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AHHOTauusa

BeseHue. B peiicTBYIOLLMX HOPMaX Mo NPOEKTUPOBAHWIO BETOHHbIX U XKene300eTOHHbIX KOHCTPYKLMIA OTCYT-
CTBYIOT METOAbI pacyeTa NPOYHOCTM HAKJIOHHbIX CEYEHU U3rnbaeMblX aIEMEHTOB Ha JeCTBME NomnepeyHbIX
CUN MpW pasnunyHoi GopMe NonepeyHoro cevyeHus. 370 BbIHYXAAET NPOEKTUPOBLLMKOB MPU BbIMOIHEHUN
pacyeToB Takux 3IeMeHTOB NpuberaTb K yNpoLLeHWUSM, YTO B psfe CyyaeB MOXeT NMPUBECTM K Nepepacxogy
nonepeyHoln apMaTypbl UM HEA0OLEHKE MPOYHOCTHU.

ueﬂbe ncenenoBaHnd, pe3ynbrtaTbl KOTOPOro npuBeneHbl B CTaTbe, ABIAETCA NMpoBepkKa HaOe>KHOCTU HOBOM
MeToOnKWN pacyeTa NPOYHOCTU HaKNIOHHbIX ceyeHu nsrnbaembix xxene3obeToHHbIX KOHCprKLI,VIVI C CbOpMOVI
nonepevyHoro cev4eHuqd, OT/INYHOM OT I'IpﬂMoyFOJ'IbHOIZ.

Marepuans n MeTogbl. OLeHKa HaleXXHOCTU HOBOW METOAMKM pacyeTa HakJIOHHbIX CEYEHWI C pa3nnyHoi GopMoi
rornepeyYyHoro CeYeHUs BbIMOJIHEHA MyTEM CPABHEHUS PacyYeTHbIX U OMbITHbIX 3HAYEHWIA NOMNEePEYHOI CUIbl,
BOCMPUHMMAEMOI HAKIOHHbIM CEYEHMEM XKeNne306eTOHHbIX 3/1eMEHTOB C pasnyHoi GopMoii MonepeyHoro
ceyeHus. Bbinn paccMoTpeHbl onbITHbIE 00pa3Lbl C KOMbLLEBOW, KPYrioi, TAaBPOBOW C MOJIKOW B pacTsHYTON
Unu B ©KaTow 30He GOPMOI NOMepeyYHOro CeYeHus, a TakKe onbITHble 0bpa3Lbl C KBagpaTHoM popMoii none-
PEYHOTr0 CEYEHWS, UCMbITaHHble Ha Kocol n3runb. OLeHka HafeXXHOCTN BbIMOHEeHa 06LLEeNpUHATLIMU MeTogaMU
CTAaTUCTMYECKOro aHanmsa.

Pe3synbtatsl. MonyyeHsbl pacnpefeneHns OTHOLWEHUS OMbITHON paspyLuatoLlei nonepeyHoi Cubl OMnbITHbIX
00pa3LL0B pa3IMYHOro CeYEHUs U ee PacYeTHbIX 3HAUYEHUIA, KOTopble 6AN3KU K HopMasbHbIM. 10 pesynsTatam
OLLeHKM HafeXHOCTU YCTAHOBJIEHO, YTO MPeAJsioXKeHHas MeTofMKa pacyeTa no NpoYyHoOCTH HakKOHHbIX CeYEH U
3/IEMEHTOB C PasnnyHbIMM GopMaMu NMoOMepeyHOro ceyeHus Nno NokasaTensaM TOYHOCTM U HAAEXHOCTU COMo-
ctaBuMa c npuHaTor B CIM 63.13330.2018 MeTogMKOM pacyeTa 3/1eMEHTOB MPSIMOYrOJIbHOTO CEYEHWS.

BoiBogebl. MMpepnnoxeHHas MeToAMKa pacyeTa Mo NPOYHOCTU HaKJIOHHbIX CEYEHUI 3TIEMEHTOB C Pa3/INYHbI-
My GopMaMmM NOMEPEYHOro ceyeHns no nokasaTeNiaM TOYHOCTW U HaLEeXHOCTU COMoCcTaBUMa C NPUHATON
B Cl 63.13330.2018 MeToaunKkol pacyeTa 3/IeMEHTOB MPSMOYrofIbHOr0 CeYEHUS.

