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WCCNEOOBAHUE YCUITUA B BEPTUKAIbHbIX
LUMOHOYHbLIX CTbIKAX KPYNMHOMAHEJIbHOIO 30AHUA

B NMPOLUECCE BO3BEOEHUA

U.C. fepbeHuees, A.A. KapsikuH, M.B. Tapacoes, I1.B. lMonn
FOxHO-Yparnbckul 2ocyGapcmeeHHbIlU yHusepcumem, 2. YenssibuHck, Poccus

B nocienHee Bpemst B MUpe HAaOIIOJACTCA TPEHJA HAa MHIYCTPHAIM3ALMIO JKEIe300€TOHHOrO
noMoctpoeHus. B Poccun HakorieH OO0JbIION ONBIT KPYNHONAHEIbHOTO JOMOCTPOEHUS, MO3BO-
JISFOIIMI HAXOJUTh ONTHMANIbHBIE KOHCTPYKTUBHBIE PEIICHUS, OJHAKO HOBBIC PELICHHS IPUBOIAT K
HEOOXOJMMOCTH UX IOIOIHUTENBHOTO H3ydeHus. CoBpeMeHHBIE TPOTPaMMHbBIE KOMILIEKCHI TT03BO-
JSIIOT CTPOHUTH OOBEMHBIC MOJENHU 3[aHMS C YI€TOM (H3HIECKON HEIMHEHHOCTH, MO3BOJIIONINE
ydecThb (pakTHIecKoe pachpeeNieHne YCUINH MeX Ty ieMeHTaMu. [Ipy 3ToM U1 HOCTpOeHUsT KOp-
PEKTHOI MO/ KPYNHOIAHEeIbHOTO 3JaHusl TpeOyeTcsl 3alaHue MOAATIMBOCTEH CTBHIKOB MEXIY
HUMH. BennunHa nmogaTimBOCTH MPU OTCYTCTBUM HOPMATHBHOM 0a3bl OIpenesseTcs MPsSMBIMU HC-
IIBITAHUSAMH, PE3yJIbTaThl KOTOPBIX B JalbHEHIIEM UCIONb3YIOTCS AJS MOCTPOCHUS pacdeTHON Mo-
JIeTH 37IaHUs TIPH €r0 MPOSKTHPOBaHUHU. PacueTHast MoJeNb 3aHusl JaeT MPUOIN3UTEIILHYIO OLICHKY
paboTHI KOHCTPYKIUH, M CTENICHb €€ TOYHOCTH 3aBHCHUT OT MPaBHIFHOCTH BBHIOOPA MCXOAHBIX Hpes-
MOCBUIOK IIPH IOCTPOCHUH.

B Hacrosimei craTthe BBINOIHEHA OIEHKA YHCICHHOW MOJIETH KPYITHONIAHEIBHOTO 3/aHuUs ITy-
TEM COIIOCTAaBJICHUS C Pe3yJIbTaTaMH IIPSIMBIX HAOTIOJCHUH 3a CABUTOBBIMH IIEPEMEIIICHUSIMHU B BEp-
THKaJBHBIX CTBHIKAX HanOoJjee Harpy)XeHHOU sueiiku cTposiiierocs 3aanus. Habmronenus npoBoau-
JIUCh Ha 26-3TaKHOM KPYIHOIIAHEIbHOM 3[JaHUH C IIEPEKPECTHON KOHCTPYKTHBHOM CUCTEMOH ¢ ca-
MOHECYIIUMH Hapy>KHBIMH NPOJOJIbHBIMU CTEHaAMU. BepTuKaIbHbIE CTBIKM — MOHOJIMUTHBIC JKENIE30-
OETOHHBIE C IPUMEHCHUEM IIIIOHOK C TPOCOBBIM IIETIICBBIM MTONIEPEYHBIM aPMUPOBAHUEM.

IMommmo 3TOTO, TaKKe JaHa OIEHKA yCHIINH, BO3SHUKAIONINX B 3TUX CTHIKaX. B memom, 3To mo-
3BOJISIET CHIENIaTh BHIBOJ O KOPPEKTHOCTH IMPHMEHEHHS PACUeTHOI MOJENH KPYITHONIAHEIFHOTO 3/1a-
HUS C IPIMEHEHNEM YIPYTOMOJATIUBEIX CBS3eH ¢ OTpaHMYCHHEM HPEEeNbHBIX YCHINI I MOJe-
JIMPOBAHUS BEPTUKAIBHBIX CTHIKOB.

PacuérHas 9acTb HCCIENOBAaHMS BBHIONHSUIACH C HCIOIB30BAHHEM OOBEMHOH KOHETHO-
9JIEMEHTHOH MOJENM C y4eTOM BEJIMYMHBI IOJATIMBOCTEH CTHIKOB M (DAKTHYECKHUX JKECTKOCTSIX
KOHCTPYKTHBHBIX JIEMEHTOB 3JIaHHUS.

Pe3ynbTaThl nccie0BaHUS MOTYT HCIIONIb30BaThCA MPU MOACIUPOBAHUY, pacuéTe U MPOCKTU-
POBaHUM KPYITHONAHETIBHBIX 34aHUI U TAIOT HOBBIE Hay4YHBIC 3HAHUS O paboTe 3/1aHUil TAKOTO THUIIA.

