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AHAaJi3 10CTiaKeHb i MocTaHOBKA 3aga4i

Kam'sHi koHCTpykuii 3aliMalOThb [JOCHTH BEJIUKY YacTKy B
3aranbHOMY 00cCs3i OymiBeNbHUX KOHCTpYKIii Oymienb. Kawm'sHi
KOHCTPYKIIii MOXYTh OYTH BWUKOHAHI 3 IETJIM PI3HOTO BUAY, OJOKIB 3
JIETKUX OETOHIB, MPUPONHOrO KaMeHI 1 T.m. Bimomo, mo kam'sHi
€JIEMEHTH MalOTh JOCUTh BHCOKY MIIHICTh NPH CTHUCHEHHI 1 HHU3BKY
MILHICTh IPHU PO3TATYBaHHI. Y 3B'3KY 3 IIUM PO3TATHYTY 30HY KaM'SHUX
KOHCTPYKLH, SIK IpaBuIIo, apMyIOTh pi3HUMH criocobamu [1, 2, 3].



TpaguiliiiHo kaM'sHI CTIHM MiJACHUJIIOIOTh PI3HUMH CIIOCO0aMH, B
TOMY YHCIIi 32 JIOMOMOTOI0 BUKOPUCTAHHS 3al1i300€TOHHUX IJIacTUH [4,
5]. Opnak, Taki TMJACTHUHH BUKOPHCTOBYIOTH, SIK MPaBWIO, IS
MOCWJICHHSI KaM'ssHUX CTiH mpu poboTi Ha cTuck. [Ipu HepiBHOMipHHX
OCiTaHHSAX OCHOB KaM'SHMX CTiH 1X, SK TIPaBWIO, MiJACUIIOIOThH
BIIAIITYBaHHIM TSDKIB, SKi CHPUAMAIOTh PO3TATYHOYHM 3YCHILIS, IO
BUHUKAIOTh B pe3yJIbTaTi 3TUHY CTiH y CBOil utonuHi. OCTaHHIM 4acoM
3'SBHIIMCS POOOTH 3 BUKOPHUCTaHHS 3TMHAIBHUX EIEMEHTIB 3 JIETKOTO
OeToHy, a TaKOX IHIIUX KaM'SHUX €JIEMEHTIB 3 BHKOPHUCTaHHSIM
3aMKHEHHX 000iM [6]. Taki KOHCTPYKIii MaroTh psija IepeBar B
MOPIBHSIHHI 3 TPaJMUiHHUMU apMOKaM'STHUMH KOHCTPYKIisMHU. Kpim
TOr0, BUKOPHCTaHHS 3aMKHYTHX OOOWM JO3BOJISIE 3aCTOCOBYBATH
JITKOOETOHI NIEPEMHUYKH, SIKI HE BUMAraroTh J0JaTKOBOIO 1X YTEILJICHHS,
MOJISTIIUTH X BAIITYBaHHS 1 MOHTax. OIHAK HPU I[bOMY BHHHKAE
npobJieMa 3aXKMCTy Ta 130JIS1iT THYYKUX 3aMKHEHUX 000MM.

