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JIHIMPOBCHKHIA Jep>KaBHUM TeXHIUHUI yHiBepcuTeT, M. Kam’sHChKe

HANIPYKEHU CTAH KAHATHUX AHKEPIB I''TABOKOI'O 3AKJIATAHHS

Y pobomi nasedeno pesynomamu uguenus 00CIIONCEHHS GNIUBY HANPYIHCEHO20 CHAHY Ka-
HamHUX auKepis 2nuboKo2o 3aKIa0antsa Ha eremenmu 1io2o cmpykmypu. Memoio docniodcenns cma-
BUNACA PO3POOKA MeMOOY GUSHAUEHHSI HANPYICEHO20 CTHAHY KAHAMHUX AHKEPI8 2auboK020 3aKia-
Oanus. Ompumani pe3yibmamu Ha0aioms MONCIUBICIb BUSHAYAMU HANPYICEHUL CAH eNleMeHmig
KAHAMHUX AHKEPIB, 30KpeMa OOMUUHUX HANPYIHCEHb NO NOBEPXHI a02e3iliH020 38 3Ky mpoca ma 3d-
KPIna0eaya, paxo8yeamu HanpyiceHus 8 npoyeci po3pooxu anxkepy, wjo 30iibulye excniyamayii-
HULI MepMiH BUKOPUCMAHH 3A3HAYEHUX KOHCMPYKIMUBHUX €l1eMEHMIB.

Knwuoei cnosa: nanpyosicenuti cman, Kauamui aukepu, YyuriHOpuyHUl wnyp,; nepepiz mpo-
ca; 10KANbHI 30ypeHHsL.

The work presents the results of studying the study of the influence of the stress state of deep
anchor rope anchors on the elements of its structure. Purpose of research was to develop a method
for determining the stress state of deep anchor rope anchors. The obtained results make it possible to
determine the stress state of the elements of rope anchors, in particular tangential stresses on the
adhesive bond surface of the cable and fastener, take into account stresses in the anchor design,
which increases the service life of these structural elements.

Keywords: stress; rope anchors; cylindrical bore; cable cross section, local perturbations.

IHocTanoBka nmpodjaemMu

B Vkpaini Bu1oOyBHA IPOMHUCIIOBICTh BBAXKAETHCS OAHIEIO 3 MEPCHEKTUBHUX c(ep eKOHOMi-
KM, a TEOTEXHIUHA MeXaHika MoTpedye HOBUX BUPILICHb aKTyaJbHUX MpoOiIeM, MOB’SI3aHUX 3 BHIO-
OyBHOI cpeporo. YV MPOMYyKTHBHUX MiApO3UIaX MiIIMPUEMCTB MPH BHKOHAHHI POOIT HEOOXiTHUM €
3MII[HEHHS TOPOIHOT0 TUIACTY MAacUBY 3a JAOTIOMOTOI0 aHKEPHUX 3aKPIIJICHb PI3HOTO TUITY.

