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Abstract. The research of national and foreign achievements in the technology of joining
reinforcing bars of the periodic profile, which ensure the continuity of the formation of reinforcing
cages in the monolithic housing construction, has been carried out. It has been found that in
Ukraine, according to the current regulatory documents, in the usual conditions and in seismic
areas, two main methods of joining the bar reinforcement are used: overlap (without welding and
welded) with the most demanded welded method. Summarized conclusions and recommendations
are given.
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Introduction. The main trends in modern methods of improving the splicing of rebars of the
periodic profile for monolithic housing construction indicate the transition from traditional splicing
techniques to innovative, reliable, mechanic ones, which are based on the principle of coupling
connections. It has been established that the use of mechanical connections, especially
reinforcement for labor costs, steel consumption and a higher level of fire safety in the construction
and reconstruction of buildings, ensures the continuity of the formation of reinforcing cages.

This mechanical connection of reinforcement can be recommended in a building site in
seismic areas with a seismicity of 7-9 points.

Analysis of previous studies. Tests have been carried out on standard types of connection (A12)
and positional types of connection (P13). Coupling joint samples have been tested for tension in
accordance with the requirements of GOST 12004 [1]. The research has established that deformability
of connections, or in other words backlash of the connection did not exceed 0.1 mm when the rod 0,66t
tensile stress, tensile bond strength exceeded the rejection value of tensile strength of the reinforcing
bar.

Two types of resolution are characteristic for the tested samples: breakage of the reinforcing bar
and thread failure, i.e. cutting the thread on the reinforcing bar followed by pulling it out of the
coupling. All types of connections on which the tests were carried out are classified as compressed-
tensioned connections, i.e. such connections that can perceive and compressive and tensile forces. The
strength of threaded connections is directly dependent on the length of screwing and the mechanical
characteristics of the elements being joined. Estimating the test results it should be noted that the
strength of threaded connections is not inferior to the strength of the whole rod.

The purpose of the study. To summarize the results of foreign achievements and their
implementation in order to create reliable and highly efficient methods of joining reinforcement in
modern monolithic housing construction for the purpose of application in our country.

Objects and methods of the research. The objects of the research are the types of splicing of
reinforcing bars of a periodic profile, which create a continuity of the formation of reinforcing cages
for the reinforcement of reinforced concrete structures.
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Methods of the research — the analysis of the advantages and disadvantages of the existing
technologies of splicing fittings produced in a construction site has been carried out in comparison
with the innovative technology of mechanical splicing.

The results of the research. During the construction of buildings and structures from precast
concrete, the problem of joining reinforcement bars on the construction site was absent. But over the
past decade, due to the widespread mass transition to the construction of buildings and structures made
of monolithic reinforced concrete using the new effective high-strength thermomechanically reinforced
reinforcement class A500C with a European (sickle-shaped) double-row periodic profile according to
DSTU [2], the problem of reinforcement bar joint has become topical. While designing and
constructing multi-storey and high-rise buildings from monolithic reinforced concrete, the problem of
rapid and reliable connection of reinforcement bars arises, since the length of the reinforcement
delivered to the construction site is limited by transport conditions and generally does not exceed 12 m.

In our country, according to the current regulatory documents [2-4] for the design and
construction of reinforced concrete structures of buildings and structures under normal conditions
and in seismic areas [5], there are mainly two main methods for joining bar reinforcement: overlap
joining without welding and welded.

The simplest one that does not require special equipment and is quite reliable is the overlap
joint. But this method of joining has significant drawbacks, and its area of application is rather
limited. The strength and reliability of the joint overlap without welding is ensured by adhesion to
the concrete, and this requires a large bypass of the rods, which leads to overspending of the
reinforcement. Also, in order to guarantee strength in the overlap zone, additional setting of
transverse reinforcement is necessary. As a result of the overlap joint in the structure, densely
reinforced zones appear, which complicates the laying of the concrete mix.

The disadvantage of this method of joining is the misalignment of the joining of rod
reinforcement, where the rods are installed with eccentricity.

