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pacCTogdaHUA Mmexay HopmaJibHbiMu TpewmmHaMmm
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Annomauyus. Paccmompenbt coBemckue, pocculickue u eBponelickue HOpMAMUuBHble MEMOJguKU NO onpegeAerHuro 06a3o-
BOI'0 pACCMOAHUS MEXJy mMpewuHaMUu, HOPMAABHHIMU K NPOJOABHOU OCU U3rubaeMblx >XKeAe300€MOHHBIX IAeMeHMOB.
Paccmosinue mMexxgy HOPMAABHBIMU MPeW,UHAMU B U3rubaeMblx KeAe300eMOHHbIX IAeMEeHMAX OKA3blBaem CyujeCmBeHHOe
BAUSIHUE HA pe3yAbmambl pacuema no mpewuHocmotikocmu. Kpome moro, gaHHAs XApakmepucmukd MoKem npume-
HAMbLCA NPU ONpegeAeHuU gAUH CIMEePKHEBbIX KOHEYHbIX 3AeMEHMOB B 30gaidx NO MOGeAUPOBAHUIO KOHCMPYKMUBHBIX
JKeAe300eMOHHbIX cucmeM B HeAUHeUHOU NOCMAHOBKE NOCPegCmMBOM pas3bueHus hakmuieckux pa3MepoB SAEMEHMOB HA
paccmosiHua MeXXgy HOPMAUABHBIMU MPEUWUHAMU HA OCHOBE AUHEUHOro paciema om geliCMBUA HAIPY30K, BbI3BAHHBIX
coOcmBeHHKIM BecoM KOHcmpykuuli. Takoli nogxog B onpegeAeHUU pa3MepoB KOHEUHBIX SAeMEHMOB CMePKHEBBIX JKeAe-
300eMOHHBIX KOHCMPYKYUU MOXKem cmamb OCHOBOU gAfl gaAbHeUWero pa3Bumus HEAUHEUHbIX paciemoB MemogoM KO-
HEYHbIX 2AeMeHMOB. BrinoiHeH aHaAu3 NPegnoceAOK, gonyuweHull U pe3yAbmamoB paciemd HA npuMmepe KOHCOAbHOU
xeare300emonHol Oarku. TIpegaoxkeHbl aQAbMEePHAMUBHbIE HANPABAEHUA pA3BUMUA MeMmOgoB paciemd pACCMOSHUSA U
WUPUHBL HOPMAABHBIX MPEWUH XeAe300eMOHHbIX U3TuOaeMblX IAeMEHMOB.
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OMHOCUMEABHOE pacCCmosAHuUe MeXJgy mpewuHamu, WupuHa pacKpblmusa mpewuH
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IMPROVING THE METHOD FOR CALCULATING THE DISTANCE BETWEEN NORMAL CRACKS
IN BENT REINFORCED CONCRETE ELEMENTS
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INV-Stroy, Pionerskaya ul., 6-30, Podolsk 142105, Moscow region, Russian Federation

Abstract. The Soviet, Russian and European normative methods for determining the base distance between cracks
normal to the longitudinal axis of bent reinforced concrete elements are considered. The distance between normal cracks
in bent reinforced concrete elements has a significant impact on the results of the crack resistance calculation. In
addition, this characteristic can be used when determining the lengths of bar finite elements in problems of modeling
structural reinforced concrete systems in a non-linear setting by dividing the actual dimensions of the elements into
distances between normal cracks based on a linear calculation from the action of loads caused by the own weight of
structures. Such an approach in determining the dimensions of finite elements of reinforced concrete bar structures can
become the basis for the further development of nonlinear calculations by the finite element method. The analysis of
prerequisites, assumptions and calculations results is carried out on the example of free-end reinforced concrete beam.
Alternative directions for the development of methods for crack distance and crack width calculating of reinforced
concrete bending elements are proposed.

Keywords: reinforced concrete beams, crack formation, crack pitch, distance between cracks, relative distance between
cracks, crack opening width

For citation: Pekin D. A. Improving the Method for Calculating the Distance Between Normal Cracks in Bent
Reinforced Concrete Elements. Promyshlennoe i grazhdanskoe stroitel'stvo [Industrial and Civil Engineering], 2022,
no. 12, pp. 10— 15. (In Russ.). doi: 10.33622/0869-7019.2022.12.10-15

acCTosiHWE MeXIy HOPMasbHbIMU K MPOAOJIbHOM
Pocu 3/leMeHTa TPELLMHaMW — OOMH M3 OCHOBHbIX
napameTpoB [/ ONPEAESIEHUS LMPUHbI UX PacKpbl-
Ma kak B poccuickux (CIM 63.13330.2018 «CHuI1
52-01-2003 BeToHHble W ene3o06eToHHbIE KOHCTPYK-
umu. OCHOBHble MOMIOXKEHHWS»), TaK U B E€BPOMENCKHX
(Eepokog, 2 «[MpoekTupoBaHH1e ene306eTOHHbIX KOH-
ctpykumn. Hactb 1-1. O6wue npasuna v npasuna ons
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3[aHUM») CTPOMUTENbHBIX HOPMax W NpaBWnax, perna-
MEHTUPYIOLLMX MPOEKTUPOBAHWE  >KEe1Ie300ETOHHbIX
KOHCTpyKuun. B Hopmartueax CHull 11-21-75, CHull
2.03.01-84 «BeTOHHble U 3Kene3o6eToHHbIE KOHCTPYK-
LMW» MPU pacyeTe LUMPHUHbI PAaCKPbITUS HOPMasibHbIX
TPewuH BMECTO MPOMU3BEAEHUS PACCTOSIHUA MeXKay
HOPMaJslbHbIMU TPELLMHAMK Ha KO3(OULMEHT, YUHUTbI-
BalolWMi paboTy pactsHyToro 6etoHa (no CHull
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[I-B.1-62), 6bin BBEAEH 3MMIUPUUECKUH KOIDMDULMEHT,
3aBUCALLMM OT KOI((PULMEHTA apMUPOBAHUS U KOPHS
KyOHUUECKOro U3 auameTpa pacTsHyTOM apMarypbl:

w,l. —20(3,5-100p)3d. (1)

