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0 ®OPMUPOBAHUU
HANPAXXEHHO-AE®OPMWPOBAHHOIO COCTOAHUA
XXEAE3OBETOHHbIX PAMHO-CBA3EBbLIX KAPKACOB

C YYETOM USMEHEHUA TEXHOAOI'MU UX BOSBEAEHUA

ABOUT FORMATION OF THE STRESS-STRAIN
CONDITION OF REINFORCED CONCRETE FRAME-
ARTICULATED STRUCTURE WITH CONSIDERATION
OF THEIR CONSTRUCTION TECHNOLOGY

AHHOTALMUA

B cmambe paccmampueaemcsi npobsiemda 8USIHUS N0C1e008aMelb-
HOCMU €030aHUSL pAcuemHOll cxembl HA GOpMUPOBAHUE HANPSICEHHO-
0e(popMUPOBAHHO20 COCMOSHUS 3JIeMEHIMO08 HeCylwux cucmem MHO20-
IMAadCcHbLX 30aHULL, 8 MOM UUCTe NPU UX PEKOHCMPYKUUU.
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Llenvro pabomsl s8as1emcst 030aHUe MeMoOUKU U AHANU3 BAUAHUS
nocnedogamenbHOCMuU GOpMUPOBAHUSL PACUEMHOU cXeMbl U nopsoka
NPUIONCeHUsL HA2PY30K HA (BOpMUpPOBAHUE HANPSeHHO-0edopmupo-
BAHHO20 COCMOSIHUSL XHCesle300eMOHHbIX CMAMuUecKu Heonpeoeaiumblx
PAMHBLX KOHCMPYKYULL.

IIpednoxncena memoouka onpedeseHUsl HANPAAHCEHHO-0edopmu-
POBAHHO20 COCMOSHUSL XHcesle300eMOHHBIX PAMHBIX KOHCMPYKUULL
OCHOBAHHASL HA YUCTEHHO-AHAIUMUUECKOM Memooe 2PAHUUHbBLX dJle-
MeHMOo8, N038osoULds Ucciedo8ams pabomy cucmem 8nioms 00 npe-
0eIbHO20 COCMOSAHUS U coomeemcmaytouias Guauueckomy xapakmepy
ux pabomul.

IIpusedex npumep pacuema nonepeuHoll pamol Here300emoHHO-
20 PAMHO-C8513€8020 KAPKACA NAMUIMANCHO20 08YXNPOJSIEMHO20 30d-
HUS AOMUHUCMPAMUBHO-NPOU3B00CMBEHH020 HA3HAUEHUSL C YUemom
nopsodka NpuiojceHUss Ha2py30K 8 COOMBemcmaul ¢ npedioHeHHOU
Memooukol.

Pacuem 6vinosHeH npu nomoui nNpoepammsl, paspabomanHoll
8 cucmeme komnwvromepHoll mamemamuku MATLAB, ocHOB8AHHOU HA
YUCNeHHO-AHATUMUUECKOM Memode 2PAHUUHBLX 3JleMeHMO8, N0380.L-
rowetl yuumasl8ams NPoyeccbl MpewuHoobpa3osaHusl.

IIpu onpedeneHuu HanpsiceHHO-0eOPMUPOBAHHO20 COCTNOSHUSA
Hcene300eMOHHBIX PAMHO-CB513€8blX KOHCMPYKUULL ¢ yuemom npouec-
€08 mMpewuHoobpa308aHus NPU NOMOWU UUCTEHHO-AHAAUMUYECKO20
Memo0a 2PAHUUHBLX 3JleMeHMo8 npoussooumcs pazbueHue omoens-
HblX cmepxcHell (cmoek u puzesieil) pamHO-C8513e801U KOHCMPYKYUU HA
YHUACMKU € KYCOUHO-NOCMOSHHOU #eCmKOCMblo.

IIpednoxceHHass memoouka OCHOBAHA HA U3YUeHUU MmexHOoJl02uYe-
ckoll cxembl 8038e0eHUS 30AHUS C pa3dueHUeM 8bINOJHEHUS PACUemo8
Ha coomeemcmayroujle IMansl.

