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Bent steel reinforced concrete structures are usually structures for overlap or covering buildings and constructions for various
functional purposes. Pre-stresses in structures of this type can be created by installing additional pre-stressed reinforcing bars
in the stretched cross-sectional area, which, along with increasing the load-bearing capacity and stiffness of the floors, requires
additional material costs and the installation of these bars. Creating initial stresses in building structures from their own weight
greatly simplifies the process of pre-stressing due to the unnecessary cost of additional measures and adaptations. Preliminary
stresses, in this case, can be created due to the well-chosen sizes of the nodes and the development of technology for the
preliminary assembly of building structures. Therefore, the purpose of research is to generalize the design features and princi-
ples of bent reinforced concrete structures with solid cross-section parts pre-stressing and separation among them and to de-
velop new effective methods of creating pre-self-stresses - pre-internal stresses opposite to those arising during operation

Keywords: self-stress, steel-concrete composite structures, construction, nodes, technology.

AHaJIi3 MeTOAIB CTBOPEHHS MOMEPEAHIX CAMOHANPY KEHb
Y 3rHHAHUX CTAJIe3A/1i300€ TOHHUX KOHCTPYKIIIfIX
CYUiJILHOTO MOTEPEYHOro nepepisy
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3ruHaHi CTaNe3aTi300eTOHHI KOHCTPYKIi, 3a3BHYal, SBISIIOTE COOOI0 KOHCTPYKIII IEPEKPUTTIB UM HOKPUTTIB OyAiBess Ta
CropyzA pizHOro QyHKIIOHAIBHOTO Npu3HaueHHs. CTane3ani300eTOHHI KOHCTPYKIIT CYLIJIBHOTO MONEPEYHOTO Mepepi3y cKia-
JIAI0ThCS i3 CTaJeBUX HECYYHX OaJIoOK, IO NPALIOI0Th B OCHOBHOMY Ha PO3TAT, Ta OETOHHOT ITOJINYKH, 110 TPALIOE HAa CTUCK 1
OJHOYACHO BUKOHYE (YHKIIIT AUCKY xKopcTKocTi. CItiji 3a3Ha4NTH, 110 HABAHTAXKSHHs Bi/l BIACHOI Bard 3aj1i300€TOHHOI ITOJIH-
YKH CIIBCTaBUMO 13 KOPHCHHM HaBaHT)KCHHSIM Ha MEPEKPUTTS B KUTIOBUX Ta odicHUX OyaiBmsix. ToOTO 3HAUHY 4acTUHY
nedopmariiii craneBux 0aJoOK MEPEKPUTTS BiJ BIACHOI Bar MOHOJITHOI 3aJ1i300€TOHHOI MOJINYKY MOJJINBO YHUKHYTH, BXKH-
BIIIM CTICHIaJIbHI 3aX0IM Ha OyAiBEIbHOMY MaiJaHYNKy Ha Yac OeToHyBaHH Li€l muTH. [lonepenHi HanpyXeHHs Y KOHCTPY-
KI{sIX TAKOT'O THILY MOXKJIHBO CTBOPUTH LIUIIXOM BJIAIITYBAaHHS JOAATKOBHUX IOIIEPEIHBO HAIPYKEHUX apMaTyPHHUX CTEPIKHIB
(3aTsDKOK) Y PO3TSTHYTIH 30HI Mepepisy, M0 0JJHOYACHO 13 IMiIBUIICHHSAM HECYYO0l 3aTHOCTI Ta JKOPCTKOCTI IEPEKPHUTTIB, BH-
Marae JI0aTKOBUX BUTPAT Ha MaTepialy Ta came BJIAIUTYBaHHS ILMX CTepXkHIB. [lonepenHi caMOHANpPyKeHHS B €IeMEHTaxX
3rHHAHUX CTaNIe3a1i300€TOHHUX KOHCTPYKLI MOKIJIMBO CTBOPHUTH 33 PaxyHOK BIajio MigiOpaHol KOHCTPYKIT By3IiB Ta po3-
POOKH TEXHOJIOTIT BUTOTOBJICHHS YM TIONIEPEAHBOT YKPYIHIOBAIBHOT 30ipKu Iij yac MoHTaxKy. Hanpukiiaa, camMoHartsry Bcra-
HOBJICHOT 330BHI 3aTSDKKH 32 JOIOMOTOIO MOMEPEYHNX CTEPIKHIB, BAXKIIBHO-CTPIKHEBOT YK BaXKIJIbHO-KOTKOBOI CHCTEM IIif|
Yac HABAHTAXKCHHS. TakoXk, KOHCTPYKTHBHO 3a0€3MICUHBILIY HEPO3Pi3HY CXeMy POOOTH ACKIIBKOX THIIOBHX CTaJIe3a1i00eTOH-
HHUX KOHCTPYKIIH Y CYMDKHHX IPOJIbOTAX, MOKIIMBO JOCSITH PALliOHATIEHOTO IEPepO3I0Iiily 3yCHiIb B IX Hepepizax MusixoM
TOCTAiHHOT cXeMH OETOHYBaHHS BEPXHBOI MOHOJITHOI 3a1i300€TOHHOT ITOJIMYKY Ta BiJIIOBIJHAM BKIIOUECHHSM PO3TATHYTOT
CTaJICBOI YaCTHHU IIepepi3y B poboTy. ToMy METO0 IOCIIPKEHb € y3arajJbHEHHS! KOHCTPYKTUBHUX OCOOJIMBOCTEH Ta IPUHIIK-
IMiB CTBOPEHHS MOIEPEIHBOr0 HAMPYKCHHS YaCTHH 3THHAHHX CTAIE3a]i300€TOHHHX KOHCTPYKLIH CYIIJIEHOTO MOHEPEYHOro
nepepisy Ta BUOKPEMIICHHS cepe/l HUX 1 po3poOka HOBHX €(heKTUBHUX METO/IB CTBOPIOBAHHS MOMEPE/IHIX CAMOHATIPYKEHb —
HOMEPeIHIX BHYTPIIIHIX HAPYKEHb, TPOTUIISKHUX THM, 1[0 BUHUKAIOTH y MPOLIECi eKCIuTyarTamii

