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B cmamve paccmampueaiomest pesyiomamsl IKCNEPUMEHMANbHBIX UCCAEO06AHUI N0 OYeHKe Niowaou
nonepeuHo20 cedenus npoooabHON paboyeil apmamypul u kiacca 6emoHa 8 #cene300emOoHHbIX DAIKAX C UC-
HOTB306aHUeM sUbpayuonHoco memooa. 1o pezynsmaman OUHAMUHECKUX UCHBIMAHUT 2PauuecKy NoKA3a-
HO, YMO NI0WAOb NONEPEYHO20 CeYeHUs NPOOOJbHON padoueli apmamypvl 8 cene300emOHHbIX OaIKax
QDYHKYUOHAIBHO C6230HA C UX OCHOBHOIL (Uil NEpEoil Pe3OHAHCHOT) YaACmomoi Koaebanuti u NOCMpoeHvl
COOMEeMCmEYIoufue annpoKCUMUpyiowue QyHrkyuY, no3eonsouue Ol 6an10K KOHKPEMHO20 MUund Noay4ams
oyeHxy ouamempa paboueli apmamypel. Ilo pezyremamam meopemuueckux u IKCNePUMEHMATLHBIX UCCTe-
Qo6aHUil MAKIICe YCMAHOBIEHO, YMO KIAce Demona PYHKYUOHANLHO CEA3aH ¢ OCHOSHOU (11U Nepeoil pe3o-

HAHCHOT) 4acmomoti koaebanuli danox.

Kanrouesnie cnosa: scenesobemonnas danka, pabouas npoooivHas apMamypd, Kiacc bemond, OCHOGHAA
uacmoma KoaeOanuli, npoooibHble KONeDAaHU, nonepeunble KOaeOaHUs.

Beeaenue. B wHacrosinee Bpems B Hamei
CTpPaHE CYIICCTBYST CHCTEMa BBHIOOPOYHOrO KOH-
TPOJISL KEAC300CTOHHBIX KOHCTPYKIHHA OaJlO4HOTO
tuna, peraameHrupyemas ['OCTom 8829-94 [1],
KOT/1a U3 KOHCTPYKIUH ONMPEACICHHON MAPTUHA BbI-
OHpAOTCSt 11 KOHTPOJS JIHINb HECKONBKO H3/C-
JUH, KOTOPBIC UCTIBITHIBAIOT METOJAOM CTATHICCKOTO
HArpyKCHUSL 10 PA3PYLICHHS, TIPH 3TOM MOIYICH-
HBIC PE3YJIBTATHl PACIPOCTPAHSIOTCS HA BCIO map-
Tnt0. Takol MeTox KOHTPOJIS SKOHOMUYESCKH HEdh-
(eKTUBCH U HE 0DCCICUMBACT JAOCTOBCPHOCTH PE-
3VIBTATOB KOHTPOJ |2, 3].

Bonee BBIrOMHBI ¢ YKOHOMHYCCKOH TOUYKH 3pPE-
HUSL U 0OJICE JOCTOBCPHBI BUOPALIMOHHBIC METO/IBI
KOHTPOJISI, KOTOPBIC MOJYYHIA MIHPOKOE Pacipo-
CTpaHEHHe, HApUMeEp B MalmuUHOCTpoeHWH [4, 5.
Oanako B HAmICH CTpPaHC B CTPOUTCIBHON HMHIY-
CTPHUH UM VACICHO HEJOCTATOYHOS BHUMAHHUC M3-3a
OTCYTCTBHSI CEPBE3HOIO TEOPSTUUICCKOrO OOOCHO-
BaHUS U METOAUYICCKOTO OOCCIICUCHUS.