Bivyni 3ami300€TOHHI TUTACTHHU MPAKTHYHO HE BUKOPHCTOBYIOTH B
SIKOCTI CIIEMEHTIB ITOCHJICHHS 3THHAIBHUX KaM'SHMX eclIeMeHTIB. Lle
TIOB'SI3aHO B TIEPIITYy YEPTy 3 HEAOCTATHICTIO METOJIB PO3PAXYHKY TaKHUX
KOHCTPYKIIif, 0OCOOJTMBO B YaCTHHI BHU3HAYCHHS 3yCHJIb B3aEMOIIT MiK
3Q1300€TOHHUMH ITUIACTHHAMHA 1 KaM'SHAM 3iTHYTUM €JIEMEHTOM. Y
poborax aBtopiB [7, 8] pO3rIAHYTI METOOM BW3HAYEHHS 3YCHIIb
B3aEMOAII MDK KaM'SsHOIO YacTHHOK 1 OIYHOI0 3ai300€TOHHOIO
IJTACTHHOI0, METOAW PO3PaxyHKY MIITHOCTI 1 Ae(OpMaTHBHOCTI TaKHX
enmeMmenTiB. OmHAK, B X PoOOTax HE MPEACTABIICHI IPAKTHIHI CITOCOOH
3aCTOCYBaHHS KaM'sTHUX €JIEMEHTIB, TTOCUJIEHUX OlgHUMH
3ali300€TOHHUMH TUTACTHHAMH. Y 3B'SI3KY 31 CKa3aHUM MeETO0 Ii€i
CTaTTi € po3poOKa peKOMeHAIliil 00 MPAKTHYHOTO 3aCTOCYBAHHS
pi3HUX KOMOIHOBaHMX OaJlOK 3 OJHOOIYHUMH a00 JBOCTOPOHHIMH
3aI1i300€ TOHHUMH TITACTHHAMH.

BukiageHHsi 0CHOBHOI0 MaTepiany.

Bume Oyno mokazaHO, IO TEOPETUYHO 1 EKCIEePUMEHTAIBHO
noBeneHa e(eKTHBHICTh KaM'sHUX 0ajoK, TIOCHJIGHUX OiYHHMH
3aJ1i300€TOHHUMH TUIACTHHAMHM. 1X MOJKHA BHKOPHMCTOBYBATH B HOBOMY
OYyIIBHUIITBI, KOMH CIiJ] TOCHJIMTH KaM'sHUW eneMeHT. Ha mpakruii
MO3UTUBHI BIACTMBOCTI KOMOIHOBAHOI KOHCTPYKLil MOXKHA OayuTH TPHU
MOCUJICHH] KaM'SHUX CTiH, OCHOBH SKUX 3a3HAJIM HEPIBHOMIPHUX
OCiJJaHb, TOMY MIO MPU [IbOMY BUHHUKAIOTh 3TMHAIbHI MOMEHTU Pi3HHX
3HAKIB.



Posrasinemo crmoci®é mOCHIIEHHST LErISTHOT CTiHM 3a JOMOMOT'OI0
OJTHOCTOPOHHBOI a00 JBOCTOPOHHBOI 3aJ1i300€TOHHOI TiacTuHU. Hexait
€ KaM'sHa (ra3o0eTOHHa, IerJisHA) CTiHA 3  HEPIBHOMIPHOIO
nedopmairiero QyHIaMEHTY, 110 BHKJIMKAJa 3THHAIbHI MOMEHTH Pi3HUX
3HaKiB (puc. 1).

A%
Puc. 1. Cxema yTBOpeHHS TPIIIMH B KaM'sTHIHA CTiHI TIPH 1ii 3THHATEHAX
MOMEHTIB Pi3HHX 3HAKIB

