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Y cTaTTi HaBeJAeHi Pe3yJbTATH eKCIePUMEHTAJTBHUX T0CIIIKEHb MePeXpecHo-
CTPHMKHEBOI 3aii300eToHHOI cuctemu. Iloka3zaHo, M0 B Takux cucTeMax
3’ABJAKTHCH NPAKTUYHO TUIBKM HOPMAJIbHI TPIIIMHHM, X04Ya NPHUCYTHI fAK
3rUHAJIbHI, TaK i KpyTHi MoMeHTH. [loka3aHo, 110 MpH BpaxyBaHHI 3MiHM |
3rHHAJIBHOI, i KPYTWIBHOI KOPCTKOCTi €JIEMEHTIB IepexXpecHO-CTPUKHEBOI
CHCTEMH, TEOPETHYHI pe3yJbTaTH 3HAYHO OJIM/K4Ye 10 eKCIEePHMMEHTAJIbHHUX
HI’K IPY BpaxXyBaHHI 3MiHM TiJIbKH 3THHAJIBHUX KOPCTKOCTEM.

The calculation of reinforced concrete cross-rod systems is usually carried out
without taking into account the change in torsional stiffness as a result of the
formation of cracks. This leads to significant errors, especially when
determining the deflections and angles of rotation of the elements of such a
system. Calculations show that ignoring this factor can lead to significant
errors (30-50%, in some cases - several times). However, there was no
experimental confirmation of this fact. In some experimental studies, cross-
bar reinforced concrete systems with two beams in each direction have been
tested. But such a scheme does not fully reflect the possible options for cross-
rod systems. In connection with the foregoing, this article presents the results
of experimental studies of a cross-rod reinforced concrete system.
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For experimental studies, a reinforced concrete cross-rod system was made
with beams along the perimeter, with which secondary beams were rigidly
connected. A total of five beams in one direction and five beams in the
perpendicular direction. The dimensions of the fragment in terms of
2000x2000 mm. The support of the system was articulated at four corners.
Point loads were applied at the intersections of the secondary beams.

It was found that both in the work area without cracks and in the work area
with cracks, the graphs of these sections can be considered linear. But in two
sections, the slope angles of these lines differ significantly. This confirms the
hypothesis that after the formation of cracks, the stiffness abruptly decreases
and then almost does not change until the reinforcement yields.

Experimental studies have shown that only normal cracks appear in cross-rod
reinforced concrete systems. But at the same time there are both bending and
torsional moments. Calculations show that when taking into account the
change in both bending and torsional stiffness of the elements of the cross-rod
system, the theoretical results are much closer to the experimental ones. And
when only changes in bending stiffness are taken into account, the
experimental results differ greatly from the theoretical ones.

KurouoBi cioBa: IlepexpecHo-cTpuKHEBa CHCTEMa, KPYTWIbHA KOPCTKICTb,
TpIIINHA, TPOTHH.
Cross-rod system, torsional stiffness, crack, deflection.

AHaJi3 gocaigxeHb i mocraHoBka 3aaavi. [lepexpecHo-CTprKHEBI CUCTEMU
4acTo 3yCTpivaroTbes y OymiBHULTBI. Lle mepexkpuTTs OyaiBens 1 Ciopy/l, HaBiCH B
TOPTIBEJIBLHUX IIEHTPaX, CTPIYKOB1 (hyHIaMEeHTH, PyHIaAMEHTHI pOCTBEPKH, MOCTOBI
copyau tomio [1, 3, 11]. Kpim Toro, B K€COHHUX 3aT1300€TOHHUX MEPEKPUTTIX
TaKOXX pO3TalioBaHi pebpa B B3a€MHO MEPNEHAUKYJIIPHOMY HAmpsIMKy 1 pobOoTa
nux pedep cxoxa 3 poOOTOI0 MEPEXPECHO-CTPUKHEBOI CUCTEMH [2].

