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PO3PAXYHOK BAJIKU-CTIHKX METOJAOM “ITPAMUNX”

Pozenadaemovca memoouxka eusnauenHs HAnNpysHceHo-0epopmosano2o cmamy
Oanku-cminKu 3a O0ONOMO20I0 KOMOIHAYIl Memood «npsamMux» ma NnpoeKyitiHoco
memoda Bybrosa-I anvoprina-Ilemposa. /[ns uucenvroeo po3e si3anHs pedyKOSAHUX
Pi6HANb 3a0aui 3acmocogyroms memood ouckpemnoi opmoeonanizayii C.K.I'ooynosa.
Ha npuxnadi noxazano 30i4iCHiCmb OMPUMAHUX PE3YTbIMAMIE 3 MEMOOOM CKIHYEHHUX

ejleMeHmia.

Y cydacHOMy OyIiBHHITBI IIMPOKO BHKOPHCTOBYIOTHCS — IUIONIMHHI
KOHCTPYKIIIT, sIKi MpaliomTh sK Oanka-ctinka. Ile 1 miapparMd MOHOJITHHX
3aI1i300€TOHHUX Oy/IiBeNlb, TIEPETOPOJIKH, CTIHOBI TaHENl KWTIOBHX OYIHHKIB.
OxpeMo CItiJi 3a3HaYUTH BHUCSIYi CTIHU IIOKOJBHUX MOBEPXIB, IO OMHPAIOTHCS HE Ha
(yHIaMeHTH, a Ha paHA-0aJIKH Ta 00B’sI3yBaibHi OaNKH.

IIpu 30UTBIICHHI BIIHOIIEHHS BHCOTH JIO JOBXHHH OajlKd TOXUOKH
HAOJNMKEHOTO DILICHHS, HAMpPUKIA] Ha OCHOBI TeOpii BUTMHY BHCOKHX OalokK,
3pOCTAIOTh T CTAIOTh HEMPUILYCTUMO BEIIUKHMHU.

3amaya po3paxyHKy Oanku-cTiHKH (puc.l) BIIHOCHTBCSA JIO IIJIOCKOTO
HAIMpy»KEHOTO CTaHy i Moke OyTH BUpIIIIEHA 32 JOIOMOTOI0 TeOpii MPYKHOCTI.

y

Puc.1. banka-crinka

OCHOBOIO aJTOPUTMY, 1[0 HABOJHUTHCS HIIKYEC, € BHU3HAUCHHS HAMPYKECHO-
Ne()OPMOBAHOTO CTaHy Oallkd 13 3aCTOCYBAaHHSAM PIBHSIHb ITUTOCKOI 3aaadi Teopil
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NPY>KHOCTI (TIOCKUH HampyKeHU cTaH). s 3HIKEHHS BUMIPHOCTI MPOMOHYETHCS
B KOMOIHAIIT 3 METOJIOM NPSIMHX BUKOPHCTOBYBATH NMPOEKIIHHUI MeToa byOHOBa-
lansopkina-IlerpoBa. CyTh METOY «IIPAMHX» («IHIH», «BIIIIEIIICHb») MOJIATAE B
3BEJICHHI Oyab-sfKoi IBO- YM TPUBUMIPHOI 3amadi 10 OAHOBHMIpHOI Ta 3amiHi
JudepeHIliaIbHuX PIBHAHL B YaCTKOBUX MOXIJHUX Ha 3BHYalHI audepeHiiaibHi
piBHSIHHS. PO3B’30K OTPUMYETBCS, SIK MPOEKIis IMIyKaHO! (yHKIii Ha IMiBIPOCTIp
6azucHUX QyHKIiH (1).
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OCHOBHI pIBHSHHS IS TUIOCKOT 3aaadi Teopil MPYKHOCTI OTPUMYIOTBCS 3
piBHSHB 00’€MHOI 3a/1a4i NUIIXOM BUKJIFOYCHHS 3 HHUX TOXiJHHUX IO KOOPIUHATI Z.