KurouoBi ciioBa: camoHanpyxeHHs, cTajie3anizo0eToH, KOHCTPYKLisl, By3JIH, TEXHOJIOT .
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Introduction

Bent reinforced concrete structures are usually struc-
tures for overlapping or covering buildings and con-
structions for various functional purposes. Such struc-
tures consist of steel load-bearing beams, which work
mainly in tension, and a concrete shelf, which works in
compression and at the same time performs the func-
tions of a stiffness disk.

It should be noted two features that were used in the
following study of such reinforced concrete structures:

1) in the case of steel floor beams rigid support units
installation it is possible to create inseparable statically
indeterminate schemes of their work. This advantage
allows regulating the stress-strain state in the floor ele-
ments, increasing the load-bearing capacity and rigidity
and, as a result, materials saving [1];

2) the load from the reinforced concrete slab own
weight can be compared with the payload on the floor
in residential and office buildings [2]. That is, a signif-
icant part of the floor elements deformation can be
avoided by taking special measures during the concret-
ing of this slab.

Review of the research sources and publications

Today we know the results of research in which sci-
entists, due to a specially designed structure or technol-
ogy of manufacturing bent reinforced concrete struc-
tures achieve stresses redistribution between their
structural parts and individual elements pre-stress from
their own weight or installation technology [3-12].

Thus, preliminary self-stresses (preliminary internal
stresses opposite to those arising during operation) of
reinforced concrete construction structural parts are
created exclusively from their own weight without
other prestressing measures used (mechanical, electro-
thermal or electrothermomechanical).

Definition of unsolved aspects of the problem

Despite the significant number of published materials
on theoretical, numerical, and experimental studies of
the above structures, there is no generalized analysis of
design features and principles of bent reinforced con-
crete structures parts prestressing from their own
weight during installation.

Problem statement

The research aim is to generalize the design features
and principles of creating pre-tensioning in bent self-
stressed reinforced concrete structures parts of both
solid and through (spatial) cross sections.

The solution of the research aim was solved in three
stages:

1) analysis of design features and operation principles
of known bent self-stressed constructions;

2) formation of the generalized list of the considered
constructions;

3) development of new technology for bent self-
stressed reinforced concrete constructions creation.