Kniouesvie cnoea: kpynnonanenvHvie 30anus, MOHOIUMHbBIE CMBIKU, IHCECMKOCMb CMBIKOS,
NPOUHOCMb CMBIKOG, UCHbIMAHUS HA PACMAJICEHUE, 3AMKO80€e COeOUHeHUe, nemaesble COeOUHEeHUSL.

Beenenne

3a mocnenHee NECATHIIETHE YBEIUYMIOCH YHCIIO
MyONMKaLWKi, CBSI3aHHBIX C HMCCIEAOBAaHHEM DPaOOTHI
IIMTOHOYHBIX CTBIKOB COOPHBIX 3JIEMEHTOB C TPOCO-
BBIM METJIEBBIM apMUpPOBaHUEM. Tak, HampsDKEHHO-
neopMHPOBAaHHOMY COCTOSIHHIO CTBIKOB /10 TPELIH-
HOOOpa3oBaHUs ToOcBAmeHa pabota [1], OGompmioi
AKCIEPUMEHTAIIBHBIA MaTepual U ero aHajlu3 B 4acTH
OILIGHKH TIPENIENbHBIX YCUINHA, BOCOPUHUMAEMBIX CTHI-
KaMH{ Ha OCHOBE TEOPHUH IUIaCTUIHOCTH OCTOHa, Mpes-
cTaBlieH HccienoBarensaMu u3 Ykpaunsl (O.A. JloB-
skeHko, B.B. Ilorpebnoit u ap. [2-6]). B cBs3u ¢ yBe-
JUYEHUEM MHIIyCTPHAJIBHOTO CTPOUTEIbCTBA B MHANN
MOMCK HOBBIX pENICHWI JUIS YCTpOMCTBa CTBHIKOB
COOpHBIX 3JIEMEHTOB 3aTPOHYJI B TOM YHCJE M INIIO-
HOYHBIE CTBIKH C TPOCOBBIM IIETIIEBEIM apMHPOBAHHEM
[7-9]. O6mmpHBIE 3KCIEPHUMEHTAIEHO-TEOPETHUECKIE
UCCIIEZIOBaHMS TIPOBEACHBI HccienoBaressiMu u3 Jla-
Huu [10-14].

Ha ceromuamuuii gess B HOpMBI PD [15]
BKJIFOUCHBI PEKOMEHAAINH, MOIYICHHBIE B PE3ylb-

Tate 000OUIeHUs OOJIBIIOTO YHCIIa HCCIeJOBaHUMN
[16, 17].

PaccmarpuBaeMslii CTHIK pa3pabOTaH KOMITaHUCH
Peikko [18, 19] (puc. 1).

HecMmoTpst Ha mMpOKHE SKCHEPHUMEHTAIBHO-
TEOpETHYECKHE MCCIIEAOBaHNS, HA CETOAHAIHUN CHb
OTCYTCTBYIOT CBEICHHS O paboTe MaHHBIX CTHIKOB B
cocTaBe HecyIero ocrona 3aanus. Hacrosmas craTes
HaTpaBJIeHa Ha OCBEIICHUE 3TOTO BOIPOCa.

MeTtoauka uccjiex0BaHus

Xapaxmepucmuxu 30anus

Kunoe 31anue 26-3TakHOE, pa3MEPOM B IJIaHE B
ocsix 40 M x 14,4 M, ¢ BeIcOTOM 3Taxka 2,85 M (puc. 2).
[lepekpecTHOIl KOHCTPYKTHBHOM cucTteMbl. Hapyx-
HBIC TPOJONEHBIC CTCHBI CAMOHECYIIHE: HEeCYIIHUH
cioit u3 OeroHa kiacca B22,5 TommumHOoM 120 mM.
OcTanbHBIC HApYXHBIC CTCHBI — HECYIIHE: HECYIIHU
cioit U3 Oetona kiacca B22,5 TommuHoi 180 mm
(momBan — 1 atax), 150 MM (2—14-i staxwu), 120 mm
(15-26-1 sraxu, yepnak). HapyxHbll cioif maHeneit
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Puc. 1. KOHCTpyKUUSA CTLIKOB CTEHOBbLIX NaHemnen:
1 — cTeHOBbIe NaHenu; 2 — xecTsiHasi KOpobka; 3 — TpocoBasi neTns
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Puc. 2. NMnaH

u3 6etoHa kiacca B25 — 80 MM ¢ THOKUMH CBSA3IMU U3
HepKaBewIlel ctanu, yrenaurens — 150 MM.

BHyTpeHHHME CTEHOBBIE MaHENn — W3 OeToHa
knacca B22,5 rtommmuoit 200 MM (momBanm — 9-ii
atax), 180 MM (10-14-i1 ataxu) u 160 mm (15-26-i
ATaXH, YePAaK).

IInuTel nepekphITUI ¢ ONMPAHUEM IO TPEM U Ue-
TBIPEM CTOpPOHAM, COOpHBIC XKEJIe300eTOHHbBIC, TOJ-
muHoM 160 MM u3 OeToHa Kiacca B22,5.

