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AHHOTaumA. Llenbio JaHHOM CTaTbsl SIBNSIETCS pa3BUTME TEOPETUYECKMX OCHOB OLIEHKM
HECYyLLEeN CMOCOBHOCTUN KOHCTPYKLMIA C MCMOSIb30BaHMEM BUOGPALIMOHHOIO METOAA, YCTaHOBNIEHNE
TOYHOrO 3HAYEHWS MONTOXKEHUS HEMTPANbHOW JIMHUM B NPOLIECCE SKCMNJTyaTaLMM XKeNe306ETOHHbIX
KOHCTPYKUMI. B xoae nccnenoBaHusi NMPUMEHSINNCE METOAbI MaTEMATMYECKOrO MOAE/TIMPOBaHMS,
OCHOBAHHOIO Ha W3BECTHbIX TEOPETUYECKMX BbIPAXEHMWSIX, W CpPaBHEHWE MOMYYEHHbIX
pe3yNbTaTOB C 3KCMEepUMEHTasNbHbIMM AaHHbIMW. B paboTe paccMmaTpmBanmnCb KOHCTPYKUMM C
pa3HbIM YPOBHEM HECYLLEN CMOCOBHOCTM, @ MMEeHHO 6anka 6e3 aedekToB, 6anka ¢ HEGONbLUNMMM
TpewwmHaMm 1 6anka ¢ MarucTpanbHON TPELMHON. MonyyeHHble 3KCNepMMeHTabHbIE 3HAYeHNs
OCTaTOYHOW BbICOTbI CEYEHUSI BETOHA M BbICOTbI CXKATOM 30HbI AOCTAaTOYHO TOYHO COBMAAAIOT C
AAHHBIMW MaTEMaTUYECKOro MOAENMPOBaHMS ANs 3TUX XapaKTeEPUCTUK. MonyyYeHHble pe3ynbTaThl
NO3BONAT NPUOIN3UTBCA K PELLEHMIO 3aAavu TEeOPEeTMYEeCKOoro 060CHOBaHUS BUMOpPaLMOHHOrO
MeToda 06cCnefoBaHMs Kene306eTOHHOM KOHCTPYKUMM, YCOBEPLIEHCTBOBaHMSI METOAOB €ro
NpoBeAEHUs U NOBbILEHNS TOYHOCTU MOJSTyYaeMbIX pe3yfbTaToB.

KniroueBble cnoBa: Hecywasi CNocobHOCTb, BMOpPALUMOHHBLIM MeToA, Xene3obeTOoHHble
KOHCTPYKUMK, aedeKTbl.
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Abstract. The objective of this article is to develop the theoretical foundations for assessing
the load-bearing capacity of structures using the vibration method, to establish the exact value
of the position of the neutral line during the operation of reinforced concrete structures. The
following methods were used in the study: mathematical modeling based on known theoretical
expressions and comparison of the obtained results with experimental data. The paper considered
structures with different levels of load-bearing capacity, namely a beam without defects, a beam
with small cracks, and a beam with a main crack. The obtained experimental values of the residual
height of the concrete cross-section and the height of the compressed zone quite accurately
coincide with the data of mathematical modeling for these characteristics. The results obtained
will allow us to approach the solution of the problem of theoretical justification of the vibration
method of inspection of reinforced concrete structures, improve the methods of its
implementation and improve the accuracy of the results obtained.

Keywords: load-bearing capacity, vibration method, reinforced concrete structures,
defects.