Basic material and results

In [3] Chekanovich M.G. investigated the reinforce-
ment design by transverse rods system with the rein-
forced concrete beams tightening. The reinforcement
system consists of a reinforced concrete beam and an
inclined puff fixed on a system of inclined rods, which
are mirrored in the beam supporting zones symmetri-
cally with an inclination to the longitudinal axis, inter-
acting in the middle with the main inclined tension ele-
ment resting on the lower face of the beam (Fig. 1).
Compared to the known puffs typical types in the form
of horizontal rods or springs, this longitudinal, and
transverse puffs system allows you to effectively un-
load the compressed area of the concrete beam, which
greatly affects its load-bearing capacity.

Figure 1 — Adjustable-stressed beam construction

During the puffs installation, the main reinforced con-
crete element is transformed from bent to eccentrically
compressed. At the same time on beam supports there
are additional bending moments which in turn influ-
ence initial span moments. The essence of this system
is as follows [3]. Under its own weight and external
load, the beam is deformed and the tension element de-
flects the puff down by the maximum deflection. The
relationship between longitudinal reinforcement - puff
and transverse reinforcement provides forces self-regu-
lation. To increase the tensile force in the puff, it is
tightened to the middle of the outer transverse rein-
forcement, which is fixed to the beam upper and lower
parts in its support zones. The results of such an im-
proved version of the adjustable reinforcement system

of reinforced concrete beams research data analysis
prove that the action of tightening causes deformation
of the inclined outer reinforcement, which creates un-
loading forces in the upper zone of the beam and com-
pressive forces in its lower. The results of experimental
studies have shown an increase in the load-bearing ca-
pacity of beams with an improved self-regulating sys-
tem of rational stress redistribution between com-
pressed and stretched cross-sectional areas up to
1.6 times [3].

In continuation of this work, Chekanovich O.M. in-
vestigated the operation of reinforced concrete beams
with a lever-rod system consisting of a puff in the lower
stretched and extensions in the upper compressed zones
of the beam (Fig. 2) [4].

30ipHUK HAyKOBHX Tipallb. [ amy3eBe MammHoOyryBaHHs, OyaiBHHITBO. — 2 (57)° 2021 83



6

el
\
\_ 9

Figure 2 — General view of a reinforced concrete beam with a lever-rod system:
1 — reinforced concrete beam; 2 — extension; 3 — puff; 4 — traverse; 5 — two-shoulder levers;
6, 7 —rollers;8 — set of threaded fasteners with spherical washers; 9 — thrust

The idea of strengthening with the lever-rod system
was patented by Chekanovich O.M. [5] and in parallel
similar constructions by foreign scientists (USA [6],
Germany [7], Japan] [8]). The developed system of re-
inforced concrete beams stresses regulation can be ap-
plied both at new construction and at existing elements
strengthening for the purpose of their bearing capacity
increase.

As a result of beam deformations under loading, a
traverse rejects the rebars of an inhaling downwards on
the size of a beam deflection of at once in two points of
contact. There is a significant elongation of the rebars.
At the ends of the beam, in the rollers locations, there
is a gap that creates a beam longitudinal compression.
Inversely proportional to the size of the levers shoul-
ders in the reinforcement of extensions and puffs there
are tensile forces, which leads to the unloading of the
upper compressed fiber of the beam with simultaneous
compression of its lower stretched zone. The advantage
of such a lever-rod system is that there is no need for its

pre-stress; it is included in work from the beginning of
the bent element loading. The efficiency of the pro-
posed lever-rod reinforcement system is achieved by
selecting the roller location at the end of the beam and
extension lengths on top of the beam [4]. The effect of
strengthening the reinforced concrete beam by the
lever-rod system according to the results of the research
was 1.82 times.

Another method of reinforcing concrete beams, pro-
posed by the above authors, is the method of strength-
ening the external rod-roller system [9]. The reinforce-
ment system includes external steel reinforcement in
the form of two branches and guide elements located
symmetrically on the side surface at the ends of the
beam and guide parts to create an adjustable compres-
sion of the beam lower face (Fig. 3). Together with the
increase in strength up to 3.85 times compared to
the reference samples without reinforcement, the de-
flections are reduced up to 15 times, but at higher
steel costs.

Figure 3 — General view of the reinforced concrete beam reinforced
by the rod-roll system during the test

Considered by Chekanovich M.G. the idea of
strengthening single-span reinforced concrete beams
was used for continuous reinforced concrete beams.
The lever-rod reinforcement system was a system of
external reinforcement with the release of the beam
ends from the reinforcement elements, which signifi-
cantly relieves the compressed cross-sectional areas
(Fig. 4): the system of levers, pulls and rollers unloads
the compressed upper zone of the beam in the spans and
compresses the stretched zone above the support and
restrains the tension of the beam lower span. According

to the results of experimental studies, this system has
increased the load-bearing capacity of the integral
beam to 30% [10].

