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Po3poGieHa MeToauka po3paxyHKy Hecy4doi 3JaTHOCTI B HOPMaJIbHOMY
nepepizi 3 NpU KOCOMY 3rHUHAHHI 3aJ1i300eTOHHUX eJieMeHTIB TaBpPOBOIO
npodiaio AJasi BUNAAKIB TpaneuienoaioHoi (popMu CTHCHYTOI 30HH 0€TOHY.
Metoauka po3po0jeHa Ha OCHOBi crHpoueHoi aedopmauiiiHoi moaesai 3
PIBHOMIPHMM pPO3MOJIJIOM HAMpYKeHb B CTUCHYTIH 30Hi 0eTOHY Ta 103BOJIsSIE
BHKOHYBAaTH 004HUC/ICHHS (€3 3aCTOCYyBAHHS YHCEIbHUX METOMIB.

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.

Ku1ro4oBi ciioBa: 3a1i300€TOH, €IeMEHT, KOCO3ITHYTHI, MiLIHICTh, PO3paxXyHOK.
reinforced concrete, element, biaxial bended, strength, calculation.

Beryn. 3ani300eToHHI eneMeHTH TaBpOBOTO Ta JBOTABPOBOTO TPOdisiB
IIAPOKO  3aCTOCOBYIOTBCS B TPAKTHINl TNPOCKTYBaHHA OymiBeb Pi3HOTO
NpU3HAYEHHsS, 30KpeMa B JKATIOBOMY, LMBUIBHOMY, TPOMHCIOBOMY Ta
crielialbHOMYy iHKeHepHOMY OyaiBHMLTBI. Take mMmMpoKe pPO3MOBCIOKEHHS
TaBPOBUX EJIEMEHTIB € IUTKOM OOTPYHTOBAHUM 3 TOYKH 30py €KOHOMIil MaTepiary.
Kpim Toro, Benvka KiTbKicTh KOHCTPYKIIil CKIaagHOT KOHpirypatii mpu po3paxyHKy
NPUBOAMTBCA /IO E€JIEMEHTIB TaBpOBOTO mepepizy. OTxke, NMpW po3paxyHKy Ta
KOHCTPYIOBaHHI  3aJi300€TOHHMX KOHCTPYKWi 1O TaBpPOBOTO  Tepepizy
3BEpPTAOTHhCA HAMOLIBIT 9acTo.

VYV poborax [l — 2] Ta OaraTbOX IHIIMX HEPIIKO HAroJOMIyBalOCh Ha
HeoOXiTHOCTI BpaxyBaHHS SBHIA KOCOTO 3TMHAHHS NIPH PO3paxyHKY MillHOCTi BCiX
3TUHAIBHUX €JIEMEHTIB MOAIOHO [0 BpaxyBaHHS BHUIAAKOBOTO EKCLEHTPHUCHUTETY
Npu  po3paxyHKy Ha CTHCK. BrpoBamKeHHS [MaHOT NPOMO3MWI|i rajabMyeTbes
BiJICyTHICTIO TPOCTUX Ta JOCTaTHBO TOYHHUX IHKEHEPHUX METOAWK PO3PAXYHKY
MIIIHOCTI KOCO3ITHYTHX €JIEMEHTiB, IO BiAMOBiAAalOTh BHUMOTAaM YHHHUX
HOPMAaTHBHUX JIOKyMEHTIB 3 TPOEKTYBaHHS 3aji300€TOHHMX KOHCTPYKLii [3].
BimHocHO TaBpoBOTO Tepepily mpobnema mme OilbIle  yCKIATHIOETHCS
PI3HOMAHITTAM TeoMeTpuYHHX (OpM, SKMX MOXe HaOyBaTW CTHUCHYTa 30HA
nepepizy mpu kocoMmy 3ruHaHHI [4]. TakuM YWHOM, OTPUMAHHS AHATITHIHIX
PO3paxyHKOBUX 3aJeXKHOCTeH mid KOXHOT 3 (opM CTHCHYTOI 30HHM OETOHY
JIO3BOJIUTH PO3POOMTH 3arajibHy METOIMKY PO3PaxyHKY MIIHOCTI KOCO3ITHYTHX
TaBPOBHMX €JIEMEHTIB, sIKa BKJIIOYAaTHME pO3pPaxyHOK i Ui OibII TPOCTHX
npodiiiB, 30kpeMa, MPIMOKYTHOTO.

