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Abstract. In all the variety of external and internal influences, cyclic loading is often
encountered with hardly noticeable external but the large internal changes, as a result of which the
building structures receive a significant increasing of deformations, a noticeable decreasing of
fatigue strength and crack resistance, that accompanied by premature failure.

In the published literature available to the authors, the reinforcement methods for solving
problems, that associated only with the intermittent cyclic load action in one plane were found.

In this paper, we consider a new method of the restoring and reinforcement of damaged
bending reinforced concrete elements under low-cycle high-level reversed cyclic loading, using the
prestressed metal clips. The operations, the order and conditions of their performance, the devices
used in these operations are defined. The variants of connection and the creation of prestressing in
reinforcement elements are proposed. The essence of this reinforcement method is the installation
of longitudinal and transverse metal reinforcement elements on the damaged reinforced concrete
bending element, forming the clip, with the following creation of prestressing in these
reinforcement elements. As a result of the prestressing, a triaxial compression of reinforced element
is created, the result of which is the restoration of monolithic and the reinforcement of bending
reinforced concrete element, that damaged with normal cross-cutting and cross inclined cracks.

Due to the simplicity of prestressed metal clip manufacturing and its inclusion to the work
immediately after manufacture, the ability to regulate the complex stress-strain state of reinforced
structure during its exploitation and to change, if it is necessary, the static working scheme, especially
under alternating cyclic loading, the proposed method of restoring and reinforcement of damaged
reinforced concrete structures experiencing the complex types of deformations, is indispensable.

Keywords: method, reinforcement, reinforced concrete element, crack, clip, prestressing.

Introduction. During its “life” cycle structural elements of buildings and structures are
exposed to a wide variety of loads that affect the stress-strain state of the entire structural system of
the building as a whole and of each of its elements, in particular.

In all the variety of external and internal influences, cyclic loading is often encountered with
hardly noticeable external but large internal changes, as a result of which the building structures
receive a significant increase in deformations, a noticeable decrease in fatigue strength and fracture
toughness, accompanied by premature failure [1, 2]. Undisturbed, but damaged with cross-cutting
normal and crossed inclined cracks, emergency structure, according to current standards [3], are
subjected to dismantling and replacement, which, in turn, entails stopping the technological process,
and additional costs associated with construction and installation work and manufacturing structure.
However, the bearing capacity of the reinforced concrete element has reached the pre-emergency or
emergency condition as a result of indicated impact load is still possible to recover with strengthening,
e.g., concrete [4] mortar block, composite materials [5], prestressed metal casing [6].

Strengthening using the first two of the above methods allows you to restore the construction
once. Strengthening the metal casing makes it possible to adjust its stress-strain state by prestressing
elements in strengthening both at the initial stage of strengthening, and in the course of its operation.
This makes this type of strengthening more attractive and interesting from the standpoint of studying
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teamwork, with different types and intensity of loading, damage received, increased requirements for
its load-carrying capacity, and so on.

From the point of view of production and operating conditions, strengthening of reinforced
concrete structures with mortar mixtures and concretes [4] has such limitations: the inclusion of a
reinforcement system is possible only after the strength of the basic materials has been established,;
the lack of complete control over the joint operation of the reinforced structure and the
strengthening system, both at the beginning of the strengthening and in the process of its operation.

The critical factor for the strengthening system of composite materials [5] is the glass
transition temperature of its polymer matrix. And these are 60-65°C. The high cost of composite
materials, as well as the lack of direct control of the strengthening system, also limit the wide use of
this type of strengthening.

Strengthening with metal elements and cages [6], as well as composite materials, has a limitation
on the temperature range of application, although much larger (470 °C) [7]. But, one of the main
advantages of strengthening with the help of metal elements is certainly the multivariance of its use,
which in turn makes it possible to regulate the stress-strain state of the structure and to perform
constant technical monitoring of the system during its operation.

In this paper, a method of strengthening the damaged through, normal and through-cross the
inclined bent cracked concrete elements, strengthening with metal casing pretensioned experiencing
low cycle alternating high loading levels were considered.

