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JOTHUYHI HAIIPY>KEHHA B EJIEMEHTAX, IO 3Ir HHAIOTHCA
ITPU IBOKBAJAPATUYHOMY 3AKOHI JIE®OPMYBAHHSA BETOHY

YV 0aniti pobomi eusnaueni Oomuyni HANPyHceHHs 8 GEMOHHUX [ 3aI300eMOHHUX OANKAX NPU CYMICHIU OIi 32UHATILHO2O
Mmomenmy i nonepeunoi cunu. Ipoananizosamni excnepumeHmanvhi i meopemuyri O0CHIONCEeHHs. NPOBIOHUX YKPATHCOKUX
asmopie cmoco8Ho USUEHHs pOOOMU CIMUCHYMUX | 32UHATbHUX OEMOHHUX | 3a1i300€MOHHUX eneMenmie KOHCMPYKYill
npu Pi3HUX CUTOBUX 6NIUBAX I O0BLILHOIL (hopmu nonepeurnoco nepepizy. Pozeunymi memoou oyinku Hanpysiceno-oegop-
MOBAHO20 cmMaHy HA NiOcmasi pearvHux diagpaem depopmysarts 6emony 3 8paxy8aHHAM Qizuunoi i eeomempuyHoi
Heniniunocmi. Busedeni 3a1excHocmi HopManbHUX HanPYHCeHb @ 32UHANbHUX eleMeHMax npu 080K6a0pamuiHOMY 3aKOHI
depopmysans bemony.

Asmopamu npoananizoeano xapakmep eniopu OOMUHUX HAnpysicens y bemonnit oanyi. Busnaueno mouku, de T
Habysae excmpemanrbHo2o 3HauenHs. Busnaveni maxcumanvui oomuuni nanpyscenns. Onucani OOMuyHi HAnpysceniis
npu 080KpamMu4HOMY 3aKoHI Oepopmysants bemony. [Ipoananizosano MakcumanoHi OOMuUYHI HANPYJICeHHs: NPU HeNTHIl-
HOMY 3aKOHI 0eqhOpMYBaHHSA, NOKA3AHO, WO BOHU MAOMb MEHUL 3HAYEHHS, HIJC NPU TIHIUHOMY.

Tokasano, wo 3anponoHo6ani Memoou GUHAUEHHs HANPYICEHb 8 OeMOHI He OaloMmb MONCIUBOCII Ol BUZHAYEH-
HA HOPMATBLHUX T OOMUYHUX HANPYIICEHDb, d MAKONC AHANI3Y8amu OIlCHULL HANPYJICEHULl CMaK 8 nepepizax no 006AHCUHT
i eucomi enemenmis, momy 6 pooomi nPoO0EHCeHi OOCIIONCEHHT OEMOHHUX | 3AI300eMOHHUX KOHCMPYKYIU OJisL GU3HA-
YeHHsA OOMUYHUX HANPYICEHb GHYMPIUHIX 3YCUNL NPU HENTHITHOMY 3aKOHI 0epopMmyanis Oemony.

Hasedeno, wo gopmynu 01 OOMuyHUX HANPYICEHb eleMeHmd, o 8PAx08VIOMb HENIHIIHY CKAA008Y 3aKOHY 0eqhop-
MYBAHHS, KPIM NONEPeuHOol CUunu Micmsams 8IOHOUEeHHS 0iI04020 8 nepepisi 32UHANIbHO20 MOMEHMY 00 MOMEHmMY po3pa-
XYHKOB020 6emOHHOI OANKU.

Ha ocnosi ompumanux pesyibmamie no6y0o6ano eniopyu OOMUUHUX HANPYIHCEHb Y POZMAHYMILL Ma CIUCLIL 30HAX
bemonnozo nepepisy. 3a pesyniomamamu 00CHiONHceHsb 04 3a1i300emoHHOT 6AnKU 6usedeHi opmynu suUsHAUeHHA OOMuUY-
HUX HANPYICEHb 3 YPAXYEAHHAM 3MIHHOCTI HABEOEHO20 MOMEHmMY iHepyii 63006ic ii OCI.

