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Po3pobsieHa MeToauka poO3paxyHKY Hecy4oi 3JaTHOCTI B HOPMAJIbHOMY
nepepizi 3 mMpM KOCOMY 3IrMHAHHI 3a/1i300€TOHHUX €JIEMEHTIB TaBpPOBOI0
npogiaw AJA BUNAAKIB TpaneuwicnoaioOHoi ¢popmMH CTHCHYTOT 30HM O€TOHY.
MeTtoauka po3po0OjieHa Ha OCHOBI cmnpoiueHoi aedopmauniiHoi mMoaeai 3
PIBHOMipHMM PO3MOALIIOM HANMpY:KeHb B CTUCHYTII 30Hi 0€TOHY Ta A03BOJISIE
BUKOHYBAaTH 004YHC/IeHHS 0e3 3aCTOCYBAHHS YHCEJIbHUX METOIB.

Reinforced concrete T-shape and I-shape profiles are widely used in the
design of various buildings, in particular in residential, civil, industrial and
special engineering. Taking into account the phenomenon of biaxial bending
when calculating the strength of all bending elements is hampered by the
absence of simple and sufficiently precise engineering techniques for
calculating the strength of biaxial bended elements corresponding to the
requirements of the current normative documents on the design of reinforced
concrete structures. In relation to the T-section, the problem is further
complicated by the variety of geometric shapes that can be acquired by the
compressed area of the section in the case of biaxial bending. Thus, obtaining
analytical calculation dependences for each of the forms of the compressed
area of concrete will allow to develop a general methodology for calculating
the strength of biaxial bended elements, which will include calculation for
simpler profiles, in particular, rectangular.
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The method of calculating the bearing capacity in the normal section of biaxial
bended reinforced concrete T-section elements is developed. The problem of
difficulty applying the deformation model in the study of biaxial deformed
elements is successfully solved by the introduction of the rectangular stress
distribution in a concrete compressed area and deformative criterion of
strength. Analytical formulas are derived for the determination of all
unknown parameters when calculating for biaxial bending: the neutral axis
depth, the angle of inclination of the neutral axis, and the internal bending
moment. The method is proposed for calculating beams with a trapezoidal
shape of the concrete compressed area, taking into account all provisions of
the effective normative documents and, unlike the existing ones, allows
performing calculations without the use of numerical methods. The developed
method of calculating provides the necessary accuracy of the calculations and
can be implemented in the form of an engineering algorithm.

Kiro4oBi cj10Ba: 3ai1i300€TOH, €1eMEeHT, KOCO3irHYTHI, MIIIHICTh, pO3paxXyHOK.
reinforced concrete, element, biaxial bended, strength, calculation.

Beryn. 3ani3o0eTOHHI €JleMEHTH TaBpPOBOTO Ta JBOTaBPOBOrO MpOQiiiB
IIUPOKO  3aCTOCOBYIOTBCSA B  TPAKTHUIl TMPOEKTYBaHHSA OyJiBellb  PIZHOIO
NPU3HAYECHHA, 30KpeMa B JKUTJIOBOMY, ULMBUIBHOMY, [POMHCIOBOMY Ta
crietiaJbHOMY 1H)XKE€HEpHOMY OymiBHUUTBI. Take MIUPOKE PO3MOBCIOIKEHHS
TaBPOBHX €JIEMEHTIB € I[IJIKOM OOIPYHTOBAaHMM 3 TOUYKH 30py €KOHOMii MaTepiay.
KpiMm Toro, Benmka KubKiCTb KOHCTPYKLIH CKJIaqHOT KOH(ITypaLii Npy po3paxyHKy
NPUBOJUTHCSA [0 €JIEMEHTIB TaBpOBOro mnepepizy. OTxe, MpU pPO3paxyHKy Ta
KOHCTPYIOBaHHI  3ajli300€TOHHUX  KOHCTPYKLiA 10 TaBpPOBOro  Mepepisy
3BEPTAOTHCS HANOLIBII YACTO.