KnioueBble cyioBa: xene306eToHHbIe KOHCTPYKLUKU, MPOYHOCTb, Hak/IOHHOe ceyeHune, GopMa NnonepeyHoro
ceyeHus, MeTofbl pacyeTa
Ins uutupoBaHusi: Myxamepnmnes T.A., S3eHunH C.A., XXapkux A.C. OueHka HafeXXHOCTU MeTofa pacyeTa NPOYHO-

CTW HaKJTIOHHbIX CEYEHWNIN XeNne300eTOHHbIX 3/1eMEeHTOB C pa3ninyHoli GOpMOW NOMepPeYHoro ceyeHns. BecTHuk
HUL| «CTpountensctio». 2022;33(2):139-149. https://doi.org/10.37538/2224-9494-2022-2(33)-139-149
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Abstract

Introduction. The current standards for the design of concrete and reinforced concrete structures provide
no methods for calculating the strength of the oblique sections in bending elements of various cross-sectional
shape under the action of transverse forces. This prompts the designers to use simplifications in calculation
of such elements, which, in some cases, may lead to excessive consumption of transverse reinforcement
or the strength underestimation.

Aim. The performed study was aimed at assessing the reliability of a new method for calculating the strength
of oblique sections in bending reinforced concrete structures with a non-rectangular cross-sectional shape.

Materials and methods. The reliability assessment of a new procedure for calculating oblique sections
of a various cross-sectional shape was performed by the comparison between the calculated and exper-
imental values of the transverse force received by the oblique section of reinforced concrete elements
with various cross-sectional shape. The study considers the oblique bending tests of the samples with
an annular, circular, and square cross-sectional shape, as well as T-shaped samples with a crossbar both
in a stretched and compressed zone. The reliability assessment was performed using generally accepted
methods of statistical analysis.

Results. The distributions of ratios of the experimental and calculated values of the destructive transverse
force for various-section test samples were obtained to be close to normal ones. According to the results
of the reliability assessment, the proposed procedure of calculating the strength of oblique sections in el-
ements with various cross-sectional shape was established to be comparable with the procedure accepted
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in the SP 63.13330.2018 Rules and Regulations for calculating rectangular cross-section elements in terms
of the accuracy and reliability indices.

Conclusions. The proposed procedure of calculating the strength of oblique sections in elements with various
cross-sectional shape was determined to be comparable with the procedure accepted in the SP 63.13330.2018
Rules and Regulations for calculating rectangular cross-section elements in terms of the accuracy and
reliability indices.
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BeeneHue

B CI163.13330.2018 [7] nmpencraBiensl yKa3aHHs IO pacyeTy U3rudaeMbIX SIEMEHTOB O TIPOU-
HOCTH, TIPH 5TOM METOAMKA pacyeTa Ha JIeiicTBUe N3rNOalOIMX MOMEHTOB OXBATHIBACT DJIEMEHTHI
C TIPOU3BOJILHO (POPMOIi ceueHusi, a METOIMKa pacueTa Ha IeHCTBHE MONEPEYHBIX CHII OTpaHuYeHa
AIIEMEHTAaMHU TOJIBKO MPSIMOYTOJNBHOM (OpPMBI ceueHus. B CBsI3U ¢ 9TUM MPH MPOCKTHUPOBAHUH
KOHCTPYKIHHA ¢ (hOPMOH MOMEPEYHOr0 CEUYEHUs], OTIIMYHON OT MPSIMOYTOJILHOM, MOJIb30BATENN
CBOJZIa TIPABUJI IIPH pacueTe MPOYHOCTH UX HAKIIOHHBIX CEUCHUH BBIHYKICHBI TPUOETaTh K Ompe-
JIEJIEHHBIM YTIPOLIEHUSIM U YCIOBHOCTAM. DTO IPUBOJIUT K MEpepacxoiy MonepedHoi apMaTypbl
WM OIIMOOYHOH OIIEHKE MPOYHOCTH HAKJIOHHOTO CEYCHHS B IEJIOM, YTO BIMSET Ha OOLIYIO Ha-
JIe)KHOCTh MPUHUMAEMBIX KOHCTPYKTHUBHBIX PEIICHUH.