SIKIo BUpiNTyBaTH IUIOCKY 3a/1a4y B HAMPYXKEHHSX Oy, Oy, Txy Ta Tyy, TO BUXOIUTH

CHCTeMa PiBHAHB, KA CKIIAAETHCH 3:
- pIBHSHB PIBHOBArdW B IMPOEKIIiSAX HA BICh X, Y (2):
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- ¢i3nuHMX piBHAHB(3):
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Ox

ne E — momyns npyskHoCTI, V — Koediuient [Tyaccona.
B nmogansmomy y piBHsHHI (3) mpoBoanMo 3aMiHy ctanux E Ta v, 1 oTpuMyemo
piBHsIHHS (4) :
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Hesimomi ¢ynkmii cucremu (2), (4) 3amexarb Bifg IBOX 3MiHHUX. Jlis
3HIKEHHS BUMIPHOCTI pPO30MBaEMo OalKy-CTiHKY 10 TIOTIEPEUHIH KOOpAWHATI
OpsSMUMH Ha N—1 cMyry 3 KpokoM A (puc.2) Ta obupaemMo 6a3uCHI KyCKOBO-JIiHIHHI
¢initai dyHxii ¢ (Y), ski 3a10BONBHAIOTE ymoBaM: ¢(y)=1 Ha | - # mpsmi,
@, (y) =0 Ha yCiX IHIIHUX MPSIMHUX.
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Puc.2. [Tnockuit HanpykeHUit cTaH OaIKHU-CTIHKH.

Ha ocHoBi piBHsHB (2) Ta (4) ckilamaeMo BUXIJHI PiBHSHHSA (5), SIK CHCTEMY
JudepeHIiaTbHUX PIBHSAHD B YACTHHHUX MOXIJHUX TEPIIOTO IMOPSIIKY:
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me ut = pu, v* = .

Jani rpaHIYHI YMOBH Ta MPOIEC PeAYKYBAaHHS BUXITHOI CHCTEMH PiBHSHB
MPUHMAEMO aHAJIOTIYHO HAaBEIECHUM B poboTi [6].

V pesynbrati pegykoBaHa cucTeMa An(epeHIiaIbHIX PIBHAHB IPEACTaBICHA
Yyepe3 MepeMileHHs i Halpy>KeHHS Y BUIVISIII MOMEHTIB BiJf 0a3MCHUX (QYHKIIIH (6):

du*i _ /1* b ja‘U* +LO—
dx A+ 20 LA A +2u
dv*i o
dx = _bijg} U+ Tyyi
do—’“ * ol la *+ n_na * ja
dx [k yx(x)al- g~ + k yx(x)(sio g ] Ut bjig Txy -
_ . . . . . . (6)
[43x (O8: + @5 ()] = [k (OU™C () + k™5 (Ou™ G ()87 i
deyl Silgla 4 o+t §em gnaly, K b..gl@
dx [ yy(x) wg "t yy(x) ie 9 ]‘U a +m 197" Ox g +
4"+

) byug " bypgP v o — (a5 (OB + 45 (0)87] =
[y, (x)v” C(x)é"l + k*+y(x)v )8!

HactynHum eranom cucrema audepeHLialbHUX PIBHAHD B MOXIIHUX MEPIIOro
mopsiiky (6) pPO3B’SIBYETHCS  YHCENBHO METOJOM IMCKPETHOI OpTOroHasi3alii
C.K.T'onynoBa. Ha anropurmiuniii MoBi QopTpan po3po0iieHO mporpamy
BU3HAUCHHS HaIpykeHo-nepopmoBanoro crany (HAC) 6anku-cTiHKH.

Jnst TecTyBaHHS OTPUMAHHMX PE3yJbTATIB PO3IIITHEMO MOJENb OaIKH-CTIHKH
(pmc.3.), xopcTko 3akpimeHoi 3miBa Ta 3mpaBa. Ha Oanky-CTIHKY IpHKIIagcHE
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po3noziniene HaBaHTaxkeHHs q = —10 kH/m, Jlomxwuna Oanku | = 6 M, BUcOTa
h =3 M, moayns npyxsocti E = 3-10%° H/mM?, xoediuienr Ilyaccoma v = 0,2.
[otpi6Ho Bm3HAaunTH HJC.

y q=-10 KH/m
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Puc.3. JlocnigHa Moiesb OaaKU-CTIHKH.