Ha ot™m. +45,6 u +48,45 (ag 16-m u 17-m sTa-
J)KaM¥) 3aIpOCKTHPOBAaHBl MOHOJHUTHBIC TUIATHI TIEpe-
KpBITHS U3 OeToHa kiacca B22,5 TommuHo#i 160 MM.

Pacuemnas moodens

JUIs OIeHKHM YCHIIM CIBUTA, BO3HHKAIOIIUX B
BEPTHUKAJIbHBIX CThIKAX M HaIpsDKEHHO-Iedopmu-
POBAaHHOTO COCTOSIHHS 3JIaHHsI B LIEJIOM, OBUIT BBIMOJ-
HEH ero pacder. AHaJIN3y MOABEPTAINUCH YCHUIIHS, BO3-
HHUKAIOIIKE B INPOLECCE CTPOUTENBCTBA, TO €CTh Ipe-

B

nepBoro 3taxa (pamkou BbiaeneHbl Hanbornee HarpyXeHHble SYENKU)

JKJIe BCETO OT COOCTBEHHOTO Beca KeJIe300€TOHHBIX
KOHCTPYKIIHH.

Jns ydeta mepepacripefiefieHus] YCUIUM B Ipo-
[ecce BO3BEJACHMS 37aHMS HCIIONB30BaaCh CHUCTEMa
«Montax» IIK Jlupa-CAIIP [20]. DTO TO3BOJIWIO
OTpa3UTh U3MEHEHUE TOIOJIOTUH PACUETHOM CXEMBbI U
MOJYYUTh KOPPEKTHOE paclpeiiefieHne Harpy3oK Me-
KTy 3JI€MEHTaMH 3aHus.

CTBIKH MEXIY COOPHBIMH 3JIEMCHTaAMH MOJICITH-
pOBaNMCh CHNEUUATBHBIMU YOPYTHMMH 3JIEMEHTaMH C
Y9eTOM MpenenbHeIXx yemnui (255KD), xecTkocTh
KOTOPBIX Ha3Hayalach UCXOJS U3 PE3yJbTAaTOB HCIIbI-
tanmii (puc. 3) [1, c. 20-24].

JKecTKOCTHBIE XapaKTEPUCTUKH 3JIEMEHTOB ILla-
CTHH U CTPEXXHEH I MOJCTUPOBAHHUS CTCHOBBIX IIa-
HeJeH, TUTUT NEPEeKPBITUM U CTOEK JOJKUKA COOTBET-
CTBOBaJIM (paKTUHECKH NPUMEHEHHBIM MarepuajiaMm U
CCUCHHSIM JIEMCHTOB.

BecTHuk KOYplY. Cepus «CTpouMTenbCTBO U apXUTEKTypa».
2020. T. 20, Ne 1. C. 24-33
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Ananus ycunuii co8uea 8 6epmuKaibHbIX Ueax

B pesynprare pacdera 37aHUS MOMYYCHHI 3HAUeE-
HUSl CIIBUTOBBIX YCWJIMHA B BEPTHUKAJIBHBIX CTHIKaX Ha
KOKIOW CTaJul MOHTa)ka, MOJyYeHHBbIC 3HAUCHUS
YCHUIIMH yCPEIHSINCH 110 BBICOTE CTHIKA (pHUC. 4).

W3 BBIIICIPUBEACHHBIX TPAPHUKOB BHIHO, YTO
HamOojee HArpy>XeHHBIMH SIBIISIOTCS CBS3M Ha I10-
KOJIPHOM U TIEPBOM 3Ta)kax 3/1aHusl.

MakcuManpHOE YCHIIME, BO3HHKaromee B T-
00pa3HOM y3JI€ CONpPsDKEHUS CTCHOBBIX MaHEJICH mep-
BOro sraxka B ocsix A/7, cocraBiser 49 kH, mna mu-
HEWHOIO CTHIKA B ocax A/5 — 24,1 xkH.

[Ipu ananm3e pacdera 31aHUS OBUIO YCTAHOBIIC-
HO, 4TO HamOoJiee Harpy>KeHHBIMH SYCHKAMU 3JIaHUS
SIBIISTIOTCSI sTYCHKU B ocsAX 4-7/A-B, KoTOpbie U ObUIH
BBIOPAHBI 11 HAOIIOICHIH.

Mpoeasica us -
HABKOZD ymenAumens | o

800,

STaXkun
N
D

— 1 cTaguA

7 cTagnsA

—13-cTagna

ORLrNWRARUIOINOO

0 10 Rz, kH 20 30

a)

STaXkun

HamypHruie nabnioodenus 3a degpopmayusimu

8 cmblKax

Jnsi OolleHKH HanpshKeHHO-Ae(hOPMHUPOBAHHOTO
COCTOSIHHSI BEPTHKAJbHBIX CTHIKOB OBUIM YCTaHOBJIE-
HBI 15 WHAWKATOPOB YaCOBOTO THMA C HYJIEBOH 6a30i
u neHort nemenus 0,001 mm (puc. 5). MHIukaTops!
yCTaHaBJIMBAIU B CepeInHAaX HanboJiee HarpyKEeHHbBIX
[0 pe3y/ibTaraM pPacueTOB BEPTHKAJIbHBIX CTHIKOB.
JlaHHBIE WHAWKATOPHI 3aMepsuld B3aMMHBIH CIOBHUT
CMEXHBIX CTCHOBBIX IaHENeH, Xapakrepusys nedop-
MaTHBHOCTH CTHIKA. [l0 pe3ynmbraTaM yKa3aHHBIX W3-
MEpEHHH CTPOWINCH I'PapUKN UX U3MEHEHHUS.

