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Onecckas rocyaapcTB€HHas akaacMHus CTPOUTEIILCTBA apXUTEKTYPHI, I'. Onecca

B [1] Obu1 npeanoxkeH alropuTM NOCTPOCHHUSI CUCTEMBbI TH((epeHInaTbHbIX
ypaBHEHHUN MPOCTPAHCTBEHHOrO M3ruda xene300€TOHHON Oajiku B MpUpALIEHUsX
YIJIOBBIX IEPEMELICHUH € y4eTOM (PU3MIECKON U TEOMETPUYECKON HEITMHENHOCTEN
Y TUTACTUYHOCTH OE€TOHA NPU MOIIArOBOM METOJE PEILCHHUS

3 3
D [X; ($)dE +Y; ()dEL + Z; (()dE ]+ D Uy 4 (s)dFy =0 (1)
r=l k=1
(i =1,2,3) ¢ rpaHM4YHBIMH YCJIOBUSIMHU HA JIEBOM KOHIIE

3 3 3
D Vi dE (0)+ DV, 3 (0)+ D Wi 4 dFy +dM; =0 (i=123), ()
F=1 r=1 k=1

rje s — JAyroBas KOOpJMHATa MONEPEUYHOr0 ceueHusi Oalku, d§ — BEKTOp ¢

DJICMCHTaAMH
d@] = do, d‘éz = ay, d@3 =db

(db, dy,d® - npupaineHuss  yrios
x e AT N KpobiioBa, ompenensionue HU3MEHEHHE
OpPHUEHTAIIMU CUCTEMBI KOOPAUHAT V|, V2, V3
(2, y3 — TIaBHBIE UEHTPAJIbHBIE OCH
-w.% UHEPIIUH CeUeHus) OTHOCHTEJILHO
e . HETOABMKHON CHCTEMBI KOOPAMHAT X, X7,
o o X3, BBI3BAHHBIC NIPHpALICHUSAMU cUilbl F 1
/ MOMEHTa M, NPUIOKEHHBIX K JIEBOMY
o}/] Mo kKoHuy Oanku, puc.l). Hegocraromue tpu
e r, TPaHUYHBIX  YCJIOBUSA  ONpPEIENISIOTCS
o L ___s___ V<] yCcHOBHAMH 3aKpEIUICHHs OaIKu.

/ g e | U3 paseHcts [1]
X dx'C’,l - dal,l (l. - 1,2,3)
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(xc,; (i =1,2,3) - xoopmunate nentpa Tsoxectn cevenus, O ; (i,k =1,2,3) -
HaNpaBJIAIOLIHE KOCHHYChI BEKTOPOB € ; (i,k =1,2,3)) cnenyer, uro
dicy =db,dxe ;3 =—dy . (4)

C yuetom (4) ypaBHeHuUs (2) MOKHO MPEICTABUTH B CIECAYIOLIEM BU/IE:

X;1(8)dxg o — X, ()dxc 3+ X;3(s)d0" + Y, (s)dxg o —
— Yi,2 (S)dxg,:ﬂ, =+ Yi,3 (S)de’ o) Zi,] (S)dxrcv,z —4i2 (S)dx&,_a, + (5)

3 s
+Z,5(s)d0 = 3T, ,d0,,(0) (i =12.3),
m=1

- 3
rne U, = ZUU‘ 0y, (0) , @ rpanu4HBIE YCI0BUS (3) — B TAKOM:
k=1

Viidxe 2(0) =V, 2dxe 3(0) +V; 3d0(0) +V; 4dxc 5 (0) -

3 6
—V; s 5(0) +V; 6d0'(0) = YW, ,,d0,,(0) - dM;,(0) (i =12,3), ©

m=l
N 3
rae W m = 2. Wi k0%, m(0).
k=1

Myers z; 4 (s) (j=L23k=12,.8) - dynnamentanphas cucrema
pemiennid 3amaun  Komwm s oJHOpOAHOW cuctembl JuddepeHanbHbIX

ypaBHeHHH, coortBeTcTBylomel cucreme (5), Te. Z);(s) =dxc,(s),
Zy p(s)=dxcs(s), z34(s)=db(s) (k=12,.,8) npn semonnenun
CIEAYIOUIUX YCIOBUA:
Vi =0 Jko
rae O ; j - cumBon Kponexkepa, a
Y1 =dxc(0), v, =dxe5(0), y3 = dxg (0), y4 = dxc 3(0),
ys = dxc 3(0), ys = dxc 3(0), y7 = d6(0), yg = d6'(0).