Lna HaxoXKaeHWsi PacCTOSiHUA MeXKay HOPMaJibHbl-
mu TpewmHamu B CHull 1I-B.1-62 ucnonbsosanucb
npeanocbikKu U gonyweHus npod. B. N. Mypawesa
[1] npu BbiBOAE chopmysnbl (116) ona anemeHTa B Co-
CTOSIHWM UMCTOrO U3ruba:

e nepBas TpelwuHa BO3HWKaeT B Haubonee cnabom
MecTe B CUJly HEOJHOPOAHOCTH BEToHa;

* Hanpsi>KeHWs B PacTsHYTOM BETOHE B CEUEHWHU C Tpe-
LLWMHOW PaBHbI HyIO;

* MO Mepe YAaneHUs OT NepBOM TPEeLUMHbI Hanpsxe-
HUSI B PacTSIHYTOM apmartype NajaioT, a Hanpsi>KeHUs B
6eToHe BO3pacTaloT [0 3HAYEHWH CONPOTUB/IEHUS be-
TOHa PaCTS>KEHHIO;

e HOBas CMeXHas TpeluuHa obpasyeTcs B CEUEHWH,
yOANEHHOM OT MEepPBOM TPELUHbl, Ha LOCTATOYHOM
PacCTOsiHUM LS CHUXKEHUS HaNpsi>KeHWM B apMatype
[0 BE/IMUMHDbI, OTBEUAIOLLEN HANPsXKEHUIO B BGeToHe
NPY NOAB/IEHUH TPELLIMHDI.

MpuMeHeHWe AaHHbIX NPEANOCbUIOK W AONYLLEHWUH
NS OnpefefieHnsl PacCTOsHUSA MeXAY HOPMasbHbIMM
TPELLMHaMK Bbi3blBaeT PsL BOMPOCOB M 3aMeYaHWM.
Tak, Hanpsi>KeHHOe COCTOSIHUE >KeNe300eTOHHOro 3J1e-
MEHTa B BUE YUCTOrO U3rnba Ha NpaKTHUKe BCTpeyaeT-
CSl O4YeHb PefKO W He ABnseTCs XapakTepHbiM. Mpu uc-
cnefoBaHUM BETOHHOro 3/1eMeHTa B OTCYTCTBUE NPO-
[oNbHOW paboyer apMaTypbl WM NPU HAIMUKMK KOHCT-
PYKTMBHOM [aHHble NPeAnocbIIKK He ByayT OKasbiBaTb
CYLLECTBEHHOIO BAMsHWSA. He yuuTbiBaeTcs BO3MOXK-
HOCTb U3MEHEHHWSI PAaCCTOSIHUS MEXIY CMEXKHbIMU HOP-
MasibHbIMK TpeluuHaMu. PacctosHue mexxay Hopmasib-
HbIMU TPELLMHAMU ONpeaenseTcs Ha OCHOBE Hanpsike-
HUW B BETOHE WM apMaType, U He paccMaTp1BaeTcs oc-
HOBHas ONS JAHHOrO C/lyyasi XapaKTepucTuka 6eToHa
— npegesbHas OTHOCUTENbHas AedpopMaLims.

B pabotax [2—11] comepyaTtcs npeanoXkeHus no
YTOUHEHWIO 6a30BOro PacCTosHUS MexXay HopMalib-
HbIMU TPELLUHaMH Ha OCHOBE:

* CpaBHEHWSi AAaHHbIX IKCMEPUMEHTOB U pacyeTta Ko-
3P PHLMEHTOB KOPPENSALMU OCHOBHbBIX MapPamMeTpos,
onpeaensatowmux UCKOMOe PacCTOSHUE;

e [/IMHbI aHKEPOBKM apMaTypbl U JIMHWH BIMSHUS HOP-
MasibHbIX HanNPs>KEHWH Ha BNOKKU MeXKy HOPMasbHbI-
MU TpeLuuHamu;

* 3aKMMCTBOBaHWS HOpPMATWBHOW MeToAWKU U3 EBpo-
KofZa 2 unu pa3sutus noaxopa [ 1], kotopble B HacTos-
Lee BPeMs TaK U He HallM OTPaKeHWUs B AEWCTBYIO-
LLMX HOpMaX.

B CI 52-101-2003 v panee B CI1 63.13330 aBTOp®I
CHOBa BEPHY/INCb NPaKTUUYECKH K UCXOAHOM hopMyn-
poeke u3 CHul 1I-B.1-62 ¢ HekoTopoi MoaHdmKaLu-
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el Koap(p1LUMEHTOB, BXOAALMX B pOopMyny B BULe
MHoXuTeneu, 3 CHull 2.03.01-84:
o, 3\F o,
doM—=203,5-100p)Vd — @;0,03 = /. (2)
ES ES
bazoBoe paccTosiHe Mexay TpeLLMHaMM, Hop-
MaslbHbIMW K MPOJOJSIbHOM OCU 3/1eMEHTa, COrJlacHO
CN 63.13330 onpenensietcs no chopmMyne U [OMKHO
HaxoJWUTbCA B Auana3oHe

10d, mm 10 cm < [, = o,s’ill”ds < 3)

< 40d; vnm 40 cm,

roe Ay, — nnowanb cedeHuns pactsHyToro 6etoHa nepes obpaso-
BaHWEM HOpMasibHbIX TpewwH (npu M = M ,,.) orpaHuueHa gua-
na3oHoOM

crc

2ab< Ay = by, < EX (4)
a — paccTosiHWe OT PACTSHYTOW rPaHu1 3/IEMeHTa A0 LIEHTPa TsKe-
CTW pacTsiHyTOM apMaTtypbl; b 1 i — WKMpKUHa W BbICOTa 3/IEMEHTE;
¥ — BbICOTa PaCTSIHYTOM 30Hbl; Ag 1 d — niowanb CeYeHUs U Ho-
MWHa/IbHbBIN AWAaMeTP PacTsHYTON apMarypbi.