Y poborax [l — 2] Ta 0OaraTbOX IHIIMX HEPIAKO HAroJOUIyBaJOCh Ha
HEOOXiTHOCTI BpaxyBaHHS SBUIIA KOCOTO 3rMHAHHS MPHU PO3PaXyHKY MILIHOCTI BCIX
3TMHAJIBHUX €JIEMEHTIB MOJAIOHO [0 BpaxXyBaHHsS BHIIAJKOBOTO €KCLIEHTPUCUTETY
Npy PO3paxXyHKYy Ha CTUCK. BrpoBamkeHHS [OaHOT MPOMO3ULIT TallbMy€ThCS
BIICYTHICTIO MPOCTUX Ta JOCTAaTHHO TOYHMX IHKEHEPHUX METOIUK PO3PAXYHKY
MII[HOCTI KOCO3ITHYTHX €JIEMEHTIB, [0 BIAMNOBIIAIOTh BUMOTaM YHMHHMX
HOPMATHUBHHUX JOKYMEHTIB 3 TMPOEKTYBAHHS 3a1i300€TOHHUX KOHCTPYKLiil [3].
BigHocHO TaBpoBOro mepepizy nmnpoOsiema 1ie  Oulblle  YCKJIQJAHIOETbCS
PIZHOMAHITTSAM TreoOMEeTpUYHUX (OpM, SKHX MOXKE Ha0yBaTH CTHCHYTa 30Ha
nepepizy npu Kocomy 3ruHaHHi [4]. Takum 4YMHOM, OTPUMAaHHS AHATITUYHHUX
PO3paxyHKOBUX 3aJ&KHOCTEH a1 KOXHOI 3 (OpM CTUCHYTOI 30HU OETOHY
J03BOJIATh PO3POOUTH 3arajibHy METOIMKY PO3PaxXyHKY MILHOCTI KOCO3ITHYTHX
TaBPOBUX €JIEMEHTIB, fKa BKJIIOYATHME PO3PAXYHOK 1 JAis OUIbII MPOCTHUX
npodiiiB, 30kpeMa, MPSIMOKYTHOTO.

AHaJIi3 OCTaHHIX J0CaigxKeHb. Y 0araTboX HaAyKOBUX MyOiKalisx, 30KpeMa B
pobotax [1 — 2, 4 — 6] Ta 1HWMX, PO3pOOJIEHI METOOM PO3PAXYHKY HECydoi
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3QTHOCTI 3a/1i300€TOHHMX €JIEMEHTIB, [0 3a3HAl0Th KOCOTO 3TrMHAHHSA, HAa OCHOBI
HeJiHiiHOT nedopmariiinoi moaeni. [Tpu nuboMy y npausgx [4 — 5] BUpIIIYHOTbCS
3a/laul  PO3pPaxyHKY KOCO3ITHYTHUX €JIEMEHTIB TaBpPOBOTO Mpodiir0 Ha OCHOBI
BUKOPUCTaHHS JBOJIIHIMHMX niarpam nedopMyBaHHs O€TOHY W apmarypu, aje
BUKJIQJIEHI MpOMNo3uuii He MPUBEIEHI [0 pPIBHSA IHKEHEPHOIO 3aCTOCYBaHHS.
[TpobGyieMn po3paxyHKy HeCydoi 3JaTHOCTI KOCO3ITHYTMX Ta KOCOCTHUCHYTHX
€JIEMEHTIB BHpPILIYIOTbCS y 3arajlbHOMY BUIUIAAI A TepepiziB  TOBLIbHOL
KoH(irypauii 3 orBopamMu Ta 0e3 HUX y poOoTax 3apyOixkHux BueHux [7 — 10], ane
TakKWii MAXIA € CKIagHUM Ui MPaKkTUYHOI peaizaulii, a 3ampornoHOBaHI
CHPOILLEHHA Y BUIJIAAI rpadikiB Ta aiarpam € ayxe HaOMIKeHUMU. TakuM YUHOM, €
notpeda B po3poOili METOAUKHM PO3PAXYHKY 3a11300€ TOHHUX €JIEMEHTIB TaBPOBOTO
npo(uTt0 Ha KOCHI 3rWH, 10 3a0e3MeYuTh HEOOXiJHY TOYHICTh OOYMCIEHb Ta
MO>ke OyTH pealli3oBaHa y BUTJISI IH)KEHEPHOTO aJIrOPUTMY.