AHaJi3 0CTaHHIX JOCTITKeHb Ta mMyOJriKamii

IncTuTyTOM reorexHiuHOi MexaHiku HamioHansHOT akanemii Hayk YKpaiHH po3po0JIEHO TeX-
HOJIOT1I0 OMOPHO-aHKEPHOT'0 KPIMJIeHHS TipChbKUX MOpiA Mix 4Yac 3IiMCHEHHSA MiA3eMHUX pPOOIiT,
MOB’S13aHUX 3 BUJAOOYTKOM KOPHCHUX KOomainuH. {715l yHUKHEHHS OpYILEeHHS TPUPOAHOI MOHOIIITHO-
CTi MPUKOHTYPHUX IOPiZ 3alpONOHOBaHI KaHAaTHI aHKepH rimbokoro 3aknaaanHs[1]. IIpore depes
Te, 10 KOHCTPYKIIisl OOPHO — aHKEPHUX KPIIJIEeHb Ma€ MEBHI 0OCOOIUBOCTI, HEOOXiJHO BPaxoByBaTH
HACTYIIHI MapaMeTpy KaHATHUX aHKEepiB MIMOOKOro 3aKiIafaHHs: JOBXKHHA, AlaMeTp, MILHICTD X 3a-
KpITUICHHS, TIOTIepeYHU mepepi3 koHcTpyKiii [7]. Lle 060B’s13k0BO citig OpaTw 10 yBaru mpu BUHUK-
HEeHHI MOLIKOIKEHHS TEeKCTYPH IJIacTy NOPOAW He JIMIIE 3 TOYKH 30py MOHOJITHOCTI, a W Oe3neKu
npoBeneras poOit [8]. [Ipu 3acTocyBaHHI OAHOTO AHKEPHOI'O KPIlUICHHS BUHUKAE HEPIBHOMIPHICTD
PO3IIOIUTY TTOJIB HABaHTAXKEHHSI, 10 MPU3BOJANTH A0 TEKTOHIYHUX MOPYIIEHB, PO3IaMHOCTI TipHHYOT
nopoau. BukopucTaHHS K EKUTBKOX KaHaTHUX aHKEPiB A03BOJISIE 3MEHIINTH 30HY HE MPYKHUX JIe-
¢dbopmaliii Ta 3rIagUTH KOHTYP PO3MOJIUTY MOJiB HaBaHTAXECHHS, 3aJIMILUBILY JIOKaJIbHI 30ypeHHs Ha
TEKTOHIYHOMY TUIacTi mopoau [9]. [IutaHHAM JTOKadbHUX 30ypEHb IUISIXOM 3MiHW aHKEpHHUX IITAaHT,
IO MPHU3BOSATH A0 MOPYIIEHHS IUIACTIB, 3aliMalicsa ACKUIbKa TOCTITHUKIB, IPOTE PO3B’sI3aHHS 3a-
Jadi TOYaTKOBUM HATSTHEHHSM aHKEPHHX IUTAHT 3aJIMINAI0 30UIBIICHY 30HY HE NpPYKHUX Aedop-
Marrii [10].

®opMyTIOBAHHA METH JOCTiTKEHHSA

KoHcTpyKkTHBHO aHKep Mae oiuH Tpoc. BiH 3a cxeMo10 B3a€MOJIi€ 3 MACHBOM TipHUYHX MOPiT