Jusa  mocuneHHS KaMm'SHOI CTIHEM MO)Xe OyTH BHKOPHCTaHA
OTHOCTOPOHHS 3alli300eTOHHA IacThHa (puc. 2, a) abo TBOCTOPOHHI
(puc. 2, 6) mIacTUHU. Y TOCWITIOBaHIHM CTiHI CITiJT TPOCBEPIIUTH OTBOPH
JUT BCTAHOBJIGHHSI OJJHOCTOPOHHIX aHKepiB (mo3. 3 Ha puc. 2, a) abo
HACKpi3HI OTBOPH JUTsI BCTAHOBJICHHS JIBOCTOPOHHIX aHKepiB (mo3. 3 Ha
puc. 2, 6). [am BCTaHOBIOETHCS CiTKa 103. 4 3 omHOrO abo 3 000X
CTOpiH CTiHHM 1 TIpHUB'S3yeThCS MO0 aHKepiB mo3. 3. [loriM B HIkHIN i
BEpXHil 30HaX YKJIQJIAETHCSI podoya apMartypa mo3. 5 i IpuB'I3yeThCs /10
citku 4. Ilorim HaHOCHTBCs OeToH (1m03. 6). HaneceHHs OeToHy MoOXKe
OyTM BHKOHAaHO 3a JONOMOTIOK0 TOPKpPETyBaHHS abo y BUIIIAI
mTyKaTypeHHs JapiOHo3epHUCTHM OeroHOM. llpm MoxumBoCcTi OeTOH
IUTACTHHU CINiJ] YKJIaJaTH Tak, mo0 ii cnupaHHs Oyno Ha (QyHIAMEHT
ctinm (o3 1 Ha puc. 2). lle nos's3ano 3 ¢akroM, MO B KOMOiHOBaHii
KOHCTPYKILIii 3almi300€TOHHAa IUIACTHHA Biirpae pojb OCHOBHOTO
Hecydoro enementa. llepepis apmarypu mo3. 5 migOupaeTbcs 3 YMOBU
COPUIHATTS 3TUHAJBHOIO MOMEHTY, IIO Ji€ B IUIOUIMHI CTiHH.



BinnoBigHO BepxHil CTPIKEHb CIPUIMA€e PO3TIATYIOUM 3yCHIUIS BiX
HEraTHBHOTO MOMEHTY, HI)KHIHN - 3yCHUJUIS Bil HO3UTHBHOTO MOMEHTY.
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Puc. 2. Cxema nmpucTporo OMHOCTOPOHHKOT (a) 1 IBOCTOPOHHKOT (0)
3aI1i300€ TOHHHUX TUTAT

ITicns mocWIIEHHS CTIHM OXHOCTOPOHHBOIO a00 TBOCTOPOHHBOIO
3aI1i300€TOHHOI TIACTUHAMH, KOHCTPYKIIIO MOJKHA PO3paxyBaTH TaKUM
9UHOM, MO0 BCE JOMATKOBE HABAaHTAKEHHS CIPHUAMATH 3a1i300€TOHHI
mactuHu. Kam'ssHa cTiHa Tpae poib eneMenTa, o 3a0e3meuye CTIHKICTh
I0cKoi GopMH 3THUHY IUIACTHHH, TOMY IO IO CYyTi 3alli300eTOHHA
IUIACTUHA - [€ 3TUHAJBHUH €IEeMEHT, BiJHONICHHS BHCOTH Nepepizy
SIKOT'O JI0 IIMPUHU € BETUKUM. Y HBbOMY (SK TIOKa3aJi 1 TEOpeTHdHi [7,
8], 1 excriepuMeHTaNbHI [9] HOCTiKEHHS TOISrae CyTTEBA OCOOIUBICTD 1
repeBaru Takoi KOMOiHOBaHOI KOHCTPYKIIii.

Kpox ankepiB, Kpok 1 pmiameTp apMmarypu CiTKd, giamerp i
po3TanryBaHHS poOOdYOi apMaTypH MiAOMpAaEThCS pPO3PaxXyHKOM 3a
METOJNKOI0, HaBeneHoro B [8]. Ilpuuomy Ha BiAMIHY Bim BiOMEX
METO/AUK JiaMeTp aHKepiB, X KPOK, AiaMeTp i KpOK CITKH HiIOuparoTh
peaJbHMM  pO3paxyHKOM MiOHOCTI 1 JgedopMaTHBHOCTI, a He
KOHCTPYKTHBHO, TOMY WLIO BiJ AiaMeTpa i KpOKY AaHKEpPIiB 3aJIeKHUTh
cribHa poOoTa KaM'ssHOT YaCTUHU 1 3aI1i300€TOHHOT IIACTHHHU, a TAKOXK
TOBILIHA €KBIBaJICHTHOT'O 3aJ1i300€TOHHOI0 1Iapy, SKUH BPaXOBYETHCS B



po3paxyHKky gedopMaliii i MIDHOCTI HOPMaNbHOIO  Mepepizy
KOMOIHOBaHOI'O eleMeHTa. Y IbOMY MOJsTae MPUHIMIIOBA BiIMIHHICTD
MPOIMOHOBAHOTO TOCHJICHHSI KaM'SHUX 3TUHAJBHUX EIIEMEHTIB BiX
KOHCTPYIOBaHHSI aHAJIOTTYHOTO MTOCUJICHHS BiIOMUMH METOaMH.