MHOTOYUCIICHHBIC TCOPETUUCCKHUE U DKCIICPH-
MCHTABHBIC WCCACIOBAHUS, NPOBOAUMBIC HAYY-
HBIMH KOJUICKTHBAMH TOA PyKoBoACTBOM u B .
Kopobxo [6, 7], mokazanu, 4ro BUOPAITMOHHBIC ME-
TOABI TO3BOJISIOT OMPEACIIATh HHTCIPAIBHBIC Xa-
PaKTCPUCTUKU  KeNe300€TOHHBIX  Oanok  (mpod-
HOCTb, JKECTKOCTh WM TPCIIMHOCTOHKOCTB) MO pe-
3yJbTATAM aHAIKW3a JHHAMUYCCKUX MAPaMETPOB
KOHTPOMPYEMBIX KOHCTPYKLHK (OCHOBHAS HITH
mepBas PE30HAHCHAS YacToTa KOJCOAHWH, Jora-
puUdMHUICCKHI JCKPEMEHT 3aTYXaHHH KOJCOAHMEA).
ITO CTano BO3MOXKHBIM Oj1aroaapst YCTaHOBICHUIO
Haanuusl (QYHKIHUOHAJIPHOH CBSI3H MEXKAY KOHTPO-
JAUPYSMBIMU MAPAMETPAMH KOHCTPYKLMHA U WX JH-
HAMUYCCKUMH XaPAKTCPUCTHKAMH. bosbiioe 3Ha-
YCHHE B 3TOM IUTaHE MMEET (pyHIaMCHTAIbHAS 3a-
KOHOMCPHOCTh, YCTaHOBJCHHas B pabdotax B. W.
Kopobko [8], cormacHo KOTOpPOH: «IIPOM3BEICHHE
MaKCUMAJIbHOTO Mporuda yrpyroi OXHOIMPOICTHOM

0aKi TMOCTOSIHHOTO CCUCHHS C MPOU3BOIbHBIMHU
TPaHUYHBIMH VCJIOBUSAMH, HArpy:K€HHOM paBHO-
MEPHO pacIpeeIeHHOM HArpy3ko ¢, Ha KBaJpar
€¢ OCHOBHOH (WM MEPBOU PE30HAHCHOM) YaCTOTHI
KOJIe0aHUi ¢ TOYHOCTBIO A0 pasmepHOro ko3ddu-
OUCHTa q/m (q — WHTCHCHBHOCTh HArpy3Kd, m —
MOTOHHAS Macca Oalikv) ©CTh BEAHYMHA MOCTOSH-
Hasl, paBHas ~ 4/m»:
W00)2 ~4/n-q/m. (1)
BonpmuHCTBO M300peTeHM pa3paboTaHHBIX ©
WCTIOIB30BAaHUEM YKa3aHHOHM 3axoHOMepHOCTH B.M.
Kopobko, oTHOCATCS K K€€300CTOHHBIM MPEABaA-
PUTEIBHO HANPSYKEHHBIM KOHCTPYKLIMAM, OCHOBHOM
XapaKTCPUCTUKOM, BIISIONICH HA MOPOYHOCTB,
KECTKOCTh U Tpe]l[I/IHOCTOI\/'IKOCTL KOTOPBIX ABJIACT-
Cs CTENEHb IPEABAPUTEJILHOIO HAMPSDKEHUS IPO-
JOJIBHOM apMatypsl. st IPOTSKEHHBIX Kene300¢-
TOHHBIX ~KOHCTPYKIUH 0€3 MNPeABAPHUTEIBHOIO
HANPSGKCHUS.  apMaTypbl  MOJOOHBIMH  XapaKTCPH-
CTHKAMU SIBJSIIOTCS AHAMETP MPOJOJBHOM pabouci
apmatypsl d ;1 knacc 6erona B [9].