Kntwouosi cnosa: 6emounni oanku, 3a1i300emonni 6aiKu, 0OMudHi Hanpyscents, deopmyeanns 6emony, Heniitne
OeghopmysanHs.
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TANGENTIAL STRESSES IN BENDING ELEMENTS UNDER THE TWO-QUADRATIC LAW
OF CONCRETE DEFORMATION

The tangential stresses in concrete and reinforced concrete beams under the combined action of bending moment and
transverse force are determined in this work. The experimental and theoretical studies of the leading Ukrainian authors
regarding the study of the work of compressed and bending concrete and reinforced concrete elements of structures under
various force influences and an arbitrary shape of the cross-section are analyzed. Developed methods for assessing the stress-
strain state based on real diaphragms of concrete deformation, taking into account physical and geometric nonlinearity.
Derived dependences of normal stresses in bending elements under the two-quadratic law of concrete deformation.

The authors analyzed the nature of the plot of tangential stresses in a concrete beam. The point where becomes
extreme T is determined. The maximum tangential stresses are determined. The tangential stresses under the two-fold
law of concrete deformation are described. The maximum tangential stresses under the nonlinear law of deformation were
analyzed, and it was shown that they have smaller values than under the linear law.

1t is shown that the proposed methods of determining stresses in concrete do not provide an opportunity to determine
normal and tangential stresses, as well as to analyze the actual stress state in cross-sections along the wall and the height
of the elements, therefore, the work continues the research of concrete and reinforced concrete structures to determine the
tangential stresses of internal forces with nonlinear laws of deformation of concrete.

1t is stated that the formulas for the tangential stresses of the element, which take into account the nonlinear component
of the law of deformation, in addition to the transverse force, contain the ratio of the bending moment acting in the section
to the moment of the calculated concrete beam.

On the basis of the obtained results, plots of tangential stresses in the stretched and compressed zones of the concrete
cross-section were constructed. According to the research results, the formulas for determining tangential stresses for a
reinforced concrete beam are derived, taking into account the variability of the given moment of inertia along its axis.

Key words: concrete beams, reinforced concrete beams, tangential stresses, deformation of concrete, nonlinear
deformation.

IMocTanoBka npodeMu

B nmanwuii yac icHye 6araro pe3yibTariB JOCTIKeHb HAPYKEHO-Ie(pOPMOBAHOTO CTaHY OCTOHHUX 1 3aJ1i300€TOHHHUX
KOHCTPYKIIi# P pi3HHUX BIUIMBAX 1 (hopMax MOMEPEUHOro nepepizy, PO3BUHYTI METOIH OLIHKH HaIpyKeHO-Ae(opmMoBa-
HOTO CTaHy i HeCy4oi 3/[aTHOCTI 32113006 TOHHUX KOHCTPYKIIiH Ha MiJICTaBi peajbHuX Jiarpam aedhopMyBaHHs MaTepiais,
BHBEJICHI 3aJIE)KHOCTI HOPMAITBHUX HANPYKEHb B 3rHHAIBHHUX EJIEMEHTAX MPHU JBOKBAIPATUIHOMY 3aKOHI Ie()OpMYBaHHs
6erony. Lle podotu €. €. babiu [1; 2], €. M. babiu [3; 4; 5], I1. Baxuenko [7; 8], B. lopodeesa [6; 9; 10], I. Hobana [11]
Ta IHIIHX.