Po3paxyHok 3a1i300€TOHHUX MEPEXPECHO-CTPIKHEBUX CHUCTEM MPOBOIATH
3a3BHUail 6e3 BpaxyBaHHS 3MIHM KPYTUJIBHOI >KOPCTKOCTI B Pe3yJIbTaTi YTBOPEHHS
TpimuH [10]. Lle mpu3BOAUTH 1O CYTTEBUX MOMUIOK, OCOOJMBO IpPHU BU3HAUEHHI
MPOTUHIB 1 KyTiB MOBOPOTY €JIEMEHTIB Takoi cucteMu. B poborax [1, 5, 6] Oyna
NOKa3aHa BaXJIMBICTh BpPAaXyBaHHS 3MIHM KPYTHUJIBHOI JKOPCTKOCTI €JIEMEHTIB
3a1300€TOHHUX TEPEeKPUTTIB B pe3yJbTaTl YTBOPEHHS HOPMalbHHUX TPIIIKH.
Po3paxyHku NMOKa3yroTh, 1110 ITHOPYBAHHS LOTO (PaKTOPy MOKE NMPUBOAUTH JI0
3HauHUX MOXMO0K (30-50%, B mesakux BUMaakax — B JeKUIbKa pasiB) [7, 8]. Oanaxk,
EKCIIEPUMEHTAIBHOTO  HIATBEp/KEHHS  Iboro  Qakty He  Oymo. B
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EKCIIEpUMCHTANBHUX  JIOCTIDKCHHAX [6] Oysno BuUMpoOyBaHO TEpPEXpPECHO-
CTPWKHEBY 3aJli300€TOHHY CHCTeMY 3 JBOMa OajlkaMd B OJHOMY Ta JBOMa
OakaM¥l B TIEPIICHIUKYJISIPHOMY HAINpsMKY, aje B Takiii cxeMi 3 SBJISIFOTHCS Mai
KpyTHI MOMeHTH. KpiMm Toro o6nupanus 0anok Oyio MIapHIpHUM, a Ha MPAKTHUIIl B
MEePEXPECHO-CTPIKHEBUX 3a1I300€TOHHUX CHUCTEMax 4YacTO ICHYIOTh OajikKM TI10
nepuMeTpy nepekpuTTa. ToMy BUHHKA€E MOTpeda MPOBEACHHS eKCIIEPUMEHTATBHUX
JOCTIIKeHb 3a11300€TOHHOT TMEPEeXPECHO-CTPMIKHEBOI CHCTEMH [JIsl TEPEeBIpKU
TCOPETUYHHUX IIOJOKEHb TMPO BIUIUB 3MIHM KPYTHJIBHOI JKOPCTKOCTI Ha
MepeMiIIeHHS TaKOi CUCTEMH.

B 3B’s3Ky 3 BUIIECKa3aHUM, METOIO JTaHOI CTATTI € BUCBITIIEHHS PE3yJbTaTiB
EKCIIEpUMEHTAIbHUX  JIOCHIIPKEHb  TEPEXPECHO-CTPHIKHEBOT  3alli300€TOHHOT
CUCTEMH.

BuknageHnHs 0CHOBHOI0 MaTepiaJy.

s excepUMEHTaNbHUX JOCHIDKEHh Oylla BUTOTOBJIEHA 3a71300€TOHHA
MepPeXpecHO-CTPIKHEBA cUcTeMa 3 Oanmkamu 1o nmepumetpy (mepepiz 70x300 mm),
3 AKUMU KOPCTKO 3’€HaH1 ApyropsaHi Oanku (mepepiz 70x120 mm). Posmipu
¢parmenty B twradi 2000x2000 mm. Ha puc. 1 moka3zanwii 3arajdbHUN BHTJISAL
BUIMPOOYBAHOTO MEPEXPECHO-CTPUKHEBOT CUCTEMH.

Puc. 1. 3aransHuii BUIIs,1 IEpeXpEeCHO-CTPUIKHEBOT CUCTEMHU
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O6nupanHs cuctemMu OyJlo MIApHIPHUM B YOTHPHOX KyTax. Po3mipu 1 cxema
HaBaHTaXXCHHS MOKa3zaHi Ha puc. 2. Taka cxema HaBaHTaXeHHsS Oyja MpUIHATA 3
MIpKYBaHb YKJaJCHHS TpaBepc Ui mpukiajgeHHs cuwi P. Ha puc. 3 moxazanuit
NOTePEeUHUI Mepepi3 3pa3ka..

[lepemimeHHs BUMIPIOBAIUCA 3a JIOMOMOTOI0 1HAMKATOPIB TOAMHHUKOBOTO
TUITY, SIK1 OyJIM pO3TaIlloBaHi B LIEHTP1 MEPEeXPECHO-CTPUIKHEBOI CUCTeMH (Touka 1
Ha pHUC. 2) Ta B KpaifHIX KyTOBUX TOYKaxX B MICTI NEPETUHY APYTOPSAIHUX OAIOK
(Touku 2 Ha puc. 2). J{ns BpaxyBaHHS MEPEMIIIEHHS OMOP HaJ KOXKHOIO OMOPOI0
TaKoX OyJIM BCTAaHOBJICHI 1HUKATOPHU T'OJUHHUKOBOTO THUITY.