MOoXIMBHUI BapiaHT IMOCUJICHHS, KOJU (DYHIAMEHT B MICI[I HOro
nedopmairii  croyaTky Ciif MiJJOMKPAaTUTH, & IICHsA BJIAIITYBaHHS
3aTi300€TOHHUX TUIACTUH 1 Ha0oOpy MIIHOCTI iX OeroHy mnpubpatn
THUMYacoBy OMOpy. THM caMHUM CTiHa BHUPIBHIOETBCS, a KOHCTPYKIIis
MTOCUJICHHSI 3aJ1i300€TOHHOIO TIACTUHOO BKJIFOUAETHCS B POOOTY.

[NomepenHi po3paxyHKH IMOKa3ylOTh, IO BHUTpaTa MarepiayliB Ha
MOCWJIEHHS 32 JIOIIOMOTOK) 3aji300€TOHHUX IUIACTHH MEHIIE BHUTPATH
NpH  TPaJMIIfHOMY CIOCO0I TMiJICHIEHHS 3 BUKOPHCTaHHAM TSIKIB,
AaHKEPHUX 1 HATSHKHUX MpUCTPoiB. KpiM Toro, pobora i BIamTyBaHHS
KOMOIHOBaHOi KOHCTPYKIii B pasi Il 3rHHaJbHUX MOMEHTIB PI3HHX
3HAKIB HE BiApi3HsAeThCcs. [loCHICHHS 3a JOIOMOTOH0 3a1i300€TOHHHMX
TUTACTHH JI03BOJISIE TIPUXOBATH €JIeMEHTH TOCHIIeHHs (CiTka 1 poboua
apMaTtypa) i MTYKaTYpHHUM IIapoM, IO JTOCHUTh CKJIaAHO IIpH
[IOCWJIEHH] CTIH TSDKaMHU.

PosrinsaemMo  Temep — MOXKIMBICTP ~ BHKOPHUCTaHHS  OIYHHX
311300€TOHHNX TIJIACTHH IPH BUTOTOBJICHHI ITEPEMUIOK.

3a1i300€TOHHI TePEeMUYKH MAalOTh JOCHTh HHU3BKI TeII03aXHCHI
BJIACTHBOCTI. IX BUKOPUCTaHHA B GyIMHKAX, CTIHH SKHMX BJ'IaHITOBy}OTL 3
Jierkoro 6erony (ra3o00eToH, MHOOETOH) HE € palliOHaJbHUM. Y 3B'S3KY 3
oM B OyauHKax 3 JIETKOOETOHHUX OJOKIB mependadaroTh pi3Hi
KOHCTPYKTHBHI ~ 3aXOI, BKJIIOYAlOYM BHUKOPHUCTAHHS  JIOTKOBHX
€IIEMEHTIB 3 JIETKOTO OETOHY, B SIKi BKJIAJIAETHCS apMaTypa 1 3aJIMBa€ThCs
Baxkuil OeroH (puc. 3). Sk mokasye mpakThka OyHiBHHUIITBA, Taka
KOHCTPYKIIisl TepeMUIKA Mae psa HenomikiB. [lo-mepmre, 11 Terumo3zaxucHi
BJIACTUBOCT] BCE OAHO 3aJIMIIAIOTHCS 3HAYHO HMXKYE, HDK caMa CTiHa 3
JIETKOTO OETOHY, T. K. TOBIIWHA JIETKOT0 OETOHY Mana (IuB. puc. 3); mo-
Apyre, B3aXWCHUIM Imap JIOTKOBOTO €JIeMEHTa BiNIaMyeTbCsS IPH
BHYTpIIIHINA 00po01i (KpiTUIeHHS! KapHU3IB 1 T.11.).

