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Currently, monolithic reinforced concrete is the main building material in the
construction of housing, social and cultural facilities, in industrial
construction, in the effective development of underground space, in transport
construction, in the construction of buildings and structures of various
configurations. At the same time, one of the main load-bearing elements of
buildings and structures is frame structures. Despite the fact that reinforced
concrete frames are widely used in modern construction practice, there has
been insufficient experimental research into the operation of frames,
especially frames with artificial force regulation. To study II-shaped
reinforced concrete frames with artificial force regulation, reinforced
concrete frame samples were manufactured. During the research, three series
of reinforced concrete frames were tested, four frames in each series

B TenepimHili 4yac MOHOJITHHH 3a71i300eTOH € OCHOBHUM OyliBeJbHUM
MarepiajjoM mnpu OyAiBHMUTBI :KUTJa, 00’€KTIB COUKYJLTHOOYTY, B
NPOMHCJI0BOMY OyAiBHMUTBI, B e)¢eKTHUBHOMY OCBO€HHI MiI3¢eMHOI0 IPOCTOPY,
TpaHCHOPTHOMY OyaiBHMUTBi, NpH 3BeleHHi OyIMHKIB Ta cmopyn
pisHoMaHiTHOI KoHdirypauii. IIpm uboMy OIHMM i3 OCHOBHMX HeCcy4HX
ejleMeHTIiB OyaiBesb Ta copy/a € paMHi koHcTpykuii. He3Ba:karouu Ha Te, 1110
3aJ1i300eTOHHI paMH MalTh IIHPOKE 3aCTOCYBAaHHSA B NPAKTHLI Cy4YacHOro
OyMiBHMITBA, EKCHEPHMEHTAJBHHMX JAOCIKeHb PpPOOOTH paM BHKOHAHO
HE/I0CTATHLO, 2 0COOJIUBO PaM 3 IITYYHUM PEeryJI0OBaAHHAM 3YCHJIb.

Jaa  npocuimxennsi Il-moxidHuXx  3ami300eTOHHHX paM 3 IITYYHHM
peryJaioBaHHAM 3yCHJIb OyJH BHUIOTOBJIEHI 3aJ1i300eTOHHi 3pa3ku pam, sKi
MaJju po3Mipu B ocsix: npoJirt / = 2000 mm, Bucota 2 = 1100 MM, nonepeunuii
nepepi3 puresast pamu — 160 x 100 mm, nonepeunnii nepepis crifiku pamu 180
x 100 mMm. Posrasipanmcsi ABOIIApHipHiI 3a7i300eTOHHI pamMu 3 TAKHMH
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rabapuTHUMH po3mipamu: Bucora pamu — H = 1,1 m, npoaitr — L = 2,0 m.
Puresir pamu 3aBaHTaKeHMii ABOMa 3o0cepelKeHMMH cuiamu P72, mo
po3ramoBaHni Ha Biacrani L; = 0,75 m Bix oceii crifiok. IIpn 3aBanTaxkeHHi
3aJ1i300eTOHHOI paMu 0e3 IITYYHOrO0 peryJIl0BaHHSl 3YCWIb, 3rHHAJLHHUI
MOMEHT Yy BY3Jli paMHM MeHILIMii 32 3rHHAJbLHUHA MOMEHT Yy NPOJIbOTi pUresi
Msp > Msup. 32 TAKOTO HABAHTAJKEHHSI PYHHYBAHHS paMu BiAOyBaeTbcsl MpH
YTBOPeHHi TpbOX INIACTHYHUX IIAPHIPIB, CMOYATKY IJIACTHYHMI IIAPHIp
YTBOPIOEThCSI B puresi pamu, a 3i 30i1blIeHHSM HABAHTAXKeHHS MJIACTHYHI
IApHIPH YTBOPIOIOTHCS y By3Jax pamu. ToMmy 1151 po3BaHTasKeHHSI pUTeIst
JOUUIBHO MATH Y BY3Ji MOMEHT Myp, 01U3bKUIl 10 a0COTIOTHIH BeJMYUHI 10
NponbOTHOr0 M. 3a TeopeTMYHMMH PpO3pAXyHKAMH [JaHUH CTaH B
3aJ1i300eTOHHIll paMi J0CATaeTbCS 3a JOMOMOIrOI0 IITYYHOT0 PeryJII0BAHHSA
3yCHJb, TOOTO CTBOPEHHSl NONEPeIHbOr0 HAMpPYs:KeHHsA /N B 3aTsLKUI pamu.
[Ipn nomepeqHbLOMY HaNpy:KeHHi paMH B MNPOJbOTI Ta BY3Ji BHHHKAE
3rUHAJTbHUIN MOMEHT M reg.

Ilin yac pocaigxkeHb 0yJj0 BUNPOOYBAaHO TpM cepii 3ai300eTOHHUX paM, No
YOTHPH PaMH B KOKHili cepii.

Keywords:

Reinforced concrete frame, stressed-deformed a state, artificial regulation of
efforts, method of analysis

3ami300eTOHHA pama, HaMpyXXeHO-Ie(pOPMOBAHHI CTaH, MITyYyHE PETyIIOBAHHS
3yCHJIb, METOIMKA PO3PAXYHKY

Introduction. Currently, monolithic reinforced concrete is the main building
material in the construction of housing, social and cultural facilities, in industrial
construction, in the effective development of underground space, in transport
construction, in the construction of buildings and structures of wvarious
configurations. At the same time, one of the main load-bearing elements of
buildings and structures is frame structures. They perceive the main loads acting on
buildings and structures, the vast majority of which are repetitive in nature [1-3].