3anporoHoBaHi METOJM HE JAI0Th MOXKJIMBOCTI PEKOMEH/IyBaTH 3aJIKHOCTI JUIsi BU3HAYSHHS! HOPMAIIBHUX 1 JOTHY-
HUX HalpyXeHb, a TAKOXK aHANII3yBaTH HAINPYKEHUH CTaH B PI3HUX Hepepizax 3rUHaJIbHUX ejeMeHTiB. Lle nae Moxiu-
BIiCTh 3pOOUTH BUCHOBOK ITPO HEOOX1AHICTh MOJATBIION0 HAYKOBOTO AOCIIKSHHS 3 METOIO OTPUMAaHHSI 3aJIe)KHOCTEH ISt
BU3HAYCHHSI IOTUYHUX HANPYKEeHb BHYTPIIIHIX 3yCHIIb Y OSTOHHUX Ta 35113006 TOHHHUX OaJikax MpH HEeJIiHIHHOMY 3aKOH1
nedopMyBaHHSI OETOHY, OTPUMATH CIIOPU AOTUYHUX HAMPYKEHb y PO3TATHYTIH Ta CTUCIIH 30HaX OETOHHOTO Iepepizy,
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BUBECTH (HOPMYJIH BH3HAYCHHS JNOTHYHUX HAIPYKEHb 3a11300€TOHHOTO 3THHAJIBHOTO €IEMEHTY 3 ypaxyBaHHSIM 3MiH-
HOCTI HaBEeIEHOTO MOMEHTY iHEpIIii B3OBXK HOTO OCi.
AHaJi3 ocTaHHiX K0caiTzKeHb i myOaikamii

B octanHi pok# aKTHBHO POBOAATECS JOCIIHKEHHS HAIIPyKEHO-1e(hOPMOBAHOTO CTaHy OSTOHHHUX 1 3113006 TOHHUX
KOHCTPYKIIiH TIpH pi3HMX BIUIMBAX i Gpopmax momepueHoro mepepisy. Tak B [1, c. 94; 2, c. 142—-146] npoBeneni excre-
PUMEHTaIbHI JOCTIHKEHHS poOOTH 3rHHAIBHAX €JIEMEHTIB TPHUKYTHOTO MPOo(dio 3 BU3HAYCHHSAM BHYTPILIHIX 3yCHIIb
1 ypaxyBaHHAM MOBHOI fiarpamu aedopMyBaHHS OCTOHY.

B poborax [3, c. 119; 4, c. 39-44] nocnimkeHHi OETOHHI 1 3a7i300€TOHHI €IeMEHTH KOHCTPYKIiH B yMOBaxX MaJIOIHU-
KJIOBOTO HABaHTA)KEHH:I 1 HaBEIeH]1 HOBI alpOKCUMAIiHI 3aJIe)KHOCTI «HANPY>KeHHsI-e(pOopMaItii», BpaXOBYIOUH HEJiHIH-
HICTH IeopMyBaHHS OCTOHY.

BambGypa A. H. [5, c¢. 36-39] po3BUB METOIM OIIHKH HANIPYXEHO-Ie(OPMOBAHOTO CTAaHY 1 HECYJOi 34aTHOCTI 3aIIi30-
0eTOHHUX KOHCTPYKIIH Ha MiJCTaBl peabHuUX aiarpaM aedOopMyBaHHS MaTepiaiB.

B po0ori [6, c. 4] HamaHe eKkclepUMEHTaIbHE OOTPYHTYBAaHHS 3aKOHY Ae(opMyBaHHS OCTOHIB IpH 3aBaHTAKEHHI
OZIHOKPATHOT'O KOPOTKOYACHOTO Ail0YOT0 HaBaHTAXKEHHSI.

VY pobotax [7, c. 112; 8, c. 77-80] HaBemeHi cydacHI METOAM PO3PaxXyHKY 3aTi300€TOHHUX KOHCTPYKIIIH IpH CKIIal-
HOMY BHI fedopmaiii i BiiMideHi 0cOOTMBOCTI 1ehopMyBaHHS HEAPMOBAHOTO 1 ApPMOBAHOTO OCTOHY.

Yob6au I. C.[11, c. 16] po3pobuB po3paxyHOK i KOHCTPYIOBAHHS 32113006 TOHHIX HEPO3PI3HUX OAIOK Ha IiZCTaBi eKC-
MIePUMEHTATFHO-TEOPETHYHUX 3aI€KHOCTEH MiXK BHYTPIIITHIMA 3yCHIIISIME Ta JKOPCTKICTIO TIepepi3iB.