MakcuManbHoe paccTosiHue MeXXay HOpPMasibHbIMM

TpelmHaM1 B cooTBeTCTBMM C EBpokosom 2 3aBucuT
OT Luara NPoAo/bHOW pacTaHyToW apMatypbl (06o3Ha-
UeHWs Janee NPUHATbI COrnacHo BbiparkeHusaMm (3) u
(4)), 7. e. no cyTH uUcnonbayeTtcsa AUddepPeHLUPOBaH-
HbIM MOAXOA, ANS Pa3/IMuHbIX KOHCTPYKTUBHbIX 3J1e-
MEHTOB:
e ana 6anok, B KOTOPbIX Lar Mexpy npoao/bHOM
pacTAHYTOW apMaTypol MPUHUMAETC MWHUMAJIb-
HbIM W3 COODparkeHUH OeToHWpOBaHWUsA, He Oonee
5(a + d,/2), no doopmyne (7.11):

Ly max = ksa +kkyky d; /P peff s (5)

rae k1 — Ko3ahpULMEHT, yUHUTbIBAIOLLMI NPOdhUb apMaTypbl (Mpu
nepuoaryeckom npocune kq = 0,8); ky — koadbchrumreHT, xapak-
Tepusytowmit HOC anemenTa (npu usrube k, =0,5); k3, kg — amnu-
prueckue koadpcpuumenTsl, k3 = 3,4 n k4 = 0,425;p , .r — KO3h-
(PULMEHT, YUMTbIBAIOLMI COOTHOLIEHWE MOLAAeH PacTAHYTbIX
apmartypbl U 6eToHa, p , . = As/Ap; Ay — 3cpcpexTusHas nno-
Wwafb pacTaHyToro 6eToHa, OKpyyKaloLLero apMaTypy 1 npuHUMa-
emasi HauMeHbLUeW U3 CnedyloLnx 3HadeHui 2,5a, nnm (h—x)/3,
unu h/2; X — BbicoTa CKaTo 30HbI GETOHA B NPefe/IbHOM CTaanK;

e I/ NJNT, B KOTOPbIX LUMPUHA PACKPbITUS TPELLMH
Ha yyacTKax Mexay npofoJ/ibHOM apMatypoi bosblue,
uem B61MU3U Hee, no dopmyne (7.14):

lymax = 13(h = x). (6)

Cnepnyet oTMeTuTb, uTO B psife cnydyaes B EBpokope 2
LOMYCKaeTCsl He BbINOJIHATb pacyeT Mo OrpaHUYeHUIo
LUMPHHBI PACKPbITUSI HOPMaJIbHBIX TPELLMH, TaK XKe Kak
nen. 1.11 CHull 2.03.01-84.

Onpenenvm 6a30Boe paccTosiHie MeXay HopMasib-
HbiMK TpelmHamu cornacHo CI 63.13330 Ha npumepe
KOHCO/IbHOMW Hanku.
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e

HaHo: nonepeuroe ceuenne 30x50(4) cm, anuHa
nponeta /[ = 3 M, pacyeTHas BHELUHAS COCPEAOTOYEH-
Has cuna Ha cBobofHOM KoHue KoHconn P = 60 kH,
OCpeHEHHbIA KOIPMULMEHT HALEXHOCTH MO Harpyake
Y f.red = 1,2, BETOH KnNacca npouHoCTH Mpn OKaTHH B25,
pacTsHyTas apmatypa 3222 A500, A, = 11,4 cm?,
a = 5 cm, okatas apmatypa 2012 A500, Al = 2,26
cMZ, @' = 5 cM, BbicOTa PacTAHYTOM 30HbI OeToHa
yi=24,2cm (npu M = M ,.). Toraa uckomoe paccro-
SIHWe COCTaBMT:

2ab =300 cm2< A,, = by, =726 cm? < )
b2/1_ 750 cm?;

22HHM10CM<IS=051712322— (8)

=70 cm < 88 nnm 40 cm.

Takum 0bpasom, npu pacyeTe LUMPUHbBI PACKPbITHS
HOPMaJIbHbIX TPELLMH Ba30BOE PACCTOSIHUE MEXAY HH-
MM OO/IKHO NpUHUMATbCs paBHbiM 40 cM U npakTHyec-
KM HUKaK He 3aBMCHUT OT MEXaHWYECKWMX XapaKTepw-
cTuk betoHa. Hanpumep, npu ysenuueHun knacca be-
ToHa fo B30 u aHanornuHbix napamerpax apMMpoBa-
HUsl BbICOTa PaCTSHYTOM 30HbI 6ETOHA B MOMEHT 0bpa-
30BaHUs TPELLMHDI YBeNWYMBaETCS Bcero Ha 1 MM, uto
HEe OKa3blBaeT B/IUAHUS.

Llna cpaBHeHWs MonyyeHHOro pesynbrata C MeTo-
ankor CHull 2.03.01-84 BbluMcaMM  KO3DPULIMEHT,
yuuTbIBaIOWMI paboTy pacTsHyToro GeToHa Mexay
HOPMaJIbHbIMK TPELLLUHAMM:

_ 1 O 8 MCI‘C
M

ser

20(3,5 - 100u)3 d =

28,9
150

=0,85<1; (9)

(10)
11,4

3h o =
30. 45}/ =149 cm.