B  mpomecce  HaOmoneHMH — HaNpPSDKEHHO-
Je(OPMUPOBAHHOTO COCTOSIHUSI HECYLIMX KOHCTPYK-
LIMiA, B MOMEICHUAX C YCTAHOBJICHHBIMH NPHOOpaMu
MOJIIEP)KUBANIACH TIOCTOSIHHAS TOJIOXKHUTENbHAS TEeM-

ORLrNWRARUIOINOO

0 20 Rz kH 40 60
6)

Puc. 4. XapakTep nameHeHus casurarownx ycunum Rz B T-o6pa3sHbIX LUMOHOYHbIX y351ax CONpPsiKeHUA
B ocsix A/5 (a) n A/7 (6) no BbicoTe 3aaHUA
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Puc. 5. Cxema pacnonoxeHusi MHGQUKaTOPOB B BepTUKanbHbIX WBaxX noasana (a) u nepeoro ataxemn (6)

nepatypa. 9TO CBSI3aHO ¢ TPEOOBAHUAMH IO IKCILTya-
Tall HM3MEPHUTEIBHBIX MPHUOOPOB, KOTOpas HEBO3-
MOXHa IpU OTPULATCIBHBIX TEMIICpaTypax. Tewmme-
paTrypa B IOMELIEHHAX 3aMepsulach HETOCPEACTBEHHO
JI0 CHATHS NOKa3aHUH MPHOOPOB.

PesysibTaThl HCC/IE10BAHUS H HX AHAJIN3

Ilocne oxoHYaHMS CTPOUTENBCTBA 3JaHMSA HpPHU-
OOpBl CHHMMAINCh, CTPOMJIHCH Tpa(uKy H3MEHEHUS
MOKa3aHWH, MPOU3BOAMIOCH COINOCTABICHHE C JaH-
HBIMU pacueToB. AHANW3 JaHHBIX N0 BEIMYUHE CABH-
TOBBIX II€PEMEIIEeHUI 03BOJISIET BEIACTIUTD XapaKTep-
HBIE TPYIIIIHL.

Ananuz pezynbmamos uzmepenus oepopmayuii

6 6epMUKANbHBIX UIBAX

I'paduku n3MeHeHHs BEPTHUKAIBHBIX MepeMele-
HUM B CTBHIKAX CaMOHECYUIMX IMaHelled U HeCYIIUX
NaHesel MoKa3aHbl COOTBETCTBEHHO Ha pHC. 6 1 7.

Hanbonpie mepeMerneHust Nmokasajia Tpymia H3
uHavukaTopoB 1-44 u U-65 — uHIuKaTophl, yCTAHOBJICH-
HBIE B CTBIKAX CAMOHECYIIUX M HECYIIUX CTEHOBBIX Ia-
Heneil. Ha MoMeHT Bo3BeneHus 25-r0 3Taka MoKa3aHus
JTAHHBIX MPUOOPOB OBUIM MPAKTUYECKU OIMHAKOBBIMHY,
nocturarouiMu 0,251 MM, Tipu ganpHeHIIeM Harpyxe-
HHUHM, TIpUpocT nepementeHnit V-44 moMeHs1 3HaK, IpH
oM M-65 mokas3pIBall JalbHEHIINA POCT BIUIOTH 1O
0,441 MM K MOMEHTy CHATHA NpuOOpoB. Bo3mokHO,
MPUYUHON TIOCTYXKHJIO TIepepactperiefieHHe YCHINH co
CTBIKa caMOHeCYILel naHenau 1o ocu b u BHyTpeHHel no
OCH 5 Ha CThIK CAMOHECYIIEH M0 OCH A U HapyXKHOH 1o
ocH 5. B 3ToT MOMeHT Habroga0Ch 00pa30BaHUE BOJIO-
CSIHOWM BEPTUKAIILHOM TPELIVHBI B IIEPBOM CTBIKE, IHPU-
Ha pacKpbITUsI KoTopoi coctaBuia 0,05 MM U He U3Me-
HSJIACh B JaNbHEHIIEM.

Bropoii xapakTepHO#i rpymnmoil B mopske yObl-
BaHUS IOKa3aHWH Oyner rpymma u3 mnpubopos M-13,

N-14, N-18 u N-43. JlanHas rpynmna Takke OTHOCUTCS
K BEpTUKaJbHBIM CTHIKAM COIPSHKEHHUS CaMOHECYIITNX
HapYXHBIX CTE€H W TMOTEPEYHBIX HECYIIUX. XapaKTep
pocTa mepeMeIleHH B CThIKaxX JaHHON I'pymIbl ObLI
(hakTHUECKH JTMHEWHBIM, MIPH 3TOM CKOPOCTh MPHUPOC-
Ta OBbUTAa MPUONH3UTEIBHO OMUHAKOBOH. [IpenenbHbIe
MepeMEeIleHUsI B CThIKAaX 3TOW IpyHIbl COCTABUIM OT
0,106 mm o 0,163 mm. CTOUT OTMETHUTH, UTO MEpe-
mewenus U-44, oTHocserocs K nepBoil rpymnmne, nog
KOHEIl HaOTIOJCHUH OIYCTHIINCH IO 3HAYCHUI BTOPOH
TPYIIIBL.