According to the standard solution according to [11]
the installation of the unloading sprung system, the ten-
sion of the steel reinforcement elements, and their in-
clusion in the joint work with the existing structures can
be carried out by the following measures (Fig. 5):

— wedging with steel plates;
— screwing of tightening bolts.
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Figure 4 — External reinforcement system of reinforced concrete continuous beams:
1 —reinforced concrete body; 2 — embedded plates; 3 — pulls; 4 — ankers; 5 — upper rod;
6 — the lower rod of round cross-section; 7 — longitudinal shoulder; 8 — hole for fixing the pull;
9 — upper emphasis; 10 — tightening stop; 11 — traverse over the support; 12 — traverse in the beam span

less than the tension force created by it Hs, [14].
This fact allows to create tension of the rebars to high
values Hgp (reaching stresses in the rebars that
exceed the yield strength) using a hand-held screw jack
(Fig. 7, b). Due to the possibility to achieve in the pre-
b) stressed reinforcement stresses greater than the yield
strength, it is possible before the local prestressing of

, reinforced concrete structures to perform reinforcement

- 3 of class AS500C reinforcement by pulling it

A\ R s (till 8pu = 3%) directly on construction [14].

Figure 5 — Typical constructive decisions
. . a)
of reinforced concrete constructions external
strengthening by steel rods (springs)
with a tension of the last by:
a) wedge metal plates (pos. 3-4);
b) tightening bolts (pos. 2)

Under the guidance of professor Shagin O.L. a con-
siderable amount of research has been conducted on the
creation and implementation of general and locally pre-
stressed reinforced concrete bent structures for new
construction and reconstruction. The generalizing work
is the dissertation of Izbash M.Yu. [12]. Reinforced
concrete bent elements with a total stress of the lower
belt with a single-span split scheme (Fig. 6, a) and with
local compression on the intermediate supports with a
multi-span continuous scheme of structures (Fig. 6, b) b)
are proposed, experimentally investigated and imple-
mented taking into account physical, geometric and
technological nonlinearity. The engineering technique
of combined constructions bearing capacity direct cal-
culation taking into account their existing stress-strain
state is developed [13]. The stress-strain state of the
stressed reinforcement fastening unit to the steel beam
(see Fig. 7), which provides a significant reduction in
stresses in the fastening zone, has been studied in detail.
The design of this unit limits the size of the pull-out
boom: it cannot be more than the distance between the
bottom of the fixture to the I-beam wall and the top of
its lower shelf.

A pOSitiVe feature of this design solution OfprestreSS' Figure 6 — Arrangement of unit (a) and process
ing is that due to the small value of the angle a of local pre-tensioning of reinforcing rod (b)
(Fig. 7, a), pull force Fs; is almost an order of magnitude on steel beam before concreting
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Figure 7 — Installation of prestressed reinforcing bars:
a) generally in the span of the split reinforced concrete beam;
b) locally on the intermediate supports of the inseparable reinforced concrete beam

In another work of the same scientific school [16] de-
veloped and experimentally investigated locally pre-
stressed main beams of the sprung type prefabricated
monolithic flat using finely artificial elements of large
spans overlap (Fig. 8), developed a method of calculat-
ing them taking into account the physical nonlinearity
and the deformed scheme. The lower the tension rein-
forcement will be placed, the higher the effect of its
compression [17]. However, the need to place it below
the physical axis of the section and the relatively small
depth of the groove significantly limits the increase of
this effect. In order to increase the compression effect,
the use of two-stage reinforcement tension is proposed
[16]. At the first stage tension is created by tightening
or expanding of rebars in the horizontal plane, at the
second stage - by pulling down in the vertical plane.
(Fig. 8). After pulling the rebars to the design position,
it is fixed in this position with a detent rod (Fig. 9).
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Figure 8 — Locally prestressed main sprung
type beam of prefabricated monolithic
reinforced concrete floor:
1 — prestressed rebars; 2 — detent rod;
3 — reinforced concrete part of the main beam;
4 — unstressed rebars
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Figure 9 — The scheme of two-stage rebars tension
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It should be noted that the calculation of stresses in
the pre-stressed reinforcing rod in the structures shown
in figure 3, can also be performed when considering the
operation of this reinforcement according to the scheme
of flexible flat hanging deformed thread.