Yepe3 MOoJIIMEpHUH 3aKpilIoBay y miypi. 3aralioM aHKep MpeAcTaBisie cOO0I0 KOMIIO3UTHY ABOILA-
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poBy KoHCTpykmito. [llapyBaTa KOMIIO3UTHA CTPYKTYpa MIPUTAMaHHAa TaKOK TYMOTPOCOBUM KaHaTaM
Ta cTpiukam. Y CBOEMY CKJIaJi BOHH MalOTh Pi3HY KUIBKICTh TPOCIB, 3alpEecOBaHUX B 0OOJIOHKY 3 Ma-
Tepiany, 110 Ma€ iHIIi BIACTUBOCTi. HanpykeHnii cTaH KaHaTiB Ta CTPIUOK JOCIHiIPKEHO B OaraTbox
pobotax [2—6]. Ilpore B HUX HE BpaxoBaHO Te, IO B aHKepi MMMOOKOro 3akiaJaHHS TPOC OAMH,
B3a€MOJIi€ BiH 3 O0OJOHKOIO HMIIHAPHYHOI (popMu. ToMy cIliff BCTAHOBUTH XapaKTep Ta MEXaHi3M
PO3IONIUTY CHJI MIXK €JIeMEHTaMH KaHaTHUX aHKepiB. Pazom 3 TuM, moOyaoBa Moneni MeTogaMu Me-
XaHIKM MIapyBaTHX KOMIO3WTHHX MaTepiasliB OTpeOye BpaxyBaHHS B3a€MOJIi TPOCIB B KOHCTPYK-
TUBHHUX €JIeMEHTaX TaKoro Tuiy. MeTolo JOCHiIKeHHs € po3poOka MeToay BH3HAUCHHS HampyxKe-
HOT'O CTaHy KaHATHUX aHKEPiB.
Bukisiax ocHoBHOTO MaTepiaay
CdopmymoeMo Moaenb B3a€MOIl aHKepa uepe3 Iuap 3aKpiluiioBada 3 MaCHBOM TipChKOi Ma-
cu. B ankepi aiamerp Tpoca 3HaYHO MEHIIMH 32 PO3MIPH MAacHBY B IUIOLIMHI oMy HopMadni. Sk Ha-
CITIIOK, JKOPCTKICTh MAacHBY Ha CTHCKAaHHS B HaIlpsIMKY, MapajebHOMY TPOCY MOXKHA NPHHHATH
6e3mexHo10. [lepepi3 Tpoca aHKEpHOTO KpirIeHHS OyAeMO BBaXKaTH KpyriuM. Tpoc po3TamoBaHuit
y nniiHgpuaHOMy mmypi. Ilpuitmemo, mo ix oci 30iraroTbes. Mixk MACHBOM Ta TPOCOM 3HAXOIUTHCS
3aKpiIuTioBay. 30BHIIIHS HOro MOBEPXHS HEpyXoMa Ta MepeAae JIMIIe TOTHYHI HampyXeHHs. BHyT-
PILIHS TOBEPXHS 3aKpilIioBaya B3a€MOJI€ 3 30BHILIHBOIO IIOBEPXHEIO Tpoca 0e3 MOKIMBOCTI iX B3a-
emHOro 3cyBy. KiHenp Tpoca B MacuBi MaTepiary He HaBaHTaxxeHUH. KiHels Tpoca, 1o po3ramnosa-
HUH HA TIOBEpXHI BUPOOKH, € HEPYXOMO NPUEAHAHUN JI0 HEPYXOMOTO MAaCHBY Ta HEpyXxoMuM. 3 OOKy
MacHBy Ha Tpoc fie cuia P. [IpuiimeMo Takox, mo AeopMyBaHHS Tpoca Ta 3aKpiluioBaya BigOyBa-
€TBCS B MEXKax JIHIMHOTO 3aKOHY. 3a MPUUHATHX YMOB JeOpMYyBaHHs TPOCY BiCECHMETpUYHE, Ji-
HiliHe. BigHeceMo Tpoc 10 HMITIHAPUYHOI CHCTEMH KOOPAUHAT zre. Bick z cymicTuMo 3 Biccro Tpoca.
Bupixkemo 3 Tpoca enemenT Maioi AoBxkuHUA. CKIageMo yMOBY HOTO piBHOBAaru
dp+mdr-dz=0, (D
Jie p — BHYTPILIHS CHJIa HABAaHTaXKEHHS Tpoca; d — JiaMeTp Tpoca; T — JAOTHYHE HANpPYKEHHsI, 110
i€ TI0 TIOBEPXHI B3a€MOJIi Tpoca Ta 3aKpiIliioBaya.
3a 3akoHoM ['yka

p=Er—- —, 2)

ne E — 3BefieHui MOAYNb MPY:KHOCTI MaTepiajly Tpoca Ha PO3TATHEHHS;,  — 3MILICHHS Iepepizy
Tpoca B3JI0BXK OCi z (BITHOCHO MacHuBYy).

JloTryHe HanpyXeHHs

r—-G22_ 3)
D—-d

ne G — Moaysb 3CyBY MaTepiaiy 3akpiruioBaya; [ — 30BHIIIHIH AiaMerp 3akpimioBadya — JiaMerp
LIIypYy.

Bpaxyemo (2), (3). 3anumemo (1) y Burisiai

d’0 G 8w

- =0. 4
dz*> E E(D-d) @
Po3B’ 130K piBHAHHS (4) B IepeMillIeHHSIX.
w=Ae” + Be™™ +ié+5, (5)
End

; 0 — HEBiIOMe NepeMillieHHs TPOoca SIK )KOPCTKOro Tina (mpuiimemo J = 0).

