKICTh MIApiB apMyBaHHSL.

3 BpaxyBanHsM (18) koedimieHT gedopMaiiiHOI aHI30TPOITiT TpUtMe BUTIISI:

K=1+3(1-5) (20)
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Toni koedimient K ms 6araTomapoBoro apMyBaHHs 3 BpaxyBaHHsIM (21):
3

1+VZX 4(1+e)

Lapmf 1 hsax+hapmn 2

hew YT B
apM B

igcrasmsroun (18), (21) 1 (22) B (19), MU MOkeMO BH3HAYUTH MOAYJb 3CyBy (Gz 3 BpaxyBaHHIM
rapaMeTpiB apMyBaHHSA 1 aHI30TPOITHUX BIACTHBOCTEN IPYHTY.

K=1+3| 1

(22)

BucHoBku

- Orpumani BUpa3u MaKCUMaIIbHUX TOTHYHUX 1 TOJIOBHHUX HAINIPYKEHb aPMOBAHOT'O IPYHTY 3 BPaXyBaHHSIM
aHI30TPOITHOTO CEPEeIOBHIIIA.

- Bu3HaueHo 3ajexHICTP MO MOOOpPY Tiepepily apMaTypHHX €JeMEHTIB TPYHTOBUX OCHOB BiJ
PO3paxyHKOBOT'O OITOPY MaTepiaiB, IO U HUX 3aCTOCOBYIOTBCHL.

- OTpuMaHO pPO3PaxXyHKOBI 3aleKHOCTI MOAyJs nedopMmaliii apMOBaHHX OCHOB Y BEPTHKAIBHOMY
HanpsMKy E;, depe3 1oBkHHY apMaTypH i KPOK apMyBaHHSI.

- Busnaueno monysns 3cyBy G; aHI30TPOITHUX apMOBaHMX IPYHTIB, 3 BpaxXyBaHHIM IIapaMeTpiB apMyBaHHS,
a TaKOXX aHI30TPOITHUX BIACTUBOCTEH IPYHTY.
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THEORETICAL CALCULATION OF REINFORCED
FOUNDATIONS TAKING INTO ACCOUNT
ANISOTROPY OF SOILS

Vinnytsia National Technical University

The introduction of horizontal reinforcing elements into the soil, which have much higher deformation rates in the longitudinal
direction, turns it into an anisotropic medium. That is, an environment in which the strength characteristics in the vertical and
horizontal directions are significantly different.

This article considers the case when the reinforcing elements are laid horizontally, and their thickness is much smaller than
the thickness of the soil layers, so it can be neglected and the characteristics of the strength and deformations of the reinforced
soil in the horizontal direction can be taken as for unreinforced. In the vertical direction, the presence of reinforcement in the soil
mass significantly changes its characteristics. This is confirmed by the obtained results of model tests.

The calculation of reinforced foundations is reduced mainly to the determination of the influence of reinforcement parameters
on the distribution of stresses and, accordingly, deformations in the layers of reinforced soil.

The solution is based on the basic formulas of the stress state of an anisotropic half-plane loaded with a linear load. The base
is represented by a linearly deformable porous medium, the state of which is characterized by the deformation moduli Ex, Ez, the
Poisson coefficients vx, vz and the shear modulus Gz.

We introduce the assumption that along the entire length of the horizontal reinforcing element, the tangential stresses in the
soil retain their maximum values 75 - Such stresses should be taken into account within the scope of influence of the reinforcing

element [2-3], which is included in the margin of strength.

Obtained expressions of the maximum tangential and principal stresses of the reinforced soil, taking into account the
anisotropic medium.

The dependence of the selection of the cross-section of reinforcing elements of soil foundations on the calculated resistance
of the materials used for them is determined.

Calculated dependences of the modulus of deformation of reinforced bases in the vertical direction Ez, due to the length of
the reinforcement and the reinforcement step, were obtained.

The shear modulus Gz of anisotropic reinforced soils is determined, taking into account the parameters of the reinforcement,
as well as the anisotropic properties of the sail.

Keywords: reinforced foundations, soil anisotropy, reinforced soil deformations, reinforcement parameters.
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