IIpusedeHHble pe3y1bmamasl HUCJIEHHO20 dKCNepUMeHma no ucce-
008aHul cmeneHu nepepacnpedesieHUsl BHYMPEHHUX Ycunuil 8 3asu-
CUMOCMU 0M NO3MAanHoCcmMu 8038e0eHUs Jcese300eMOHH020 Kapkaca
30aHUS, NPUIONHCEHUS HARPY30K U mpewjuHoobpazosaHus Ha Oelicmaue
pAcuemHblX HA2PY30K C8UOEMeNbCMBYom 0 npesbluleHUl 803HUKA-
we20 uz2ubarie2o MoMeHmMa pacuemuotl Hecyuieil cnocobHocmu.

IIpu pacueme Ha deliceue xapakmepucmuueckux Hazpy3ok 3andac
Hecywetl cnocobHocmu cocmasgasiem 18 %.
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ABSTRACT

In article, the problem of the design scheme creation sequence and
load application influence on formation of the stress-strain condition of
the bearing systems elements of multistory buildings including in their
reconstruction is considered.

The purpose of work is development of a method and the analysis of
influence of the design scheme creation sequence and a load application
order on formation of the stress-strain condition of reinforced concrete
statically indeterminable frame structures.

The method of definition of the stress-strain condition of the reinforced
concrete frame structures, based on a numerically analytical method of
boundary elements that allows to investigate the work of systems up to a
limit state and corresponding to physical nature of their work is offered.

The analysis example of reinforced concrete frame-articulated cross
framework of the five-floor two-span building of administrative and
production appointment with consideration of load application order
according to the offered method is given.

Analysis is done by means of the program developed in system of
computer mathematics of MATLAB based on a numerically analytical
method of boundary elements that allows considering cracking processes.

In determining of the stress-strain condition of reinforced concrete
frame-articulated constructions with consideration of cracking
processes by means of a numerically analytical method of boundary
elements the partition of separate elements (columns and crossbars) of
frame-articulated construction on pieces with piecewise and constant
stiffness is made.

The offered method is based on analysis of the technological scheme
of the building construction with partition of analysis performance into
the corresponding stages.

The given results of numerical experiment on research of degree of
internal forces redistribution, depending on construction stages of a
reinforced concrete building framework, load application and cracking
on action of design loads shows that the arising bending moment exceeds
the design bearing capacity.
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At analysis on action characteristic loads the bearing capacity reserve
makes 18 %.

KiroueBble coBa: TpelMHOOOpPa3oBaHUeE, YHUCIEHHO-aHAIUTHU-
YeCKUIN MeTOZ TPaHUYHBIX 3JIEMEHTOB, IOPALOK 3arpy:KeHus.

Keywords: numerical-analytical method of border elements, order
of loading, cracking.

BBEAEHUE

B mpakTuKe IPOEKTHUPOBAHUA PAaMHO-CBA3EBBIX Kele300eTOH-
HBIX KapKacoB IIPU Ollpe/ie/IeHNU HalpsKeHHO-1epOopMUPOBAHHOTO
COCTOSIHUSA UCIOJIBb3YIOT PacueTHbIe CXeMbI OKOHYATENIbHO BO3Be/eH-
HOT'O 3ZIJaHUA C TAKUMU ITapaMeTpaMH, KOTOPBIMU OHO OyzeT obiia-
[IaTh ITOCJIe CJa4Yy B OKCIUTyaTalluIo. B mpakTHKe MOHTaX pyUresew ro-
CJIe[yIOL[ero dTa)ka MPOUCXOAUT IOC/Ie YKIAAKU IUTUT IePEKPBITUA
Ha IpeAbIAyIIeM dTa)ke. PacueTHasd cxeMa ¢ BO3BeZleHHeM KaXKJoTO
3Ta)ka HapalluBaeTCsA, U COOTBETCTBEHHO CO37aeTcs HalpsSKeHHO-
nebopMHUpOBaHHOE COCTOSTHUE CHCTEMBI, U, KaK cle/cTBUe, MHOIa
BO3HUKAeT CyLIeCTBEHHOE paCXOXK/JeHHe BHYTPEHHUX YCUINN IO
CPaBHEHHUIO C KJIAaCCUYeCKHUM pacuyeToM. TakuM o6pa3oM, B OT/INYUE
OT IPUMEHsIeMO OKOHYATeNbHO-CHOPMHUPOBAHHOMN pPAacCuyeTHOH CXe-
MBI, B KOTOPOU Harpyska OT HIIKeJeXKallluX puresieil BhI3bIBaeT I10-
ABJIeHUe BHYTPEHHUX YCWINHM B CTOMKAaX M pUTresAX BbIIIeseXalinux
3Ta)Xel, NMpU peasbHOM BO3BeJEeHWHU OOJbINasg YacThb MMOCTOSHHOMU
Harpysku He BiausAeT Ha GOPMHUPOBAHUE YCWINH B KOHCTPYKIUAX
BEPXHUX dTAXKeMH.