Mertoponorusi. /1 noaTBepskIeHUS 3aKOHO-
meprocTd (1) M uccmea0BaHUs 3aBUCUMOCTCH JH-
HAMHYCCKUX M MPOYHOCTHHIX MAPAMETPOB KOH-
CTPYKLHMH OT AMAMETpa HpOJOIbHON pabouci ap-

marypsl d u kmacca 6etona B Os11 mposeaeH sxce-

MEPUMEHT Ha 0aze APXUTCKTYPHO-CTPOUTCIBHOTO
nHCcTHTYTa [1I'Y HAyYHBIM KOJTEKTHBOM IO PYKO-
BOACTBOM 3aCIIyV:KCHHOTO crpoutens Poccum mpo-
deccopa B.U. Kopobro. s sxkcnepumenTa ObLIH
M3roToBICHEl 20 Kene300eTOHHBIX MEPEMBIUCK CO
CICAVIOIINMH TCOMETPHUYCCKUMU  XapaKTepPHCTHU-
kamu: 1 = 2590 mmv; b = 120 mm; h = 140 mm. Macca
nepembraek m & 109 kr. Jlast Gospineti HarsIHO-
CTH BIHSHUS Kjacca OCToHA W guametpa pabouci
apMarypel Ha AWHAMHYECKHE Xapakrtepuctukd, 10
KOHCTPYKIMHA NMPOU3BEACHB C OJUHAKOBBIM apMa-

53



Becmuux BI'TY um. B.I'. Illyxosa

2016, Ne5

TYPHBIM KapKacoM, COCTOSIIMM H3: pabodeit apma-
Typel A400 d, = 12 MM, IPOBOIOYHOM apMaTyphl
B500 A =20 Mm? 1 nonepedssIx csaseit B500 A =

13 MM? | HO ¢ pa3HBIMH KJIaccaMu GETOHA TI0 MPOY-
voctu (B7.5, B15, B20, B22,5, B30), no 2 kaxaoro

tuna, Apyrue 10 ¢ oAMHAKOBBIM KiaccoM OETOHa
B15, Ho ¢ pasHBIME quaMeTpamMu pabouux apMaTyp
d; (8,10, 14, 16 u 18 Mm), o 2 xaxa0r0 THIA.

DKCHCPUMEHTAIBHBIN CTCH/ U mpubopHas Gasza
TIPEICTABICHEI HA PUCYHKE 1.
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dopmel Me-26 Lv-103

Puc. 1. Cxema ycTaHOBKH IPpUOOPOB KOHTPOIA Ha Oasike: 1 — 0OBEKT KOHTPOILS,

2, 3 — MoJIBMKHAA U HENOJBIKHASA IApHUPHEIE ONIOPEL, 4 — 3lIeKTpoJuHaMudeckuii BUOpoBo3OyautTens 11076;
5 — I3MEpUTENBHEIE BUOPAIIMOHHBIE JaTYUKK;, 6 — CHIOBAsA YCTAaHOBKA BUOPOBO3OYAUTENS;, 7 — CHIOBBIE OLIOPHL.

Jis ompeneneHust TOCTOBSPHOCTH PE3yJ/bTa-
TOB JKCIICPUMCHTOB, MPHUMCHSINCh METOABI MaTe-
MAaTHYCCKOH CTAaTHUCTUKKA MO 00paboTKE pe3y/ibTa-
TOB uctbITanuit. M3 061ero oosemMa CTPOUTEIbHBIX
KOHCTPYKITHH OBLTH BEIOPAHBI HEKOTOPHIC, KOTOPHIC
MOABEPIJIUCh JACTANBHOMY CTATHCTHUICCKOMY HC-
CICMOBAHHIO, IO PE3YIbTATAM KOTOPOrO ObLIT OMU-

Hna vcnoeiTanuii Obina BeIOpaHa Oanka b-1-1
cepun 211B26-4 ¢ uenapio ompeaciacHus €€ CoO-
CTBCHHOM 4acTOTHl Konebanuii. McnbiTanus nposo-
JUIACh MHOTOKPATHO NMPH PA3HBIX BEIHYMHAX HH-
TCHCHBHOCTH BHEUIHEH Harpy3ku. OOpaboTke OblTH
MOABEPTHYTHI 110 25 M3MEpPEHUH MPH KaXAOH CTy-
MCHU 3arpy:keHUs. Pe3ynbTaThl MPUBCACHHI B

caH BeCh 00BEM PE3YIBTATOB IKCIICPUMEHTOB. tabdn. 1.
Tadruya 1
PesynbTathl 00paGoTKH AAHHBIX HCNBITAHUI
Benuaunel Harpyxe- -