Published in the accessible to authors literature, the methods of strengthening that are closest
to the illuminated problem are solved with problems connected only with the action of a load in one
plane and one sign, which imposes limitations on the application of available methods under the
action of an alternating load, and also the load acting in different planes.

Thus, a method of strengthening the structure by attaching additional reinforcement to the
exposed working armature of the stretched zone, with its preliminary tension "on concrete” and
subsequent concreting construction were known [8]. However, in this method, the stretched zone is
compressed beforehand and therefore the resistance of only the stretched zone of the bent element
increases, which leads to a partial increase in the load-bearing capacity of the reinforced structure,
which is not always acceptable (with increased static, pulsating or seismic actions).

The closest to our method is the reinforcement of structures, which is described in the description
of the invention to USSR copyright certificate No. 1778250 [9]. The method involves securing the
reinforcement element in the compressed zone of the reinforced concrete beam and the subsequent
two-stage pre-compression: before and after the stress of the reinforcement element of the stretched
zone. However, this method has the following drawbacks: in this method, the upper elements for
strengthening the reinforced concrete beam are compressed twice, but only in the longitudinal
direction, which results in the reinforcement of only normal sections of the integral reinforced concrete
beam by the action of only a constant transverse load or bending moment in the main vertical force
plane , and does not lead to an increase in the sloping sections and the support sections, in general, to
the action of the same sign-constant load. Under the influence of an alternating transverse load (for
example, in case of an earthquake), on the contrary, this method of amplification can lead to premature
failure both in normal sections that have been pre-stretched with the upper reinforcement elements and
crosswise inclined sections at the supports.

In addition to the above written methods for strengthening the bent elements, other methods
with similar drawbacks are known.

The purpose and the research objectives. Analysis of literature sources has showed that the
issue of reinforcing damaged bent ferro-concrete elements under the influence of a low-cycle
alternating load of high levels remains, in practice, were unexplored. In this regard, the purpose of
this work is to develop a method for restoring and strengthening damaged bent reinforced concrete
structures operating under conditions of low-cycle, alternating high-level load loading, using
prestressed metal casing.

The research objectives are: to identify the characteristic features of the proposed method
operations, to establish the order and sequence of these operations, to develop a schematic diagram

Bicauk Onechkoi AepkaBHOI akaaeMii Oy IiIBHHITBA Ta apXiTekTypH, 2018. — Bum. Ne 72



BYJIIBEJIbHI KOHCTPYKIII

of the device that provides this method.

Methods of research. Typical features of the method are operations, order and conditions for
their execution, as well as the devices used in performing these operations (Fig. 1, 2). We divide the
complex operations into simpler ones:

1) Mounting the longitudinal reinforcement elements (1) on a mechanically damaged bending
element using a glue mixture, scaffolding and other devices;

2) Connection of longitudinal reinforcement elements (1) with support elements (2);

3) Mounting the parts (5) to create prestressing in the longitudinal reinforcement elements (1);

4) Fixing in the design position of the longitudinal reinforcement elements (1) and supporting
elements (2) by fixing the tension of the parts (5);

5) Fastening of transverse vertical reinforcement elements (3) to longitudinal reinforcement
elements (1);

6) Fastening of the transverse horizontal reinforcement elements (4) to longitudinal
reinforcement elements (1) with subsequent fixing tension on the reinstated or reinforced structure;

7) Sequential stepwise creation of prestressing in longitudinal (1) and transverse (3, 4)
reinforcement elements up to the design value.

Thus, to achieve this goal we perform the selected operations in the same sequence, but with the
obligatory consideration of the production conditions and the nature of the damage to the structure. In
this case, the connection of the transverse vertical (3) and horizontal (4) reinforcement elements with
the longitudinal reinforcement elements (1) and the subsequent fixing of their tension on the
reconstructed or reinforced structure is performed successively in one of the variants (Table 1).

Table 1 — Sequences and options for creating a metal clip from longitudinal (1), vertical (3),
horizontal (4) gain elements

Options
Sequences
1 2 3
©) 3)
4)+(3
@ @ (4)+(3)

Depending on which faults prevail in the renewable or reinforced bending structure, the
creation of alternate stepped prestressing in the longitudinal and transverse reinforcement elements
up to the design value can be performed in two stages:

Stage 1 — alignment in the longitudinal direction of the damaged structure and fixing it in the
design position according to the recommendations of Table. 2.