AHaJi3 ocTaHHIX AOC/iIKeHb. Y 6araTboX HayKOBUX IMyOIiKaLisX, 30KpeMa B
poborax [l — 2, 4 — 6] Ta iHWMX, po3poOJieHi METOAM PO3PaXyHKy HeCcydoi
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30aTHOCTI 3aJ1i3006TOHHUX €JEMEHTIB, 110 3a3HAlOTh KOCOT0 3TMHAHHSA, HA OCHOBI
HeniniliHOT nedopmauiiinol Mozpeni. [Ipu upboMy y mpausx [4 — 5] BUpilYIOTbCS
3aJadi po3paxyHKy KOCO3ITHyTHMX eJIEMEHTIB TaBpOBOro MNpo(dia0 Ha OCHOBI
BUKOPUCTaHHS [JBOJIiHIHHUX aiarpam naedopMyBaHHs OeToHy il apmarypu, ane
BUKJIAJIeHi MpOMO3uLlii He MpUBEAEHI A0 PiBHA iHXEHEPHOrO 3acTOCYBaHHS.
[MpobnemMu po3paxyHKy Hecy4doi 3HATHOCTI KOCO3ITHYTMX Ta KOCOCTHUCHYTHX
€JIEMEHTIB BUPIIIYIOTbCS Yy 3arajbHOMY BHWITISNI JAJs Tepepi3iB  IOBiNbHOT
koH(irypatii 3 oTBopaMu Ta 6e3 HUX y poboTax 3apy0OikHuX BueHHX [7 — 10], ane
TakWi MiAXiO € CKIagHUM AJs TMPakTUYHOI peali3alii, a 3amponoHOBaHi
CTIPOILEHHA Y BUIJIAl rpadikiB Ta giarpam € gyxe HabnmwkeHUMU. TakuM YUHOM, €
notpeda B po3pobili METOANKH PO3paxyHKY 3a1i300€TOHHUX €JIEMEHTIB TaBPOBOTO
npodiao Ha Kocuil 3ruH, MO 3a0e3nevnTbh HEeoOXiJHYy TOUYHICTh OOYMCIIEHb Ta
Moxe OyTH peanizoBaHa y BUTIIAAI iIHKEHEPHOTO allTOPUTMY.

MocTanoBka MeTH i 3aaa4 gocixkeHb. Po3po0ieHHs Ha OCHOBI crpoLIeHOT
nedopmauiitHoi MoAeni  METOOWKM  pO3paxyHKy MIIHOCTI  KOCO3ITHYTHX
3aJ1i300€TOHHUX €JIEMEHTIB Yy HOpPMaJIbHOMY Tepepi3i, 10 BpaxoBye IOBHOIO
MIpOFO BCi MOJIOKEHHS! YMHHUX HOPMATHBHUX TOKYMEHTIB Ta € JOCTATHBO 3PYYHUM
Y TIPaKTAYHOMY 3aCTOCYBaHHi.

Metoauka pociizxkeHb. Po3B’sA3yeTbcs 3amaya OTpUMaHHA aHATITUYHMX
3aleKHOCTe 171 BHM3HAUYEHHS BCIX HEBIIOMUX TMapameTpiB NpH pPO3PaxyHKY
Hecyuoi 3[aTHOCTI y HOpPMallbHOMY Hepepi3i KOCO3IrHYTOro 3alli300€TOHHOro
elleMeHTa TaBpoBOro mpodimo 3 TpaneuienoioHow (OPMOI CTUCHYTOI 30HU
OeToHy. B oCHOBY TeopeTHUHMX AOCHiIKEeHb MOKJIaIeHi NepeIyMOBH PO3PaxyHKY
3acTocoBaHi y Hopmax [3]. [Ipu uboMy 1J1s onMCcaHHA POOOTH CTUCHYTOrO OETOHY
NpUHHATHN TPSAMOKYTHHI XapakTep po3MoIily HanpykeHb 3a puc. 3.5 [3]. 3B'a30k
MK HampyXeHHsSMU i JAedopMalisMd B apMmarypi OIMUCYETbCS NBOJNIHIMHOIO
JiarpaMor0 3 FOPU3OHTANILHOIO BEPXHBOK TiNKOK 0e3 HEeOoOXiAHOCTI mepeBipKu
rpaHn4HoOi feopmaii 3a puc. 3.8 [3].

