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Jlnst MOHOJITHMX peOPUCTHX IEPEeKPUTTIB CHIIOCIB XapakTepHa poOOTa NpH 3HAUYHHUX
KOPHCHUX HaBAHT)XCHHSX, IIMKIIYHOCTI HOro mpukiageHHs. [t Takux CIopyll, BpaXOBYIOUH X
crerbiky, MOXIHBE [EPEBAHTAKCHHS IEPEKPHUTTIB. Y JMaHOMY BHIAAKY, IOCTA€ 3aBIaHHSI
KOHTPOJIIO TEXHIYHOTO CTaHy NEPEKPUTTSA y IPOIeCi IUKIIB 3aBAHTAXKCHHS — PO3BAHTAKCHHS
cuiocy. st SIKICHOTO KOHTPOJIIO, 13 OAHOrO OOKYy CIiJl MaTh JOCHIAHI JaHi Hampy)XeHO —
nedopMOBaHOrO cTaHy, a i3 IHIIOrO — a/IeKBaTHY YHCIOBY MOJEINb, Ka O 13 IOCTaTHIM CTYICHEM
TOYHOCTI MOZeJTIoBaNa (JaKTHYHUH HATIPYKEHO — Ne(h)OPMOBAHHI CTAH IIEPEKPHUTTS.

Cuioc st 36epiransas 500 tuc. kH mykpy — MiCKy CKIaJIa€ThCS 13 MiJCHIOCHOTO TOBEPXY,
SIKAl BUKOHAHO 13 MOHOJIITHOTO 3a/li300€TOHY; BJIACHE CHJIOCY, SIKHH SIBJIA€ COOOI0 LITIHAPUYHY
CTaJlIeBy HECydy KOHCTPYKIIIO i3 BHYTPINIHIMH peOpaMH JKOPCTKOCTI; HaJCHIIOCHOTO OyHKeEpy;
rajiepei MoJaBaHHs [yKpY; MaaeBOro GyHIAMEHTY 3 POCTBEPKOM.

3anizo0eToHHEe peOpHCTE MEPEKPUTTS, € CKIAJ0BOI0 YAaCTHHOIO MiJCHJIOCHOIO MOBEPXY, 1
SIBJIIE  COOOK0 MOHOJIITHY KOHCTPYKIIFO JiamMeTpoM 45 M, siKa CKIQJA€TbCs 13 MOHOJITHOT
3a1i300€TOHHOI IIUTH TOBIMMHOK 430MM, oOpamieHOi IO 30BHIIIHBOMY KOHTYPY KLIBIIEBOIO
oankoro (bkl) Bucororo 955mm, monomitHux Oanok (B1...B9) Bucororo 770MM, po3MillIEHUX 110
ciTui KoJoH i3 kpokom 4,0x4,0m, nepepizom 800x800, 1000x1000, 800x1000mMm.

JocnigHa 9acTHHA poOOTH, BPaXOBYIOUH MACIITaOHICTh JAHOI CHOPYAM 1 TPHBAIICTD LUKITY
3aBaHTaXXEHHS — pO3BaHTaKEHHs cuiocy (Oim3bko 10-TM MicsIiB), BKIIOYajda OTPUMAaHHS
EKCIIEPUMEHTAIBHUX BEJIUYMH HPOTHHIB MOHOJNITHHX OalOK HEHTPAIbHOI YaCTHHH TEPEKPUTTS
(tumy B9) min wac uMKIy 3aBaHT@KCHHS — PO3BAHTAXKCHHS CHJIOCY. BHMIproBaHHS NpPOTrHHIB
MOHOJITHUX 0aJIOK BUKOHYBAJIM 32 JOIIOMOIOI0 1HAMKATOPIB FOJAMHHUKOBOTO THIy (Xix 0...10MM).

HeniniiiHe MonenroBaHHS poOOTH MOHOJITHOTO IIEPEKPHTTS BHKOHAHO 3a pomomororo ITK
«Jlipa-CATIIP» [2]. ¥V npuiiHsaTiii Qi3MUHO HENiHIHHIA CKIHUCHHO-EJIEMEHTHIH MOJIeli, MOHOJITHA
IUINTA, 3a1i300€TOHHI OaJKM, 30BHIIIHS MOHOJITHA CTiHA 3MOJeNboBaHi (piznuHo HeniHiiiHuMu CE
Ne241, 242 i 244, xinbuesa O6anka ta KojoHd — (izuyno HeniHiiHuMu CE No210. PeanbHi giarpamu
nedopmyBaHHs OCTOHY i apMaTypH 3aK/IaieHl y BHUIVISII €KCIOHEHIIHHMX KPUBHX, 3QJICKHO BiJ
KJIaciB OCTOHY i apMaTypH €JICMEHTIB MOHOJITHOro nepekputrs. Kilacm GeToHy npu3HadeHi Ha
OCHOBI JI0JIaTKOBO MpOBeJeHNX o0cTexenb, C16/20 ta C20/25. HaBaHTakeHHsI Bijl I[yKpY — IIICKY,
IIpY BUKOHAHHI HENTiHIMHUX PO3PaxyHKIiB, MPUHHATO BHXOMISIYH 13 MAKCHMaIbHOTO 3aBaHTAKCHHS
cuiocy Ha jganomy mukii — 400 120xH. Jlane naBantaxenus B ITK «JIIPA-CAIIPy, 3amano 3
ypaxyBaHHSIM KOHYCY HpHpoaHOro Biakocy 33°. Bynu orpumani po3paxyHKOBI HeNiHiIHHI 1
JOCTigHI mporuHn s 1-i rpynm Ganok mpu modatkoBux (256 680kxH), mikoBux (400 120xH) i
KIHIIEBUX Ticisi po3BaHTaxkeHHs (256 680xH) HaBaHTakeHHsX, Ta 2-i rpynu Oanok, 282 350kH —
400 120xH — 282 350xH BinnosizaHo.