Hus, P, K%PY x,Tn D o Oy H X, I %
0 20,508 0,0058 0,076 0,0152 0,0314 20,508 * 0,15

17,784 +
0,3823 17,784 0,0039 0,062 0,0127 0,0263 0.0263 0,15

15,824 +
0,7646 15,824 0,0061 0,078 0,0156 0,0322 0.0322 0,2
1,9265 12,88 0,0408 0,202 0,0404 0,0835 12,88 £ 0,0835 0,65

3HAUCHUC MOBCPHUTCIBHOW BEPOSATHOCTH HPH
Harpyske P = 1,9265 xH orHOCHTEIBHO BETHKO H3-
3a TOSABJICHUS VIIPYTO-TUTACTHUYCCKUX AchopMannii
B HCIBITBIBACMON KOHCTpyKumH. [lo pesynabpraTam
CTATUCTUYCCKON 00pabOTKH OBLIO OPUHSATO PeIic-
HUC O AaTbHCUINIEM OJHOKPATHOM H3MEPCHHH BE-
JVYHH B TCUCHHE BCETO 3KCIICPUMEHTA.

JKCIIEPUMCHTANBHBIE OATKH HArPYKAITUCh IO
caenyromeii cxeme: 0 %, 20 %, 40 %, 60 %, 80 %,
90 %, 100 % wu gance uepes 10 % ot pacucTHOMI

HAarpy3KH TPEHIMHOOOPA30BAaHHUA [0 MOSBICHHS
tpewuH. 3atem 20 %, 40 %, 60 %, 80 %, 90 %,
100 % u manee uepe3 10 % ot pacuerHO# paspy-
H.IaIOH.[eﬁ HAarpys3km a0 MOABJICHUA IMPU3HAKOB Pas3-
pymenns. Ha xaxnoi cryneHn 3arpyxeHus U II0-
CJIE CHATHS pa3pyLIAIOIEH HArpy3KH ONPEACTIIIICH
CIEIYIOMHNE MapaMETPhl: OCHOBHAs YacTOTa CBO-
OoxHBIX MONEPEUHBIX KoneOaHmi f ., ; pe3oHaHC-

, Jora-

Has 4YacTOTa MPOAOJBHBIX KOICOAHHI fnp ;
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PUPMHUICCKHI ACKPEMEHT 3aTYXaHUS TMONEPEYHBIX

xonebanuii &, ,; Mporud w OT PaBHOMEPHO pac-

MPCACICHHOW HArPy3KH ¢; Takke (UKCHPOBAIUCH
HArpy3Kkd TpemuHOoOoOpasosanus P, . W paspyie-

Hust P

PesyabTaTtel ucciaenoBanus. OgHHUM U3 OC-
HOBHBIX PE3VIIbTATOB SKCICPHUMCHTAIBHBIX HCCIIC-
JOBaHUH MEPEMBIYCK SBHIOCH MOTYUCHHE OIBITHBIX
3aBHCHUMOCTCH JUHAMUYECKHX W NMPOYHOCTHBIX Xa-
PaKTEpUCTUK OT AuaMeTpa paboucd apMmatrypel U
moayns ynpyroctu OetoHa (puc. 3). Takke Obinm
MONYYCHBl APYTHE 3aBUCHMOCTH I KKIOH HC-
crnexyemoii banku (puc. 2).