B po6ori [10, c. 9-16] BuBeneHi 3a1€KHOCTI HOPMAIFHUX HANPY)KEHb B 3TMHAIBHUX €IEMEHTAX MPH IBOKBAIPATHI-
HOMY 3aKOHi Je()OpMyBaHHS OETOHY.

DopMyTI0BAHHS METH A0CJTiZKeHHS

Ha mixcraBi mpoBeneHOT0 aHami3y METOIO JAOCHTIHKEHb € BH3HAYCHHS JOTHYHHUX HAINPy)KeHb B OCTOHHMX 1 3ai30-
OCTOHHMX 3TMHAJIBHUX €JIEeMEHTaX NPH Jii 3rHHaJbHOTO MOMEHTY 1 ITONEePEeYHOi CHIIM IPH JABOKBAIPATHYHOMY 3aKOHI
nedopmyBanHsa OeToHy. [IpoaHanizyBaTn MaKCHMaNbHI JOTHYHI HATIPYXSHHS IPH HETIHIHHOMY 3aKOHI Je(pOpPMyBaHHS.

BukJ/iageHHs 0CHOBHOI0 MaTepiary 10CTiIKeHHS

[IpwuiimMaeThbes, 10 OETOH MPEACTABIIIE COO0I0 OMHOPIAHY, 130TPOTIHY, CYHUTBHY cepeny. JloTHyHI Harpy>KeHHs B MOTIe-
pEeUYHHX Tepepizax 3THHAIBHUX €JIEMEHTIB 3alie)kaTh TITBKA BiX momepeyHoi cmid. [Ipu aucToMy 3THHI B KOXKHIH TOHII
YTBOPIOETHCS JHIMHNAN HANIPY>KEHUHA CTaH, 715 KOTPOTO CIIPABEINTNBHUIL 3aKOH JeopMyBaHHS [0, c. 4].

BusHaunMo noTHYHI HanpyXeHHs T,,={>(V) mpu 1BOKBagpaTHIHOMY 3aKoHI AeopmyBanHs OeTony. [Ipu nmpukiaganHi

710 GalKy TIOTEPeYHOr0 HABAHTAKEHHs KPiM 3TMHAIBLHMX MOMEHTiB M B i mepepizax BMHHKAIOTH nonepeuni cutn V .
JloTHuHiI HaIpy>KeHHs B TOULi kK Ha MaiilaHYMKaX, 110 HaJIEKaTh IIOIEPEYHNUM Ta IIOB3IOBKHIM HEPepi3aM (Ty,= Tyy), 10

06yMOBIIeHi momepeunoro cunon V .
1. Beronni 6anku. Buninnmo mepepizamu 1-1; 2-2; 3-3 (puc. la) enemMeHT Oanku Ta po3TITHEMO CHIIH, IO IifOTh Ha
HBOTO (pHc. 10). YMOBa piBHOBAru €JIEMEHTY:

ZXZO, -N1+( N1+ ANl)-dTIO, dT:le (1)
Bupasumo dT uepes Ty , BAKOPHCTOBYIOUH riroTe3y JKypaBChbKOTo, TOMIi
dT= 1,bdx @)

st BusHadennst dN, mporpamyemMo BCi HOpMajibHI CHITH, IO JIOTh Ha BijciueHy wacTuHy nepepizy A” (puc. 3),
a rmoTiM 3Haiiemo X mpupicT npu nepexoai Big nepepisy 1-1 1o nepepisy 2-2.