OGo3Haunm uepes Zz,, j,m(S) (j,m=1,2,3) - MHOXkeCTBO 4acTHBIX pEIIEHHIA

(7)

dxq, C,2 (s), dxq, C.3 (s), Bl, (8) cucremsl (5) Mpy HyJIEBBIX HAYATBHBIX yCIOBHUAX

M npu cronbue mpasbix yacteil, cocrosimem us snementos U, , (m=1,2,3).
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Jns npubamKeHHOro MOCTPOEHMsI dTUX pelieHui Oaska pa3OuBaeTcs Ha psij
CErMEHTOB, B  TMpejAelax  KaxJAoro U3  KOTOPbIX  KO3(PPUIUEHTHI

X; j(s),Y; j(s),Z; j(s)  cumraiorcs  TOCTOSHHBIMM M paBHBIMH

X, i($u)sY; (1) Z; j(Sy,) (s, — Ayroas koopauHaTa Hauana CerMenta, m

— ero  HOMEp)  COOTBETCTBEHHO.  [IpuMeHsissi  TEOpUIO  JIMHEHHBIX
AU depeHaIbHBIX YPaBHEHUN C TOCTOSIHHBIMU KO3(DPUIIMEHTaMH, HaXOJIUM

peLieHus dxC 0 (.S‘), dxC 3 (S), de(S) Ha NepBOM CErMCHTE npu

COOTBETCTBYIOIIMX HAYAJIbHBIX YCIOBHSX. 3aTE€M OTH pEHICHHS BMECTE€ C HX
MIPOU3BOJHBIMH IIPOIOJKAIOTCS HEMPEPBIBHO HA MOCIEAYIOIINE YUACTKH.

Peuienusi oHOpOAHOM cuctemsbl (5), a TaKkKe UX MPOU3BOJIHBIE MOTYT ObITh
BBIpaKEHBI Yyepe3 PyHIaMeHTallbHbIe penieHus 3a1auu Ko takum obpazom:

8 8 8
r r n "
J=1

J=1 J=1
8 8 8
' ' " "
dxc,3 = Zyj-Zz,j,dxC,z = ZijZ,j,dxC"z - Zyjzz,j, (8)
J=1 J=1 J=1

8 8
de —~ zyJZ3,j,der(S) == Zylz;;"f,
J=1 7=l

T waxoxnenns dM; udQ; (i =1,2,3) ucnionssyroress  popmysa
2D[1]:

3 3 3 3 4
dM; = Y (M) de, + 3 (M) de, + Y (M)\VdF,
r=l1 r=I1 k=1
9
2, i) 2 s e o et i 7
de’ = Z(Qx)r dE.»r + Z(Qi)r+3 r T Z(Qz)k dFk (Z = 19293)
r=| r=| k=1

,HJ'IH KaXaoro M3 CTepH(Heﬁ paMbl MOXKHO 3alluCaTb CIACAYIOLICE
PaB€HCTBO!

dw(s) =dw,, (s)+dw,(s). (10)
3,[[801:- ddeH - BCKTOp C DJJICMCHTaMH

[ n

AW, o1 = X 2> AW, 0 = dX e 0, AW, 5,3 = dXC 5,
[ n

MWyoua = dXc3,AWo9, s = dXc3,AWo9,6 =dXc3, (1)
r

Do = dO, chw, () = O,
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M0Jy4eHHBIMH U3 PELICHUs] OAHOPOAHOI cucteMsl (5), a dW, - BEKTOp ¢ TeMH xke

JJIEMEHTAMH, TIOYYeHHBIMH U3 YaCTHOrO pewenus dx, ¢ 5, dx, 3(s),d0,,(s)

CUCTEMBI (5) Mpu HYJEBBIX HaYAJIbHBIX yCa0BUsX. Toraa

3
Wy i = 224 jmd0,(0) (j,m=1.23) (12)
m=1
Ipencrasum dw, ., B cieayrouem Buje:
dw,, = Adw(0), (13)
T.C.
Woon,i = ZA dw (0)
31ech
A =2, = 2 =2 s =20 50 As = 20

1 r o
Aﬁ,_)" = Zz,j’A7,j = Z3,j’A8,j. = Zl,j (] = 1,2,...,8).
Takum o6pasoM, dw mpejcTaBasercs B CIEYIONIEM BUJIE:
dw = Adw(0) +dw,, (14)

410 coBMecTHO ¢ (10) npeacrasasier co00M OCHOBY aJITOPUTMa METO/1a FPAHUYHBIX
3JIEMEHTOB.
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MODIFICATION OF BOUNDARY ELEMENT METHOD FOR ANALYSIS
OF NONLINEAR PROLEMS OF SPATIAL BENDING OF REINFORCED
CONCRETE BEAMS AND FRAMES TAKING INTO ACCOUNT
PLASTICITY OF CONCRETE

In solving static and dynamic problems for reinforced concrete frames based on
nonlinear and plastic properties of materials in order to achieve sufficient accuracy, you
need to make a partition of the elements of reinforced concrete frames on the large number
of small finite elements because of dependence of deformation properties of concrete from
its stress-strain state, what leads to the system of resolving equations of finite element
method of high order. Therefore there is a need to use alternative methods, such as the
boundary element method, application of which requires presence of bending differential
equations.
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An algorithm for constructing the matrix of fundamental functions of the Cauchy
problem for the mentioned above system of differential equations as well as the matrix-
column of special particular solutions, defined by a given load, which are necessary for the
application of the boundary element method to studying the static and dynamic problems of

reinforced concrete beams and frames bending taking into account the above mentioned
parameters has been proposed.