Ha BigMiHy BHKOPHCTaHHIO 3a1i300€TOHHHX TEPEMHUYOK, & TaKOXK
3aMiCTh EPEMHUUOK, ITOKa3aHUX HA PHC. 3 MPOIMOHYETHCS BUKOPHCTAHHS
MEePEMUYOK 3 Ta300€TOHHUX a00 MIHOOETOHHUX OJIOKIB (3 TUX caMUX, 3
SKUX BJIALITOBYIOTH CTiHM TEIJIOr0 OYAMHKY), HNOCHJICHHX OIYHHMH
3aI1i300€ TOHHUMH TUTACTUHAMH, TIOJIOHUMU HaBEJICHUM BHIIIC.

Ha puc. 4 mokasaHa cxema NepeMHYKH 3 ra3o0€TOHHUX OJIOKIB,
MOCUJICHNX OIYHMMHU 3ai300€TOHHUMHU TUlacTuHamu. Ha  mpomy



MAaJIOHKY TPHUBECHI JBa BapiaHTH BIAIITYBaHHS HepeMuukd. [lepmmit
BapiaHT - MepeMHuYKa 3 OJHOTO PsIy Ta300eTOHHHUX OJIOKIB 3 OiYHUMHU
3a1i300€TOHHUMH IIJIACTUHAMH 3 JBOX cTopiH. [IpW 1mpomy TOBIIMHA
MepEeMHYKH JIOPIBHIOE TOBIIMHI  CTiHW, BIKOHHMH OTBip  sKOI
MEePEKPUBAETHCS. 3a IPYTUM BapiaHTOM MepeAdadeHo JBi MEPEMHUYKH 3
OJJTHOCTOPOHHIMH 3aJ1i300€TOHHUMHU TUTaCTHHAMHU. [Ipu 1IbOMY MIIaCTHHU
po3TalioBaHi 3 30BHINIHIX CTOpiH mepemuyok. IlepeBara apyroro
BapiaHTa TMEPEeMHYOK TMOoJsAra€ B  TOMY, WIO  BJIAIITyBaHHSI
OJTHOCTOPOHHBOI OiYHOI IJIaCTUHM He BuMarae onanyOku. Kpim Toro
Maca OJHIET YaCTUHU TNEPEMHYKHA Majia, 10 J03BOJISIE 11 MOHTYBaTH

BpY4HY.

Puc. 3. 3aranpHuil BUTIISIT BIAIITYBAHHS IEPEMUYKH 3 BUKOPUCTAHHIM
JIOTKOBOTO OJIOKY

Exonomiuna TIOLUIBHICTE BUKOPUCTAHHS MPOMTOHOBAHUX
MePEMUYOK 3 OIYHMMU 3aJTi300€TOHHUMH TUIACTHHAMU TIOJNISATAE B TOMY,
0 BIKOHHUH a00 JBEpHUI TPOpPI3 MEPEKPHUBAETHCA THM K€ CAMUM
MatepianoMm, 1o i criHa. [lpm mpomy Ha OiuHy MOBEpXHIO OIIOKIB
KpIHUTHCS CiTKa, YKJIANAar0Thcs poOOYi CTPHKHI apmaTypu i OokoBa
MOBEPXHA MPOCTO IMITyKaTypuThecs. Ilorpeba B BHKOpHCTaHHI
CTaHJIAPTHUX 3aIi300€TOHHUX IEPEeMUYOK Bianangae. BrnamryBanHs
MEepeMUYKH He TMOoTpedye Hi B JIOJATKOBOMY OOJNagHaHHI, HI B
JIOJTATKOBHUX MaTepialiaX, Hi B JJOAATKOBUX MOHTQ)KHUX MPUCTOCYBAaHHSX.