LLinpokoe npuMeHeHWe ene306eToHHbIX KOHCTPyKumi (DKBK) B KayecTBe Hecyllero
OCTOBA 31@HWU Ha4anocb NpMMepHo ¢ 60-x ro/I0B NPOLLIOro Beka U HacuuTbiBaeT 6onee 70 nerT.
3a CToNb ANUTENbHbIA NEPUOA SKCNTyaTauun B KOHCTPYKLUMAX NOSBUANCL AeEeKTbl Pa3/IMyYHOro
TMna. B HacTosiwee BpeMsi, OAHMM M3 aKTyasbHbIX BOMPOCOB SIBASIETCS BOMPOC OLEHKN WX
TEXHMYECKOro coctosHus B cootBeTcTBMM € TOCT 31937-2024. Mcnonb3oBaHWE COBPEMEHHbIX
NpMbopoB HepaspyLlalWwmMx MEeTOAOB KOHTPONS MO3BOASET OnNpeaensTtb nub  (U3NKO-
MexaHuyeckme xapaktepuctukm XBK, 1 noToM ¢ noMoLbio pacdETHLIX (OpMy OLEeHMBaTb MX
HECYLLYt0 CNOCOBHOCTb. OAHMM U3 CNOCO60B OLEHNBAHMS HECYLLEN CMOCOBHOCTM KOHCTPYKLIMM,
6e3 NpUMeEHeHNs pacUYETHbIX METOAOB, SIBNSIETCS BUOPALUMOHHBIA MeToA [1-3].

Ana TeopeTnyeckoro 060CHOBaHUSI BMOPALMOHHOMO MEeToAa HepaspyLUaloLWero KOHTpOss
)Kene3obeToHHbIX KOHCTPYKUMI [1, 4], NyTeM U3MEpPEHUsT YacTOT KonebaHui 1 reoMeTpUYEecKmx
NapaMeTPOB KOHCTPYKLUN HEOBXOAMMO TOYHO NMOHUMATb B KAKOM CTeneHn B paboTte aaHHoM XKBK
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3a[EMCTBOBaHbl ee 3neMeHTbl. Kakas [Jons Harpysku npuxoauTcs Ha OeToH, a Kakas Ha
apMaTtypy?

KntoyeBbIM MapaMeTpoM Ansi ONpeAeneHus 3TUX COOTHOLIEHWWA SIBNISIETCS MOJSIOXKEHME
HENTPaNbHOW JIMHUM CEYEHMSl, WM BbICOTA OKATOW 30HbI 6eToHa X [3,5]. Pacyetbl 3TOro
napaMeTpa, COrMacHO HOPMATMBHOM AOKYMEHTAUMW, MO3BOMSIOT paccunTaTb 3HaAYeHue
HENTpanbHOM NIMHUM ANSt COCTOSIHUS BIM3KOr0 K paspyLUEHMIO KOHCTPYKLMKM, YTO HE NPUEMSIEMO
ANS Uenen AMarHoCTUKM.

CornacHo CI 63.13330.2018 npoCTpaHCTBEHHAs XXECTKOCTb >Xene306eToHHOM 6anku
onpeaensieTca no dopmyne:

D=Kky-Ep-T+ks-Eg-Iq, (@D

roe  E, — mogynb ynpyroctv 6eToHa;
E; — moaynb ynpyroctv apmMartypel;
I — MOMEHT MHEepLMM MOSHOMO CeYEHNS:;
[, — MOMEHT MHepuUMKM BCel NPOAOSILHOWM apMaTyphbl B CEYEHWH;
k;, — 6e3pasmepHbIit KOIDDULMEHT ANt GETOHA, BbIMMCISIEMbI NO hopMyne:
0,15
kb =T s v
¢+ (0,3 +8e)
rae ¢ — KkoahULMEHT, YUUTHLIBAIOWMIA BAUSIHAE ANMTENBHOCTU AEHCTBUS HarpysKu;
0, — OTHOCUTENBHOE 3HAYEHWE IKCLIEHTPUCKTET];

ks = 0,7 — koadbduumeHT ans apmatypbl.
3anuiLieM ypaBHEHUE XXECTKOCTU CEYEHUS XKeNe3006eTOHHOW 6arikM OTHOCUTENBHO YPOBHS
HEWTPaNbHOro CNos, Tak Kak MOBOPOT CEYEHMSI OCYLLECTBNSETCS MMEHHO OTHOCWUTENbHO 3TOM
NINHWK,