[lepepacnpesiesieHre BHYTPEHHUX YCWIMH BBI3BAHO IIpoliecca-
MU TPEINHOOOPa30BaHUA B PeabHBIX YCIOBUAX, IPOUCXOJUT B 3a-
BUCHUMOCTH OT TE€XHOJIOTMU BO3BeJleHUA 3/aHUA. BbIlIensIoKeHHOe
00yc/oBIMBaeT HEOOXOMMOCTh Pa3BUTUA METOJVK pacyeTa Kele3o-
GETOHHBIX CTATUYECKU HEONpeJeJUMBIX KOHCTPYKIIUI C y4eToM IIo-
c/leZioBaTeIbHOCTH GOPMUPOBAHUA PACIETHOMN CXEMBI U IIPIIOXKEHUA
Harpys3ox.
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METOAUKA YYETA BAUAHUA TEXHONOTMU BOSBEAEHUA
HA HANPA>)XKEHHO-AE®OPMUWPOBAHHOE COCTOAHUE
)XXENE3OBETOHHbIX KAPKACOB

[Tpu pacueTe 3ZaHUI TTOBBIIIEHHOUN 3TAaXKHOCTH HEOOXOMMO yUIH-
TBIBATh TO, YTO OHU ABJIAIOTCA HaYaIbHO-1eOPMUPOBAHHBIMU COOPY-
’KEHUAMHU, TO €CTh COOPYKEHUAMHU, B KOTOPBIX UMEIOTCA ZiebopMariuy
Y COOTBETCTBYIOIIME UM HanpsokeHU [5]. [J1aBHaA npudrHa Hadaslb-
HBIX flebopMaIyii TAKWUX 37[aHUIN B STAITHOCTH UX BO3BeJIEHUA U IIPU-
JIOXKEHUSA Harpy30K.

[lepes BBIIOJHEHMEM pacdyeTOB HEOOXOAMMO HU3YYUThH IPUHIIU-
MUAJBHYI0 TEeXHOJOTHYEeCKYI0 CXeMy BO3BeJileHUs 3/jaHusd, pa3buB
BBHITIOJTHEHHE PACYeTOB HAa COOTBETCTBYIOUIVE YKPYITHEHHBIE STAIlbl.
PesynbraThl pacueTa Ha KaXKJJOM 3Tale ABIAI0TCA UCXOAHBIMHU /JIA BbI-
MIOJIHEHUS PAacyeTOB Ha MOCTIeYIOUIEM.

TexHoMOTMYECKME KAapThl HA MOHTAX 3JIEMEHTOB Ie€pPEKPHITHI
MHOTO3TaKHbIX 3JaHUM C >KeIe300eTOHHBIM COOPHBIM KapKacom
IIpelyCMaTpHUBAIOT BHITIOJTHEHYIE BAHHOU CBapPKU BBIITYCKOB apMaTyphl
puress cpasy Iocjie yCTAaHOBKH B IIPOEKTHOE ITOJIOKeHUe. B mpakTrke
HepeZIKO MOHTaXX BHITIONIHAETCA B CIeyIollel ITocIe/loBaTelbHOCTHU

— 3aKJIaZiHble [IeTaau B KOHCOJAX KOJIOHH U PUTeNIAX IIPUXBATHI-

BAIOTCA MOHTQKHBIM LIIBOM;

— TIPOM3BOJUTCA MOHTAX ILTUT ITIePEeKPHITHUA;

— BBINIOJIHAETCA CBapKa BBIITYCKOB apMaTyphl pUTeId;

— OCyIIEeCTBJIAETCA 3aMOHOTNYMBAHE MOHTA)XHBIX CTHIKOB, Y3JI0B;

— 3aJIMBKa MIBOB IUIUT NEPEKPHITUI 1 6eTOHHPOBAaHNE MOHOMT-

HBIX y4aCTKOB KapKaca.