OcranbHbIE TPYIIB WHINKATOPOB OTHOCATCSA K
CTBIKAM HECYIIMX TaHeJel, U, Kak U 0XKHJIAJoCh, TO-
Ka3aJld 3HAYUTEIHHO MEHBIINE CIBUTOBBIE MEpeMe-
IICHHUS.

Cpenu CTBIKOB HECYIIUX MaHeNnel Hambomee Xa-
paKTepHBI TPU TPYIIIIHL.

[Iponomxass HymMepauuio TPy, TPETbs TpyIa
CTBIKOB — mapa unaukatopoB U-15 u U-20, koTopsie
MTOKa3bIBaIM CTAOHMIIBHEIN POCT MEpeMEIIeHUI B Tpo-
1ecce pocTa Harpy3oK B cTeHaX. MakCUMallbHOE 3Ha-
yenue nepemerieHuit cocrasuiao 0,022 u 0,031 mm
COOTBETCTBEHHO. XapaKTEPHO, YTO OCHOBHOW IIpU-
poct aedopMariuii MPOXOAKI C Hayaaa HaOIIOACHHS U
0 BO3BeAeHHUS 23-ro 3Taka, B JaJbHEHIIEM poOCT
(hakTHUECKH 3aKOHYHJIICS, TOKa3aHHWs BO3pAcTalld He-
3HAYUTENBHO.

Yersepras rpymnmna uaaukatopos: U-16, U-17, U-
19, U-66, 1-67. OOmuM Uil HUX SIBISCTCS Hayajlb-
HBI{ POCT C TNPHUOIM3UTEIBHO OJUHAKOBOW CKOpO-
CTBIO, MaKCHMaJIbHEIC 3HAaUeHHI ¢ 19-ro mo 23-i 3ta-
*u (mo 0,018 MM) 1 3aTteM panbHEHIIee MajgeHUe IM0-
kazaauii 70 0,006 mM...0,015 mm. Tlokazanus maHHOM
TPYIIEI XapaKTePU3YIOTCS Takke OOJBIIUME KoieOa-
HusMH (10 0,009 MM), CBSI3aHHBIMH, TIO-BHIUMOMY, C
[epepacnpeeICHIEM yCUIIUi.

BecTHuk KOYplY. Cepus «CTpouMTenbCTBO U apXUTEKTypa».
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Puc. 6. Fpaquu U3MeHeHUA BepTUKanbHbIX nepemeu.l.el-mﬁ B CTblKaX HeCywWnX U CaMOHeCyLnX CTeHOBbIX naHeneu
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Puc. 7. Fpadhmk M3MmeHeHUs1 BepTUKanbHbIX NepemMelleHnii B CTbIKax HecyLUX CTeHOBLIX NaHenen

[Mocnennsst mstasi rpynna — napa HHIMKATOPOB
N-45 u N-46 He moka3pIBalu pocTa, MOKa3aHUs JaH-
HOW TPYIIBI TMOCTOSHHO HaXOIWIHCh B 00JACTH OT
0,003 mMm 70 0,004 mm.

Conocmasenenue ¢ pe3yibmamamu paciemos

ConocTaBlicHHE Pe3yJabTaTOB H3MEPCHHS CIBH-
rOBBIX Jie(opMaIiii BEPTUKAIBHBIX CTHIKOB CO 3HAYeE-
HUSIMHU, MOJYYEHHBIMU TPH pacueTe 37anust (puc. 8,
9), MO3BOJSET OUCHUTH KOPPEKTHOCTh HA3HAYCHUS
JKECTKOCTHBIX XaPaKTEPUCTHK CTBIKOB M PacYETHOMN
MOJEIH B IEIOM.

HawuGonbliiee CXOXICHHE C pe3ylbTaTaMd Ha-
OJIIOJICHUI TMOKa3aJd pacueTHBIC PE3yJbTaThl Iepe-
MEIIECHHH I CTHIKOB CaMOHECYIIMX IaHeJIel ¢ He-
cyummu B ocsix b/4, B/5, A/7, a mjist CTBIKOB HECYIITHX
nanenei — B ocax 4/b-B, B/5 u B/7.

HaumeHbinee cxoxaeHne HaOII01aI0Ch B CTHI-

Kax 1mo ocsM A/5 u B/4, daro cBs3aHO ¢ 0Opa3oBaH-
HOM BOJIOCSIHOM BEPTUKAJIbHOHN TPELIMHON B IIEPBOM
U TPaKTHYECKU OTCYTCTBYIOLIMM CIBHUTOM BO BTO-
poM.

Ocnostvie 66160061 NO PE3YTbMAMAM HAOTIOO0EHU

XapakTep pacrpelesieHus] yCWINi B BEPTHKAJb-
HBIX CTBIKAaX MO BBICOTE 3JIAHWS SIBJIACTCS HEPaBHO-
MEpPHBIM, HaOOJBIIINE CIBUTOBEIC YCHITUS BOSHUKAIOT
HA IIOKOJIFHOM H ITEPBOM 3TaKaX.