INocTanoBka MeTH i 3a1a4 AocaigKeHb. Po3po0sieHHs] Ha OCHOBI CMPOIIEHOT
nedopmaliifHOi  MoOJAeNi  METOAMKM  PO3PaxXyHKY  MIIHOCTI  KOCO3ITHYTHX
3a11300€TOHHUX €JIEMEHTIB Y HOPMaJIbHOMY IM€pepi3i, IO BPaxOBYE MOBHOIO
MipOIO BCi MOJIOKEHHS! YMHHUX HOPMATUBHUX JOKYMEHTIB Ta € IOCTaTHLO 3pyYHUM
y IPaKTUYHOMY 3aCTOCYBaHHI.

Metoauka aociigxeHb. Po3B’s3yeTbcs 3agadya OTpPUMAHHSA aHaTITUUHUX
3aJIe)KHOCTEN ISl BU3HAYEHHsSI BCIX HEBiIOMUX TMapaMeTpiB MpU PO3PaXyHKY
HECy4doi 3JaTHOCTI Y HOpPMallbHOMY Tiepepi3i KOCO3IrHyTOro 3aii300€TOHHOIO
€JIEeMEHTa TaBPOBOrO MPO(LII0 3 TpaneuienoaioHow (GOpMOI CTHCHYTOI 30HH
O0eToHy. B OCHOBY T€OpETMUHHMX AOCHIIXKEHb MOKJIAIEHI MEPEIyMOBU PO3PaXyHKY
3actocoBaHi y Hopmax [3]. [Ipu upomy ais onucaHHs poOOTH CTUCHYTOrO OETOHY
NPUIHATHIA MPSAMOKYTHHI XapakTep po3Noaily HampyxeHsb 3a puc. 3.5 [3]. 3B'130k
MDK HanpyXeHHsIMHU 1 aedopmauisMu B apMaTypl OMNUCYEThCS ABOJIHIAHOIO
JiarpamMor0 3 TOPU30OHTAJIBHOI BEPXHBOIO TIKOK 03 HEeOOXiIHOCTI MepeBipKu
rpaHn4HoOi aedopmarii 3a puc. 3.8 [3].

Jliss po3B’si3aHHA MOCTaBJEHOI 3aJayli BHUKOPUCTaHa pO3paxyHKOBa cCxema
(puc.1.), BUXiTHUMU BEJIMUYMHAMM BBAXKAIOTLCA: PO3MIPU HOPMAaJIbHOTO Mepepi3y
Oanku b, by h Ta hey; IO MONEPEYHOTO MEPEPI3Yy apMaTypu A, B pO3TATHYTIH
30HI; XapaKTEPUCTUKK apMaTYPH f,q, E; Ta OETOHY fog, Ecay €cus ca-

[Ipy po3paxyHKy cymapHa Iulomia apmaTypu A, B PO3TATHYTIH 30HI
pPO3MISIIAETHCS  PO3TAIOBAHOK B TOYL NPUKIAJAAHHS PIBHOAIAHOT 3yCWib B
JAMCKPETHO PO3TALIOBAHUX PO3TIATHYTUX CTPUKHSIX.

HeBinomMumu BenuMYMHAMKM BBa)XarOThbCid BUCOTa X CTUCHYTOI 30HHU, KyT 0
HaXWJy HEWTpaJIbHOI JIiH11, 3HaYEHHS BHYTPIIIHBOTO 3TMHAIIBHOIO MOMEHTY My, y B
MUIOLIMHI KoOOpAuHATHOT oci Y (puc. 1).