]
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Puc. 1. BusnaueHHs1 JOTHYHHX HANIPY:KEHb Tyy
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Puc. 2. /o BU3HAYEHHS CTATHYHOTO MOMEHTY S BiICiu€HOi 4YaCTHHH NONEePeYHOro nepepizy

V pasi, sikmo Touka "k", B sIKiii BU3HAYAETHCS JOTHYHE HANPY)KECHHSI, 3HAXOAUTHCS B CTUCIIIH 30HI MOJKHA 3aIIMCaTH:
2 g2 3 g3
Vi-y) wl-y)
- 2
21, 3R, |

fey -~ red

Xy

Jpyruii wien uiei popMynu nepeTBopuMo:

Vie-yM R by V(E-v)
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[IpoananizyeMo HIDKYE XapakTep eMopH JOTHIHUX HANpyKeHb y OeToHHI Oani BiamoBiaHo 10 (5) Ta (6). Busnaunmo
TOUKH, ¢ T, HaOyBa€ CKCTPEMaIIbHOIO 3HAYCHHSL:

ary g
(7
Jis HatIpy>keHb Y pO3TATHYTIi 30Hi 3rigHO (5) Ta (7):

d‘rxy _Vl+ Vy

N .n=0
dy Ired Iredhp 7
dqi_Y
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3BizacH 2 KOpHi:

_ _ h
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nx (9)

Ilepmmii KopiHb B 000X BHIIAJKaX BiANOBifa€c Maxz, .:

Vhe VR
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red
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red

Ananizytoun max 7, IIpH HENiHIHHOMY 3aKoHi Je)opMyBaHHs, Oa4MMO, [0 BOHM MalOTh MEHIIi 3HAYEHHS, HIX MpH
JIHIHHOMY.

Jpyri xopeni Bupasis [8, c. 77-80] 1 [9, c. 134-137] cBiguuTh, 110 IPYTHH EKCTPEMyM B 000X BHIIAJIKaX JIEKHUTH 32
MeXaMH nepepi3y. BpaxoByroun HasiBHICTH JABOX €KCTPEMAaJbHUX TOYOK SIK Y PO3TATHYTIH, i CTUCHYTHX 30HAaX MOXKHA
JUMTH HEBTITHOTO BUCHOBKY IIPO HASBHICTH TOUKH TEPErHMHY KOXKHOI T'JIKH (puc. 3). [ BUSBICHHS TIOJIOKEHHS TOUYKA
MIEPEruHYy PO3IVISTHEMO YMOBY:

C
dz,, 0
. dy?
Toni 3anutemo (5):
d’r y
T Vo,V Y,
dy Ired Ired hp
3Bi/ICH TTOJIOKCHHS TOUYKH TICPETHHY:
yi = &
0 277
Toni 3rignO (6)
d 2 —
fzxy - _L+2,L.lw -0
dy Ired Ired hp
h
n__'p_
Yo 2%

3 OTpUMaHMX 3aJeKHOCTEH (pHUC. 3) BUILIMBAE, 1110 MOXKJIMBI 2 BUIIAIKK: | — TOYKA MEPETUHY 3HAXOIUTHCS B MEKAX
entopu 7, 12 — TOYKa MEPEruHYy 3HAXOMUThCS 338 MEIKAMHU Iepepisy.

2L 4\]‘ ‘(&/\ ] i

Ty Tz

o Fa [T

Puc. 3. /lo BuBeneHHst GOpMYJIH ISl BH3HAYEHHS JOTHYHOIO HANIPYKEHHS Ty, B Nepepizax 0eTOHHOI 0aJIKH

2. 3anizo6eToHHi 6aakn. Po3nisHeMO 3ami300eTOHHY 0aliKy 3aBaHTaXCHY MMOMECPCYHUM HABAHTAXKCHHAM (puc. 4)
1 BUIIIIMMO B Hill niepepizamu 1-1 12-2 HeCKiHUEHHO MaJIMi eJIeMeHT J0BXkHHOIO0 dX. Llel enemMeHT noueproBo po3ciueHnit
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TOPU30HTATFHIMH Tiepepizamu 3-3 — y 30Hi TPIIMHOYTBOPEHHS, 4-4 — Y PO3TATHYTIN 30H1, 5-5 — y CTHCIIH 30HI OETOHY.
PosrisiHemMo piBHOBary Ko)kHOI BiacideHoi wactuHH (puc. 40). Y 1mpOMy BHUMAIKy, KOJH TEPETHH HaBEIEHO B 30HI

TPIIUHOYTBOPEHHS
X ZO; dT =dN (10)

Ipu BusHaueHHi 3cyBy 3ycuuns d1 TyT Hajasi BUKOPHCTOBYBAIH rinoTesy JKypaBchKoro.