BHyTpimHi cuin po3TAry Tpoca BU3HAUYMMO 3a 3aKoHOM ['yka (2)
2
sz;sz(AeOm —Be_w)‘a+P. (6)

3 YMOB HaBaHTa)KEHHsI TpOca 3HaiiieMO 3Ha4YeHHs HeBioMux kKoedinieHTiB. Po3ramyemo mo-
YaTOK OCi KOOpJIMHAT B IUIOMIMHI HOro BXOMKEHHS B TipChKUM MacuB. Y I[bOMY Iepepisi cuia HaBa-
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HTaXCHHS Tpoca JopiBHIOE P. Y mepepi3i z = L HaBaHTa)KEHHS Tpoca JOPIiBHIOE Hyr0. BkazaHe no-
3BoJIsIE cripocTuTy Bupasu (7) Ta (8)

4P as+ —as
w = . Z— ¢ e_ a 5 (7)
Emd? e —e®
as —as
e —e
p=Fr: l_eaL_e—aL ’ ®

3 ypaxyBaHHSAM BHpasy (3) IOTHYHI HANpyXXEHHS, IO MAilOTh MO TMOBEPXHI aare3idfHoro
3B’S13Ky TpOCa Ta BBEIEHOTO Y IIITYp 3aKpiIllioBaya, MatoTh 3a0e31edyBaTi yMOBY MIITHOCTI:

2 8 e® +e ™™

- . 1 z- <
4wt | o)) ©)

ne [7] — momycTHMe 3 YMOBH MIITHOCTi JOTHYHE HAIPyKEHHSI.
Amnauniz Bupasis (9)—(11) no3Bomsie 3po0UTH HACTYITHI BUCHOBKH.
3aKOHOMIPHOCTI HaNPy>KEHO-1eQOPMOBAHOIO CTaHy KaHATHUX aHKEPiB [NIMOOKOro 3aKiIajaH-
HS Pi3HOT KOHCTPYKIIiT 3aJIMIIAI0THCS aHAIOTTYHUMHE JUTS PI3HHUX Mepepi3iB y pasi, KoM I JBOX aH-
KepiB BUKOHYETHCSI YMOBa

arzZy) =Aaizy.

[Tapamerp a 3aneXuTh Big MexaHIYHUX MapaMeTpiB Tpoca, 3aKpiluIioBaya Ta AiaMeTpiB Tpoca
Ta mIypy. BiAmoBinHO Big IMX MEXaHIYHHX Ta T€OMETPUYHUX MApaMETpiB 3aJIeKUTh HANPYKEHO-
nedopmoBaHuil cTaH aHKepa.

3a HaBeIEHUM AJITOPUTMOM PO3PaXOBAHO TAKUN CTaH ISl aHKEPY 3 HACTYIHHUMU CKJIQJIOBHMH.
JliameTp oTBOpY B TipchKiii Maci 50 Mm. 3BemeHHil MOy TPYKHOCTI MaTepiany Tpoca 10°MIIa.
Monyib 3cyBy MaTepiany 3akpimmosaua 10° MIIa. Jlosxuna Tpoca 5 m. Ha rpadikax (puc. 1) HaBe-
JICHO PO3MOALUIN CHJI HABaHTaXEHHS TPOCIB PI3HOrO AiaMerpa aHKEpy Ta TaHTEHCIB KYTiB 3CyBY Ma-
Tepiaty 3aKpiluIioBaya 3a HaBEAEHHUX MapaMeTpiB eJIeMEHTIB aHKepa.