While using the overlap joining the transfer of force from one rod to another through the
surrounding concrete and the destruction of the protective layer of concrete in the overlap zone can
subsequently lead to the complete destruction of the structure.

It has been established that overlapping with length from 20d to 40d, depending on the
operating conditions of the reinforcement and the quality of the joints in one section, leads to a loss
of 3.5% to 27% of reinforcement with its diameters from 10 to 40 mm and a length of connecting
rods 6.0m [6].

The overlapping of reinforcement rods is forbidden to be placed in areas of concentrated load
application and in places of the greatest stress.

In the construction of buildings in seismic areas, according to the standards [7], it is necessary
to fulfill a number of additional design requirements that limit the use of overlapping joints or
increase the overlap length.

The overlap weldings have a shorter bypass length, they are more efficient, but require highly
skilled welding workers. Overlap joining (without welding and welded) is technically difficult to
perform in reinforced concrete structural members with high reinforcement saturation.

In the regulatory documents [8, 9] there are no requirements for welding of reinforcing bar
with a strength class of 500 N/mm?, since during the creation of these documents, such rolled
products were not mass produced by the metallurgical industry.

The use of welded joints increases the cost and complexity of reinforcement work due to the
need for high power consumption, requires the involvement of highly skilled welders and
sophisticated quality control.

Instead of the traditional types of joining of a rod-shaped rebar of a periodic profile in most
economically developed countries of the world, such as the USA, Canada, Great Britain, Germany,
etc., in recent years only mechanical connections have been used with the help of special couplings.

At present, mechanical connections of fittings produced in the conditions of a construction
site have been carried out using threaded couplings with conical (Fig. 1) and cylindrical (parallel)
(Fig. 2) threads and using compression joints (Fig. 3).

Bicauk Onecrkoi AepkaBHOI akaaeMii Oy IiBHHITBA Ta apXiTekTypH, 2019. — Bum. Ne 74



BYAIBEJIbHI KOHCTPYKIII

Fig. 3. General view of the pressurized coupling

Coupling joints have shown their effectiveness, since they ensure a high-quality, reliable
joint, work is significantly reduced, a special qualification of workers is not required, and the
duration of joining is reduced.

Experimental studies have shown that the duration of splicing the “stretched” joint by
pressurized reinforcement with a diameter of 32-40 mm on the equipment of the Sprut company is
about 20 minutes, the production time of the screw connection of the LENTON firm with a tapered
thread is less than 10 minutes.

For the mechanical connection of BARTEC, according to the Guidelines [10], the rebar
passes through three stages of preliminary preparation. The first stage — trimming the end of the rod
at a right angle; the second stage — by means of cold heading, an increase in the initial outer
diameter of the rod end, on which the thread will be cut, is made; the third stage is threading the
required length at the enlarged end of the rebar. By increasing the diameter of the end of the rod by
cold heading, the weakening of the cross section after threading does not occur.

For threading: conical, cylindrical (parallel), mobile thread-cutting machines are used, which
can cut the necessary threads on the rebar within 5 minutes.

Connections using pressure couplings are widely used in modern construction. For rods of a
periodic profile with a nominal diameter of 16 to 40 mm of A400C and A500C classes, it is
advisable to use crimped couplings

The company Sprut-Ukraine works successfully in our country on the application of joining
of the reinforcement by crimping couplings.

This method involves compression of the metal coupling using a portable hydraulic tool
consisting of a pumping station, a squeezing press and replaceable dies for each coupling parameter.

In Ukraine technical specifications for mechanical connections of reinforcing rods by
crimping couplings [11], as well as technical specifications for connecting couplings [12], and
guidelines for mechanical connections of reinforcing rods by crimping couplings [13] were
introduced in 2008.

These regulatory documents have been developed by Sprut-Ukraine and approved by the
Ministry of Regional Development of Ukraine.