CriBcraBlieHHSI IPUPOCTIB HeniHiiHKX nporuHiB (400 120kH - 256 680xH) 3 npupocramu
JOCTIJHUX HPOTHUHIB, i 1-1 rpymu 6anok, nokasye y cepeiHboMy 10% nepeBUIICHHS TOCTITHUX
IIPUPOCTIB IPOTHHIB HAJ PO3paxXyHKOBUMHU. AHAJOTIUHE CIIBCTaBICHHS It 2-1 rpynu G6anok (400
120kH — 282 350kH), nokasye y cepeanbomy 14% nepeBHILEHHS JOCTITHUX [IPUPOCTIB IPOTHUHIB
HaJ PO3PAXyHKOBHMH. 3arajioM, CepeJHE IEPeBHINCHHS MOCIiIHUX MPUPOCTIB HPOTHHIB HAaJ
po3paxyHKoBUMH ckiagae 12%, T00TO, OTpUMAaHO 3a[J0BUIbHY 301KHICTH MPHUPOCTIB TOCITIIHUX
MPOTMHIB 0aJOK Ta BIAMNOBIAHUX HPUPOCTIB HENIHIMHUX PO3PAaXyHKOBUX MPOTHHIB MOHOJITHHX
0aJIOK peOPHCTOrO IEPEKPUTTS CHIIOCY.
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Monolithic ribbed slabs of silos is characterized by work with significant payloads, its cyclic
application. For such structures, taking into account their specifics, exists possibility of overloading
the slabs. In this case, arises the problem of monitoring the technical condition of the slab in the
process cycles of loading - unloading silo. For qualitative control, on the one hand it is necessary to
have experimental data of the stress - strain state, and on the other - an adequate numerical model,
which would model the actual stress - strain state of the slab with a sufficient degree of accuracy.

Silo for storage of 500 thousand kN of sugar - sand consists of an under-silo level which is
made of monolithic reinforced concrete; the actual silo, which is a cylindrical steel load-bearing
structure with internal stiffeners; over-silo bunker; sugar delivery galleries; pile foundation with a
grillage.

Reinforced concrete ribbed slab, is an integral part of the under-silo level, and is a
monolithic structure with a diameter of 45 m, which consists of a monolithic reinforced concrete
slab 430 mm thick, framed on the outer contour by an annular beam (Bk1) with height of 955 mm,
monolithic beams with height of 770 mm placed on a grid of columns with a step of 4,0x4,0m,
section 800x800, 1000x1000, 800x1000mm.

The experimental part of the work, taking into account the scale of this building and the
duration of the loading-unloading cycle of the silo (about 10 months), included obtaining
experimental values of deflections of monolithic beams of the central part of the slab (type B9)
during the loading-unloading cycle of the silo. Measurements of deflections of monolithic beams
were performed using clock-type indicators (stroke O ... 10 mm).

Nonlinear modeling of the monolithic slab was performed using PC «Lira-SAPR» [2]. In the
adopted physically nonlinear finite element model, the monolithic slab, reinforced concrete beams,
the outer monolithic wall are modeled by physically nonlinear finite elements Ne241, 242 and 244,
the ring beam and columns are modeled by physically nonlinear FE Ne210.

Real diagrams of deformation of concrete and reinforcement were used in the form of
exponential curves, depending on the classes of concrete and reinforcement of elements of the
monolithic slab. Classes of concrete are appointed on the basis of additional inspections, C16/20
and C20/25.

Load from sugar - sand, when performing nonlinear calculations, were taken based on the
maximum load of silo on this cycle - 400 120kN. This load in the PC «Lira-SAPR» is set taking
into account the cone of the natural slope of 33°.

The calculated nonlinear and experimental deflections for the 1st group of beams at initial
(256 680 kN), peak (400 120 kN) and final after unloading (256 680 kN) loads, also as the 2nd
group of beams, 282 350 kN - 400 120 kN - 282 350 kN in accordance were obtained.

The comparison of the increments of nonlinear deflections (400 120 kN - 256 680 kN) with
the increments of the experimental deflections, for the 1st group of beams, shows on average 10%
of the excess of the experimental increments of deflections over the calculated ones. A similar
comparison for the 2nd group of beams (400 120kN - 282 350kN), shows an average of 14% excess
of the experimental increments of deflections over the calculated ones. In general, the average
excess of the experimental increments of deflections over the calculated ones is 12%, ie, a
satisfactory convergence of the increments of the experimental deflections of the beams and the
corresponding increments of nonlinear calculated deflections of monolithic beams of the ribbed slab
of the silo.
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