1] 0
¥z, 1/2m £z 1/2m
a) 0)

Puc. 1. HanpyxeHo-1eOpMOBaHUI CTaH TPOCIB Ta 3aKpilulioBaya: a) CHJIM HaBaHTa KCHHS
TPOCiB IO JOBXHHI Tpoca (z) Ta B 3aJISKHOCTI Bi niamerpa Tpoca (d); 0) KyTH 3CyBY 3aKpimuioBaya
BIJTHOCHO JTOB’KMHHM Tpoca (z) Ta niamerpa Tpoca (d)

Hageneni rpagiku nokasyoTs, 10 BHYTPIIIHI CUJIM PO3TATY TpOca CIAAAroTh 10 HYJS Mpak-
TUYHO JIMIIE Ha KiHLEBiH fioro yactuni. B mepepisi KiHIIBKK Tpoca KyTH 3CYBY 3aKpiIUloBada Mak-
CHMaJIbHI.
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BucunoBkn

JlocmiKeHHSIM HAMPYXEHOro CTaHy KaHATHOTO aHKEePY BCTAHOBIICHO, ITI0 332 XapaKTepOM B3a-
€MO3B’sI3Ky TpOca 3 3aKpilLTioBaueM HeOE3IeUHUM € Tepepi3 3aKiHYeHHS Tpoca. Y 3a3HaYCHOMY Mi-
CIIi BHYTPIIIIHI CHJIM WOTO PO3TATY CIAIaloTh 10 HyINs. Buxomsum 3 mbOro, iCHyroua cxema 3acTocCy-
BaHHS HE € HAJIMHOIO Yepe3 BUCOKUN PIBEHb PU3UKY OOpPHBY KAaHATHOTO aHKepa IIMOOKOro 3aKia-
JaHHs. 3ampOIOHOBAHWN METOJ BHU3HAYEHHS HAMPYKEHOTO CTaHy Oyje AOIUIHLHUM ITiJ] 9ac MPOCK-
TyBaHHS CXEM KPIIJICHHS Ta MOYK€ BUKOPHCTOBYBATHUCS JUIsl BU3HAUCHHS HAMPYKEHOT'O CTaHy KaHa-
THUX aHKEPiB TIIMOOKOTO 3aKiIaIaHHs.
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TENSE CONDITION OF DEEP INSERT ROPES
Hupalo Yu., Belmas 1., Belous O., Tantsura G.

Abstract

The problem of determining the stress state of deep anchor rope anchors between structural
elements is solved in the scientific work. The purpose of this work was to develop a method for de-
termining the stress state of deep anchor rope anchors in order to increase the level of safety of mining
operations and maximize the monolithic nature of the rock formation. According to the goal, the main
task was to study the relationship between the elements of rope anchors and the nature of the load dis-
tribution.
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An analysis of recent work and publications has shown that the use of a single anchor is un-
even distribution of load fields, high concentration of stress forces around the perimeter of the struc-
ture and the formation of uneven zones of inelastic deformations. However, the stress forces are re-
duced by using several rope anchors, leaving local perturbations. Attempts to reduce local perturba-
tions on the surface of the tectonic layer of the rock led only to an increase in current.

The model of interaction of an anchor through a layer of a fixer with an array of rock mass is
formed. In the anchor, the cable is much smaller in diameter than the size of the array in the plane it is
normal. As a result, the compressive stiffness of the array in the direction of the parallel cable can be
assumed to be infinite. The cross section of the anchor cable will be considered round. The cable is
located in a cylindrical bore. Assume that their axes coincide. There is a fastener between the array
and the cable. Its outer surface is stationary and transmits only tangential stresses. The inner surface of
the fastener interacts with the outer surface of the cable without the possibility of their mutual dis-
placement.

According to this model, our proposed method of determining the stress state allows you to
calculate the stress forces and set the allowable characteristics at the stage of manufacture of rope anc-
hors. It is also possible to determine the stress state of the elements of the deep anchor rope anchors, in
particular the tangential stresses on the surface of the adhesive bond of the cable and fastener. Accord-
ing to the results, the prospects of the study are analytical calculations of this design and derivation of
optimal parameters of rope anchors.
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