Uenb

Lenbto nccnenoBanus, pe3yabTaTbl KOTOPOTo IPUBEIEHBI B CTAThe, ABISAETCS MPOBEpKa Ha/IexK-
HOCTH paHee pa3padOTaHHOW METOAWKHU pacueTa MPOYHOCTH HAKJIOHHBIX CEYEHUH M3rudaeMbIX
JKeJIe300€TOHHBIX KOHCTPYKIUH ¢ y4eTOM ()OPMBI ITOTIEPEUHOTO CEUCHUSI.
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MaTepuanbl u MeToabI

OneHKy HaJIe)KHOCTH METOAMKH PacyueTa BBIMOIHSIM 110 Pe3ylibTaTaM CPaBHEHUS PACUCTHBIX
Y OTIBITHBIX 3HAYCHHUI TIOTIEPEYHOH CHITbI, BOCIPUHUMAEMOH HAKIIOHHBIM CEYCHUEM JKeIe300€ TOHHBIX
ANIEMEHTOB C Pa3IMYHON (HPOPMOH TTOTIEPEedHOTro cedeHHs1. bbimn paccMOTpeHBI pe3ybTaThl HCTIBITAHUH
OIBITHBIX 00pa3loB ¢ Kpyriol ¢opmoit ceuenus (ombiThl Uffe G. Jensen [1]), konbueBoit hopmoit
ceuenus (omnelTel B. H. ITuanosa, B. K. froanna [2]), TaBpoBOro ceueHus ¢ MojKoi B pacTsIHYTOM
u cxkaroi 30He (onbIThI FO. J1. M3otoBa [3], b. M. Ceepmiora [4] u R. Thamrin [5]), a Takke ONBITHBIX
00pas3IoB ¢ KBapaTHOH (HOPMOI MOMEPEUHOr0 CEYEHHMs1, UCTILITAHHBIX Ha KOCOW M3THO MO yIJIOM
45°wu 22,5° (onbrtel R Thamrin [6]). CxeMbl apMHpOBaHHUs ONBITHBIX 00pa3L0B MPUBEICHBI HA pHC. 1.
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Puc. 1. CxeMbl apMypoBaHWs onbITHbIX 06pa3L,0B C pa3nnyHoi GopMoii MONepeyHoro ceyeHmns:
a - onbiThl Uffe G. Jensen [1]; 6 - onbiTel B. H. LLnsanosa, B.K. Aroavna [2]; 8 - onbiTsl H0. J1. M30T0Ba [3];
r - onbitel 5. M. Ceepanosa [4]; 4 - onbiTel R. Thamrin [5]; e - onbiTel R. Thamrin [6]
*all dimensions are in mm
Fig. 1. Reinforcement schemes for test samples with various cross-sectional shape:
a - Uffe G. Jensen experiments [1]; 6 - V.N. Shivanov and V. K. Yagodin experiments [2]; 8 - Yu. L. Izotov experiments [3];
r- B.M. Sverdlov experiments [4]; 4 - R. Thamrin experiments [5]; e - R. Thamrin experiments [6]
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Cormmacuo CIT1 63.13330.2018 [7] monepeyHyto CHITy, BOCIPHHUMAEMYIO HAKJIOHHBIM CEUCHUEM
9IIEMEHTA, BBIYUCIISUIN TI0 opMyIie

0<0,+0,, (1)

B KOTOpOH ycumue () , BOCIIPUHUMAEMOE TIOTIEPEYHOM apMaTy PO IO JTMHE HAKIIOHHOM TPEIUHBI,
ONPEJIENISITH 0 yKasaHusM [7], a ycusnue Q,, BOCIPUHUMAEMOE OETOHOM, BEIYUCIISUIA 110 (OPMYIIE,
YUUTBIBAIOLIEH (HOPMY MOTIEPEYHOTO CEUSHHS dIIEMEHTa

_ 1’5 X Rbt X (AO + As,red) ><hO

) - )
MIPUHUMAS TIPU 3TOM
0,5R,, x (4, + A”ed) <Q,<2,5R,, x(A,+ AS,,,ed), 3)
e
hO =h-a; 4)

R, — pacueTHOE CONPOTUBIIEHHE OETOHA OCEBOMY PACTIKEHHUIO;
A, — nIomab MonepevyHoro CEYEHHUs JIIEMEHTA, BhIYMCIseMas O€3 yueTa oA CeYeH s
3alIUTHOTO CJI0sl OETOHA, a JIJIsl AIEMEHTOB TABPOBOTO U JIBYTABPOBOT'O CEUSHHS — U C OTpaHHye-
HUSIMHU pacueTHOMN IHPHUHBI TOJIOK;
A~ NPUBeJCHHAs ILIOLIAb CEYCHNUs IPOIOIbHON apMaTyphl B PACTSHYTOH 30HE CCYCHHUS dle-
MEHTA, KOTOPYIO B pacdyeTax NpUHUMAaloT He 6onee 0,54 ;
C — naubosee onacHas JUIMHA MPOEKIMH HAKJIOHHOTO CEYCHHUS Ha MPOJOIBHYIO OCh DJIEMEHTa,
onpenensiemas no ykazanusam CII 63.13330.2018 [7].
JUist KpyTIIBIX M KOJILLEBBIX CEYEHUHI B HopMyity (2) BMECTO /i) IOACTABISIOT dy =2 X 7.
[IpuBenenHyo MIOLIAAb CEYEHN MPOIOJIBLHON apMaTypbl B pacTSIHYTOW 30HE CEYEHHUs dJie-
MEHTa OIpeAessuTd 1Mo Gopmyre