[na cpaBHeHUs NoONlyyeHHOro pesy/bTata C MeTo-
nuvkon Espokopa 2 HeoBX0AMMO BbIUMCAUTL KO3D(H-
LIMEHT, ONpPeaensiowMi npumeHeHe dopmyn (5) nnm
(6):

5(a+d;/2)=5(5+2,2/2) =30,5cm > 10 cm.

CneposatenbHo, no dopmyne (5) nonyunm:

= ksa + kikykyd, Ay, | Ay

= 20(3,5 -100

/

s, max

=34.5+0,8-0,5-0,425-2,2-12,5/11,4 = 17,4 cm.

MNo pesynbratam cpaBHeHUst popmyn (8) u (11) Bua-
Ho, uto metoguka CI 63.13330, aHanornuHas Espo-
Kofly 2 6e3 yueta KoappuupueHToB kq U ky, cyuiect-
BEHHO yBe/iMunBaeT 6a30BOe PacCTOsHUE MeXy HOp-
MaJibHbIMU TPELLIMHAMM, UTO, OUEBMAHO, BELEeT B Npo-
LlecCe BbIYMC/IEHWM K YBEJIMYEHMIO LUMPUHBI MX pac-

(1)
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KpbiTus. Takke cnedyer OTMETWUTb, UTO pPe3y/bTaTbl
BblumcsieHni no cpopmynam (10) u (11) oueHb GAM3KK
Mexay cobor u BGa3upyloTcsi Ha AaHHbIX MHOMOYMC-
JIEHHbIX WCMbITAHWH.

Lpyroi BaXKHbIM acnekT npumeHeHusi 6Hasosoro
paccTosiHUA MeXXAy HOPMasibHbIMU TPELLMHAMU — KO-
NIMYECTBO Pa3BbUEHWH WU [/IMHA CTEP>KHEBbIX KOHEY-
HbiX 3/ieMeHTOB (K3J) npW BbINOSHEHWU pacyeToB C
y4EeTOM (PU3MUECKOW HEeNMHEMHOCTH, obpa3oBaHWs U
PacKpbITHSi TPELLUMH B MNPOrpaMMHbIX KOMIMJIEKcax Ha
6a3e MK3 unu nMHeapr3oBaHHbIX pacyeToB ¢ U3MeHe-
HUeM U3rubHbIX >KecTkocTer K3, npepnaraembix pas-
HbIMW crneuuanuctamu. Hanpumep, B pabote npodp.
C. lO. ®uanko [12] npu pelueHun 3agaum uaruba wap-
HUpHO-onepTon Banku ceuennem 20x40(h) cm v anu-
HoW nposeTa 4 M, a TakXXe COCpefoTOYEHHOW CUJION B
cepefMHe O CPaBHEHWS C 3IKCMNEepUMEHTaIbHbIMU
JaHHbIMW W a/ibTepHaTUBHbIM METOLOM pacyerta pac-
cMatpuBanacb Mofesb MosIoBUHbI BasKK C yHeTOM yc-
JIOBWW CUMMETPUU U pa3bueHust Ha 16 KOHeuHbIX 3ne-
MEHTOB, T. €. gsnHa ogHoro KO coctasngana 12,5 cm.
Bbibop konmuecTsa pasdbueHnii oObacHAeTCA OTCYTCT-
BUEM B/IMSIHUA Ha pe3y/bTaTbl pacyeTa Aa/ibHeWLLEero
yMeHblUeHHs1 anuHbl K3.

Mpu pelueHnn Opyrux nogobHbIX 3adad Ha OCHOBe
3TOM CTEpPXKHEBOW MOAESU U HAJIMUMK IKCTIEPUMEHTAb-
HbIX [JaHHbIX CMELMaIUCTbl BbIHYXKAEHbI noabuparb
nvHy K39 takum obpasom, utobbl pesybTaTbl pacyeTa
NPOrMOOB UM UHBIX M3MEPEHHDIX MPH UCMbITaHWUSX Na-
paMeTpoB HU3UUECKOW MOLENM C JOCTATOYHOW TOUHO-
CTblO COBMafanu CO 3Ha4eHUSMU MaTeMaTHYecKOM Mo-
nenun. OueBnaHo, 4TO NpY BCEM MHOroobpasuu rabapu-
TOB 3/IEMEHTOB M MEXaHWUYECKUX XapaKTEPUCTUK mare-
pUasioB TONIbKO [/1 CTEPXKHEBbIX >KEJEe300ETOHHbIX
KOHCTPYKLMH, AOCTATOYHO CAOXHO CCHOPMY/MPOBATb
€AMHbIM KpUTEPUM Ans Ux pasbuenus Ha K3, o uem cau-
neTenbcTBytoT pekomeHgaumu [13] caenatb nofo6Hbin
BbIOOP NpH pacyeTe camocTosTesbHO. B aTol ceszm uc-
NnoJsib30BaHWe TaKoro napameTpa Kak 6a3oBoe paccTosi-
HWEe MeXOy HOPMasibHbIMU TPELLMHAMU MOXKET MoC/y-
>KWUTb BaXKHOM NPEANOCHINIKOW A5 AasibHEMLIEro pa3Bu-
TWS NOAXOJ0B M METOMOB pacyeTa.