Similar scientific studies of reinforced concrete
beams prestress by installing additional prestressed re-
inforcing bars were conducted under the leadership of
Storozhenko L.I. In the work of Kushnir Yu.O. the
study of 12 steel and reinforced concrete beams with a
length of 2 m, made of rolled I-beams Nel6 with side
cavities filled with concrete, with installed external or
internal pre-stressed pulls with a diameter of 10 mm, 16
mm, 20 mm or 32 mm was conducted (Fig. 10) [18].
The tension of additional reinforcement was carried out
by one of three methods:

—mechanical tension by pulling reinforcing rods
placed in lateral cavities of an I-beam screw connection
to the laths welded to end faces of I-beams (Fig. 10, a);

—mechanical tension by pulls reinforcing rods lo-
cated in lateral cavities of an [-beam screw connection
to the corners welded to support places of an I-beam
(Fig. 10, b);

—mechanical tension by pulling reinforcing rods lo-
cated outside of I-beam lateral cavities screw connec-
tion to the cross channels welded to I-beam end faces
(Fig. 10, c).

The obtained experimental data of samples stress-
strain states confirmed the existence in their calculated
cross section at the ultimate loads of the plasticity areas,
which indicates the efficiency of such structures [19].

A separate type of reinforced concrete structures self-
tensioning is a special technology of their manufacture.
Figure 11, b) shows prefabricated monolithic rein-
forced concrete crossbars tensioned due to the stages of
manufacture (concreting) [20]. Manufacturing of pre-
fabricated monolithic crossbars is carried out in several
stages - the prefabricated construction part is made at
the factory, the monolithic part - during installation.
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Figure 10 — Schemes of additional prestressed internal (a-b)
and external (c) reinforcement of reinforced concrete beams
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Figure 11 — Prefabricated monolithic
reinforced concrete crossbars:
a) cross-sectional diagram with the indication
of concreting stages; b) general view of the
prefabricated part manufactured at the factory

The design scheme of a crossbar work changes at al-
ternate stages of its installation and operation. In the first
stage, the crossbar is freely supported on two pillars, one
span beam; the horizontal support reaction is zero.

At this stage, the cross-section of the crossbar is a
trough-shaped steel profile filled with concrete. In the
second stage of manufacture:

— prefabricated ribbed reinforced concrete floor slabs
are mounted on the lower steel shelf of the trough-
shaped profile (Fig. 12, a). If according to calculation it
is necessary to increase crossbar section height, plates
are mounted not on the lower steel shelf (Fig. 11, a) and
on portable support tables (Fig. 11, b);

— the crossbar is welded to consoles (or embedded
parts) of columns. The design scheme of the crossbar is
changed to a rigidly clamped one-span with the emer-
gence of a horizontal gap. Thus, after plates installation
on a crossbar and monolithic overconcreting perfor-
mance, in a prefabricated part there are initial deflec-
tions and stresses which are perceived exclusively here;
— the concrete monolithic top shelf combining for joint
work of a crossbar with the plates of overlapping estab-
lished on it is arranged. After gaining the strength of
concrete, the cross-section changes. For additional pay-
load, the cross-section works together and receives ad-
ditional deformations.

Experimental studies of reinforced concrete prefabri-
cated monolithic beams with a span of 13.5 m con-
firmed the theoretical assumptions on the influence of
changes in the cross-section size in the manufacturing
process on the development of deflections and internal
forces [21].
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Figure 12 — Diagrams of relative deformations in a reinforced concrete crossbar:
a — prefabricated part before inclusion in work of concreting;
b — from additional loading after all section inclusion in work; B — total diagram
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Figure 13 — Measures to regulate forces in bent steel-reinforced concrete structures

Conclusions

The results of rational preliminary stresses in ele-
ments of reinforced concrete constructions with solid
cross section creation methods analysis are presented in
the form of the block diagram (Fig. 13) with allocation
of self-stressed (without additional force application)
methods.

Well-known practical measures for creating self-
stresses of bent steel-reinforced concrete structures of a
solid cross-section are the installation of external steel
fasteners using lever-rod or rod-roller systems and the
development of phasing of the manufacture and instal-
lation of prefabricated monolithic structures.
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