i1 po3B’A3aHHA MOCTABJEHOI 3ajadyi BHUKOPHUCTAHA pPO3paxyHKOBa cXema
(puc.1.), BUXiIHUMH BeJIMYMHAMM BBAXKAIOTHCS: PO3MIpH HOPMAIBHOTO Mepepisy
Oanku b, by, h Ta hey, NUIOIIA NONEPEYHOroO NEPEPi3y apMaTypu A; B PO3TATHYTIH
30HI1; XapaKTePUCTHKHU apMaTypH fy4, E; Ta OETORY foy, Ecgy Ecus ca-

Ilpu pospaxyHKy cyMapHa IUIOLIa apMaTypu A; B PO3TATHYTIH 30HI
PO3IJIAAETbCA PO3TALIOBAHOI B TOYLI MNPHUKIAaZaHHA pIiBHOAINHOI 3ycuib B
JUCKPETHO PO3TALIOBAHUX PO3TATHYTUX CTPHKHSIX.

HeBijoMumM BeNMUMHAMU BBaKalOThCAd BHUCOTa X CTUCHYTOI 30HH, KyT €
HaxWIy HeHTpabHOT JiHil, 3HaY€HHS BHYTPIilIHBOIO 3TUHAILHOTO MOMEHTY M,y B
TUIOILMHI KoopAMHATHOT oci Y (puc. 1).

i1 BuBEIEHHA pPO3paxXyHKOBMX ()OPMYJ BUKOPUCTaHi 3arajbHi piBHAHHA
piBHOBard, fKi 3 ypaxyBaHHAM BMKIQJEHUX BHIIE MEPEeIyMOB B IUIOLIMHI
KOOpAMHATHOI oci Y, MNepHeHAUKyJsSpHOI OO HelTpanbHOI JiHil, 3amucaHi y
BUTTISI:
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>Z=0: N,—N,=0; (1)
SMy=0: N (d=X+yy )-Mgy =0, @)

ne N,, N. — piBHOMiliHI 3ycCWib BIiIMOBIAHO B pO3TATHYTI apmaTypi Ta
CTUCHYTOMY O€TOHi;

d, X, yn. — BIAMOBIAHO po0oya BUCOTA Mepepi3y, BUCOTa CTUCHYTOT 30HH OETOHY
Ta KOOpJIWHATA TOYKH MPUKIanaHHs 3ycmuis N, B cucteMi koopauHat XOY.

beff

I,-{} F x( Y
Xo rf_,r_ 0—7/00

Puc. 1. Po3paxyHkoBa cxema HOPMaJlbHOIO Mepepisy Juist po3paxyHKy Hecydol 31aTHOCTi
KOCO3irHyTOr0 3aJ1i300€TOHHOTO €JIEMEHTa TIPH TparenienoioHii gpopmi
CTHCHYTOI 30HM OCTOHY

Jns  chpolueHHS piBHSAHb pIiBHOBark crovyaTKy OTpUMaHi BMpasd s
BHU3HAuYeHHS piBHOAIMHOT N, Ta 1 KOoOpmuHaTH Yy.. OnepkaHi BHUpa3H TpH
TpaneuienonioHiit opMi cTUCHYTOT 30HN OeTOHY (pHC. 1.) MalOTh TaKMii BUTIISL

b by sin 6
_chﬁgéLﬂi Ax _ Zer 37 3)
cos® 2
3X7 (24— A%) = by sin0(3X —b,g sin6) “
e 3(24X by 5in 6) ’

ne 1 — koedimieHT, mo mpuitMaeThes 3a 3anexkHoctsamu (3.21) — (3.22) [1];

A — piBeHb mIacTHUHOCTI GETOHY, 1O TIPUIMAEThCS 32 3aeKHOCTAME (3.19) —
(3.20) [1];
6 — KyT HaxWTy HEHTpaNbHOI MiHii.
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[pu ymoBi, mo nedopmalii & nonepeaHbO HAMPYKEHOI apMaTypyd B MOMEHT
pyliHyBaHHS 3aJ0BOJIbHAIOTH HEPIBHICTh
(d-X)e

c(l

Jvd g o7 77D 5)
X
I &.1) — BiTHOCHI neopmaltii 6eToHy HalOibII CTUCHYTOrO pebpa Ganky,
piBHOZIIHA 3yCHIIb B apMaTypi BU3HAYAEThCSA 32 3ATIEXKHICTIO