PaccmoTpuM, Kak yka3aHHblE HapyIIeHUS TeXHOJOTUYECKOU IIo-
CJIeOBAaTeIbHOCTU BIUAIOT Ha (GOPMHUpPOBAHUE PACUETHOU CXEMBbI
Y BEeJIMYMHBI BHYTPEHHUX YCHIMN B 3JIeMeHTaX IIONepeyHbIX paM.
[Ipu BbIGOpE pacyYeTHBIX CXeM B 3TOM C/lyyae CJIeAyeT y4ecTb, YTO
YacThb IOCTOAHHOMN Harpy3ku OyzeT MpUIokeHa K IapHUPHO OINlepTo-
MY DUTeN0, 8 UMEHHO COOCTBEHHBIM BeC MEXKAYITAXKHBIX IIEPEKPbI-
TUW U TIOKPBITHUS.
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Jlns1 yaeTa mocsieZjloBaTeIbHOCTYU BO3Be/IeHUA 3/JaHNA BBIIIOTHEHUE
pacueTa paMHO-CBf3€BOr'O KapKaca 3/[aHUs IpeArosaraercsa pa3ou-
BaTh Ha 3Tallbl, KOTOPBIE OTBEYAIOT TEXHOJIOTUU BO3BeZeHUA COOPHO-
ro Kapkaca.

PacyeT kapkaca 37aHUA Ha KaXX/JIOM dTale IIPOMU3BOAUTCA IIPU I10-
MOIITM METOANKHY, IIPEJIOKeHHOU B paboTe [3], 610K-cxemMa KOTOPOM
[IpUBE/eHA Ha PUCYHKe 1.

3HavYeHUA U3rUOHBIX )KeCTKOCTEHN YIaCTKOB KapKaca, ToSydYeHHbIe
B pe3yJibTaTe I1epBOTo 3Talla pacyeTa, ABIAITCA UCXOAHBIMU IIPU BbI-
IIOJIHEHNU pacyeToB Ha BTOPOM JTarle.

PaccMoTpuM npuMeHeHue NpeAoKeHHOU MeTOAVKY Ha IIpuMe-
pe pacdeTa IollepevyHO paMbl Keae300eTOHHOTO PaMHO-CBSI3€BOTO
Kapkaca MATHUITaXHOT'O JByXIIPOJIETHOI'O 3JaHUA a[MUHUCTPATUB-
HO-IIPOM3BOZACTBEHHOI0 Ha3HayeHUs C y4yeTOM IOpsAAKa IIPUJIO-
’KeHHudA Harpysok. lllar nonepedHbIX paM KapKaca IIPUHAT PaBHbIM
6,0 M. [To AelCTBYIONIMM HOPMATHMBHBIM JOKyMeHTaM [2] BBITIOJ-
HeH cOOp MOCTOSTHHOW YW BPEMEHHOW Harpy30K Ha KaXKABIM dTax.
PacueTHaa cxema BO3BeZEHHOIO 3/laHUA 110 TPAJUIIMOHHOM pacueT-
HOM cxeMe MPU MPUI0KEHUU TTOJTHOU pacueTHON Harpy3Ku MpuBe/e-
Ha Ha DUCYHKeE 2.

PacyeT BBIIIOJIHEH [TPpY IOMOIY IPOTPaMMbl, OCHOBaHHOU Ha YHUC-
JIeHHO-aHanuTudeckoM MI'D, mo3BosAoIleil yYUTHIBATh IPOLIECCH
TpenrHooOpa3zoBanu [1, 3, 4].

[TepBoHaua/sbHO MPOU3BEZIeH pacyeT OKOHYATEIbHO BO3BE€HHO-
ro KapKaca 3ZJlaHUA Ha IelCTBYe ITOJIHBIX PaCUeTHBIX HAarpy3o0K B IIpe/-
MIOJIOXKEHUU YIIPYToX paboThl KOHCTPYKIUU. 1o pe3ynbraTaM pacyeTa
IIPUHATO apMHPOBAaHVeE U BBIIIOJHEHO KOHCTPYUPOBaHUE dJIeMEHTOB
’Kesle300eTOHHOTO KapKaca.