Table 2 — Sequences and variants of step-by-step stepwise creation of prestressing in longitudinal
(1.2) ... (1.4), transverse vertical (3) and horizontal (4) reinforcement elements according to Fig. 1

Variants
Sequences
1 2 3 4 5 6 7
1 1.1+1.2 | 13+14 | 11+13|12+14111+1.2|1.3+14 ] 1.1+1.3
2 13414 | 1.1+1.2 | 12414 | 1.1+1.3 3 3 4
3 3) 3 4 4 1.3+1.4 | 1.1+1.2 | 1.2+1.4
4 (4) (4) (3) 3) (4) (4) 3)

Stage 2 — creation of prestressing pretension in the longitudinal and transverse reinforcement
elements up to the design value (Table 3).
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Table 3 — Sequences and options for creating prestressing in the longitudinal (1) and transverse (3,
4) gain elements at a time to the design value

Options
Sequences 1 2 3 2 5 6 7 8
1 1) (1) 3) (3) 4) 4) (4) 1)
2 4) 3) (1) 4) 1) 3) +(3) 4)
3 3) 4) 4) 1) 3) 1) 1) +(3)

The conditions for the performance of these operations do not differ from the conditions for
performing general construction work, while observing the generally accepted safety rules, as well
as the regulations for the use of reinforcement materials and the established production technology.

Results of the researches. The conducted experimental studies confirmed the expediency of
using this method for restoration and reinforcement, if necessary, of mechanically damaged
reinforced concrete structures. Thus, when reinforced concrete beams with through normal and
inclined cracks reinforced by this method, it was possible not only to restore the bearing capacity,
but also to increase it up to 1.5 times in comparison with the original ones.

Conclusions and prospects for further research.

1. Restoration of monolithic character and reinforcement (if necessary) of bent reinforced
concrete structures damaged by through normal and cross inclined cracks is possible by creating in
them a three-axis compression due to prestressing of the elements of the reinforcing metal cage.

2. The simplicity of manufacturing a prestressed metal cage and its inclusion in the work
immediately after manufacturing, the ability to regulate the complex stress-strain state of the
reinforced structure during its operation and to change, if necessary, the static scheme of its
operation, especially under alternating cyclic loading, make the proposed the method of restoration,
as well as reinforcement of damaged reinforced concrete structures experiencing complex types of
deformation, is indispensable.

A logical continuation of the ongoing research is the development of a device for the
restoration and reinforcement of damaged reinforced concrete bent structures.
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Ooecvka depoicasna akademis 6YOIGHUYMBA MA apXimMeKmypu

AHoTanis. B ycboMy pI3HOMaHITTI 30BHIIIHIX 1 BHYTPIIIHIX BIUIMBIB [UKJIIYHE
HABaHTA)XCHHS € TaKUM, 110 YacTO 3yCTPIYA€ThCSA 3 MAJONOMITHUMHM 30BHIIIHIMH, aji€ BEITUKUMU
BHYTPILIHIMU 3MIHAaMH, B Pe3yJbTaTl SKUX OyAiBEJNbHI KOHCTPYKII OTPUMYIOTh 3HAUHUN MPUPICT
negopmMariiii, MOMITHE 3HUKEHHSI BTOMHOI MIIIHOCTI Ta TPIIIMHOCTIMKOCTI 1 SIKE CYIPOBOKYETHCS
nepeayacHUM pylHyBaHHAM. Omny0IiKoBaH1 B IOCTYIIHIN aBTOpaMm JiiTeparypi HalOUIbII OJIM3bKI 10
poOJIeMH, 110 BUCBITIIOETHCS, CIOCOOU MOCHIICHHSI BUPIIIYIOTh 3aB/IaHHS, MTOB'sI3aH1 TIJIBKY 3 JI1€I0
HaBaHTAXXEHHs B OJHIH IUIOIMIKHI 1 OAHOTO 3HAKY.