The main purpose of the use of mechanical connections is to increase reliability, and not to
obtain savings. The main advantage of mechanical connections is their industrialism and the
exclusion of welding work at the construction site.
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In Ukraine, mechanical coupling fittings with a tapered thread LENTON produced by the
American company ERICO have received the greatest interest.

The mechanical connection technology of reinforcing bars of a periodic profile with
LENTON tapered couplings is considered to be one of the most progressive worldwide. With its
use, in particular, unique buildings, masterpieces of modern construction art were built: the double-
topped skyscraper of the PETRONAS oil concern (Malaysia), the height of each is 452 meters and
the Burj Dubai super-skyscraper, currently the tallest building in the world, height — 823meters.

Connections LENTON have a multi-directional tapered thread, which eliminates the
possibility of its damage before the full engagement of the thread is achieved. Studies conducted in
Europe, America [14, 15] and practical experience have shown that, after joining with the LENTON
system, the rebar works as a single unit, providing “full strength” in tension, compression and in the
case of alternating stresses. LENTON self-centering design with a tapered thread provides full force
transmission using a coupling of minimum diameter and length.

According to technical requirements [16-19], the deformability of LENTON joints should not
exceed 0.1 mm. Since a large deformability leads to an unacceptable width of crack opening in the
operational stage of reinforced concrete elements. Couplings for mechanical connection of
reinforcing bars are designed for nominal values of yield strength up to 550 MPa and values of
ultimate tensile strength up to 750 MPa.

Coupling connections on a design are subdivided into the following types: standard,
transitional, position, welded, bolted, trailer.

Standard types are designed to connect rods of the same diameter, when one of the joined rods
can rotate freely, and its movement in the axial direction is not limited (Fig. 4, a).

Transition types are designed to connect rods of different diameters (Fig. 4, b).

Position types are designed to connect curvilinear, curved reinforcing bars of the same
diameter, when none of the joined bars can rotate freely (Fig. 4, c).

Welded types are designed to connect reinforcing bars with a rolling profile or plate (Fig. 4, d).

Bolted types are designed to connect supporting steel structures with reinforced concrete
foundations, columns and walls (Fig. 4, f).

End anchors are intended for anchoring of reinforcing bars in reinforced concrete structures
(Fig. 4, e).

Fig. 4. Types of construction of coupling connections LENTON by ERICO:

a — connection of rods of the same diameter; b — connection of rods of different diameters;
¢ — connection of curvilinear, bent reinforcing bars of the same diameter; d — connection of
reinforcing bars with a rolling profile or plate; e — connection of bearing steel structures with
reinforced concrete foundations, columns and walls; f — end anchor for rebar in reinforced
concrete structures

Threaded couplings should be used for joining reinforcement bars of a periodic profile,
classes A400C ... A600C with a diameter of 12 to 40 mm.

Since 2008, The Aviabudservice company, the official distributor of the American company
ERICO, has begun to work effectively in the construction market of Ukraine to promote the
technology of mechanical coupling fittings for fittings with a tapered thread LENTON.
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The work was carried out comprehensively with all the tests, obtaining the necessary evidence
and conclusions. In Ukraine, the laboratory of fittings of the State Research Institute of Building
Constructions conducted its own tests of strength and deformability of coupling joints of fittings
A400C and A500C with a tapered thread LENTON.

In Fig. 5 and Fig. 6 examples of mechanical connections of reinforcing bars using threaded
couplings of the LENTON system of the American company ERICO are shown.

In Fig. 5 the prepared couplings for further joining by reinforcing rods and the already joined
rods with the couplings are shown. Fig. 6 shows the mechanical coupling of the working
reinforcement of the column.

s o -

Fig. 5. Mechanical connections LENTON Fig. 6. Mechanical connections of
(connection and extension of reinforcing bars) LENTON reinforcement bars of the
column

In the laboratory of the Research Institute for Concrete and Reinforced Concrete fittings
(Moscow), studies of strength and deformability of threaded connections with a conical thread
LENTON of the ERICO company and with a cylindrical (parallel) thread BARTEC of the
DEXTRA company with a class A500C reinforcement with diameters of @12, 025, @40 mm were
conducted.

