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CraTtT NpUCBSiY€HA TEOPETHYHOMY BHU3HAYEHHIO MApaMeTpiB HAMPYKEHO-
neopMOBAHOIO0 CTaHY 3a/1i300eTOHHUX eJIEMEHTIB KPYIJIOro mnepepizy, 10
SIKUX BIJHOCATBHCH KOJIOHHM, CTOSIKH omop, naJji. Ha ocHOBi pekypeHTHOV
(¢popmyJsn AJs1 iHTErpaJy Bia AudepeHuiiiHOro 0IHOMY oJepaaHe TeOpeTUYHe
BUPilLIEHHs] PIBHSHb PIiBHOBAaru HOPMAJBLHOIO0 KPYIJIONO TMOMEPEeYHOro
nepepizy 3aj1iz00eTOHHMX KOHCTPYKUIii B MeKax 3arajJbHONPUAHATUX
nepeaymMoB.

The article is devoted to the theoretical determination of the parameters of the
stress-strain state of reinforced concrete elements of round cross section.

In modern buildings and constructions, structures of circular cross section,
including columns, supports, piles, pylons and many other elements are quite
widespread. There exist approximate methods of calculation of such
reinforced concrete elements. The theoretical solution of the equations of
equilibrium for reinforced concrete elements of circular cross section allows
increasing the accuracy of calculations, contributes to further progress in the
development of a comprehensive theory of reinforced concrete.

The purpose of the study is the theoretical solution of integral equations of
equilibrium for reinforced concrete elements of circular cross section for the
possibility of determining their stress-strain state.

In equilibrium equations, the specified integral characterizes the work of
compressed concrete. For an element of circular cross section, it can be
geometrically represented for a compressed cross section in the form of a body
with a base limited by a circle or circle and its chord, the height of which is
described by a fifth order polynomial. In this case, the bending moment
perceived by the compressed concrete is found through the multiplication of
the resultant force applied in the geometric center of the given body by
distance h from the force to the extreme compressed fiber in the cross section.
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Based on the recurrence formula for the integral of the differential binomial,
there has been obtained a theoretical solution of the equilibrium equations of
a normal circular cross section for reinforced concrete structures within the
generally accepted assumptions. In the case when the circular cross section of
the concrete structure does not have a stretched zone, an accurate laconic
solution of the equilibrium equations of the stress-strain state is obtained after
conducting mathematical transformations.

The article presents a theoretical solution of equilibrium equations for a
normal circular cross section of reinforced concrete structures within
generally accepted preconditions, which allows determining analytically the
stress-strain state of reinforced concrete elements in a possible range of
changes in the properties of concrete and reinforcement steel for any stage of
structural load.

KirwuoBi cioBa: HanpyxeHHsi, aedopmanii, Kpyriauid mnepepi3, iHTerpad,
augepeHLiai, 6iHOM.

Beryn. 3anizo00eToH Mo4aTKy TPEeThOTO THUCSYOJITTS 3aJMIIAETHCS OCHOBHUM
OyniBeJIbHUM MaTepiajioM 3a 00’€MOM BUKOPUCTAHHSA Y KOHCTPYKLIAX OymiBenb i
cnopya [1-6]. JlomiHytoue #Oro TmOJOKEHHS Yy OYMIBHULITBI TMOSCHIOETHCS
HasBHICTIO 3HAUYHMX 3araciB CUPOBUHHUX MaTepialliB y 3€MHIili KOpi, BIIHOCHO
HU3BKOIO 1X BapTicTio. [ToenqHaHHS MO3UTMBHUX sSKOCTed OETOHY I apMarypHOI
CTaJsli B 3a11300€TOHHUX eJIeMeHTaX 3a0e3Meunsio oMy NpoBiJaHE Micle, 30KpeMa,
y CTUCHYTHUX HECyuYux OyHiBEbHUX KOHCTPYKLISX KOJIOH, Majb, CTOAKIB, MiJOHIB
Ta iH. [4-10].

IMocTtanoBka npo6Jemu. B cyyacHux OyniBIsX 1 copyaax AOCUTH MOLIMPEHI
KOHCTPYKIII KpyIJIoro nepepi3y, cepel SKuX KOJOHH, CTOSKM OMOp. MUIOHU Ta
OaraTto iHmMX eneMeHTiB [6,7,9]. Po3pobieHi HaOIMKeHI METOAW PO3PaxyHKY
TakuX 3ani300eToHHuX esneMeHTiB [1,2,8-10]. TeopeTnuHe BHUpiLIEHHS PiBHAHb
piBHOBaru i 3al1i300€TOHHUX €JIEMEHTIB KpYIJoro mnepepizy [I03BOJIUTH
MiIBUIIATH TOYHICTh PO3PAXYHKIB, CHPUATHME TMOAAIBLUIOMY MpOrpecy y
Pp030y10B1 BCEOXOITIOKYOT TeOpii 3a11300€TOHY.