VY nmaniif poOOTI po3rsAacTbcs HOBUUM CMOCIO BIAHOBIEHHS Ta MiJCHUJICHHS MOIIKOJKEHHUX
3TUHAJBHUX 3aJ11300€TOHHUX €JEMEHTIB, SKI MpAaIlOI0Th B YMOBaX BIUIUBY MAaJIOIMKIOBOIO
3HAKO3MIHHOTO HaBaHTA)KEHHS BHCOKHMX pIBHIB, 3a JIOIIOMOIOI0 TONEPEIHbO HAMPYKEHUX
MeTasieBUX 00oiiM. Bu3HaueH1 omnepariii, MOpsiIOK Ta YMOBH iX BUKOHAHHS, @ TaKOXK IMPUCTPOI, SKi
BUKOPUCTOBYIOTHCS TPH BHUKOHAHHI ILMX oOIlepaliil. 3amporoHOBaHI BapiaHTU 3'€THAHHS Ta
CTBOpPEHHSI TOINEPEAHbOIO HANpPYXKEHHs B eneMeHTax miacuieHHs. CyTTio JaHoro crocody
MOCUJIEHHSI € YCTAaHOBKAa HAa TOLIKO/KEHY 3alli300€TOHHY KOHCTPYKIIIO TIOB3JIOBXKHIX Ta
MOTIEPEYHNX METAJEeBUX €JIEMEHTIB, SKI YTBOPIOIOTH 000iiMy, 3 TOJAIBIIMM CTBOPEHHSM
MOTIEPETHHOTO HANPYKEHHS B HUX, Y PE3yJbTaTi SKOTO MOIIKOIKEHa HACKPI3SHUMHU HOPMaJIbHUMU
Ta TEPEeXpEeCHUMHU MOXWIMMH TPIIIMHAMH KOHCTPYKIiSl 3a3Ha€  TPHUBICHOIO OOTHCHEHHS,
MiJICYMKOM SIKOTO € BiTHOBIIEHHS 11 MOHOJIITHOCT1 Ta MOCHJICHHS (32 HEOOX1AHOCTI).

[IpocToTa BUrOTOBJIEHHS MOINEPEIHBO HANPYKEHOI MeTaneBoi 0OOWMH 1 BKIIIOYEHHS i1 B
poOOTy BiApa3y 3K MICIs BHUIOTOBJIEHHS, MOXJIMBICTh PErYyJIIOBAaTH CKJIaJHUN Hampy>KeHO-
nepopMOBaHHUM CTaH TMOCWIIOBAHOI KOHCTPYKLIi B Mporeci i eKcIulyaTalii Ta 3MIHIOBAaTH, 3a
HEOOXIAHOCTI, CTAaTH4YHYy CXeMy poOOTH, OCOOJMBO TMpPH 3HAKO3MIHHOMY LMKJIIYHOMY
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HABaHTAXCHHI, POOJISITH 3aIIPONIOHOBAHUH CTIOCIO BiJTHOBIICHHS, @ TAKOXK TIOCUJICHHS TTOIIKOKEHIX
3aJ11300€TOHHUX KOHCTPYKIIiH, 110 3a3HAIOTh CKJIAJHUX BHUIB Ae(opmartiii, He3aMiHHUM.

KuarouoBi ciioBa: croci®, TOCHIICHHS, 3ali300€TOHHA KOHCTPYKIIiS, TPIIIMHA, 000iMa,
MIOTIEPETHE HATIPY)KCHHS.
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Ooecckas 2ocyoapcmeeHHas akaoemus CmpoumeibCmea U apXumeKmypbl