2-3 twin samples were tested. Tables 1, 2 show the mechanical properties of some samples of
mechanical connections [18]. Also, tests were carried out on samples taken from various
construction sites, both for certification and for quality control.

Table 1 — Mechanical connections LENTON

Diameter, Yield strength Te_mporary Relative extension Deformability at
mm or (c02) resistance o, Gp, %0 stretching A, mm
H/mm*
12 560 625 57 0,005
12 555 619 4,3 0,012
12 543 618 6,0 0,018
25 573 659 5,8 0,071
25 583 661 5,9 0,015
25 578 666 5,9 0,009
40 543 629 4,9 0,003
40 569 677 8,2 0,004
40 551 636 5,0 0,009
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Table 2 — Mechanical Connections BARTI EC

Diameter, | Temporary resistance | Deformability at Relative Nature of
mm 6,, H/mm® stretching A, mm | extension c,, % destruction
12 663 0,036 8 along the rebar
12 628 0,065 7 same
25 693 0,100 9 same
25 691 0,022 8 same
40 717 0,084 7 same
40 691 0,083 8 same

As a result of the research it was established:

1) the average value of the deformability of threaded joints was 0.038 mm, therefore, there is
no possibility of shifting the reinforcing bars in the coupling and, as a result, there will be no cracks
on the concrete surface;

2) the average value of the uniform elongation of the reinforcing bars after breaking the
connections was 7.8%, and when security is P = 0.95-4.2%, which indicates a high energy intensity of
adhesion of the reinforcing bar to the coupling and this is an important factor that increases the
reliability of the design and its resistance to progressive destruction [19].

As a result of the research work carried out and taking into account international experience in
Ukraine, the national standard DSTU-NBV.2.6-155: 2010 “Guidelines for the use of coupling joints
for fittings with tapered threads in the design and manufacture of reinforced concrete structures ” [20]
was developed.

At present, the technology of mechanical coupling connections for fittings with a tapered
thread LENTON has firmly taken its place in the domestic monolithic construction.

Summary:

1. For the first time in Ukraine, the National Standard for threaded mechanical fittings of
reinforcement was developed and put into effect, where the requirements for strength and
deformability of joints, geometrical dimensions of coupling connections and areas of their
application are indicated.

2. The use of mechanical connections, as the main method, of joining reinforcing bars of
A400C and A500C classes in monolithic reinforced concrete structures will continuously grow.
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AnoTtanis. IIpoBeneHo MOCHIKEHHS BITUM3HSAHHMX 1 3apyODKHHMX JOCSTHEHb B TEXHOJIOTIH
CTUKYBaHHSI apMaTypHUX CTPUXHIB MEPIOJUYHOrO Mpodisto, ski 3a0e3nedyroTh Oe3nepepBHICTD
(dbopMyBaHHS apMaTypHUX KapKaciB NP MOHOJITHOMY >KHTJIOBOMY OyAiBHHLTBI. BuspneHo, mo B
VYkpaiHi, 3riJHO 3 YUHHUMH HOPMAaTUBHUMH JIOKyMEHTaMHU B 3BHUAaHUX yMOBax 1 B CEHCMIYHHX
paifoHaxX 3acTOCOBYIOTH JIBa OCHOBHHUX CIIOCOOM CTHKYBaHHsSI CTPM)KHEBOI apMaTypHu: BHAIyCK
Oe33BapeHui 1 3BapeHuit cmoci0. HailOunpmr mpocTuM, SKW HE BHUMAarae CremiaJlbHOTOo
yCTaTKyBaHHS 1 JIOCTaTHbO HAJIMHMM € CTUK BHAIyCK, aje B KOHCTPYKLIi BHHHUKAIOTh
ryCTOApMOBaH1 30HM, IO YCKJIAIHIOE YKIJIaJaHHsS O€TOHHO1 cywimn. J[aHuil THN CTHUKYyBaHHS
CTPMD)KHEBOI apMaTypd BHamycKk 3a00pOHEHO pO3TAlllOBYBaTH B 30HAaX KOHILIEHTPOBAHOTO
MPUKJIalaHHsl HAaBaHTA)XXEHHA 1 B MICIIX HAWOUIBIIOr0 HANpyKEHHS. 3BapHI CTUKYBaHHS BHAITYCK
0111 e(peKTUBHI, OJTHAK BUMAraroTh BUCOKOI KBaJli(ikallii poOiTHUKIB-3BapIOBATIbHHUKIB.