HaBaHnTa)keHHsI CTBOpIOBAJIOCS 3@ JOMOMOTOIO TIAPABIIYHOTO JOMKpaTy 3
BUMIPIOBAHHSIM THUCKY 3pa3koBUM MaHoMeTpoM. [lepen moyaTkoM BUIpOOyBaHHS
OyJo 3po0seHo TapyBaHHS JoMKpata. HaBaHTa)kKeHHS MpHUKIAaIH 10 eTanax, sKi
He mepeBullyBain 1/10 TEOPETUYHOrO MaKCUMaJIbHOTO HaBaHTaXXeHHS. Ha
KOXXHOMY KpPOIIl HABaHTaXE€HHS 3pa30K BUTPUMYBAJH J10 cTabumi3amii neopmairiii.

oo kx500=2000

Puc. 2. Po3mipu 1 cxema HaBaHTa)KE€HHS 3pa3ka. 1- ToJoBH1 (IEpUMETPOBI) OaIKU MepepizoM
70x300 mm; 2 — apyropsiani 6anku mepepizom 70x120 Mm

1-1

430 |.?L"I. L30 TCI, 430 |,_'El L30

Puc. 3. Ilonepeunuii nepepis 3pazka
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Ha puc. 4 HaBeneHo rpadik «HaBaHTAXEHHS-TIPOTUHY VISl IEHTPATbHOI TOYKHU
(Touku | Ha puc. 2), 11t KyTOBOi TOUKH (TOYKH 2 Ha puc. 2). [Ipuuomy aiig Touku
2 — 11e cepeHE 3HAYEHHS MK IBOMAa CUMETPUYHUMH TOYKaMU (JIUB. puUc. 2).

3 puc. 4 MoxkHa 0ayuTH, IO HEJIHINHI aedopmallii moJaIucs MK JAPYTUM Ta
TPETIM eTarmamMu HaBaHTaXEHHs, TOOTO MiX poOOTOI0 cucTeMu Oe3 TPIIUH 1 3
TpinuHamu. [IpudomMy sk Ha JUISHIN poOOTH 6€3 TPIlKMH, TaK 1 Ha AUISHI poOOTH
3 TpillMHAMU Tpadiku IUX IUISTHOK MOXKHA BBaXKaTH JIHIWHUMU (ajle Ha JBOX
JTUISTHKaX KYTH HaxXwily IHX JIHIA CyTTEBO BiApi3HAIOThCA. lle miarBepxkye Tak
3BaHy TiMoTe3y JiHIMHOCTI *opcTkocTi [4]. ToOTO micnsi yTBOpPEHHS TPIIIUH
KOPCTKICTh CTPUOKOMOIIOHO 3MEHIIYETHCS 1 Aalii MaiKe He 3MIHIOETHCS [0
HACTaHHA TEKY4YOCTl apMaTypH, IIO MOXKHA OauWTH MO TMEperuHy rpadika Mix
OCTaHHIM Ta MEPEAOCTAHHIM €TallaMi HaBaHTaXCHHSI.

MakcumasnbHe 3HaYeHHsI HaBaHTaKeHHs ckiano 6630 H (Ha koxeH By30i1), 110
MeHIIe TeopeTudHoro. e mo’s3ano 3 ¢akToM BIAPUBY APYTOPSIAHUX OaloOK Bif
TOJIOBHO1 B MICTI MPUMHKAHHS, 1110 TOKa3aHO HA puUC. 5.

Tomy micis BIIpPUBY BiJl TOJIOBHHUX OanokK OOMHpaHHS APYropsAIHUX Oanok
MEPETBOPWIIOCA MPAKTUYHO B IIAPHIPHE 1 3rUHAJIbHI MOMEHTH B MPOJBOTI Pi3KO
30ubImncs. Lle moB’s3aHo mie 3 cxemoro camoi cuctemu. lllupuna mepepizy
roJIOBHUX Oayok ckiagana 70 MM, 110 HEJOCTATHBHO ISl HAJIMHOTO 3aKjIaJeHHS
apyropsmHux Oajmok. ToMy Ha OCTaHHIX eTamax Tepen pyWHYBaHHIM
nepeMileHHsT HE BUMIPIOBAIHCS. AJle 10 MOMEHTY BIJIpUBY JPYTOPSIHUX Oajok
Oynu OoTpuMMaHi CTaOUIbHI JaHl 3aJ€KHOCTI M HABaHTKCHHSAM 1 MPOTHUHAMU
(muB. puc. 4). ToMy OCHOBHa MeTa €KCIIEpUMEHTY OyJia JOCSATHYTA.