MoHTaxX TIepeMHUYKA MOXHa POOUTH BpYy4HY, Tak sK il Bara maina. Taxk,
Maca OJHI€i MePEeMHYKH 3 OJHOCTOPOHHBOIO OIYHOIO0 TJIACTHHOIO (IMB.
puc. 4., B) npoaboroM 1.5 M (3 OJIOKIB TOBIIMHOK 1 BUCOTOIO 200 MM i
TOBILIHOIO 3aJ1i300€TOHHOT MJIACTUHH 25 MM) CTaHOBUTH Onn3bK0 40 KT.

TakuM YWMHOM, MH T[IOKa3alld, IO 3acTOCYBaHHS OIYHHX
3aTi300€TOHHUX TUIACTHH B 3ITHYTHX KaM'SHUX eJIeMEHTax MOoKe OyTH
3pYYHHUM 1 EKOHOMIYHHM.
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Puc. 4. Cxema nponoHOBaHOi HEPEMUYKH 3 OIUHUMH 327113006 TOHHUMH
IJTACTHHAMU: @) - OJIUH Psijl OJIOKIB 3 IBOMa OIYHUMMU IJIACTHHAMU; 0) -
JBa psiax OJIOKIB 3 OAHOCTOPOHHIMH IJIACTUHAMH.

1 - BepTuKanbHA YACTHHA BIKOHHOTO OTBOPY; 2 - ra300€TOHHUM OJI0K; 3 -
3aJ1i300€TOHHA TUIACTHHA



BucHoBku. 3a71i300€TOHHI IIACTUHU, BIAIITOBAaHI 3 OJHOrO abo
JIBOX CTOpPIH KaM'SHUX 3THHAJIBHHUX CJIEMEHTIB ICTOTHO MOCHIIIOIOTH ITi
emeMeHTH. Ha  BigMiHy  Bim  TpagumiiHOIO  BHKOPHUCTaHHS
3aJ1i300€TOHHUX IUIACTHH JIJIS MTOCUJICHHS KaM'SHUX CIEMEHTIB MpH il
CTHCKAIOUYMX HAaBaHTaXEHb, B CTATTI 3alPOINOHOBAHO BUKOPHUCTOBYBATH
iX mNpu TOCWIEHHI 3TUHAJBHMX KaM'SHHX eJeMeHTiB. Jlo Takux
€IEMEHTIB  BITHOCITLCSA KaM'sHi CTIHM, OCHOBH SIKMX 3a3Hajd
HEpIBHOMIPHUX OCiJJaHb, BUCSAYi CTIHHU, TOMO. Y CTaTTi 3allPOMIOHOBAHO
TaKOXK CHOCi0 BHTOTOBJIEHHS IEPEMHUYOK 3 JIETKOOSTOHHUX OJIOKIB,
MMOCUJICHUX OJIHOCTOPOHHIMU a00 JBOCTOPOHHIMHU 3aJli300€TOHHUMU
jacTuHaMu. BUKOpHCTaHHS TakUMX IMEPEMUYOK JO3BOJISE 30UIBIIUTH
TEIUIO3aXKMCHI BJIACTMBOCTI MEPEMUYOK, MOJCTIINTH X BUTOTOBJICHHS i
MOHTaX.

VY nmepcrnektuBi mependavaeTbcs po3podKa TEXHOIOTIYHOT KapTu
BUTOTOBJICHHS JIETKOOETOHHWUX IIEPEMHUYOK, IMOCHJICHUX OIYHUMH
3aJ1i300€TOHHUMH IUIACTHHAMH, & TaKOX BJIAIITYBAHHS ITOCHUJICHHS
3rUHAJIBHUX KaM'SSHUX €JIEMEHTIB TaAKUMH IIJJaCTHHAMH.
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