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A.M. MyxamerminH, B.M. AHHCHMOB

HH®POPMATHBHOCTbH KOMIT/IEKCHBIX HAK/TOHHBIX
HU3MEPEHHH /A/151 OLIEHKH PHCKA BE3OITACHOH
SKCIT/TYATALIHH HECYIIHX 3/IEMEHTOB
VHHUKA/IbHOTI'O 3IAHHA LIHPKA I'. EKATEPHHBYPTA

I'poaHam3upoBaHO COCTOSIHHE HecyIlert KOHCO/IbHOM Ga/Iki YHHUKa/IbHOTO 34aHHUs, T10-
Ka3aHO, 4TO MpPH MHOTOKPATHOM IMOBTOPEHHH H3MEHSIONIMXCS Harpy30K OCTaTOYHbIe

ﬂed)OpMaLU/II/I MOIyT pa3BHUBATbCH.
KroueBnle croBa: MaKpOTpPEeILIHnHHbIe

HapyluleHHs, MHOI'OKpaTHble HarpYy3KH, IeOHH-

opMalLIOHHbBIe CUCTeMBbl, YaapHas Harpy3ka, HakK/IOHOMepHble H3MepPeHHUs .

HsBeCTHo, YTO OAHKM M3 OCHOB-
HbIX HeCYIIMX 3/IeMeHTOB 37a-
HUS LIMPKa ABSOTCs Be Ganku B-2 [1,
2,3,4, 5 u ap.]. B atux paborax mo-
Ka3aHbl MPAKTUUECKU BCe OCOOEHHOCTH
PaboThl M ACMEeKThl TeOPETHYECKHX Olle-
HOK COCTOSIHUSI YKasaHHBIX 3/IEMEHTOB
KOHCTPYKLMM 3TOro 3aaHuA. OaHako c
TOUKM 3peHUs] UHPOPMATHBHOCTH KOM-
I/ICKCHBIX HAK/IOHOMEPHBIX H3MEepPeHUI
Q7151 OLIGHKH pHCKa 6e30macHOM 3KCIIY-
aralyy HeCYIMX 3/1eMEHTOB IaHHOTO
3MaHus MoKa He NybnrKkoBanvch. Hrke
MPUBOANTCS OIMH U3 BO3MOXKHBIX BapH-
aHTOB TAKOM OLIGHKHM Ha OCHOBE IIO/y-

YeHHBIX HaMM TPaKTUYeCKHX Marepua-
/I0B 110 HAK/IOHOME@PHbBIM H3MEPEHUSIM.
B 2004-2005 rr. B Teuenue 11enoro
rofa Gbl/la BBITIO/IHEHA HerpepbiBHasA BO
BPEMEHM PervcTpalvs M3MepeHui Ha-
K/IOHA BblllleyKasaHHbIX OastokK. [ lomyuen-
Hble MaTepuasibl SBH/IMCh OCHOBOM 6a3bl
[@HHBIX /151 PellleHUs] MHOTUX BOIPO-
COB TEOPHTHUYECKOTO, MeTOANYECKOoro,
M KOHCTPYKLIMOHHOTO Xapakrepa [3, 6, 4
v ap.]. I BMecTe ¢ Tem u3 3108 MHOP-
MalIMOHHOM 6Ga3bl MOKHO M3B/1eUb C/Ie/y-
[OlIMe XapPAKTePUCTUKU AWHAMHUUYECKUX
Ko71ebaHUi 1aHHBIX Hecyimx 6anok b-2.
Paccmotpum oaHy u3 Hecyuwmx 6a-
NOK — Hauboriee MAMHHYIO KOHCO/TbHYIO
Kene3o6etoHHyio Hanky B-2