HaTtomicTh TpaguiiiHUM THUIIaM CTUKYBAaHHS CTPUYKHEBOI apMaTypH MEpioJUYHOro Ipodiiaro
B OUTBLIOCTI €KOHOMIUHO PO3BHMHEHUX KpaiHax cBiTy, Takux sk CIIIA, Kanama, BenukoGpuraHnis,
HiMeyunHa Ta TOLIO B OCTaHHI POKM 3aCTOCOBYIOTH TIJIbKM MEXaHIYHI 3'€JHAHHS 3a JOIOMOTOIO
crieiajJbHUX MY(QT.

['onmoBHOIO METOIO 3aCTOCYBaHHS MEXaHIYHMX 3'€HAHb € TMIABUINCHHS HAIIMHOCTI, a HE
OTpUMaHHS €KOHOMii. ['OJIOBHOIO TIepeBarol0 MEXaHIYHUX 3'€JHaHb € iX IHAYCTPIaJIbHICTh 1
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BUKJTIOUEHHSI 3BapIOBAILHUX POOIT Ha OyaMaiiJaHUuKY.

B pesymprari mpoBeaeHOTO KOMMaHIE «ABiaOyncepBic» BHUIPOOYBaHHS MIIIHOCTI 1
nedopmaTuBHOCTI MypTOBHX 3'eqHaHb apMarypu kiaciB A400C i AS00C i 3 ypaxyBaHHSIM
3apyODKHOTO JIOCBiZy B YKpaiHi TEXHOJOTIi MexaHIYHOro My(TOBOro 3'€IHaHHsS apMaTypu 3
KoHI4HOIO pi3b00r0 LENTON, Bu3HaueHO mepeBard Ta HeJI0MIKH 3aCTOCYBaHHS TPAIUIIHHUX TUIIIB
CTUKYBaHHsI apMaTypH 1 HaBeCH1 IHHOBAIIIiHI TEXHOJIOT1 MEXaHIYHOTO CTUKYBaHHS 3a JOITOMOTOI0
pi3p0OBHX My(PT 3 KOHIYHHUM Ta IWIIHAPUYHAM DPi3bOJCHHAM, a TaKOX 3a JIOIIOMOIOIO
ornpecoBaHHUX My(DT. J[aHO y3aranbHEHI BUCHOBKU Ta PEeKOMEHAIII].