AHAJOTHYHEIE SKCICPHUMCHTAIBHBIC Tpadue-
CKHC 3aBUCHMOCTH OBITM MOJYYCHBI AN BCEX HC-

CIeAyeMbIX OalloK, OHH MOATBEPXKAAIOT 3aKOHO-
MEpHOCTh (1) ¥ TPUBCACHHBIC TCOPCTHUCCKUES Pac-
cyxacHus [9, 10] ¢ HCKOTOPEIMU MOTIPABKAMH:

1 OueBmaHO, YTO YACTOTA MPOIOJBHBIX KOJC-
OaHUH VBENIUYHMBACTCA C HAPACTAHUEM HATPY3KH
BILIOTH M0 MOMCHTA TPEIMHOOOpA30BaHus (PHC.
20.). DT0 CBA3aHO C YBCIHYCHHEM MPOAONIBHBIX
HANPSDKCHHH B KOHCTPYKLHH, TOCTC TMOSBICHHUS
MEPBBIX TPCLIMH BEIHYUHA MPOJOIBHOTO HAMPSIKE-
HHSL PE3KO MajacT W MPOUCXOANT HHTCHCHBHOE
CHIDKCHHC YaCTOThI HPOJOIBHEIX KONCOaHUH. DTOT
pe3VABTAT TMO3BOJCT KOHTPOIHUPOBATH CTATUIO
HANPsLKEHHO-1e QOPMHUPOBAHHOTO  COCTOSIHUSL 11O
YacTOTE MPOAOIBHBEIX KONCOAHNH KOHCTPYKLIUH.
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Puc. 2. DxcnepuMeHTATRHEEE TpadHIecKue 3aBUCUMOCTH /IS Kele300eTonHo# Sankn b-8-1:
a) 9acTOTHI IIOIEPEUHBIX KoJIeOanuit or nmporuda; 6) 1acTOThl IPOJOILHLIX KoJeOauuit oT mporuba;
B) IorapupMIUIECKOTO JICKpEeMeHTa 3aTyXaHusA koiebanuit ot Harpysku (Psaxl s yopyroit craanu, P2
JUISL VIPYTO-IDIaCTHIECKON cTaanm); T) Iporuda OT Harpys3KH.

2 YeTkoli 3aBUCHMOCTH MEKIY JorapudpMutc-
CKHM JICKPSCMCHTOM KOJCOAHHH U  BEAUYHMHOM
HArpy3Kkyd HE BBISBICHO, HO ONPESACICHB U rpadu-
YCCKH TIOKA3aHbl HHTCPBATBI JAHHOHN BCIUYHMHBI TS
Pa3HBIX CTAAU HANPSKCHHO-IE(HOPMHUPOBAHHOTO
COCTOSIHHSI JAHHOTO THMA KOHCTPYKIIHH, ITO UMCCT
0OJIBIIOC TMPAKTHYICCKOS 3HAUCHHE MPU KOHTPOJIC
Ka4yecTBa CTPOUTEIBHONW KOHCTPYKIMH IO JIOTa-
pudMHUICCKOMY ACKPEMEHTY 3aTyXaHHs KOICOAHHIMA
(puc. 2B.).

3 Benuuuna 1/W — mponopLHOHANTEHA YACTO-
Tc KoyneOaHui, YTO YOCAMTENBHO MHOATBEPHKAAIOT
TCOPETHYECKUE BBIBOJBI, MOIYICHHBIC B pabote [2]
MPY YCTAHOBJICHUH (DYHKLUOHATLHOW 3aBHCHMOCTH
f—w (puc 2a.).

4 TlosBicHHE TPELIUH B PACTIHYTOH 30HE O¢-
TOHA CYILIECCTBCHHO HE CKAa3bIBACTCH HA M3MCHCHHU
OCHOBHOH 4YacTOTHl HONCPECUHBIX KOJICOAHHH, Tak
JKE KaK M MOSBJICHUC TUIACTHYCCKUX AcopMariii B
OcToHe u apmarype. 3akonomepuoctu f —qu f— w
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ABJIIOTCA MOHOTOHHO Y6LIBaIOH.[I/IMI/I BILIOTh A0
paspyIICHHS KOHCTPYKLIMH (pHC. 2a.).