OnpepeneHve Ga3oBOro PacCcTOsHWUS MeXay Hop-
MasibHbIMU TPELUMHAMKU B M3rMbaembix CTEpP>KHEBbIX
»KeNne3obeToHHbIX 3/1eMeHTax npeasaraeTcss BbiNos-
HATb B MEPBYIO OYepefb Ha OCHOBE AedPOPMAaLUOHHBIX
XapaKTepUCTUK BeToHa U Cnefyiolmx NPeanochiIoK:
* MepBeas HopMasibHas K NPOAOJIbHON OCH TPeLLMHA B
KOHCTPYKTUBHOM 3/IEMEHTE BO3HWKAeT B 30HE LEUCT-
BWUS MaKCMMaNbHOrO M3ruvbarollero MoMeHTa OT no-
CTOSIHHbIX Harpy3oK MNpW AOCTUXKEHWU WM 3HAYEHUS
M = Mcrc;

e OTHOCWTESIbHblE Jed)opMaLMKh PaCTSXKEHUA Ha ydya-
CTKe MeXXAy NepBOM M BTOPOW HOPMasibHbIMK TpeLLy-
HaMW MPUHUMMAIOTCS PABHOMEPHO pacnpepnesieHHbIMU
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No O/MHE PacTAHYTOM rpaHW 3/EeMEHTA U PaBHbIMU
€0d = €pr0 (C YHETOM MPOAOIKUTENBHOCTH LENCTBUS
Harpysku);
e cliepylolas HopMasbHas TpeLiMHa BO3HUKaeT Ha
paccTosiHuK, ONpPeaeeHHOM C YUeTOM XapakTepa Ha-
rPY30K, FPaHUuYHbIX YC/IOBUM, FrEOMETPUUECKHX XapaK-
TEPUCTUK U T. L.

Ha npumepe paccMOTPeHHOM KOHCOJ/IbHOM Basiku,
yKa3aHHbIX UCXOMHbIX AaHHbIX U pacyeTHbIX Npeano-
CbIJIOK MOYYUM:

1 L Opren
€red = €10 ZHIZZCCdLZ (12)
—hy Ly
1t My, Py,
e By ) S =
l_ll A Ebtlred (l_ll)Ethredljll
by, |1 By, r _112

TU-1)Eyd g 2|l (I=1)Epl 2

_ by d+h) My (+1h)

- 2Ebt]red - 2Ebz‘]redll ,

roe [ — pnvHa nponeta KOHCO/IbHOM Ganku UK paccTosiHie oT
cB06OAHOro KOHLA 0 NEPBOM HOPMasIbHOM TPeLLMHbI (B JaHHOM
cnyuae B 3apenke); /{ — pacctosHue oT cBOBGOAHOrO KOHUA [0
BTOPOM HOPMa/IbHOM TPELUMHDI; Gy ., — HOPMaJIbHbIE PacTArMBa-
IOLME HaNPSKEHWst Ha rpaHu Gasiku B MOMEHT 06pa3oBaHus
HOPMasibHbIX TPELWHH, Gy e = Mcrcyt/lred; Yt — paccrosHue ot
PacTsiHYTON rpaHW [O LEHTPa TSXKECTH NPUBELEHHOrO HOPMaJib-
HOrO CeYeHUst [O NosBNEeHUs: TpewmH; [,,; — MOMEHT WHEpLWH
NPUBELEHHOrO HOPMASIbHOTO CEYEHUs O MOSBJIEHUS TPELUMH
OTHOCMUTE/NIbHO LEHTPa/IbHOW OCH, NMepneHAUKYISPHOW MIOCKO-
CTv u3rnba; Ejp; — HauanbHbIi Mogy b ynpyrocti 6etoHa; M., —
U3rubalowmMii  MOMeHT npW 06pa3oBaHWKM BTOPOW TPELLMUHDI,
M., = P,L; P, — BHeluHss cocpefoToueHHas cuna Ha coboa-
HOM KOHLE KOHCO/MM npu 06pasoBaHWW BTOPOW TPELLMWHDI,
P =P, +AP=M,./l; P..— BHelWwHss cOCpefOTOYEHHAs CHNa
Ha CBOOOAHOM KOHLE KOHCO/H NPH 06pa3oBaHKK NEPBOM TPELL -
Hbl; AP — npupalueHue BHeLWHeM Harpy3KkW Ha CBOOOLHOM KOHLe
KOHCONH, HeobxoanMoe Ans 06pa3oBaHuUst BTOPOM TPELLMHbI.

®usmnyeckui cmbicn chopmybl (12) 3aknouaertcs B
CYMMUPOBaAHWU PacTArMBatoLLLUX OTHOCHMTESNIbHbIX [e-
chopMaumit Ha rpaHu Basku nocne obpasoBaHUs nep-
BOW HOPMasIbHOM TPELLMHbI B HEKOTOPOM JWanasoHe
no AjvHe (LN onpenesneHus COOTBETCTBYIOLLErO OT-
HOCHTENIbHOTO YAJ/IMHEHWs)) fO 0bpa3oBaHWs BTOPOM
HOPMaJIbHOM TPELLMHbI HA OCHOBE U3BECTHOW TEOPEMDI
O CpefHeM 3HayYeHWW WHTErpasbHOro WCYUCIEHUS
[14]. C yueTom nonyyeHHoro BbipaxkeHus (12) paccTo-
SIHWE 00 BTOPOM HOPMasIbHOM TPELLMHbI COCTABUT

_ Mcrcytl _
2Epl regepo —Meeye  2E w1 reapio 1
MCI‘CyI

Torpa 6asoBoe paccTosiHMe MexKay NepBOW W BTO-
poW HOPManbHbIMW TPELLMHAMU OMNpPEenENserTcs Kak
pa3HoCTb

l

.(13)
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I =1-1,.