a
£09 & 604 Boicotort 3660 MM (puc. 1),
~ 3 " TonumuHa crteHok 200 MM,
s ' —t A b [ —2k IIMpYHA BepxXHero Iosca
N ] - o~ . |
Ilé 209 i ] o 201 600 mMm, HuxHero 800 MM.
= r o i O6mas amvHa 6anku B-2
& . el & = : l\ D2 18 680 mmM (ponerHas yacth
Kt - N{ ™ aniHor 8680 1 KOHCO/IbHAsA
m N
™ 3 - yacte 10 000 mm) (puc. 2).
‘T? i . A 7~ X [lponertHas uacts 6Ganku c
g, T . OMHOW CTOPOHBI OTHMpAeTcs
=5 | ?'— g o Ha e[WHCTBEHHYIO KO/IOH-
™ ["8op S 500 HY, MPOXOAAIYIO Yepes Bce
L b aTaXky U ToABazd, a C APYrowu

Puc. 1. INonepeunbie ceyeHHs1 NOBpexKAeHHOH 6aaku B-2:
a) — KOHCO/IbHasA YacTb 6aniky B-2; 6) — nporerHas yacth Ganku
B-2; T — o6nacTts pacrpocTpaHeHHs TPeLrH B Teste Gallku

CTOPOHBI B6€TOHI/IpOBaHa B
HH2KHee 1 BepXHee OINOPHbIe
KO/IblIa. l—lpOGKTHaH MapKa
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Touka perucTpanuu
HaKJIOHOB

(uny Touxa yCTaHOBK
HaKJIOHOMEPOB)

Bpema, yac

Puc. 3. HamepeHHsa npoaonbHbIX HakAoHOB 6anku b-2 B nepuoa ¢ 23.08 no 26.08



6erona M300, uto noaTBepaAHIOCH Me-
XaHWUeCKrMM wucribitadveM. CTeHky Oa-
/IOK apMHPOBaHbl XOMYTaMW W3 CTepPK-
HeBol apMatypsl 2014 A — 1L

Ha (puc. 3) mpuBeseHa HemnpephiB-
Hasi BO BpeMeHH 3aruch HaK/IOHOB KOH-
conu 6anku B-2 Baonb ee mpoaonbHOM
OCH B TEUEHHH HECKO/bKHX CYTOK, C
23.08 o 26.08 (apyrue napamerps! He
npuBoasTcs) [4].

[pyBeneHHas 3amMCh MMO3BO/ISIET Olle-
HWUTb aMITIUTYAY CMeIleHHH Ha KOHCOMU
6anky bB-2. I'puurHa maHHBIX Komeba-
HHUM MOTYT OBbITb CaMbIMU Pas/IMUHBIMHU:
OT MYHHO-CO/MHEYHbBIX MPH/IMBHBIX BO/H
[10 TeMIepaTypHbIX u3MeHeHuil. He noa-
Beprasi COMHEHHMIO HU OHY U3 YKazaH-
HBIX [IPUUYMH, OCTAHOBHMCSI HAa KPATKOM
aHa/IM3e Be/IMUWHBI KO1IeOaH .

Bo-miepBbiX, 3TO Meproarueckoe Ko-
nebaHus, MeprHoa KOTOPBIX IO HAlIKUM
OlIeHKaM cocTaBasieT okoo 24 4. B Te-
YyeHHe 3TOro BpeMeHr Oa/nKka ABaKabl
[IPOXOIUT Yepe3 3KCTPeMaslbHble TOUKH:
okorto 9-10 4 — HYKHMI 3KCTPeMyM U
okoro 21-22 4 — BepxHUIL.

Bo-BTOpBIX, MPH 3TOM B TOUKE HYXK-
HOI'O KCTPeMyMa BepxHssf [10/1Ka 6asiku
B-2 wucnbiThiBaeT pacTArvBaioliee BO3-
[IeVCTBUE, a HUXKHSS TMO/Ka — CKUMAIO-
mee. A B TOUKE BepXHEro 3KCTpeMyMa
HaoOOPOT — BepXHss MO/IKa CKUMAETCH,
a HWXKHSAS PaCTArMBaeTcs.