Croliku apmupytoTcs cuMMeTpudHo 3016 A400C.

Puresp apmupyerca:

— B IIpoJieTe: B pacTAHYTOM 30He: 2016+2018 A400C, B cxxaToi

30He: 2016 A400C;

— Ha omopax: B pacTsaHyToH 30He 20016+2025 A400C, B cxxaToit

30He 20016 A400C (pucyHoK 3).
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PucyHok 2. PacueTHas cxeMa NATUITaXHOro ABYXNPOAETHOIO XeAe306eToOHHOro
pPaMHO-CBA3EBOr0 Kapkaca Ha AeMCTBME NOAHOM PacyeTHOM Harpy3ku
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PucyHok 3. ApmrpoBaHMe NonepeyHbiX CEYEHNM: a) KOAOHH;
6) purenqa (NPOAETHOE CeuyeHue) B) purena (OnopHoe ceueHue)

BrInlosIHEH pacueT 3allpOeKTHPOBAHHOI'O KapKaca C y4eTOM IIpo-
I[eCCOB TPeuMHO00pa3oBaHus.

Jlanee mpou3sBeZieH pacueT Kapkaca 37aHusA ¢ YIeTOM II0CIe[0Ba-
TEJBHOCTH CO3J,AHUA PACUYeTHOM CXeMbl U NPWIOKEHUA paCYeTHBIX
HarpysoK C UCII0JIb30BaHNEM PaCYeTHBIX CBOMCTB MaTepUasoB.

[TlepBoHaua/JbHO NMPUHHUMAaeETCA IIAPHUPHOE ONMpaHue pUreaeu
Ha KOJIOHHBI, IIPU 3TOM CYMTAETCs, YTO Harpy3Ka Ha KOJIOHHBI epesia-
eTcA LIeHTPaIbHO. B kauecTBe Harpy3ky IpMHUMAeETCA pacuyeTHasd Ha-
r'py3Ka OT HeCyIIuX KOHCTPYKIUM (pureseil U nmaHesel epekpoITUs),
paBHad q = 23 kH/wM.

Ha BTOpOM 3Tarne, IpuHAB KECTKOCTH 3JIEMEHTOB I10 pe3y/bTaTaM
[IepBOro dTana, paMHas CUCTeMa 3arpykeHa IIOJHOU pacyeTHOW Ha-
rpy3koii q = 65 kH /M, IprBe/ileHHOM Ha pUCYHKe 2.

Ha pucyHke 4 nmpuBeZieHBl 3IIOPHI U3rMOAIOIINX MOMEHTOB, BO3-
HUKAIOUMX B Kele300eTOHHOM paMHOM KapKace, BO3BEJEHHOM II0
TPAAUIIMOHHON PAcCYeTHOW CXeMe C YYETOM 3TaroB GOPMUPOBAHUSA
pacyeTHOM CXeMBbI IIPU e CTBUY IIOJHBIX pPaCUeTHBIX Harpy30K C y4de-
TOM TPEIMHOO0OPA30BaAHUS.

AHanu3 pesyabpTaTOB pacyeTOB CBUETENIbCTBYET O TOM, YTO y4eT
TOpsA/ZIKa 3arpy»KeHusI pacuyeTHON Harpy3KoH ¢ yueToM HeJTMHEHHOCTHU
Y TPEIIMHOOOpa30BaHMA Ha KaXXI0M 3Tale IPUBOAUT K YBEJTUYEHUIO
MIPOJIETHOTO H3TUOAOIEr0 MOMEHTa OT AEeHCTBUA BepPTHUKAIbHOMN
Harpy3ku Ao 80% B puresisax MOKPHITUS U J0 64% B puressx mepe-
KPBITHA II0 CPAaBHEHMIO C pe3yabTaTaMH pacdeTa II0 TPaJUILIMOHHOU
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pacdeTHOU cxeMe. [Ipy 3TOM 3HaYeHUs U3TUOAIONTUX MOMEHTOB IIpe-
BBIIIAIOT PACUYETHYIO HECYIIYIO CIOCOOHOCTD CeYeHUH.
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PUCYHOK 4. 3ntopbl U3rnbatoLmx MOMEHTOB, BO3HUKAIOLLMX
B )XeAe306eTOHHOM pPaMHO-CBSI3EBOM KapKkace
C yYeToM TpeLmHoobpa3oBaHua
Ha AEMCTBME NMOAHOM PacUYeTHOW Harpy3ku