1 H alxl
AN AT
e ]
e “ /e
a ’——_\\ J—i _ —-ﬁ
e L] b -
J& P 1 [ d?'_‘
6 A I { %ﬂ.dm
H e T Ns L Ns.dNs Ns Ns.dNs
[ dx

Puc. 4. BusHayeHHs JOTHYHHUX HANPYKEHb T, B nepepisi 3a/1i300eTOHHOI 0aJIKN

dT =7z,bdx X = 0; dT =dN (11
3ycwIsl B apMarypi:
n,MS
N = _ s
i O-S'% Ired
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dN:mg@wﬁ—Mmm)
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T)(y = ’ l_ Msred nSSS
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b

me S, =dl/dx

SIK10 TOpU30HTATBHUT TIepepi3 IMPOBEACHO Y PO3TATHYTIN 30Hi (prc. 40), TO piBHSHHS pIBHOBATH BiICIY€HOT YACTHHHU:
dT =dN, +dN
: ° (13)

AC 3yCUILIA 1 BU3HAYAIOTLCS 34 HaBCACHUMMU BHUIIIC (l)OpMyJ'IaMI/I, a BU3HAYEHHST O0YUCITIOEMO CIIOYAaTKy BUKOPHUCTOBYIOYU

3anexHicTh (30) [10]:
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ITincraBnsroun B (13) BeTU4IHHM, 10 BXOIATH 10 HHOTO:
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AHAJOTIYHO OTPUMAEMO 3aJISKHICTh TSI BU3HAUEHHS JOTHYHUX HAMPY>KEHb B CTUCIIH 30H1 OCTOHY:!
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taibHo, [10, ¢. 9—16], m — mapameTp, 1O 3aJICKHUTH BiJl BIACTUBOCTEH MIITHOCTI Ta AC(POPMATHBHUX BIACTHBOCTCH,
KIUJIBKOCTI po0O0Y0i apMaTypy Ta TPUBAJIOCTI A1l HABaHTAXKEHHSL.
BucHoBku

1. OTpuMaHO 3aJIe)KHOCTI JUIS BU3HAYEHHs JOTHMYHMX HANpyKeHb SK (YHKIIH BiJ 3HaYeHb BHYTPIIIHIX 3yCHIIb
y OETOHHMX Ta 3aJi300€TOHHUX OajKax MpU HENiHIITHOMY 3aKoHi JedopMyBaHHS OETOHY.

2. ®opMynu ISt JOTHYHUX HAPY)KEHb €JIEMEHTa, 1110 BPAaXOBYIOTh HENNHIHHY CKIIaI0BY 3aKOHY Ae(OopMyBaHHS, KPiM
TIOTIEPEYHOT CHIIM MICTSTh BIJIHOLICHHS JIIFOYOTO B Nepepi3i 3rHHAILHOTO MOMEHTY JI0 MOMEHTY PO3paxyHKOBOTO OETOH-
HOT OaJKH.

3. [ToOynoBaHO entopu JOTHYHUX HAIPYXKEHb Y PO3TATHYTIH Ta CTHCIIIN 30HaX OETOHHOTO Mepepisy.

4. Jlns1 3ami300eTOHHOT OaJIKK BUBEACH (POPMYJIH BU3HAUCHHS JOTUYHUX HAIPY)KEHb 3 ypaxyBaHHSIM 3MIHHOCTI HaBe-
JICHOTO MOMEHTY iHep1ii B310oBX i oci.
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