AHamm3 pe3yabTATOB  OKCICPHUMEHTAIBHOTO
HCCIICOBAHUS KCIC300CTOHHBIX OAJ0K MO3BOJSCT
CACIATH CACAYIOUINS BBIBOIBI (pHC. 3):

1. VBenmuueHne auameTpa apMaTypbl U Kiacca
0OcTOHA HA CIKATHE BEJACT K POCTY YACTOTHI CBOOO -

a)
(Dnon,
o
220 4
de 200 A ds - Ornon(reop) m
kH/M o
161 Wy, 180 A ds— Onon(xen) o
MM
1,4 3% 14,1601 ds=qac
kHAMC |0 X
1,24 12 11,21
120 1 ds-qa

1 71091 4

100 4

0B18& 084
80 4

16 4 d
06 061 ¢ | /
0474 1049 49 |

0212 1021 20 . ds—wyp

0 40 40 4 o , | , , . .
8 10 12 1 16 18 dsMu

HBIX KOTCOaHHH.

2. OcHoBHas wacToTa fABMAETCA Oonee CTa-
OUNBbHOH, YeM Jorapu(pMUIECKHI JCKPEMCHT 3aTy-
XaHM KONeOAHUH XapakTCPUCTHKOW, KOTopas Me-
HACTCS MPAKTHYCCKH MOHOTOHHO C POCTOM Harpys-
KH.

6)
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Puc. 3. DxcniepuMeHTaTbHBIE TpadUIecKre 3aBUCUMOCTH JIIS TepeMbruek Tuma 211626-4: a) 3apucuMocTy TuHa-
MITUECKHAX XapaKTePUCTHK OT JUaMeTpa pabodei npo/oiIbHON apMaTyphl; 6) 3aBUCHMOCTH JHHAMUIECKAX M IPOTHOCT-
HEIX XapaKTepUCTHK OT Ki1acca OeToHa 10 IPOTHOCTH.

3 JuHAMHUYCCKUE UCHBITAHUS OajloOK TOC/e
CHATHS Pa3pyLIAIOLMICH HATPY3KH MOKA3aIHM CHIDKE-
HHUE YacTOThl KONCOAHUH M yBeIHUcHHE norapug-
MHYECKOTO JEKPEMEHTA 3aTyXaHHs, YTO OOBICHS-
€TCS TOABICHUEM OCTATOYHBIX AcOPMAaLUE.

4 DxcnepuMeHTaIbHBIC KpUBbIe © — B 11 o — d;
COOTBETCTBYIOT TEOPETHUECKHUM [3], 9TO maer BO3-
MOKHOCTb pa3paloTaTh cnocod ONpeAcICHUs AHa-
METpa apMaTypbl U Kiacca OETOHA >KeIe300eTOH-
HBIX Oanok 0€3 NpeABapUTEIBHOTO HANPSIKCHUS
apMaTtypbl MO PE3yIbTaTaM AWHAMHYSCKUX HCITBI-
TaHUU.
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Abashin E.G.
EXPERIMENTAL INVESTIGATIONS REINFORCED CONCRETE BEAMS 2PB26-4

BY THE VIBRATION METHOD

The article examines the results of experimental investigations for evaluation of cross-section area of longi-
tudinal reinforcement bar and concrete class in reinforced concrete beams at the application of vibration
method. By the dynamic testing results is graphically proved that cross-section area of longitudinal rein-
forcement bar in reinforced concrete beam is functionally connected with the main frequency lateral and
longitudinal oscillations of the beam and construct the corresponding approximating functions, allow to re-
ceive the cross-section area of longitudinal reinforcement bar for a particular type of beams. By the theoret-
ical and experimental investigations results is proved that concrete class is connected with the main (or the
first resonance) frequency of beam vibrations.

Key words: reinforced concrete beams, longitudinal reinforcement bar, concrete class, the main frequency of
vibrations, longitudinal oscillation, lateral oscillation.
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