B-Tperbyx, yuWThIBasg UYBCTBUTE/Ib-
HOCTb HaK/IOHOMepOB (25 c¢/MB), anvHy
KoHcomu (10 M) MOXKHO OLIeHUTb Mak-
CUMa/IbHYIO aMIVIMTYAy KO/1eGaHui, KO-
Topas B CpeaHeM COCTaB/s/ia OKO/IO
60 mukpoH. [lepuon Takux koreGanwmit
KaK yKe OTMeya/1oCh Bbillle OKo/o 24 4.

TakvM 06pa3oM YCTAHOB/IEHO, UTO
KOHCO/bHBIEe 6aziku B-2  execyTouHo
[BaXKIbl TPOXOAAT PEXKUMbl PACTKEe-
HUS C CXKaTusg. B pesynsrate creayer
CUMTaTh, UTO IOC/IE U3BECTHOIO B3PhIBa
ct. CBepanoBck—CopTUPOBOUHbIN B pe-
3yrisTaTe KOTOPOTo, Kak Mbl CUMTaeM, Ha
Gankax b-2 B 3maHuK LIMPKa MOABU/IUCH
[ViaroHa/ibHble TpelHsl [7], stu 6anku

VICTTBITBIBA/IM BO3/ICHCTBHE MHOTOKPATHO
(6oree 19 000) noBTOpsIOWIENC CTATH-
YeCKOM U MepeMeHHOM Harpys3oK.

B Hamem cayuae, ecny yaapHas Ha-
rpy3ka IIpeBbllllaZia AOMYCTHMYIO Ha-
CTOMIbKO, YTO [OSBW/IMCh MaKpOTpe-
IMHHBIE HAPYIIEHUs, C/IeayeT OXUAaTh
3HAUWTE/IbHbIe CHMKEHUS [0  UHCAY
MHOTOKPATHBIX [TOBTOPHBIX HAarpy3ok.
[Ipu 3TOM MzeT cpaBHEHHE MO «...Mepe
MO/13y4eCTH. ..» O@TOHOB C «YCTa/IOCThIO
MaTepuasia», U3BECTHOIO C Havazia XX B.
[71s MeTanndeckux msaenvit. [1pu stom
M3BECTHO, YTO «YCTa/IOCThb MaTepuasia»
CKasbIBaeTCsl TP MEepPeMeHHbIX Harpys-
KaxX B BH/IE Pa3pylleHHs XPYIKOTro WU
M/IaCTUYECKOrO IpU Harpyskax (Harps-
KEHUSX) 3HAUUTE/IbHO 0Ooriee HU3KUX,
yeM B C/ydae CTaTUYECKOrO [IeHMCTBHS
Harpy3ok. A ecau 4yectb 3pdeKT «pas-
PBIX/IGHHOCTH», TO TIOYUMM CHUHKEHHE
COMPOTUB/IEHUST PA3PYIICHUIO «CTaTUde-
CKUM RpuTepwii [7].

[lpy yyere OAHOBPEMEHHOIO BO3-
[IeVCTBUS CTAaTUYECKHX U TIePeMeHHBIX,
HO MHOTOKPATHO TMOBTOPSIONIMXCA Ha-
IPY30K C/elyeT OXUAaTh 3HAUUTe/TbHOTO
CHWKEHHSI 4KC/a AOMYCTUMBIX MHOTO-
KPaTHO M3MEHSIOIMXCS Harpy3ok Ha
OAWH /W [1Ba TOPsIIKA.

PaccmoTpyM  pesynbsraThl MHOTO7IET-
HHX 3KCIIePUMEHTa/TbHBIX UCCIeI0BAHUIM
[IBYX PA3IHUUHBIX OOPasLoB: a) — MpH-
3Mbl U3 6eroHa, 6) — KYOHK U3 GeToHa
(puc. 4).

OueBuaHo, UTO OOpasell U3 MPU3MbI
He BblAepKasZ MHOTO/IETHHX MCIBITAaHUM
B CH/TY KOCOYro/IbHOM cuMMerpui. Ky-
Ouueckuit obpasell, UMeBIIHH ropas3ao
foree HU3KWI ITpesen MPOYHOCTH BHI-
fepXas 3HauuTe/lbHOe Oo7blliee YMCIO
Harpysok.