OTKJIOHEHHUS B XOJI€ COTIOCTABIICHUS PE3YIIbTaTOB
MepeMeIICHI ¢ JaHHBIMH HaOJIOJCHUH, BEpOSTHO,
BEI3BaHBI IepepacipecicHHeM YCHIHNA MEXIy Bep-
TUKAJIbHBIMUA ¥ TOPU30HTAILHBIMU CTHIKAMH B HCCIIE-
nyeMmol siaelike 3maHus. KOCBEHHO 3TO MOITBEpKIa-
€TCs OJIHOBPEMEHHBIM Pa3HOHANPABICHHBIM IPHpPa-
HmieHreM JieopMaluii B TOPU3OHTAIBHBIX U BEPTH-
KaJIbHBIX CTHIKAX.
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Puc. 10. 3aBucMmMocTy BepTUKaribHOro cMeLeHusi ot caBurarowero ycunusa N

Oyenka ycunuii 8 6epmMuKaIbHbIX CIMBIKAX

Ha puc. 10 npuBeneH rpaduk cornocraBieHus 3a-
BHUCHMOCTEH BEPTUKAILHOTO CMEUICHHS OT CABHIAIO-
el CHIIbl, TOYYSHHBIH NPH HaTypHBIX MCIIBITAHUSIX
(parmenTa cThika [1, 25], u TpaduK, MOCTPOCHHBIH IO
pesyibTaTaM pacyeTra MOJAENIN KPYIHONAHEIHHOTO
3IaHMs, IJIs1 TUHEHHOTO CThIKA MaHeae B ocsax A/S.

[MomyueHHsIii TpaduK MO3BOISAET OLCHUTH BEJIH-
YUHY YCHJIHI B CTBIKAX KPYIHOIAHEJIFHOI'O 3JaHUS
MCXOJ U3 CABHUIOBBIX IepemerneHni B Hux. Cormac-
HO pesyibTaraM [1, 25] mpeaenbHOE yCWiiMe B CTHIKE
IIPY UCIIBITAaHUM Ha CIBUT cocTaBiseT 64 kH. Makcu-
MaJIbHOE 3HA4YEHHUE CIBUTAIOIIETO YCHUIMS IPU pacde-
Te B Hamboiee HArpyXCHHOM S4elHKe COCTaBHIIO
24,1 xH. MakcumainbpHas BeIM4YMHA CMELICHMUS], MOJTy-
YyeHHas B X0Je pacuera, siBisercs paBHod 0,0339 mwm,
pacxokJeHUE CO 3HaYEHHEM B Pe3yJbTaTe HaTYpHOTO
HCIBITaHus 00pasima coctaBmio 15,3 %.

3aki0ueHnne

B pesynpraTe NpOBEAEHHOTO aHAaJH3a COIOC-
TaBJICHUS PE3YyIbTaTOB HCHBITAHHUI M YHCICHHOTO
pacdera yCTaHOBIJIEHO, YTO I PacueToB KPYITHOIA-
HEJNBHBIX 3JaHUH JOIMYCTUMO HCIOIH30BAaTh MOJAEIH
C JHCKPETHO PACIIOJIOKEHHBIMH YIPYTOMOIATIUBHI-
MU KOHEYHBIMH 3JIEMEHTAMH C OTpaHHYEHHUEM IIpe-
JENBHBIX YCWJIMH C Y4EeTOM JKECTKOCTHBIX IapameT-
POB, TOIyYEHHBIX B Pe3yjibTaTe HAaTYPHBIX HCIIBITA-
HUIl (parMeHTOB CTHIKOB, ITOCKOJBbKY OHH ITOKa3bl-
BAIOT BBICOKYIO JIOCTOBEPHOCTh C PE3yJIbTaTaMH Ha-
OJIFOIEHUIA.

JanpHeimme uccienoBaHUS MOTYT OBITH Ha-
MPaBJICHbI Ha YTOYHEHHE PabOTHI CTHIKOB, X POJH B
nepepacnpesieficHud  YCHWINH MeXIy JJIeMeHTaMHU
3IaHUSL.
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RESEARCH OF FORCES IN VERTICAL KEY-JOINTS OF A LARGE
PANEL BUILDING IN THE PROCESS OF ITS CONSTRUCTION

1I.S. Derbentsev, derbentcevis@susu.ru

A.A. Karyakin, kariakinaa@susu.ru

M.V. Tarasov, tar-mv@bk.ru

P.V. Popp, polkobnik@mail.ru

South Ural State University, Chelyabinsk, Russian Federation

Recently, the world has seen a tendency of reinforced concrete housing construction industria-
lization. Russia has gained extensive experience in large-panel housing construction, which helps to
find optimal structural solutions, but new solutions lead to the need for additional study. Modern
software systems allow you to build volumetric models of a building, taking into account physical
non-linearity, which helps to take into account the actual distribution of efforts between the ele-
ments. At the same time, to build the correct model of a large-panel building, the flexibility of joints
between them is required. The flexibility is calculated by online tests the results of which are used to
build the future model of a building in the process of its designing. The calculation model of a build-
ing gives an approximate estimate of structural behavior and the degree of its accuracy depends on
the correct selection of the initial premises.