B B0o3BEAEHHOM Kapkace Nno TPaAMUMOHHOW pacyeTHOM cxeme
—_——— C yyeTom 3TanHOCTU BO3BEAEHUSA
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PUCyHOK 5. 3Mtopbl U3r1batoLLMX MOMEHTOB, BO3HUKAIOLLIMX
B XeAe300eTOHHOM PaMHO-CBA3EBOM Kapkace
C YyY4ETOM TPELUMHOOBPa30BaHNA Ha AEUCTBIE NMOAHONM XapaKTEPUCTUUECKON Harpy3Ku

B Bo3BeAEHHOM Kapkace Nno TpaAMUMOHHOW pacyeTHOM cxeme
———— = C yyeTom 3TanHOCTU BO3BEAEHUSA
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B cBs3u ¢ TeM, 4YTO OONBIIMHCTBO 37[aHUIN, BO3BE/IeHHBIX C YKa3aH-
HBIMU HapyUIeHUAMU TE€XHOJOTUU IPOZOJIKAIOT OKCILUTyaTUPOBATHCH,
IIPOM3BE/IeH pacyeT KapKaca ¢ y4eTOM XapaKTepUCTUYeCKUX CBOVCTB
MaTepuaJoB Ha JeCTBHe XapaKTepUCTUYeCKUX Harpy3oK, KOTOpbIe
COCTaBJIAIOT:

— Harpyska OT COOCTBEHHOr'O0 Beca KOHCTPYKLUH IepeKpPbITHUA

U nokpeliTuda q = 20 kH/Mm;
— Harpy3ka OT TIOJJHOM XapaKTepUCTUYECKOW  Harpy3Ku
q =49,2xH/m.

Ha pucyHke 5 mpuBezeHBbI SMIOPb U3TMOAIOIMINX MOMEHTOB,
BO3HUKAWOIIUX B JXKele300eTOHHOM paMHOM KapKace, BO3BeJeH-
HOM I10 TPAJUITMOHHOYN PAacUYeTHOM CXeMe C yYeTOM 3TarnoB GOpMU-
POBaHUS pPACYeTHOMN CXeMBbI MPU eWCTBUU XapaKTepUCTUIECKOMN
HarpyskKu.

AHanu3 pesyJabTaTOB pacueTa CBH/JETENbCTBYeT O TOM, YTO y4eT
MOPsAZIKA 3arpy’XeHud U TPel[MHOOOpa30BaHUA IMpHU AeHCTBUU Xa-
PaKTepUCTUYECKUX HAarpy3oK Ha Ka)K/OM 3Talle IPUBOAUT K yBeJIU-
YeHUI0 U3rubaronux MOMEHTOB B ITposieTax Ha 63...71 % 1o cpaBHe-
HHIO C pe3yJbTaTaMU pacyueTa Mo TPaAUIMOHHON pacyeTHON cxeMme.
B OmOpHBIX ceuyeHUAX puresiedl 3HaUeHUA HU3THOAIOUIUX MOMEHTOB
yMeHbInaroTcda Ha 31...37 %.

SAKNIOYEHUE

YdeT HapylleHHWM TEXHOJOTHMU BO3BeJeHU:A KapKacHBIX 37a-
HUU U3 )Kene300eTOHHBIX COOPHBIX 3JIEMEHTOB IIPU pacyeTe C I03-
TanHBIM popMUPOBaHNEM pacyeTHON CXeMbI IT03BOJIAET MOTYIUTh
6o0see gocTroBepHyIo nHPopMmanuio o HZIC yxe BO3BeZIeHHOTO 3/1a-
HUSA, YTO NO3BOJIAET NIPUHATH pellleHUe O ero Imnociaefyomiei pe-
KOHCTPYKI[UU.

BrinosiHeHUe HCCIeZJOBAHUN CBUZETENBCTBYET O TOM, YTO Hapy-
IIeHVe TEXHOJIOTUU BO3BeJleHUA KapKacoB CO3/laeT OITacHOCTh GU3U-
YeCKOU IOTEPHU HeCyIel ClIOCOOHOCTH.
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