[1o cHx Mop MBI Belld aHa/ll3 COCTO-
AHUs Ganku B-2 B ocHOBHOM Kak arie-
MeHTa, paboTaiollero Ha cxartve, T.e.
6e3 yyera MMEIOMMXCH TPeurH. Tak
cAenaHo /Wb TIOTOMY, UTO HM OAHOM
CKBO3HOM TPEIIMHBI He OOHapY&KeHO 10
CHX TI0op.

159



a)
yn ’h‘
607 50
910" o o0t
s B
i) 2
.‘§ gg/"—‘"‘ .
200718 8l - 20
-~ Mpusma P, l
p R =200x2/cr?
A F 1 4 $
g 41 Q2 4J ¢4 §5 26470

Yueno nadmopemuu natpydau n

J20000

\
N\zvzam

1)

8 A

/

RS

. F 4
ﬁ!g 110 xe/owe

1 [\ " 4 {
¢ Ar 47 4T Q9 a5 46 47 05 T 1

Yueno nodmepenul notpyseu n

Puc. 4. KpuBble pa3BHTHA OCTaTOYHbIX AepOpMaLMH MOA BO3AeHCTBHEM MHOTOKPATHO
MOBTOPSAIOLIEHCA Harpy3KH B 3aBHCHMOCTH OT YHC/Ia ee NoBTopeHHsa «n» (mo A. Hanaw )
a) — no aaHHeM Mocuaa; 6) — no aaHHeIM Memerns

B 3zakrmouenue OTMETHUM, UTO BbIlIe-
MpUBEZIeHHble MaTepHasibl C AO0CTaTO4-
HOM TTO/THOTOM ITOKa3bIBAIOT HACKO/IBKO
BaxXHO CBO€EBpPEeMeHHO HaiMHaTb MOHH-
TOPHHIOBbIE HabMOAeHWsT 3a COCTOS-

HUEeM HeCYIIMX 3/IeMEHTOB 3aHus Ha
OCHOBE HAK/IOHOMEPHBIX M3MEpPEeHHi C
TTOMOIIBIO UCIIBITAHHBIX MMPHUOOPOB, TaK
Kak OHM o001analT Haubonblled WH-
dOPMaTUBHOCThIO.
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INFORMATION CONTENT OF COMPREHENSIVE INCLINED-PLANE MEASUREMENT
FOR OPERATIONAL RISK ASSESSMENT IN SUPPORT STRUCTURES
OF THE UNIQUE BUILDING OF EKATERINBURG CIRCUS

Mukhametshin A.M., Doctor of Geological and Mineralogical Sciences, Professor,

Full Member of Academy of Mining Sciences,

Chief Researcher of Mining Institute of Ural Branch of Russian Academy of Sciences, e-mail: amik-it@e1.ru,
Anisimov V.M., Candidate of Technical Sciences,

Head of Department, STK LLC .

This article contains some results of the experimental and analytical studies executed by authors in 1997-
2005 directly on the basic bearing elements of the specified building. In this case, the authors have used serial
geophysical devices (seismographs, seismic receivers, registrars, etc.), and also the original IN-D3 tiltmeters
made by JSC Gorizont (Moscow). The purpose of the research, ultimately, was to assess the possibility of
the building operation by purpose at observance of safety rules for his visitors. Authors show that B-2 Beam
which is already broken by diagonal cracks continues to work in the mode of elastic fluctuations [1-7]. But,
as it is known from works of A. Nadai, Ya. V. Stolyarov, O. Ya. Berg and other scientists, the durability of
concrete and ferroconcrete designs is a final value. This value can be rather big, but after all it's final. From this
it follows that the organization of monitoring supervision is not simply a duty, but even a vital need for safety
of this construction. It is shown that the information content of complex tiltmetric measurements is sufficient
to eliminate the risk of a safe operation of the most important load-bearing elements of the circus building.

Key words: macro-fractures, repetitive loading, geoinformation systems, impact load, inclination measure-
ments.
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