This article estimates the numerical model of a large-panel building by comparing it with the
results of direct observations of shear movements in the vertical joints of the most loaded walls of a
building under construction. The observations were carried out on a 26-story large-panel building
with a cross structural system with self-supporting external longitudinal walls. Vertical joints are
monolithic reinforced concrete with the use of dowels with cable loop transverse reinforcement.

In addition, estimation of forces at the joints is also given. In general, we may conclude that
the calculation model of a large-panel building is applied correctly using elastic-flexible connections
with limiting ultimate forces for vertical joints modeling.

The modeling part of the study is performed using a finite element model taking into account
the magnitude of the joints flexibility and the actual stiffness of the building structural elements.

The results of the study can be used in modeling, calculation and design of large-panel build-
ings, and they provide new scientific knowledge about the operation of buildings of this type.

Keywords: large-panel buildings, monolithic joints, joint stiffness, joint strength, tensile tests,
lock joints, loop joints.

References

1. Derbentsev 1.S. Nesushchaya sposobnost’ i deformativnost’ shponochnykh soyedineniy s petlevymi gibkimi
svyazyami v stykakh krupnopanel’nykh mnogoetazhnykh zdaniy. Dis. kand. tekhn. nauk [Load Bearing Capacity
and Deformation of Keyed Connections with Loop Flexible Connections in Joints of Large-panel Multi-Storey
Buildings. Cand. sci. diss.]. Chelyabinsk, 2014, p. 158.

2. Dovzhenko O.A., Pogrebnoy V.V., Chursa Yu.V. [Method for Calculating Keyed Joints of Reinforced
Concrete Elements]. Vestnik Poltavskogo natsional’nogo tekhnicheskogo universiteta im. Yu. Kondratyuka «Teo-
riya i praktika stroitel’stva» [Bulletin of Poltava National Technical University Named after Y. Kondratyuk
“Theory and Practice of Construction], 2013, no. 755, pp. 111-117 (in Russ.).

3. Dovzhenko O.A., Pogrebnoy V.V., Yurko I.A. [The Strength of Single-Key Joints, Collapsing Along the
Joint]. Tekhnicheskiye nauki: elektron. nauchn. zhurn. [Engineering: Electron. Scientific Journ.], 2015, no. 7,
pp- 100-121 (in Russ.).

4. Dovzhenko O.A., Pogrebnoy V.V., Chursa Yu.V. [Taking into Account the Cross-Sectional Shape of the
Keys when Calculating their Strength]. Sbornik nauchnykh trudov UkrDUZT [Collection of Scientific Works of
UkrDUZT], 2015, no. 155, pp. 221-228 (in Russ.).

5. Pogrebnoy V.V. Prochnost’ betonnykh i zhelezobetonnykh elementov pri sreze. Dis. kand. tekhn. nauk
[The Strength of Concrete and Reinforced Concrete Elements in Shear. Cand. sci. diss.]. Poltava, 2000, 236 p.

6. Rozhko V.N. Prochnost’ shponochnykh soyedineniy betonnykh i zhelezobetonnykh elementov. Dis. kand.
tekhn. nauk [Strength of Keyed Joints of Concrete and Reinforced Concrete Elements. Cand. sci. diss.]. Poltava,
2008, 182 p.

7. Biswal A., Prasad A.M., Sengupta A.K. [Study of Shear Behavior of Grouted Vertical Joints between Pre-
cast Concrete Wall Panels under Direct Shear Loading]. Structural Concrete, 2018. DOI: 10.1002/suc0.201800064

8. Biswal A., Prasad A., Sengupta A. [Experimental Investigation and Prediction of Shear Behavior of Vertic-
al Joints between Precast Concrete Wall Panels]. Chennai, India, Department of Civil Engineering, Indian Institute
of Technology Madras Publ., 2015.

32 Bulletin of the South Ural State University. Ser. Construction Engineering and Architecture.
2020, vol. 20, no. 1, pp. 24-33



Hep6enuee U.C., KapsikuH A.A.,
Tapacoe M.B., lNonn I1.B.

UccnedoeaHue ycunuii 8 eepmuKanbHbIX WMOHOYHbLIX CMbIKax
KpynHonaHeslbHO20 30aHUs1 8 npouyecce 8038e0eHUst

9. Sarma B.S., Govindaraj V., Manohar S. [Experimental Studies on Wire Rope Loop Connections for Precast
Concrete Panel Walls]. The Fourth International fib congress. Mumbai, 2014, vol. 2, pp. 555-558.

10. Jorgensen, H.B., L.C. Hoang. [Load Carrying Capacity of Keyed Joints Reinforced with High Strength
Wire Rope Loops]. Concrete Innovation and Design, Fib Symposium, Copenhagen, 2015.

11. Sorensen J.H., Hoang L.C., Fisher G., Olsen G.F. [Construction Friendly Ductile Shear Joints for Precast
Concrete Panels]. Proceedings of the Second International Conference on Performance-based and Life-cycle
Structural Engineering, 2015.

12. Sorensen J.H., Hoang L.C., Olsen G.F., Fisher G. [Test and Analysis of a New Ductile Shear Connection
Design for RC Shear Walls]. Structural Concrete, 2017, no. 18, pp. 189-204.