s, red = As XLSO’SAO’ (5)
be ! Epio
B KOTOpOi#i ¢, , = 0,00015.

IIpu pacnosioKeHUH CTEPKHEN MTPOJOIBHOM apMarypbl B PAaCTSIHYTOW 30HE PABHOMEPHO
I10 BBICOTE CEUEHUSI DIIEMEHTA B PACUETE YUUTHIBAIOT TOJIBKO CTEPIKHU aPMAaTYPbl, PACIIOJIOKEHHbBIE
Y PacTsHYTOM rpaHu CEYEHUS.

Jlst onbITHBIX 00pasuos [1] kpyrioro ceuenus paauycom 7 (puc. 2, a) 3HadeHue A, NPUHU-
MaJIi PaBHBIM

A, =7xr}; r=r—a. (6)

st onbITHBIX 00pa3uoB [2] KONBIEBOTO CEUCHUSI paanycoM R M BHYTpeHHHM paauny-
com 7 (puc. 2, 6) 3Ha4eHUE A NPUHUMAIIM PABHBIM
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4,=7x (R ~r*); R,=R-a.

)

Jist onbITHBEIX 00pa3noB [3] TaBpOBOTo ceueHHs ¢ MOJKOH B cxkarol 30He (puc. 2, 8, 0) 3Ha-
ueHue A NPUHUMAJIK PaBHBIM

Ay =bx Iy + (B, —b)xh,; (b, —b) <3xH.

b

b

qa

(®)

Puc. 2. PacyeTHas nnoulaab nonepeyHoro cevenuns A onbiTHbIX 06pa3Li0B ¢ pasnnyHoi GopMoi NonepeyHoro ceyeHns

Fig. 2. Calculated cross-sectional area of test samples with various cross-sectional shape
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J1y1st onIBITHBIX 00PA3IioB [4] TABPOBOTO CEUEHUS C TIOJIKON B pacTsAHyTOH 30HE (puc. 2, 2) 3Ha-
ueHue A IPUHUMAIIN PABHBIM

Ay =bxhy+(b, ~b)yx(h, —a). )

Jiis koco n3rubaeMpIX 1Moj| yriioM 45° ombITHBIX 00pa3iioB [6] KkBagpaTHOTO ceueHusl (puc. 2, 0)

A,=c" -2xcxa. (10)

Jlist koco n3rubaeMsIx 1Mo yriioM 22,5° ombITHBIX 00pa3iioB [6] kBaapaTHoro ceueHus (puc. 2, e)
A,=c’—cxa- (11)

PesynbraTtbl

OneHKy HaJeKHOCTH MPOU3BOIMIN OOILENIPUHITHIMA METOJAMH CTAaTUCTUYECKOTO aHaJN3a.
O1EeHKH BBIMOIHSIIN MO0 COOTHOILEHUSM ONBITHON pa3pyllarolieil mornepeyHoi Cruilbl OMBITHBIX
00pa3LoB Pa3IMYHOTO CEUCHHS M €€ PAaCUCTHBIX 3HAYCHUH, BBIYMCICHHBIX TI0 HOBO METOHKE
C y4eToM U 6€e3 yueTa mpoioJIbHON apMaTyphl.