AHHoTanusi. Bo BceM MHOrooOpa3uu BHEIIHUX U BHYTPEHHUX BO3JCHCTBHUI LUKINYECKas
Harpys3ka SBJSIETCSI 4YacTO BCTpPEYAIOIIEHCS C MaJlo3aMETHBIMU BHEIIHUMH, HO OOJbIIMMU
BHYTPEHHUMHU H3MEHEHUSMH, B PE3YJIbTATE KOTOPBIX CTPOUTENIbHbIE KOHCTPYKLUHU IOJTYy4YaroT
3HAYUTENbHBII TpupocT aAedopmainuii, 3aMEeTHOE CHIDKEHHE YCTaJIOCTHOW MPOYHOCTH U
TPEIIMHOCTOMKOCTH, COMPOBOKAAIOIIEECS MPEKIEBPEMEHHBIM pa3pyiieHueM. Ony0InKOBaHHbIE B
JOCTYIHON aBTOpaM JHUTepaType Hanbolee OJIM3KHE K OCBEllaeMoil mpobiieMe CriocoObl YCHUIICHUS
pelIaT 3aJaul, CBSI3aHHBIE TOJBKO C BO3JCHCTBHEM HAarpy3ku B OJHOW IUIOCKOCTH M OIHOIO
3HaKa.

B nmannoi paboTe paccMmarpuBaeTCsi HOBBIA CIIOCOO BOCCTAHOBJICHHS U YCHUJICHHS
MOBPEXICHHBIX N3TH0AaEMBIX JKeJIe300€TOHHBIX JIEMEHTOB, paOOTAIONINX B YCIOBHUIX BO3JCHCTBUS
MaJIOIMKJIOBOM 3HAKOIIEPEMEHHOW HAarpy3Kd BBICOKMX YPOBHEW, C IIOMOIIBIO IPENBAPUTEIILHO
HAMPSKEHHBIX MeTaTHYeckuX 000iM. CyThIO JAaHHOTO CIIOCO0a yCUTICHUS SIBJISIETCS] YCTAaHOBKA Ha
MOBPEXKICHHBINA  KEJIEe300€TOHHBIM  M3rMO0AaeMbIil  AJIIEMEHT TMPOAOJIBHBIX M IONEPEYHbIX
METAJUINYECKUX JJIEMEHTOB YCHJICHMs, 00pa3yromux o00HMy, € TMOCIEAYIOIMIUM CO3JaHUEM
MIPEIBAPUTENILHOTO HANpsHKEHUS] B HUX, B PE3YyJbTaTe KOTOPOIO CO3/aeTcsi TPEXOCHOE CiKaThe
YCUJINBAEMOTO 3JIEMEHTAa, UTOTOM KOTOPOTO SIBJISIETCS BOCCTAHOBJIEHWE MOHOJIUTHOCTH U yCUJIEHHE
(pu He0OXOMMOCTH ) IOBPEXKIEHHBIX CKBO3HBIMU HOPMaIbHBIMU U IEPEKPECTHBIMU HAKIIOHHBIMU
TpeIMHaMHU U3ru0aeMoro keae300€TOHHOIO AJIEMEHTA.

[IpocToTa W3TrOTOBICHUS NPEABAPUTEIHHO HAMPSHKEHHONM METATHYECKOH OO0OWMBI |
BKJIFOUEHHE €€ B paboTy cpa3y ke IMOCIe M3TOTOBIEHMS, BO3MOKHOCTh PEryJIHPOBaTh CIIOKHOE
HaNpsDKEHHO-1e()OPMUPOBAHHOE  COCTOSIHME — YCHJIMBAEMOM KOHCTPYKIMM B Tporecce €€
SKCIUTyaTallU M W3MEHSTh, MPU HEOOXOAMMOCTH, CTATUYECKYI0 CXeMy paboThl, 0COOEHHO MpHU
3HAKOIEPEMEHHOM LUKIMYECKOW Harpyske, JAeJaroT IpeJlaraeMblii criocoOd BOCCTAHOBIEHHS, a
TaK)Xe YCUJICHUS TIOBPEXKICHHBIX KeJIe300€TOHHBIX KOHCTPYKIUI, UCTIBITHIBAIOLIUX CIOKHBIE BUIBI
nedopmanuii, He3aMEHUMBIM.

KuroueBble cioBa: croco0, ycuiaeHue, jkele300eTOHHAsT KOHCTPYKITUS, TpeliuHa, o0oiima,
Mpe/IBapUTENIbHOE HAIIPSHKEHHUE.
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