169 = 2 6 + [(hg — 8) — P, @
[(x) =g+ Is + Ag(x— a')? + Ag(hy — %)%, 3
— BbICOTa OKaTou 30Hbl,
—  rny6uHa TPeLLmHbI;
— WHWpHNHa CeYEHUS,

0 — pabouas BbicoTa 6eToHa;

scy [ — MOMEHTbI WMHEpUMM OTHOCMTENBHO CBOMX LEHTPOB TSXKECTU OKaToW M
PacTsSHyTON apMaTypbl COOTBETCTBEHHO;
A’ A, — pacueTHble NNoLWaan OKaTol 1 pacTsHYTOM apMaTypbl COOTBETCTBEHHO.

3HaueHnus Iy, I, NPUHEBPEXMMO Masnbl B CPaBHEHUM C OCTaslbHbIMU CllaraeMbiMy, MO3TOMY
NPUPaBHSIEM MX K HYJIIO U B AaNIbHEMLUMX pacyeTax paccMaTpuBaTb He byaeM.

MoacrtasmB BblpaxeHus (2), (3) B ucxogHoe BbipaxkeHue (1) nonydaem cdopmyny ans
OLIEHKM XKECTKOCTU Xene306eToHHOM 6anku B 3aBUCMMOCTM OT MOSIOXKEHUSI HEUTPANIbHOTO C0st
WK BbICOTbI CKaTOW 30Hbl 6eTOoHa:

b
D = kpEp 3~ (x4 [(h = 8) —x]°) + 4

+kEg(A's(x — a,)z + As(hy — X)z)'
Ans ynobcTea 3anvMcn BBeaeM KoaphULMEHTbI aq, a,, as:

roe

—_ S S O X

a; = kpEpb(hg —8) + ksEs(A,s + As), %)
dpy = kbEbb(hO - 6)2 + kSES(A’Sa' + Ashlo), (6)
k,E,b(h, — §)3
az = 2 (30 ) + ksEg(A'sa" @
+ Ash'3).
KoHeuHoe ypaBHEHWE 3anuLIEM B BUJE:
D = a;x? — a,x + as. (8)
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[ns npumepa BO3bMEM Xene3obeToHHyto 6anky 1MB-10-1I, XapakTepuCTUKM KOTOpOW
npeactasneHsl B Tabnuue 1. CxeMa 3arpyeHus un cedeHne 6anku npeacrasneHo Ha Puc. 1 um 2
COOTBETCTBEHHO.

Tabmmuya 1
OueHka 3(pcheKTUBHOCTU KOMIMOHEHTOB A06aBKH

£D,
Pasmepbi, MM Macca, |Es, Mrlla

L b B m ola la ¢ p [ (Mia

Mapka

Var(0

1MB-10-11 1030 (930 (120 |80 65 53 12 18 4 ho)

20 3x104 [2x105

2 g | ) L B

L
Puc. 1. PacyeTHas cxema 6anku 1 MNbB-10-1M

h
h,

a

. b

| b
Puc. 2. Ceuenue 6ankum 1 MNb-10-11N

MpuMeHnM ypaBHeHue (8) K ucxopHow banke M onpeaenvMM Te COCTOSIHWS, B KOTOPbIX
YKECTKOCTb JOCTUraeT CBOMX MUHMMASIbHbIX/MaKCUManbHbIX 3HAYEHWUI U HE MOXET BbIXOAUTb 3a
OTBeAeHHble rpaHunLbI.