N s = fyd AS' (6)
Ha ocHoBi mnpwuiiHATOro nedopMaiiiiHoro Kpurtepito pyiiHyBaHHS BiTHOCHI

nedopmatiii 6eToHy HalOinbII CTUCHYTOrO pedpa Oanku (puc. 1) mpuiiMaroTbes 3a
PiBHiCTIO
gc(l) =€udcd- )
[Micns migcranoku dopmyn (3), (4) Ta (6) B piHsHHS piBHOBaru (1) — (2) mpu
Tpanewienonioniit (opmi cTUCHYTOI 30HM OTpuMaHi (OpMynM VISl BU3HAYCHHS
BHUCOTM X CTHCHYTOi 30HM OETOHY Ta TPAaHWYHOTO 3HAYEHHS MOMEHTY Mg,y B
TUIOIIMHI KOOPAMHATHOI Bici Y (puc. 1):

fydA cos@ bﬁ(‘ sin@

; (®)
nfcdﬂ’be 24
i _foA 302X % - ﬁc sin” @ ©)
RET D5 T 3(20X — by sin6) ||
IS
d=d,sinf+d,cos8. (10)

Jlns oneprkanHs 3anexHocTi 6 = f(ff), 32 ONOMOTOIO SIKOT MOXKHa O0UUCITUTH KYT
6 wHaxwiy HelfTpanbHOT NiHii, 3aCTOCOBaHa YMOBa MPO MapasiebHICTh TUIOMMH i
BHYTPIiLIHBOTO Mg, Ta 30BHIMIHBOTO Mp; MOMeEHTIB (puc. 1).
V¥ cucremi koopauHat Xy0yYy 0TpUMaHo, 110
tgﬂ— s T (11)
~Yo.c
Iie f — KyT HaxwIy 30BHIITHBO0I CHJIOBOT TLUTOIIMHMY,
dy, d, — poboUi BUCOTH TIOTIEPETHOTO TIepepi3y KOCO3IrHyTOTO 3ali3006TOHHOTO
eJleMeHTa B HanpsAMKy oceii X i Y, BiamoBinHo;
X0.c» Yoo — KOOPIWHATH TOYKH TIPUKJIaJaHHS PIBHOIIMHOT N, B OETOHI CTHCHYTOI
30HM B cucteMi koopawHat XyO,Y,, OOUMCICHHS SKUX MOXKHA 3IifICHUTH 3a
HACTYITHAUMH (POPMYITaMu:
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by (34X —2b, sin )
M0 T T3(2AX — by sin6)

34X % = 3AXb,y sin @ + by sin” 0

Yo,c = .

‘ 3cos 6'(2/1X — b,y sin 0)

[icns mincranoBku BupaziB (12) i (13) B (11) oTpumaemMo KBaapaTHe piBHSHHS

BiIHOCHO tgf, pO3B’SI3KOM sIKoro Oynme HacTynmHa (opMyna, IHO JO3BOJISIE

obuncmoBati KyT € Haxwly HeWTpanbHOi JIiHIl JIs TpaneuienoioHoi (popmu
CTUCHOI 30HM OETOHY TIpH MOBHOMY BHYEpIaHHi MillHOCTi OETOHY Ha CTUCK

12)

(13)

24tA
tgld =—ctgf + ctgzﬂ—t+ctg’8, (14)
beﬁ
A tgf—b A
ﬂet:db—dhtgﬁ-i- cgﬁ eﬁ;AC:fyd s
2beﬁ” nfcd

TakuM 4YMHOM, B pe3ynbTaTi TEOPETMYHMX MOCITIIKEHb OTPHMMaHi aHaJiTHUHi
3anexxHocTi (14), (8), (9) g BU3HAa4YeHHS BCix HeBimoMux mapametpiB (0, X, Mgyy)
NpU PO3B’sI3aHHI 33/1a4 MillHOCTI KOCO3IrHYTHX €JIEMEHTIB TaBPOBOTO TPOQIII0 ais
TparnewienoaioHoi popmMH CTUCHYTOT 30HU OETOHY.

BucHoBkn. Po3pobiieHa MeToamka  po3paxyHKy  HeCydoi  3maTHOCTI
KOCO3ITHYTHX 3aJ1i300€TOHHMX €JIEMEHTIB Y HOPMaJIbHOMY Tiepepisi 3a CIpOIIeHO0
nedopmaniitHOr0 MOIEIUTIO TO3BOJIsIE IIBUIKO BUKOHYBATH iH)KEHEPHI pO3paxyHKH
Ta MOBHOIO MipOIO Bi/IMIOBia€ BUIMOTaM YNHHUX HOPMAaTHUBHUX TOKyMEHTIB [3].
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