C yyeToM McxofdHbIX JaHHbIX U MPU WCMO/Ib30BaHUM
NOCTOSIHHOTrO 3HayeHus €,,, = 0,0001 pns Harpysok
HENPOO/IKHTENbHOIO AENCTBUSA U Ntoboro Knacca be-
ToHa (B OT/MuMe OT Moayns AeddopMaLid WK Npou-
HocTH) cornacHo CI1 63.11330 nonyuum:

(14)

L = Z 3 =152 m; (15)
2-3-10 -0,003473-0,0001_1
28,9-0,242
[, =3-152=148m. (16)

310, OYEBMIHO, NMPUBOAWT K CyLLECTBEHHOMY 3a-
BbILUEHUIO PACCTOSIHUA MeXXAYy HOPMasibHbIMKU Tpe-
WMHaMK. Hanpumep, npy CHUXEHUU 3Ha4YeHus O
€p0 = 0,00007 (cHw>keHWe npepenbHOM OTHOCHTENb-
Hom pedpopmaummn Ha 30 %) 1 coxpaHeHUH ocTasnbHbIX
napamMeTpoB NOJyYUM:

I = Z 3 =2,77Twm; (17)
2-3-10 -0,003473-0,00007_1
28,9-0,242
[, =3-2,77=0,23m. (18)

lNoHsATHO, uTO NpepenbHas oTHOCUTeNbHas Aedop-
Mauus GeToHa Npu PacTSHKEHWH, KaK U Apyrve Mexa-
HUYECKHWE XapaKTEPUCTHMKM, AO/KHA 3aBUCETb OT €ro
K/jacca, M 3TO MOXET CTaTb NPeLMETOM AasibHENLLMUX
3KCnepUMeHTasIbHbIX MUccnenoBaHui. Hanpumep, ces-
3aTb 3TOT NapameTp C OTHOCWTENbHOW LechopmaLuent
GeToHa NP1 pacTsiXKeHUU, COOTBETCTBYIOLLLEN AOCTHKE-
HUIO Ry (.., YBEMUEHHOM Ha KOIHDULMEHT :
1,55

Ruvser _ 1,352~ 0,00007.
E,, 30000

Takum 0bpa3oM nonyunm paccrosHue ot ceobop-
HOrO KOHLa Ba/lki 0 BTOPON HOPMaslbHOW TPELLMHbI
M paccTosiHie MeXXay NepBOW W BTOPOM TpeLuuHaMM,
Kak B cpopmynax (17)—(18).

Lpyrum BaxkHbiM 1 6onee yHuBepcanbHbIM napa-
METPOM MOXKET cTaTb OTHOCHTeNlbHoe 6a3oBoe pac-
CTOSIHUE MeXKAy HOPMasibHbIMW TPELLMHAMH, KOTO-
poe NO3BOJIMT HaXOaUTb Ba3oBOe PaCCTOSHUE MEX-
4y HOpPMafibHbIMU TPELIMHAMHW Ha OCHOBE AJIUHbI
3/leMeHTa:

€prog = @ (19)

8l,crc = ls /l, (20)
Iy =€l (21)
N3 ebiparkenuit (13)—(14) nonyunm
Iy 1-1 / 1
=3 = =l-—=1- . (22
Chare =7 [ [ 2Ey 1 eatnio 1 22
Mcrcyt
13



CTPOWUTEJIBHBIE KOHCTPYKUWW, 3AAHUA N COOPYXEHWN

e

Basosoe paccTosHWe Mexay HopMasibHbIMK TPELLM-
HaMH B CTEPXKHEBbIX YKeNe300ETOHHbIX 3/leMeHTax Mo
aHanorMM MOXKHO OMpefesiMTb Ha OCHOBE YAJIMHEHWS
W30rHYTOM MPOJO/bHOM OCH 3neMeHTa. PaccmoTtpum
UaCTHbIM C/lyyal U3rMba KOHCObHOM Basiku

Al 1=
ho == o (23)
A\ S
roe Al — yanvHeHWe NpoaonbHON OCH 31eMEHTa; [ — AsMHa u3or-
HyTOlji I'IpO,D,OJ'IbHOI;I OCH 3/1EMEHTAa Ha 6a3e ZS'

MN3BecTHbI BbipaXkeHUs A/1s pacyeTa AJMHbl NIOCKOM
Kpveor [14] v B Hawem cnyyae s NPorubos U3orHy-
TOW NPOLO/IbHOM OCH KOHCOJNbHOW Banku ¢ cocpeno-
TOYEHHOM CUoK Ha ceoboaHoMm KoHue [15]:

I
I, = [N1+v"?2dL; (24)
Iy
PP 3L 1(LY
vVeee———|1- | 2 (25)
3Eu 1 04 21 2\
Torpa c yuetom chopmyn (24)—(25) nonyumm:
g _ PP P2 26)
- dL - 2Ebt1red 2Ebt1red -
P 2 2
=— (" -L"),
2Ebt [red ( )
/ 2
L= 1+|=———(*-I*)| dL. (27)
t [J; 2Ebt]red
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K corkanenuto, nofblHTErpasibHOe BblpaKeHWE B
dopmyne (27) He OTHOCUTCA K MPOCTbIM (PYHKLUAM,
nepBoobpasHyo KOTOPOW MOXKHO MOJTYUYHTh Ha OCHOBE
371eMeHTapHbIX (PYHKLIMIA U3BECTHbIMKU cnocobamu Ma-
TEMaTHYECKOro aHasM3a, U NoaTomy B Byayliem Mo-
>KeT cTaTb NPefMETOM AasIbHEMLUMX WUCCNedOBaHUN C
UCNOJIb30BaHWEM [PYroro UHCTPYMEHTapPHSI.