KurouoBi cjoBa: apMaTypHHil CTpH)KEHb, apMaTypHHH KapKac, MEXaHIYHE CTUKYBaHHA,
MydTa, KOHyCHA pi3b0a, T HAPUYHA pi3b0a, ONpecyBaHHs, IHHOBAIIIITHI TEXHOJIOTI.
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AnHoTanus. [IpoBeneHO wuccienOBaHME OTEUECTBEHHBIX U 3apyOEKHBIX JOCTHKEHUH B
TEXHOJIOTUM CTHIKOBKM apMaTypHBIX CTEp)KHEH NepHOANYEcKOro Mnpoduis, oO0ecreunBarOIMX
HENpPepbIBHOCTh (HOPMUPOBAHUS apMaTYPHBIX KapKacoB IIPU MOHOJIMTHOM JJOMOCTPOEHHUHU. BrIsBIEHO,
4T0 B YKpauHe, COIJIaCHO NEWCTBYIOILMM HOPMATHUBHBIM JIOKYMEHTaM B OOBIYHBIX YCIIOBUSX U B
CEMCMUYECKUX pailoHaxX MPUMEHSIOT JIBa OCHOBHBIX CIIOCO0A CTBIKOBKU CTEPXKHEBOM apMaryphl:
BHAXJIECTKYy OeCCBapHBIM M CBapHBIM criocoboM. Hambosee npocTeiM, He TPeOYIOIINM CHELUATBLHOTO
00OpyIOBaHUsI U JOCTATOYHO HAJEKHBIM SIBJISIETCS CTHIK BHAXJECT, HO B TAKMX KOHCTPYKLHUSX
BO3HUKAIOT I'yCTOAPMHUPOBAHHBIX 30HBI, YTO 3aTpyIHSET YKJIaJKy OeTOHHOH cmecH. JlaHHBIA THII
CTBIKOBKHM CTEPYKHEBOI apMaTypbl BHAXJIECT 3alpelleHO pacnojararb B 30HaX KOHIEHTPUPOBAHHOTO
MIPUJIOKEHUSI Harpy3KU U B MecTax HauOoJjblIero HanpspkeHus. CBapHbIe CTHIKOBKHM BHaxJiecT Oosee
3¢ GeKTUBHBI, OJTHAKO TPEOYIOT BHICOKOM KBaIM(PUKALIUK pab0ounX-CBapIIUKOB.

TpanuMOHHBIM THUIIOM CTHIKOBKH CTEP)KHEBOM apMaTypbl MEpPUOIUMYECKOro Npopuis B
OOJIBIIMHCTBE YKOHOMUYECKH PA3BUTHIX cTpaHax mupa, Takux kak CIIA, Kanaga, BemukoOpuranus,
I'epmaHus ¥ T.A. B MOCIEAHUE TOJBI NIPUMEHSIOT TOJBKO MEXAHUYECKUE COEIUHEHHS C IOMOUIBIO
CHELUAIBHBIX My(]T.

I'maBHOM LI€1BI0 MPUMEHEHNSI MEXaHUUECKUX COEIMHEHNH SIBJIIETCS MOBBIIIEHUE HA/IE)KHOCTH, a
HE TMOJY4YE€HHWE HKOHOMMU MaTepuasioB. [JIaBHBIM MPEUMYIECTBOM MEXAaHMUYECKHX COEIUHEHUM
SBJISIETCS] UX MHAYCTPUAILHOCTh M UCKITIOUEHHE CBaPOUHBIX pabOT Ha CTPOMILIOMAIKE.

B pesynbrate mnpoBeneHHoro kommaHueil «ABuabynCepBuc» HCHBITaHHS TPOYHOCTH U
nedopmatuBHOCTH MYy(TOBBIX coequHeHHH apmaTypbl KiaccoB A400C u AS00C, u c ydyerom
3apyOeXHOr0 OMbITa B YKpauHE TEXHOJOTMH MEXaHWYECKOro My(TOBOIO COETUHEHHUS apMaTyphbl C
KoHndyecko pe3pOoii LENTON, ompeneneHbl NpeuMyliecTBA M HEJOCTATKH MPUMEHEHHS
TPAJUIMOHHBIX TUIIOB CTHIKOBKM apMaTypbl U TpHUBEIEHbl HMHHOBAIMOHHBIE TEXHOJIOTHH
MEXaHUYECKON CTHIKOBKH C TIOMOIIIBIO Pe3b00BBIX MY(PT ¢ KOHMUECKOM U IIMIMHAPUYECKON pe3bOoil, a
TaKXe ¢ IMOMOIIbIO ONpeccOBaHHbBIX My(T. JlaHbl 0000I1IEHHBIE BHIBOJIBI M PEKOMEH/IAINH.

KiroueBbie ciioBa: apMaTypHBIi CTEp)KEHb, apMaTypHBIN KapKac, MEXaHUUECKOE CTHIKOBAaHUE,
My(Ta, KOHycHas pe3b0a, HMIMHAPUYECKas pe3b0a, ONpPecCOBbIBAHNE, MHHOBAIIMOHHBIE TEXHOJIOTHH.

Crarra Haminnoia 28.02.2019
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