Po36uBaeMo Oayiky CcTiHKY Ha 11 TpsMUX 1O KOOPAHWHATI Y Ta BCTAHOBIFOEMO
21 TouKy OpTOTOHANI3aMii IO KOOPAWHATI X.

Ha rpacdikax 1-5 moka3aHi TOpH30HTaJIbHI Ta BEPTUKAIBHI IEPEMIIICHHS TOYOK
6-i npsAMO{, HANPYXKEHHS Ty, 0y, B IEPEPi3i % Ta Ty, B MEPEPI3i i.

Jliist mOpiBHSHHS OTPUMAHUX PE3yJbTaTiB, JaHA 3a/aya PO3B’s3aHAa METOIOM
CKIHYCHHHX CJICMEHTIB y mnporpamHoMy Komriuiekci ANSYS. B Tabmuni | npuBeneHi
Pe3yIIbTaTH TOPU3OHTAIFHOTO Ta BEPTHKAIBFHOTO ITEPEMIIIeHb, OTPHMaHi 32 METOAOM
“npsmMux”’ Ta B mporpaMHoMy kKoMrurekci ANSYS.
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I'pagik Nel lopusonTanbHe nepemMinieHHs TOYOK
6-i npsimoi, (m)
025E-08
020E-08
015E-08 /\\
010E-08 / \
005E-08 / \
0 000E+00
/( 15 20 25
-005E-08 /
-010E-08 \ /
-015E-08 \ 4
-020E-08
-025E-08
@ PiBHAHHSA, 3aNVCaHi Y BUTIALI MOMEHTIB ANSYS
I'padix Ne2 BepTukajibHe nepeMilieHHs TOYOK
6-1 npsimoi, (M)
200E-08
0 000E+00
\ 10 15 2 25
-200E-08 \ 4
-400E-08 \ /
-600E-08 \ /
-800E-08 \ /
-1 000E-08 \ /
-1 200E-08 N S
-1 400E-08
@ PiBHAHHA, 3aNNCaHI Y BUTNALI MOMEHTIB ANSYS
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I'padik Ne3 o, B nepepisi L/2, (H/m?%)
19
10
N
“\\
4
2 \
\
0
-002E+04 -002E+04 -001E+04 -5 000E+00 0 000E+00 5 000E+00 001E+04 002E+04
@ PiBHAHHSA, 3aNWCaHI Y BUTIALI MOMEHTIB ANSYS
Tpadix Ned o, B nepepisi L/2, (H/m?)
19
\ 10
*]
\\ .
\ .
\
0
-001E+04 -001E+04 -8 000E+00 -6 000E+00 -4 O0OE+00 -2 O0OOE+00 O OOOE+00 2 000E+00
@ PiBHAHHSA, 3aNNCaHI Y BUTALI MOMEHTIB ANSYS
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Ipadik Ne5 T,, B nepepisi L/4, (H/m?)

‘ 1

\

(<2}

(,y
N

\m )