Kpome Toro, HeobxoaumMo oTMETHTb, UTO MpH onpe-
[E/IEHUN LLUMPHHbBI PACKPbITUS HOPMasbHbIX TPELLMH
6a30Boe paccTosiHWe A1 NepBOW U BTOPOM HOpMasib-
HbIX TPELMH OT/M4YaeTcs B 2 pa3a, T. €. AN NepBOH
TPELMHbI OHO AOJ/IKHO MPUHUMATLCA pPaBHbIM /2.
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LMPUKY PacCUMTbIBAEMbIX KOHCTPYKLMM A5 KOPPEKT-
HOro ONpefeNieHUs LUMPUHbI PACKPbITUS HOPMasIbHbIX
TPELLMH W NPELbSABNSEMbIX K HEW OrpaHUUYeHUH.

BoiBOp

Mouck 3aBMCMMOCTEN M yTOuHEeHWe Ba3oBOro pac-
CTOSIHUSI MeXAY TPeLHaMKU, HOPMasibHbIMK K Mpo-
NONbHOM OCH 3/IEMEHTa, U ero OTHOCHTE/IbHOW Besu-
UMHbI Ha OCHOBE Aed)OPMaLMOHHbIX XapaKTEPWUCTUK
6eToHa npeacTasnsieT cobOM aKTyanbHylO 3aauy, Tpe-
OyIOLLYIO NPOBEAEHHA 3KCNEPUMEHTaIbHbIX MCCAeno-
BaHWM Ha BeToHax U apMmaType pasfiMuHbiX BMIAOB W
K/laccoB.

Takum 0Bpa3oM, HopMaTUBHas MeTOAMKa pacyera
cornacHo n. 8.2.17 CIN 63.13330 no onpepnenenuio H6a-
30BOrO PAaCCTOSIHWUS MEX[Y HOPMaJibHbIMK TPELLMHA-
MW W LUMPHHBI MX PaCKPbITUS C YYETOM NPUBEAEHHbIX
np1UMepoB TpebyeT KOPPEKTUPOBKM.

KaK PYHKUyMs NpenernbHON pacTsknmocTtm betora //
MHxxeHepHbiM BecTHuk [oHa. 2014. Ne 3. C. 2788.

7. UBaHeHko A. H., MBanenko H. A., [NepecbinkuH
E. H., MNepecbinkuH C. E. Hanpsi>keHHo-pedopmmpo-
BAHHOE COCTOSIHME CTEPIKHEBbIX >KENne30b6eTOHHbIX
BHELLEHTPEHHO HarpPy>EeHHbIX 3NIEMEHTOB B CTaAMM Tpe-
wmHoobpazosavus // WMHHOBaumm. MeHepMeHT.
MapkeTuHr. Typusm. 2014, Ne 2. C. 162—-165.

8. [lMaHgmnos A. A., MypaiukuH B. I. YcosepLueHcTBO-
BaHHasi MeToaymKa pacyeta obupmx npornbos msrnbae-
MbIX YKere306eTOHHbIX 31IEMEHTOB C YHETOM AMCKPET-
HOro TPEeLLMHOOBPa30BaHUs!, MPUMEHNTENBHO K OBbIY-
HbIM M BbICOKOMPOUHbIM 6eToHam / / CTpouTenbCcTBo U
pekoHcTpykums. 2011. Ne 6. C. 30—42.

9. Mypawkun I. B., Mangunos . A., Mypawkur B. T.
MccnepoBaHue BRMsiHMS PAcCTOSHUA MEXAY TPeLLHa-
MM Ha Mporubbl U3rMbaeMbix KenesobeToHHbIX ane-
MEHTOB MPM KPAaTKOBPEMEHHOM 3arpy»keHum / / Bect-
HMK Bonrorp. roc. apxut.-ctpomrt. yH-ta. Cepus: Ctpo-
utenbcTeo u apxutektypa. 2013. Bein. 31(50). Y. 2.
C. 388-391.

10. KonuyHos Bn. M., Hukynun A. U., O6eprHuxmH [. B.

NMPOMBILLUNTEHHOE U TPAXOAHCKOE CTPOUTEJ/ILCTBO 12/2022



Ly

BUILDING STRUCTURES, BUILDINGS AND FACILITIES

LLipuHa pacKpbITHs TPELLMH 3Kene306eTOHHbIX KOHCT-
PYKUMI TpaneumeBMAHOro MOMepeYyHoro ceyeHms C
y4YETOM HOBbIX 3PPEKTOB comnpoTuBreHmns / / BecTHuk
BITY um. B. T. LLlyxosa. 2018. Ne 10. C. 64-73.

. Snosas FO. C., Typ B. B. 3aBucMMOCTb MEXAY LLUMPH-

HOM PaCKpPbITUS TPELLMH HOPMASbHOIO OTPbIBA U NPOrk-
6om B KeneszobeToHHbix bankax // besonacHocTb
cTpouTenbHoro coHpa Poccum: npobnemsi u peluenus
: MaTepmanbl MeXAyHapOLHbIX aKagEeMMUECKMX YTe-
Hui (Kypck, 15 Hosibps 2019 r.). Kypck : KI'Y, 2019.
C. 201-208.

. ®uanko C. FO. MNprumeHeHne MeTopa KOHEYHbIX 3ne-

MEHTOB K aHanM3y Npo4YHOCTU U HeCYLIJ,eﬁ cnocobHocTH
TOHKOCTEHHbIX ene3ob6eToHHbIX KOHCprKLlMFi C yuye-

REFERENCES

1.

Murashev V. |. Treshchinoustojchivost, zhestkost' i
prochnost' zhelezobetona (Osnovy soprotivleniya
zhelezobetona) [Crack resistance, rigidity and strength
of reinforced concrete (Fundamentals of resistance of
reinforced concrete)]. Moscow, Ministerstvo stroit.
predpriyatij mashinostroeniya Publ., 1950. 268 p. (In
Russ.).