Meta pobGoru. MeTor0o poOOTH € TEOpEeTHYHE BHUPILIEHHS I1HTErpalbHUX
piBHSIHb pPIBHOBAaru Jyisi 3aji300€TOHHUX €JIEMEHTIB KPYIJOro mnepepizdy 3ais
MO>KJIMBOCTI YTOYHEHOTO BU3HAYEHHS 1X HAMpyKEeHO-1e(OPMOBAHOTO CTaHY.

OcHoBHa 4acTuHa. J{19 po3paxyHKy HaIpyKE€HO-I1e(OpPMOBAHOIO CTaHY
3a11300€TOHHHUX €JIEMEHTIB NOLIIBHO BUKOPHUCTOBYBATH KPHBOJIHINAHY HOiarpamy
«o-& OetoHy (puc. 1) [4-10]. Po3rnsiHeMo TeopeTW4YHE BUPILIEHHS PIBHSHB
piBHOBaru [Jisi 3ai300€TOHHUX €JIEMEHTIB KPYIJoro mnepepizy B HOPMAJbHUX
nepepizax 3ajJi300€TOHHHX €JIEMEHTIB y MeXax MepPeayMOB «EKBIBAJIEHTHOTO
nepepizy [7].

Jlns BUBENEHHS PiBHSAHB HAIMpPYXKeHO-A1e(OpPMOBAHOTO CTaHy i HOPMAJILHOTO
KpYTJIOTO nepepizy 3a/1i3006 TOHHUX €JIEMEHTIB MPUHMEMO HACTYITHI MOJI0KEHHS:
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- PO3paxyHKOBUM BBa)Ka€TbCs mepepi3, nedopmauii y SKOMY TOPIBHIOIOTH
CepelHIM Mo TOBXHUHI 0JI0Ka MIXK TpilllMHAMH (SIKILO OCTAHHI MalOTh MiclLie);

- cepenHi aedopmanii 6eToHy U apmaTypu PpO3NOAUIAIOTLCA MO Mepepizy
BI/INOBIAHO 110 JIIHIHHOTO 3aKOHY;
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Puc. 1. Po3paxyHkoBa jniarpama «G-&» 1Jist OETOHY

- 3B'I30K MDX HamnpyXeHHsAMU i aedopMauisMu 6eToHy (puc. 1) onmucyerbes
MOJIHOMOM I’AITOTO CTEMEHIO:

o, = Zakeik (D)

- 3aJeKHICTh MDK HampyXKeHHAMU 1 AedopMallisiMu apMmaTypHOi cTaii
NpuiMaeTbesl y BUMMSAAL AlarpaMu « Oy-&» TapaMeTpu SIKOi OJEpKYIOThCS 3a
eKCIepUMEHTAIbHUMHY 200 HOPMATUBHUMU JaHUMU;

- 3HW)KEHHS 3yCWJUIA, SIke crpuiiMae poO3TSArHEHa 30HAa OETOHY 3a paxyHOK
TPILIMHOYTBOPEHHS, MOK€ BPaXxOBYBAaTHUCS KOEPiLIEHTOM

V., = — ’ (2)
&

1e: & - BifHOCHI aedopmalii po3TaraeHoi kpaitHboi (idpu.
Buxonsuum 3  BUIIEHAaBEJEHUX  MEPEIyMOB, PIBHSAHHS  HaMpy>KEHO-
ne(pOopMOBAHOTO CTaHy sl OyAb-SKOTO Nepepi3y MaroTh BUIIIALL:

N = IGCdA +2.0,A4; 3)
Y
M = JdchdA +2 O Aghg; (4)
4

Je: O, HOpMaJilbHI HaNpy>KEHHS Ha eJIeMeHTapHId IuUlomuHI dA, ska
3HAXOAUThCA Ha BiACTaHl A BiI KpaliHbOi cTUCHeHOi (idbpu, oy, A Ta hy -
HOpMaJIbHI HampyTH, MJIOIIA i BiACTaHb 10 KpaliHboi CTUCHEHOI (pidbpu nepepisy i-
ro apMaTypPHOTO CTEPIKHSL.
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VY piBHsHHAX (3) 1 (4) O3HAUeHUH 1HTErpajl XapakTepusye poOoTy CTUCHEHOTO
Ooetony. [l ejieMEHTy KpyIJIoro TOMEpPevyHoro mnepepizy #Horo MokHa
r€OMETPUYHO TMPEACTABUTU Ui CTUCHYTOI 30HM Tepepidy y BUIJISAAI Tida 3
OCHOBOIO OOMEXKEHOK KojoM abo KOJOM 1 MOro XOpAow, BHCOTa SIKOTO
OMUCYETHCS MOJIHOMOM cTeneHs. [Ipu boMy 3ruHaJIbBHUI MOMEHT, IO cCHpUiiMae
CTUCHEHMI1 OE€TOH, 3HaXOIUThCA SIK TOOYTOK Pe3yJbTYyIOUOi CHIIH, MPUKIAAEHOT Yy
r€OMETPUYHOMY LEHTPI HAaBEAECHOrO Tijfa, 1 BIACTaHI /2 BiJ CWIM 10 KpaiHBbOT
cTUcHeHoi pidpu B nepepisi.