——

re)
O

-9 000E+00-8 000E+00-7 000E+00-6 000E+00-5 000E+00-4 000E+00-3 000E+00-2 000E+00-1 000E+00 0 000E+00

@ PiBHAHHA, 3aNWCaHi Y BUTNALI MOMEHTIB ANSYS

Tabmnuns 1
:g I'opusonTanbhe nepemimenHs, (M) Beprukanbhe nepemitieHHs, (M)
f=9
1 0 2,23E-17 0,00 0 9,31E-17 0,00
2 -1,09095E-07 | -1,14E-07 3,88 | -2,43E-07 | -1,72E-06 1,12
3 -1,66628E-07 | -1,71E-07 2,27 | -4,98E-07 | -3,59E-06 2,72
4 -1,82329E-07 | -1,84E-07 0,80 | -7,57E-07 | -5,46E-06 2,94
5 -1,69967E-07 | -1,69E-07 0,57 | -1,01E-06 | -7,25E-06 2,84
6 -1,42954E-07 | -1,41E-07 1,60 | -1,24E-06 | -8,89E-06 2,73
7 -1,11034E-07 | -1,09E-07 2,24 | -143E-06 | -1,03E-05 2,65
8 -7,966E-08 | -7,76E-08 2,69 | -1,59E-06 | -1,15E-05 2,62
9 -5,08725E-08 | -4,94E-08 294 | -1,71E-06 | -1,23E-05 2,56
10 | -2.46778E-08 | -2,39E-08 3,08 | -1,78E-06 | -1,28E-05 2,58
11 -3,09897E-20 1,65E-18 0,00 | -1,81E-06 | -1,30E-05 2,56
12 2,46778E-08 2,39E-08 3,08 | -1,78E-06 | -1,28E-05 2,58
13 5,08725E-08 4,94E-08 294 | -1,71E-06 | -1,23E-05 2,56
14 7,966E-08 |  7,76E-08 2,69 | -1,59E-06 | -1,15E-05 2,62
15 1,11034E-07 1,09E-07 2,24 | -143E-06 | -1,03E-05 2,65
16 1,42954E-07 1,41E-07 1,60 | -1,24E-06 | -8,89E-06 2,73
17 1,69967E-07 1,69E-07 0,57 | -1,01E-06 | -7,25E-06 2,84
18 | 1,82329E-07 | 1,84E-07 0,80 | -7,57E-07 | -5,46E-06 2,94
19 1,66628E-07 1,71E-07 2,27 | -498E-07 | -3,59E-06 2,72
20 1,09095E-07 1,14E-07 3,88 | -2,43E-07 | -1,72E-06 1,12
21 0| 223E-17 0,00 0] -931E-17 0,00
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BucnoBkn: KomOiHaris Merona “mpsMux” 3 y3aralbHEHUM MPOEKIIHHUM
metosiom byb6HoBa-I"anpopkina-IlerpoBa MigBHUIYE TOUYHICTH PO3PAXYHKY, CIIPOIIYE
Mpomec peaykmii IudepeHIialbHuX pPIiBHAHb. 3HHUKAae IpobieMa BpaxyBaHHA
3aKOHTYPHHX NPSAMHX (TOYOK), IO € HEJOJIKOM KJIACHYHOTO MiAXOAY METOIy
“npsmux”’. IIpym TNOpIBHAHHI 3 MAaHMMH, OTPUMAaHi B IPOTPAMHOMY KOMILIEKCI
ANSYS, Haiibinpina BiTHOCHA TOXHOKA He repeBulnye 4%.
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AHHOTALMSA
B nanHolf paboTe paccMaTpuBaeTCd METOAMKA OIpPEICICHUS HaNpsDKCHHO-
Je(OPMHUPOBAHHOTO COCTOSHHSA OalKH-CTEHKH C ITIOMOINBI0 KOMOMHAIIMM METOoJa
IpsIMBIX» W NPOCKIMOHHOTO Metona byOnoa-lIanepkuna-IlerpoBa.  [lns
YUCIIEHHOTO pEIIeHUs] PEeIylHUPOBAHHBIX YpPaBHEHMH 3aladdl TPUMEHSIIOT METOJ
nuckperHoit oproronanuzanuu C.K.I'omynoBa. Ha mpumepe mokaszaHo CXOIUMOCTb
MOJYYCHHBIX PE3YNIBTATOB C METOJIOM KOHEUHBIX JICMEHTOB.

Abstract
This paper describes a technique for determining the stress-strain state of the
beam-to-wall construction using a combination of the "straight lines" method and the
projection method of Bubnov-Galerkin-Petrov. The numerical solutions of the
reduced equations is solved using the method of discrete orthogonalization
S.K.Godunov. The example shows the convergence of the results obtained with
"straight lines" method, and the finite elements method.