Karpenko N. |. Teoriya deformirovaniya zhelezobeto-
na s treshchinami [Theory of deformation of reinforced
concrete with cracks]. Moscow, Strojizdat Publ., 1976.
208 p. (In Russ.).

Karpenko N. |I. Obshchie modeli mekhaniki zhelezo-
betona [General models of reinforced concrete mecha-
nics]. Moscow, Strojizdat Publ., 1996. 416 p. (InRuss.).

KarpenkoN. I., Gorshenina E. V. Method for calculating
the distance between cracks in bent reinforced
concrete elements. Befon i zhelezobeton, 2006, no. 5,
pp- 13—15. (In Russ.).

Ivanenko A. N., Ivanenko N. A., Peresypkin E. N. The
distance between cracks in bent reinforced concrete
elements based on the block model. Internet-zhurnal
“Naukovedenie”, 2015, vol. 7, no. 1.

Available at: http: / /naukovedenie.ru /PDF /
26TVN115.pdf (accessed 15.09.2022). (In Russ.).

Ivanenko A. N., Ivanenko N. A., Peresypkin E. N. Crack
resistance of reinforced concrete structures as a
function of the ultimate extensibility of concrete. Inzhe-
nernyj vestnik Dona, 2014, no. 3, p. 2788. (In Russ.).

Ivanenko A. N., Ivanenko N. A., Peresypkin E. N.,
Peresypkin S. E. The stress-strain state of the core
reinforced concrete non-centrally loaded elements at
the stage of cracking. Innovacii. Menedzhment. Mar-
keting. Turizm, 2014, no. 2, pp. 162—165. (In Russ.).

Panfilov D. A., Murashkin V. G. An improved method
for calculating the total deflections of bent reinforced
concrete elements, taking into account discrete crack-
ing, in relation to conventional and high-strength con-
crete. Stroitelstvo i rekonstrukciya, 2011, no. 6,
pp- 30—42. (In Russ.).

TOM du3mueckon HenmHenHoct. M. : CKAL COMDT,
ACB, 2018. 192 c.

. dasugrok A. H., Begskos U. UN., Kpeinoe C. b.

[ op.]. BeToHHble U Xxene306eToHHbIE KOHCTPYKLMM.
HenuHelHble pacyeTbi Npu npoekTMpoBaHun. M. : DAY
«MepepanbHblit LEHTP HOPMMPOBAaHMS, CTaHAAPTU3a-
LM M OLLeHKM COOTBETCTBUS B cTpomTenbcTee», 2017.
106 c.

. Duxrerronsy I'. M. OcHOBbI MaTeEMATMYECKOrO aHa-

nm3a. Yacte 1. CI16 : Jlanb, 2015. 448 c.

.MaBnos 1. A., Mapwwun JI. K., MenbHukos b. E.,

LllepctHes B. A. ConpoTuenenne matepmanos. Cl16 :
JNanb, 2007. 554 c.

Murashkin G. V., Panfilov D. A., Murashkin V. G.
Investigation of the effect of the distance between
cracks on the deflections of bent reinforced concrete
elements during short-term loading. Vestnik Volgogr.
gos. arhit.-stroit. un-ta. Seriya: Stroitelstvo i arhitek-
tura, 2013, iss. 31(50), part 2, pp- 388—391. (InRuss.).

. Kolchunov VL. I., Nikulin A. I., Obernihin D. V. Width of

crack opening of reinforced concrete structures of
trapezoidal cross-section taking into account new
resistance effects. Vestnik BGTU im. V. G. Shuhova,
2018, no. 10, pp. 64—73. (In Russ.).

. Yalovaya Yu. S., Tur V. V. The relationship between

the opening width of cracks of normal separation and
deflection in reinforced concrete beams. Bezopasnosf'
stroitelnogo fonda Rossii problemy i resheniya
[Safety of the Russian Construction fund problems and
solutions]. Kursk, November 15, 2019. Kursk, KGU
Publ., 2019, pp. 201-208. (In Russ.).

. Fialko S. Yu. Primenenie metoda konechnyh elemen-

tov k analizu prochnosti i nesushchej sposobnosti
tonkostennyh zhelezobetonnyh konstrukcij s uchetom
fizicheskoj nelinejnosti [Application of the finite ele-
ment method to the analysis of strength and bearing
capacity of thin-walled reinforced concrete structures
taking into account physical nonlinearity]. Moscow,
SKAD SOFT, ASV Publ., 2018. 192 p. (In Russ.).

.Davidyuk A. N., Vedyakov I. I., Krylov S. B. et al.

Betonnye i zhelezobetonnye konstrukcii. Nelinejnye
raschety pri proektirovanii [Concrete and reinforced
concrete structures. Nonlinear calculations in the
design]. Moscow, FAU “Federal'nyj centr normirova-
niya, standartizacii i ocenki sootvetstviya v stroitel'-
stve”, 2017. 106 p. (In Russ.).

. Fihtengol'c G. M. Osnovy matematicheskogo analiza

[Fundamentals of mathematical analysis]. St. Peters-
burg, Lan' Publ., 2015. Part 1. 448 p. (In Russ.).

. Pavlov P. A., Parshin L. K., Mel'nikov B. E., Sherstnev

V. A. Soprotivlenie materialov [Resistance of mate-
rials]. St. Petersburg, Lan' Publ., 2007. 554 p. (In
Russ.). =

CANT XYPHANA «MPOMbILUNEHHOE M TPAXOAHCKOE CTPOUTENILCTBO»: www.pgs1923.ru

12/2022 TMPOMbILWLJIEHHOE U TPAXAOAHCKOE CTPOUTE/ILCTBO

15