It is known that repeated low-cycle loads can affect the strength and
deformation characteristics of concrete and reinforcement, the load-bearing
capacity, deformability and crack resistance of reinforced concrete structures. It is
certain that such loads will affect the operation of reinforced concrete frames.

Despite the fact that reinforced concrete frames are widely used in modern
construction practice, there has been insufficient experimental research into the
operation of frames, especially frames with artificial force regulation.

Known studies of V.Kh. Glenville and F.D. Thomas, A.E. Kuzmichov, A.P.
Makarenko, A.S. Schepotiev and V.S. Bulgakov, studies carried out under the
leadership of A.Ya. Barashikov and E.M. Babich. The analysis of the operation of
frames of various structures is devoted to the work of a number of German
scientists. Their works analyze in more detail the methods of static calculation of
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U-shaped and closed frames and present some experimental data. In view of the
above, experimental research of reinforced concrete frames is an urgent task.
Design of experimental frames with artificial force regulation and their
testing methods. To study Il-shaped reinforced concrete frames with artificial
force regulation, reinforced concrete frame samples were manufactured, which had
the following dimensions in the axes: span 1 = 2000 mm, height h = 1100 mm,
cross-section of the frame beam — 160 x 100 mm, cross-section of the frame
column 180 x 100 mm (Fig. 1).
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Fig. 1. Structural diagram of the experimental frames

The frame posts are reinforced with a spatial frame with four symmetrically
arranged @14A400C rods. The frame crossbar is reinforced with a spatial frame:
lower reinforcement — 2 @14A400C, upper reinforcement — G18AS500C (rounded
and inserted into the post beyond the lower edge of the crossbar by 450 mm). The
transverse reinforcement in the posts and crossbars is made in the form of closed
welded frames of @6Bp-I rods, installed in the crossbar with a pitch of 60, and in
the post 70 and 50 mm in the support zone. At the ends of the uprights, embedded
parts made of plates t = 5 mm are arranged. The frame tightening is made of @18
AS500C bar reinforcement, a @18 thread was arranged at one end of the tightening.
The pre-tension in the tightening was created using a torque wrench.

The frames were tested using a two-hinged system in a special rig, loading the
crossbar with two concentrated forces at a distance of 75 cm from the axis of the
uprights. The forces were created by a hydraulic jack, and the force was measured
by a calibrated ring dynamometer (Fig. 2, Fig. 3).

During the research, three series of reinforced concrete frames were tested, four
frames in each series (see Table 1).
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Fig. 2. Scheme of testing frames and arrangement of devices
(I - indicators, IT — protractors)

Fig. 3. General view of testing experimental frames
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Table 1
Characteristics of loading of reinforced concrete frames
with artificial adjustment of forces

Character of frame loading in series Frame series and brands
I series I series | III series
The frame was loaded once to failure P1-K P2-K P3-K
without artificial adjustment of forces.
The frame without artificial adjustment of P1-II - -

forces was subjected to repeated loads (ten
cycles) and was brought to destruction.

The frame with artificial force regulation P1-KP P2-KP P3-KP
was loaded once to failure.

The frame with artificial force regulation P1-TIP P2-TIP1 -

was subjected to repeated loading (ten P2-T1P2

cycles) and was brought to failure.

The frame with artificial force regulation - - P3-TIP1
was subjected to repeated loads (of varying P3-T1P2

levels) and was brought to failure.

Features of the operation of two-hinged reinforced concrete frames with
artificial adjustment of forces. Two-hinged reinforced concrete frames with the
following overall dimensions were considered: frame height — H = 1,1 m, span— L
= 2,0 m. The frame crossbar is loaded by two concentrated forces P/2, which are
located at a distance L; = 0,75 m from the axes of the uprights.

When loading a reinforced concrete frame without artificial adjustment of
forces, the bending moment in the frame node is less than the bending moment in
the span of the crossbar Mg, > Mgy, (Fig. 4, a).

Under such a load, the frame fails when three plastic hinges are formed.
Initially, a plastic hinge is formed in the frame crossbar, and with increasing load,
plastic hinges are formed in the frame nodes [4].

Therefore, to unload the crossbar, it is advisable to have a moment My, in the
node, close in absolute value to the span My,. According to theoretical calculations,
this state in a reinforced concrete frame is achieved by artificially regulating the
forces, i.e. creating a prestress N in the frame tension. When the frame is
prestressed in the span and node, a bending moment My, arises (Fig. 4, b).

When loading this reinforced concrete frame, the bending moment in the frame
node is equal to the bending moment in the span of the crossbar Mgy ree = Msup,ree
(Fig. 4, c) and the failure occurs with the almost simultaneous formation of plastic
hinges in the node and crossbar of the frame [4].
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Fig. 4 Moment diagrams formed by:
a) forces P/2 (frame without artificial
force regulation);

b) artificial regulation N;

¢) forces P/2 (frame with artificial
force regulation)
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Conclusion. An analysis of the relevance of the planned research was
conducted. The purpose of the experimental research was substantiated and
research objectives were set.
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