8000
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HasaHTaxeHHs, [H]

=—@=—repemilleHHA B TouLi 1 ==fll=nepemilweHHA B ToYL,i 2

Puc. 4. 3anexxHicTh «HABAHTAXXCHHA-IIPOTHUH
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o]

Puc. 5. 3aranpHuil BUTIISA TPILIMHY BiIPUBY APYTOPSAHUX OAIOK

[Ipo HasBHICTP KPYTHMX MOMEHTIB CBiJYaTh CHipajbHI TPIIIMHU B KpaifHiX
ApyropsaHux 6ankax (puc. 6).
i A

Puc. 6. 3aranpHuil BUTIISA CHipaibHOT TPILMHM B KpaiHii ApyropsaHi 6anmii

Ane 1e TOOJWHOKI TPINIMHU TINBKKM B KpalHIX ApyropsgHux Oalkax B
HACJIJIOK TOTO, 110 OalKu He OyJIu apMOBaHi 3aMKHEHUMHU XoMyTaMu. B mimomy x
B €KCIIEPUMEHTI 3’ SIBJISITUCA JIUIIE HOPMaJbHI TPIIUHU. AJie IPU IbOMY B CHUCTEMI
MPHUCYTHI SIK 3TMHANBHI, TaK 1 KpYTHI MOMEHTH.

Po3paxynku 3a Meroaukor aBTopiB [1, 8, 9] mokazanu, 1m0 npu BpaxyBaHHI
3MIHU JIMIIE 3TMHAIBHOL 5KOPCTKOCTI TEOPETUYHI MEPEMIIICHHS BUSBUIUCS 3HAYHO
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MEHIIMMU HIK B PO3paxyHKax MpU BpaxyBaHHI 3MIHU 1 3TMHAJIBHOI, 1 KPYTUIBHOI
xopctkocTeil. Tak, cepeaHs mnoxuOKka TMpU BpaxyBaHHI 3MIHH KPYTHJIBHOT
xKopcTkocTi  He  mepeBuitye 20%  (TeopeTWuyHiI 3HAYEHHS  MEHII  3a
eKCIIEpUMEHTaNIbH1), a TpH IrHOpYBaHHI (HaKTy 3MIHU KPYTHJIBHOI >KOPCTKOCTI
noxubOka  ckmamae 65%  (Takok  TEOpEeTWYHI  3HAYEHHS  MEHII  3a
ekcnepuMeHTanbHl). Lledt (akt miaTBEp/Ky€e BaKJIMBICTH BpaxXyBaHHSA 3MiHU
KPYTUIIBHOT JKOPCTKOCTI B PE3yIbTaTi TPIIIHHOYTBOPEHHS.

BucHoBkM i  mepcmeKTHBHM  JOCHilKeHb.  EKcnepuMeHTaIbHUMU
JOCIIIJPKEHHAMHU TOKa3aHo, W0 B MEPEXPECHO-CTPUKHEBHUX 3aJ11300€TOHHUX
cUcTeMax 3 SBISIOTbCS TNPAKTUYHO BHUKIIOYHO HOPMAallbHI TPIIIMHHU, XO0Ya
NPUCYTHI SIK 3TUHANbHI, TaK 1 KPYTHI MOMEHTU. PO3paxyHKH MOKa3yloTh, 110 MPHU
BpaxyBaHHI 3MiHU HE TiJIbKU 3TMHAIBHOI, a i KPYTUIBHOI )KOPCTKOCTI €JIEMEHTIB
NEePEeXPECHO-CTPUIKHEBOT CHUCTEMHU, TEOPETUYHI PEe3yNbTaTH 3HAYHO OJMXK4Ye [0
EKCIIEpUMEHTAIbHUX HDK TpH  BpaxyBaHHI 3MIHM  TUIbKM  3THHAJIBHUX
AKOPCTKOCTEM.

VY nopanemioMy mnependadyaeTbesl MPOBEACHHS aHAJIOTIYHUX E€KCIEPHUMEHTIB 3
OUTBII HATIMHUM 3aKJIQJICHHSIM JIPYTOPSIHUX 0aiOK B TOJIOBHI.
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