HageneHni piBHsiHHA (3) 1 (4) omuCylOTh SK mepuly, Tak 1 apyry ¢opmu
PIBHOBAru 3a1i300€ TOHHUX KOHCTPYKIIH KPYIJIOro MOomnepeyHoro nepepisy.
SKINO MO3HAYUTH THTETPaAIIH K

1= [h*N2Rh—n?dh , (5)

TO piBHSAHHS (3) 1 (4) MAaTUMYTh BUTJIAL;

N = 2[zN -N, J+za A (6)

M=2lyM -M, |+Y0 A _h_, (7)

JcC

Ny =alel -, ]

N.=a

2 2 2 )
) E 10—2;(6‘1 ]1 +y 12],

2[1

_ 3; _ 2 _ 37
N3—a3[81 IO 3;(81 Il+3}(81]2 ;(13],

_ 47 403 2 43 4, 7.
N4—a4[81 Iy—4ye 1 +6x e 1, —4y el ++y 14],

_ S _ 4 2.3 2
Ns—as[g1 I, =5ye "1, +10x"e "L, —10y° ey +
4 5: 1
+577 e, —x [5]’
— bt.
Not =Vpelpe L0
M =alel -4, ];

_ 2, 2 2. 1.
M2—a2[81 I =2pe "1, +x 13],
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O T 31
M3—a3[81 I =3ye "1, +3 e 1, — 1 14],
M, =a et ~aye 1, +6 % 1 —4e 1, ++ 200 ];
M =aJe’l -5ze, 41 +10 y 531 —10y 5214+

5
+5,° els—x [6]

_ bt
Mbt B '//btRbt 17"

[Tpu k = 0 iHTEerpan BU3HaA4Ya€THCSA 32 GOPMYJIOHO:

. h—2R+
I, = 0,5{(11 — R)W2Rh—h* + R? arcsin Tr} (8)
3nauenHs [ 1115 PO3TATHEHOT 30HU GETOHY y MEPEPi3i MArOTh TAaKUi BUTJISLL:

2 —
1, 2075{7[5 —(h,—R)J2Rh,—h* — R* arcsin hCRR}
)
3 —
& =o,5{”§ LR arcsinRRhC —%(mhc —n2)\2RR —h =R(r—n)2Rh —h> | (10)

3Ha4YeHHs HaAMpyKeHb B apMaTypHIH cTall 0;; MOKYTh BU3HauaTucCs yepe3 (hiopoBi
nedopmalii 6eToHy:
o, =&~ xh,, (11)
ae
_ & +¢g,
2R

B ¢dopmynax HeoOximHO BpaxoByBaTH Mexki iHTerpyBaHHs. JIisi cTUCHEHOL
30HU KpPYIJIOrO Tepepidy BeJMYMHA /1 MOKe 3MiHIOBaTUCS Bif Hynas 1o 2R. 3a
HaAsIBHOCTI pO3TATHYTOI 30HU MEpepi3y /1 3MIHIOEThCS BiJ HYJIS 10 A,.

Jlis BUMAIKy KOJIW y KpPYIJIOMY TOMEPEeYHOMY TMepepisi 3a1i300€TOHHOI
KOHCTPYKIIIT HE Ma€ PO3TATHEHOI NUIAHKU, MICAs MPOBENEHHS MaTeMaTUYHUX
MEPETBOPEHD, OJEP)KAHO TOYHE JIAKOHIYHE BUpILICHHS PIBHSHb piBHOBaru (6) Ta
(7) Hanpy>xeHO-1e(OpPMOBAHOIO CTAHY:

259



N =7R*[a, (& - yR)+a, (6‘12 —2)€R +%;{2R2j+a3 (513 —-3y¢’R +%;{2.91R2 —%;{3R3j+

+a,| &' —4¢g’ R+D ;( e’R*-TyeR’ +%;{4R4j+

5;{84R+—;{€3R2 £Z€2R3+ILZ ZR)]+Z 0.A;;

M =7R’[a, (81 —%;{RJ+a2 (;{12 —%151R+%;(2R2j+

+a3( ;{ng+—;{ 8R2—21R3j

35

2 1
a, (815 —75;{814]3 X e’R - 0

165

429
R+ R -—— YR |+> 0. Ah;
/,{ l 1 64 Z ] Z_: si*7si” si

(13)

BucHoBku. TakuM 4YMHOM, OJE€pPKAaHO TEOpPETUYHE BUPIIIEHHS PIiBHSAHB
piIBHOBaru HOPMAJIBHOTO KPYTJIOro MONEPEYHOTo Mepepizy A 3ani300€TOHHUX
KOHCTPYKIill B M&XaxX 3arajJbHONPUIAHATUX MEPEeayMOB, 1110 T03BOJIAE aHATITUUHO
BM3HAUaTH HaIpyKeHO-Ie(OopMOBaHUI CTaH 3ali300€TOHHUX €JIEMEHTIB Y
MO>KJIMBOMY Jiana3oHi 3MIHU BJIACTUBOCTEN OETOHY 1 apMaTypHOI cTaii 1 Oyab-
SIKOTO eTamy HaBaHTAKEHHS KOHCTPYKILIIT.
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