Jliis BUBENEHHS pPO3pPaxyHKOBUX (OpMysn BUKOPUCTaHI 3arajbHi PiBHSAHHS
piBHOBarv, sKi 3 YypaxyBaHHSM BHKJIAJEHUX BHINE TNEPEOIyMOB B IUIOLIMHI
KOOpAMHATHOI oOcl Y, MEepHeHIMKYJSIpHOI A0 HEWUTpalbHOI JIiHIi, 3amucaHi y
BUIJISIAL
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>Z=0: N,-N_,=0; (1)
ZMA:O:Ns(d_X—l_ch)_MEd,Y:O’ (2)

ne N;, N, — piBHOAIHI 3ycWib BIAMOBIZHO B PO3TATHYTIH apMarypi Ta
CTUCHYTOMY O€TOHI;

d, X, yn. — BIATIOBIIHO poOoYa BUCOTA Mepepi3y, BUCOTA CTUCHYTOT 30HU OETOHY
Ta KOOpJAWHATAa TOUYKM NPUKIagaHHs 3ycuuis N, B cuctemi koopauHat XOY.

bef f

Puc. 1. Po3paxyHkoBa cxemMa HOpMaJILHOTO Mepepizy sl pO3paxyHKy HECyqoi 3/1[aTHOCTI
KOCO3ITHYTOTO 3a]11300€TOHHOTO €JIEMEHTA NIPU TpaneLienoAionii popmi
CTUCHYTOI 30HU OETOHY

JUis chnpolleHHA piBHSAHb pPIBHOBarn Ccrno4yaTky OTpUMaHl BHpa3H Uis
BU3HAYEHHS piBHOMIMHOT N. Ta ii KoopauHaTu Vy. OjaepkaHi Bupaszu IMpu
TpanenuienoAioHiit ¢opmi CTUCHYTOT 30HK 6eTOHY (puC. 1.) MarOTh TaKUii BUTJIS;

b b, sin @
Nc—”f“"—eﬁ’[/lx o 1 j 3)

cos @ - 2 ’

307 (22= 2% )= byy sin 6(3X by sin 6)
N = 3(24X b, sin6)

ne 1 — koediieHT, mo npuitMaeTbes 3a 3anexHocTsamu (3.21) — (3.22) [1];

: 4

A — piBeHb TMACTHYHOCTI GETOHY, IO TIPHUIMAETHCS 3a 3aTexKHOCTAMHE (3.19) —
(3.20) [11;
6 — xyT HaxXuITy HEHTpaAIBLHOT JIiHil.
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[Tpu ymoBi, mo aedopmauii & nonepeaHbLO HAMpPYKEHOI apMaTypu B MOMEHT
pYHHYBaHHS 3a10BOJILHAIOTh HEPIBHICTh
d—X)e
f d ( c(1
E X
T (1) — BITHOCHI feopMallii 6eTOHy HalOLIbII CTUCHYTOrO pebpa Oanku,
piBHOJIITHA 3yCHIb B apMaTypl BU3HAYAETHCS 3a 3AJIEKHICTIO

N s = f ydAS° (6)
Ha ocHoBi mnpuiiHsaToro nedopmauiifHOro KpuTepito pyiHYBaHHS BiTHOCHI

nedopmatiii 6eToHy HalOUIbII CTUCHYTOTO pedpa Oanku (puc. 1) mpuiimaroThes 3a
PIBHICTIO

80(1) = Ecul,cd- (7

[Ticns migcranoBku dopmyi (3), (4) ta (6) B piBHsIHHSA piBHOBaru (1) — (2) mpu

TpaneuienoAioHiii Gopmi CTUCHYTOI 30HM OTpUMaHi (opMyau A BU3HAYEHHS

BUCOTM X CTUCHYTOi 30HM O€TOHY Ta TPAHUYHOTO 3HAYEHHS MOMEHTY Mp,y B
TUTOIIMHI KOOpAMHATHOI Bicl Y (puc. 1):

