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2. The rigidity of reinforced concrete I-beam elements with normal cracks at torsion

Pedepar:

1. Y puceprauii po3po06sieHi METOIVKY PO3PAaxyHKY >KOPCTKOCTI Ta HECYUOi 3aTHOCTI IPYU KPy4Y€HHI 3a1i300€ TOHHUX
€JIEMEHTIB JIBOTaBPOBOIO NePepi3y 3 HOPMaJIbLHUMU TpillnHaAMU. Ha OCHOBI TEOPETUYHUX | EKCIIEPUMEHTAJILHUX
IOCIIiIPKEHDb BUPIlIEHA Ba)KJIMBA HAYKOBO-TEXHIYHA 3aJlaya BU3HAYEHHS )KOPCTKOCTI Ta MilIHOCTI [IpYU KPY4€HHI
3aJ1i306€TOHHYX €JIEMEHTIB IBOTAaBPOBOTO [IONIEPEYHOTO [1IEPEPi3y 3 HOpMaJIbHUMU TPIlIMHAMU 3 YPaxXyBaHHIM
HareJibHOI CMJIM B ITO3[0BKHIM apMaTypi, il KIJILKOCTI i po3TamyBaHHs B niepepisi. [IokazaHo, 110 3amaya BU3HAYEHHS
KPYTHUJIbHOI )KOPCTKOCTI €JIEMEHTIB 3 HOPMaJIbHMMU TPilllMHAMU BKJIIOYA€ B cebe TPU eTalu: PO3CiueHHs
IIO3[JOBXXHbOI apMaTypH i BUBHAUEHHSI B3AEMHOTO 3CYBY OeperiB HOpMasbHOI TPIilliMHY; BUBHAYEHHSI HareJIbHUX CUJI
B II03,0BXHIll apMaTypi; 004K CIIEHHS >)KOPCTKOCTI IPY KPy4Y€HHI B MiCIli pO3TallyBaHHs TPIllMHY i €JIEMEHTA B
uinomy. ITokazaHo, 1o nepiie 3aBIaHHS € HaNOibII CKIagHUM. Lle 3aBaHHS BU3HAYEHHS B3AEMHOTO IIepeMIlleHHS

OeperiB HOpMaJIbHOI TPIlIMHY BUpIillIeHe Pi3HUMU CIIOCObaMu, B TOMY YMCJIi iH)KEHEPHUM, 1110 403BOJIsiE 6e3



3acrocyBaHHs1 EOM po3paxoByBaTu KOHCTPYKLii. [IpoBeieHO eKCIEpUMEHTAJIbHI NOCIIPKEHHS Ha 3pa3Kax
3aJ1i306€TOHHUX 6ayIoK. Pe3ysibTaTu eKcliepruMeHTaIbHUX SOCIIIIPKEeHb ITOPIBHSHI 3 TEOPETUYHUMU IIPOIO3ULISIMU.
[ToxazaHo ix rapHuii 36ir. PozpobsieHo nporpamu gy EOM, B skux peasizoBaHi BCi 3aIIpONIOHOBaHI METOIUKHU
BM3HAUEHHS B3aEMHOTO 3CyBY O€pEriB HOPMaJIbHOI TPIllIMHY, HAareJIbHOI CUJIM i SKOPCTKOCTI [1pY KPY4YEHHI

€JIEMEHTIB 3 HOPMaJILHUMU TPillMHAMU.

2. In the dissertation, methods for calculating the rigidity and bearing capacity during torsion of reinforced
concrete I-beam elements with normal cracks were developed. On the basis of theoretical and experimental
researches, an important scientific and technical problem of determining the rigidity and torsional strength of
reinforced concrete I-beam cross-sectional elements with normal cracks was solved taking into account the pin
force in the longitudinal reinforcement, its number and location in the section. It is shown that the problem of
determining the torsional stiffness of elements with normal cracks includes three stages: dissection of longitudinal
reinforcement and determination of the mutual displacement of the sides of a normal crack; the determination of
pin forces in longitudinal reinforcement; the calculation of torsional stiffness at the location of the crack and the
element as a whole. It is shown that the first task is the most difficult. The problem of determining the mutual
displacement of the faces of a normal crack is solved by various methods, including engineering, which allows the
design of structures without the use of a computer. The results of determining the mutual displacement of the
faces of a normal crack using the developed numerical and analytical and engineering techniques are compared
with calcula-tions in software systems using volumetric finite elements. These results are shown to be in good
agreement. At the same time, the use of the developed techniques makes it possible to abandon the use of
cumbersome calculations with modeling by volumetric finite elements in real design, which greatly simplifies the
design and saves labor costs. It is shown that the torque in an element with normal cracks is perceived due to the
concrete zone without cracks and pin forces in the longitudinal reinforcement. A method for determining the pin
forces in longitudinal reinforcement has been developed. In this case, the vertical and horizontal components of
the pin forces, the location of the longitudinal reinforcement within the section, the number of longitudinal
reinforcement rods are taken into account. The developed method for determining the thrust forces in
longitudinal reinforcement does not require the use of computer technology. Experimental studies of rigidity and
bearing capacity in torsion have been carried out on samples of reinforced concrete beams with normal cracks.
The results of experimental studies are compared with theoretical proposals. They are shown to be in good
agreement. Computer programs have been developed, in which all the proposed methods for determining the
mutual displacement of the faces of a normal crack, the pin force and the torsional stiffness of elements with
normal cracks are implemented.
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