YpaBHeHue (8) siBnseTcs kBaapaTHbIM, rpadmKk KOTOPOro npeacrasnset cobon napabony,
BETBW KOTOPOW HamnpaBfieHbl BBEPX, @ BEPLUMHA MMEET KoopAaMHaThl (M, n), rae

2
2-ay ©))
a,2—4-a;-ag
n=-S (10)

HeobxoanMo HalTh 3KCTpeMyMbl yHKUMK D(x, §). MpuHMMas BO BHMMaHWE, YTO BbICOTa
OKaTOM 30Hbl X HE MOXET 6blTb 60sblle OCTaTOYHOM BbICOTbI HETOHHOrO CevyeHMs NOCTPOMM
rpapukn X,,in (8) = m(8), Xpmax(8) = ho —8& (Puc. 3). lNpeBanupylowmnM yCroBMEM SABSIETCS
yClloBME MaKCMMyMa, BTOPOCTEMNEHHBbIM — YC/IOBUE MMHUMYMA. TakMM 06pa3oM, BbICOTa CXKaTon
30Hbl AO/MKHA HAXOANUTLCA B BblAENEHHON 061acTv rpaduka B 1t06OM COCTOSIHUM Hanku.

m= —
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Puc 3. O6nacTb AOMYCTUMbIX 3HAYEHUI BbICOTbI OKaTOWN 30HbI 6ETOHA

HazoBeM TpeLwmHbl, rnybrHa KoTopbix nonagaet B8 1 u 2 obnact TpewmnHamm nepeoro u
BTOPOro Tuna COOTBETCTBEHHO, U UCCNIEAYEM pacnpesesieHne HanpsXKeHU B CEYEHUN U BbICOTY
OKaToOWM 30HblI 6eToHa. NS 3TOro CMOAENMpPYeM B NporpaMMHoM komnnekce «ELCUT» aaHHble
cnyyan (Puc. 4-6), paccmaTpuBasi xenes3obeToHHyto 6anky Kak ynpyro-aedopMupyemyto
cucTemy.

Hanprkenne

Gy (10%HH7)

Puc. 4. Mogenb 6ankn 6e3 TpelwmH

0306

0607

<1 KBl

Puc. 5. Mogenb 6anku ¢ TpewwmHoON NepBoro Tmna
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Lieetoeas wkana X

Hanpsoxenne
Gy s (105H/M?)
i

2580
2.270

1.960

16451

1.341

1.031

0.7

0.4m

0102
-0.208
-0518

Puc. 6. Moaenb 6anku ¢ TpeLMHON BTOPOro T1na

Mony4yeHHble pe3ynbTaThbl NPeAcTaBneHsbl B Tabnmue 2.

Tabmya 2
Pe3yanaTb| nccnenoBaHus
Pesyibrarsl
Pe E3)V/IbTaTbl MOAE/TNPOBAHNA TeoperndecKkoro
acdera
]
R 3 3
S S 85 g5
2 T 8
T 3 Q. T 333 S T3 %3
Tun S = x § 33 28 | Refs
TELYNHBI S S 5 S TY8 3 LR :
X 3 T © S X Q Ty & S I B
~ I RS S 3 £ U°S T UQx
S| 8% | d% | 23t 3
S QT M RIS %3
T
8
bes - 60,00 29,65 53,00 30,00
TPELNHbI
”eT‘;Bn""" 23,00 37,00 27,33 35,00 27,00
BTTOMpno” 43,00 17,00 15,31 17,00 0,00

BbiBoA: TakMM 06pa3oM, C WCMOMb30BaHWEM MaTeMaTUYeCKMX 3aBUCMMOCTEN, 6binu
onpeaeneHbl rpaHULbl HAXOXAEHUS (PaKTUUYECKOrO 3HAUYEHWS BbICOThI OKATOM 30HbI 6ETOHA X,
KOTOpble NOATBEPXKAAOTCS MOAETMPOBAHMEM C UCMOSIb30BAHMEM METOAA KOHEYHbIX 3/IEMEHTOB.

MonyyeHHble pe3ynbTaTbl MO3BONAT NMPUOAM3UTBECA K pELLEeHMO 3aayn TEOPETMYECKOro
000CHOBaHMS  BMOpPALMOHHOrO MeToda 06CNeaoBaHusl  KENe306eTOHHOW  KOHCTPYKLMM,
YyCOBEpLUEHCTBOBAHNS METOAOB €ro nNpoBeAEHWS M MOBbIWEHMS TOYHOCTM MOJyYaeMbIX
pe3ynbTaToB.
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