IIpu pacyere NpOUYHOCTH HAKIOHHBIX CEYEHHMH YMCIIO YUYUTBHIBAEMBIX B pacueTax CTep)KHeH
NPOJOJILHON apMaTyphl B paCTSHYTOH 30HE CEYSHUS IPUHUMAITU PABHBIM JIJIsl ONBITHBIX 00pa3IoB
C MOTMEPEYHBIM CEUEHUEM: KpyTioi popmbl 1o onbitaM G. Jensen [ 1] — 6—9 crepikHeil; KONbLIEBOM
nio onibitam B. H. [1luBanosa, B. K. SIropuna [2] —2 cTepskHs mipu 00I1IeM UX Yucie 5, 1 5 CTepiKHeH
npu obrieM ux uucie 17; taBpoBoi o onbitam b. M. Ceepmiiosa, 0. JI. U3otoBa, R. Thamrin
[3, 4, 5] — Bce pacroyioxeHHbIE y PaCTSIHYTON IpaHu CTEPKHU. J[J1s1 KOCO M3rHOaEeMBbIX OIMBITHBIX
00pa3IoB KBaJpaTHOro cedeHus mo onbitam R. Thamrin [6] 9UCIIO YYUTHIBAEMBIX CTEPIKHEH
MIPO/IOJILHON apMaTyphl B paCTSIHYTOM 30HE CEUEHUs MPUHUMAIU PaBHBIM TPEM.

PacueT onbITHRIX 00pa31I0B BBIMOIHSIIH 10 ABYM BapHaHTaM: 0e3 yueTa padoThI TPOIOIbHOM
apMarypbl B pacTSHYTOH 30HE CEUYEHHsI U C yUETOM €€ padoThlI.

ConocTaBieHHe ONMBITHBIX 3HAYEHUH pa3pylIaonieil monepeyHoi cruiibl ¢ pacueTHBIMHU, BbI-
YHCIEHHBIMU 0€3 y4eTa M C y4eTOM MPOIOIbHOI apMaTyphbl B PACTSIHYTON 30HE CEUSHHUST OTIBITHBIX
00pa3oB, MoKa3aHbl Ha pHC. 3.

ITo pe3ynpraram pacueToB 0e3 ydeTa MPOAOJILHON apMaTyphl B PACTSIHYTOH 30HE CEUCHUS
cpenHee 3HAUCHUE me /Q,.. cocrasuio 0,85 mpu crangaptHom otkionenuu 0,237, a mo pe-
3yJapTaTaM pacyeToB € YYETOM MpojoibHON apmarypsl — 1,01 npu cTaHmapTHOM OTKJIOHEHHUH
0,219 (cwm. puc. 4, 5).

BbiBop,

HpeILJ'IO)KCHHaH METOAMKa pacyeTa 1o MPpOYHOCTU HAKJIOHHBIX CEUYEHHUM AIIEMEHTOB C pasiany-
HBIMHU (hOpPMaMH MONEPEUHOr0 CEUSHHS KaK C y4eTOM, TaK U 0e3 yueTa MpOoAoJIbHOW apMaTyphl
B paCTﬂHyTOI‘/'I 30HE€ CCUCHHUA 110 ITOKa3aTeJIsIM TOYHOCTU U HAAC)KHOCTHU COIIOCTaBUMa C HpHHHTOfI
B CI1 63.13330.2018 [7] MmeToauKOl pacueTa 3IEMEHTOB ITPSIMOYTOJILHOTO CEYECHHSI K MOXKET OBbITh
HCIIOJIb30BaHa AJId NPAKTUYCCKUX PACYCTOB.
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Fig. 3. Ratio of the experimental destructive shear force for test samples of various cross-section and its values
calculated taking into account (a) and without taking into account (6) the longitudinal reinforcement

in the stretched zone of the cross-section
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Puc. 4. PacnpeneneHune oTHOLLIEHUS OMNbITHON pa3pyLuatoLLeil MonepeyHomn Culbl OMbITHbIX 00pa3LL0B pasINyYHOro
CeYeHUs 1 ee pacyeTHbIX 3HAYEHWIA, BbIYMCIEHHbIX Be3 yyeTa NpofosibHOM apMaTypbl B PacTsiHyTO 30He CeYeHust
Fig. 4. Distribution of the ratio of the experimental destructive shear force for test samples of various cross-section
and its values calculated without accounting the longitudinal reinforcement in the stretched zone of the cross-section
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Puc. 5. PacnpeneneHune oTHOLLIEHUS OMNbITHON pa3pyLuatoLLeil MonepeyHomn Culbl OMbITHbIX 00pa3LLO0B pasINyYHOro
CeyeHUs U ee pacyeTHbIX 3HAYEHWI, BbIYMCIEHHBIX C Y4€TOM NPOAO/LHOM apMaTypbl B PaCTSHYTON 30He CeYeHus
Fig. 5. Distribution of the ratio of the experimental destructive shear force for test samples of various cross-section
and its values calculated taking into account the longitudinal reinforcement in the stretched zone of the cross-section
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