Yo JyaAs cos @ s ey sinH; @®)
nfcd/?“beﬂ 24

Iy roald 342 X2 — bezﬁp sin @
Rd,)Y — Jyd - .
Y 3(21)( — by sin 6’)

)

ac
d=d,sinf+d,cos6. (10)

Jlnist ofgeprkaHHs 3aeKHOCTI 6 = f(f), 32 TONOMOTIOK0 SIKOT MOKHA OOUMCIIUTU KYT

6 HaXWIy HEWTpaJIbHOT JIiHIii, 3aCTOCOBaHA YMOBA MPO MapaJiesibHICTh MJIOLIMH it
BHYTPILLIHBOTO My, Ta 30BHIIIHBOTO Mr; MOMEHTIB (puc. 1).
VY cucremi koopauHat X,0,Y, oTpumano, mio

dp—x
tgff =0 "0 (11)

1€ f/ — KyT HaXWjy 30BHIIITHbOT CUJIOBOT MJIOIIMHMY;

dy, d, — pob0oUl BUCOTHU MOMEPEYHOro Mepepizy KOCO3ITHYTOro 3ajli300€TOHHOTO
eJIeMeHTa B HanpsMKy oceil X, 1 ¥, BIAMOBIHO;

X0 Yoo — KOOPIMHATA TOYKH NPUKJIAJAHHSA PIBHOAINHOT N, B OE€TOHI CTHCHYTOL
30HM B cucTeMi koopauHaT X;O,Y,, OOYUCIEHHS SKUX MOKHA 3IIHCHUTH 3a
HACTyMHUMU (opMyJIaMu:
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_ by (34X —2b,ysin0)

3(2AX — by sin6)
= 34°X* =34 XD, sin@ + by sin” 0
’C 30089(2/1)( — b,y sin 6?)

ITicns migcranoBku BupasiB (12) 1 (13) B (11) oTpumaemMo KBaapaTHE PIBHSIHHS
BITHOCHO tgf, pO3B’A3KOM siIkoro Oyne HacTynmHa ¢opMylsia, 1O T03BOJISAE
obuncmoBat KyT € Haxwily HeWTpanbHOI JiHii s TpanewienomioHoi (opmu
CTUCHO1 30HM OETOHY MPU MOBHOMY BUYEpIaHHI MilTHOCTI OETOHY Ha CTHCK

tgh = —ctgf+ [ctg’ S - 241d.ctgfp :

xO,C R (12)

(13)

(14)

3
by

Actg/B_besz, Yy fydAs

2b eff ‘ nfcd

Takum 4YMHOM, B pe3yJbTaTi TEOPETHMYHMX JAOCIIIKEHb OTPUMaHI aHATITUYHI
3anexxHocTi (14), (8), (9) ans BU3HaYeHHA BCiX HeBigoMux napameTpiB (0, X, Mr,y)
MpY PO3B’SI3aHHI 3aa4 MILHOCTI KOCO3ITHYTHX €JIEMEHTIB TaBpPOBOro MpodiuIo ajs
TpanewuienoaioHoi GopMH CTUCHYTOT 30HU OETOHY.

BucHoBku. Po3pobieHa MeToauka  pO3paxyHKy Hecydoi  3JaTHOCTI
KOCO3IrHyTHX 3aJ1i300€TOHHUX €JIEMEHTIB Y HOpMaJIbHOMY Tiepepi3i 3a CIPOIIEHO0
aedopMaliifHOO MOJEIUIIO T03BOJIIE€ IBUIKO BUKOHYBATH 1HXKEHEPHI PO3PAXyHKHU
Ta MOBHOIO MIpPOIO BiIMOBIJAa€ BUMOraM YMHHUX HOPMATUBHUX TOKYMEHTIB [3].
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