13. Jorgensen H.B., Bryndom T., Larsen M., Hoang L.C. [Load Carrying Capacity of Shear Wall
T-Connections Reinforced with High Strength Wire Ropes]. Performance-Based Approaches, Fib Symposium,
Cape Town. 2016.

14. Jorgensen H.B. [Strength of Loop Connections between Precast Concrete Elements. Phd Thesis]. Odense,
Denmark, University of Southern Denmark, 2014.

15. SP 335.1325800.2017. Svod pravil. Krupnopanel’'nyye konstruktivnyye sistemy. Pravila proyektirovaniya
[Design Code. Large-Panel Construction System. Design Rules]. Moscow, Minstroy Rossii Publ., 2017. 82 p.

16. Bobryshev P.N. [The Effect of the Number of Joints on the Bearing Capacity of the Samples in Shear].
Seysmostoykost’ zdaniy i inzhenernykh sooruzheniy. Tr. In-ta. TSNIISK im. Kucherenko [Earthquake Resistance of
Buildings and Engineering Structures. Tr. Inst. TSNIISK them. Kucherenko], 1970, iss.14, pp.14—18 (in Russ.).

17. Lishak V.I., Romanova I.A. [The Strength of the Key Joints of Panel Buildings in Shear]. Sb. nauch. Tru-
dov TSNIIEP zhilishcha “Konstruktsii krupnopanel’nykh zhilykh zdaniy” [Sat. Scientific Proceedings of TsNIIEP
Dwellings “Design of Large-Panel Residential Buildings™], 1978, pp. 49-54 (in Russ.).

18. [Greatly improved product from PeikkoPVL single wire connection loop. Peikko News]. Finland, Peikko
Corp. Publ., 2010, no. 1.

19. Suur-Askola P. [Technologically Advanced Product from Peikko — Wire Loop PVL]. Zhilishchnoye stroi-
tel’stvo [Housing Construction], 2013, no. 3, pp. 21-24 (in Russ.).

20. Vodop’yanov R.Yu. [Modeling and Analysis of Large-Panel Buildings in the PK LIRA-SAPR 2017]. Zhi-
lishchnoye stroitel ’stvo [Housing Construction], 2017, no. 3, pp. 42—48 (in Russ.).

21. Shapiro G.I., Yur’yev R.V. [To the Question of Constructing a Design Model of a Panel Building]. Pro-
myshlennoye i grazhdanskoye stroitel ’stvo [Industrial and Civil Engineering], 2004, no. 12, pp. 32-33 (in Russ.).

22. Danel’ V.V. [The Finite Element Model of a Large-Panel Buildings]. Vestnik MGSU, 2011, no. 2,
pp- 148-153 (in Russ.).

23. Danel’ V.V. [Analysis of Formulas for Determining the Tensile Rigidity of a Monolithic Concrete Joint of
Two Reinforced Concrete Panels Intersected by Continuous Reinforcing Bars]. Stroitel 'naya mekhanika i raschet
sooruzheniy [Structural Mechanics and Analysis of Constructions], 2010, no. 3, pp. 4-13 (in Russ.).

24. Kariakin A.A., Derbentsev I.S., Tarasov M.V. [Experimental and Numerical Research on Tensile Perfor-
mance of Inter-Panel Fastener Joints of Large-Panel Buildings]. /IOP Conference Series: Materials Science and
Engineering, 2017, vol. 262, 012046. DOI: 10.1088/1757-899X/262/1/012032

25. Otchet o nauchno—issledovatel’skoy rabote na temu: «Issledovaniye raboty uzlov sopryazheniya krupno-
panel’nykh zhilykh zdaniy na osnove primeneniya novykh vidov betonov i novykh konstruktivnykh resheniy» [Re-
port on the Research Work on the Topic: “The Study of the Joints and Junctions of Large-Panel Residential Build-
ings Based on the Use of New Types of Concrete and New Design Solutions”]. Chelyabinsk, South Ural St. Univ.
Publ., 2011. 83 p.

Received 9 December 2019

OBPA3ELl HUTUPOBAHMUS

HccnenoBanne ycuinii B BEPTUKAIBHBIX HIMTOHOYHBIX
CTBIKaX KPYIHOIIAHEJBHOI'O 3JIaHUs B IIpoliecce BO3BEAe-
wust / U.C. Jlep6ennen, A.A. Kapskun, M.B. Tapacos,
I1.B. o // Bectauk IOYpI'Y. Cepus «CTpOUTENIBCTBO U
apxurektypa». — 2020. — T. 20, Ne 1. — C. 24-23. DOI:
10.14529/build200103

FOR CITATION

Derbentsev LS., Karyakin A.A., Tarasov M.V.,
Popp P.V. Research of Forces in Vertical Key-Joints
of a Large Panel Building in the Process of its Construction.
Bulletin of the South Ural State University. Ser. Construc-
tion Engineering and Architecture. 2020, vol. 20, no. 1,
pp- 24-23. (in Russ.). DOI: 10.14529/build200103

BecTHuk KOYplY. Cepus «CTpouMTenbCTBO U apXUTEKTypa».

2020. T. 20, N2 1. C. 24-33

33



