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Anomauyin. Mema. Tpy60oOeTOHHI KOJIOHA MAarOTh 3HAYHO BHUIILY MII[HICTh Ha CTHCK HI)K 3BUYaiiHi 3a1i300€TOHHI KOJIOHH TaKOT 3K
¢dopmu. [Ipote, HEOTIKOM BUKOPHCTaHHS TPyOOOETOHHUX KOJIOH € CKJIAIHICTh BJIAIITYBaHHS )KOPCTKOTO 3’€IHAHHS 3 MOHOJIITHUM
3a1i300€TOHHUM IEepeKpUTTSIM. Takuil THH 3’€IHAHHS Mae MEHIIy TOBINWHY, HDK 3BHYAHHMI THI JKOPCTKOrO 3’€JHAHHS 3
BHKOPUCTAHHIM CTaJCBHX OallOK, IO BaXJIMBO JAJIsI BHCOTHHX OYyIWHKIB. 3TiHO IOTO ITOCTABJICHO 3aBIAaHHS CTBOPECHHS HOBOI
KOHCTPYKTHBHOI ()OpMH 3’ €THAHHS TPyOOOSTOHHOT KOJIOHH 3 MOHOJIITHUM 37113006 TOHHUM MEPEKPUTTAM, KOHCTPYKTUBHE BUKOHAHHS
SIKOTO JIO3BOJIUTh 3a0€3MEeUYUTH JKOPCTKE 3’€JHAHHS MOHOJITHOTO 3ali300€TOHHOTO MEPEKPUTTS 3 TPYOOOSTOHHOIO KOJIOHOIO Ta
3MEHIIIUTH MaTepPialoEMHICTh 3aii300eToHHOrO Kapkacy. Haykoea Hoséusna. bazyrounch Ha aHaii3i ICHYIOUYHX JJOCIIIKCHb
KOHCTPYKTHBHHX (hopM 3’€HaHHS TPYyOOOETOHHO! KOJOHM 3 MOHOJIITHUM 3aJi300€TOHHMM HEpPEeKPUTTSAM Ta JOCITIDKeHb B raiysi
3a1i300€TOHy, 3alpONOHOBaHA HOBAa KOHCTPYKTHBHA (OpMa >KOPCTKOTO 3’€AHAHHS TPYyOOOETOHHOI KOJIOHH 3 MOHOJNITHHM
3aJ1i300€TOHHUM TIEPEKPUTTSM, YIOCKOHAICHA BUKOPHCTAHHIM CTAJIEBOIO EJIEMEHTA )KOPCTKOCTI, 110 CKIAJAETHCS 3 BEPTUKATIBHUX
IUTACTHH, AKI NMEepeTHHAIOTh OETOHHE SIPO KOJIOHW Ta MPHBApeHi MO CcTaneBoi OOONOHKH KOJMOHH. Jls 3a0e3medeHHs KOPCTKOTO
3’€HaHHA 3 TPYOOOETOHHOIO KOJOHOI, KOHCTPYKILIS MEPeKPUTTS MICTHTh IUIACTHHHM 30BHIIIHBOTO apMyBaHHs, NPHUBAapeHi 0
CTaJeBOrO elieMeHTa JKOPCTKOCTI Ta 10 CTaneBol OOOJIOHKH TpyOoOeToHHOT KojoHH. Memoouka. TlopiBHsUIbHE 4YHCeIbHE
MOJICJTIOBAaHHS HAINpy)XKeHO-1e()OPMOBAHOTO CTAaHy MOHOJITHOTO 3aJ1i300€TOHHOTO TEPEeKPUTTS 3 TPYyOOOETOHHMMH KOJIOHAMH
niamerpoM 477MM 3 MIapHIPHEM Ta >KOPCTKHM 3’€JHAHHSM HEPEKPHUTTS Ta KOJOHH, Ta 3 BUKOPHUCTAHHSM IUIACTUH 30BHIITHBOTO
apMyBaHHs y BHUIIaJKy >XOPCTKOTO 3’€JIHAHHS, 3pOOJIEHE 3a IOMOMOTOI0 po3paxyHKoBoro komruiekcy Autodesk Robot Structural
Analysis. Ilepma monmens BkIo4ae B ceOe 3BHUAiiHE 3ai300€TOHHE MEpeKpuTTs. [pyra Momens BKIOYae B cede 3anizo00eToHHE
MEPEKPUTTA 3 INIACTHHAMH 30BHIIIHBOI'O apMYBaHHs1, 3MOCILOBAHUMH 3 JOIIOMOTOI0 CKIHYEHHHX €JIEMEHTIB MPUBEACHOT )KOPCTKOCTI.
Pe3ynsmamu. T1opiBHSUTBHE MOJICTIOBAHHS J0BENO e()EeKTHBHICTH 3alIPOIIOHOBAHOTO PIIlICHHS, 33 PaXyHOK 3MEHIIEHHS 3rMHAJIbHIX
MOMEHTIB B cepefuHi npoiboTy winTu Ha 40%. IIpakmuuna 3nauumicms. HoBa KOHCTpyKTHBHa (hopMma 3abe3redye >KOPCTKE
3’€qHaHHS TPyOOOETOHHOI KOJIOHH 3 MOHOJITHHM 3ajIi300€TOHHUM IEPEKPUTTSAM Ta J03BOJISIE 3MEHIINTH TOBIIMHY IEPEKPUTTS Ta
3araJibHy BUTPATy MaTepiaiiB Ha 3a1i300€TOHHIH KapKac.

Knrouogi cnosa: MOHOIITHE 3a11300€TOHHE IEPEKPUTTS; CTaIe0eTOHHI KOHCTPYKIIT; TpyOOOETOHHI KOHCTPYKIIIL.
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Annomauyusn. Llens. TpyGoOeTOHHBIE KOJOHHBI MMEIOT 3HAYUTENHHO OO0Jee BBICOKYIO NPOYHOCTh HA CXKATHE Ye€M OOBITHBIC
xKeIe300eTOHHbIe KOJIOHHBI TaKoH ke (opMmbl. OfHAKO, HEOCTATKOM HCIIOIb30BaHUS TPyOOOETOHHBIX KOJIOHH SIBIISICTCS CII0KHOCTh
YCTPOHCTBA JKECTKOTO COCJUHEHUS C MOHOJIUTHBIM JKEJIC300€TOHHBIM IIEPEKPHITHEM. TaKol THIl COSIUHEHHS MMEET MEHBIIYIO
TOJILIVHY, YeM OOBIUHBIH THII )KECTKOTO COEAUHEHHMS C HCII0JIb30BAaHUEM CTAIBHBIX 0AJOK, YTO BaYKHO JJIsI BRICOTHBIX J0MOB. CorjiacHO
9TOMY IIOCTaBJIEHA 33/lauya CO3JAaHWS HOBOW KOHCTPYKTUBHOH (DOPMBI COCIMHEHUs] TPYyOOOETOHHBIX KOJOHHBI C MOHOJHTHBIM
KeJIe300€TOHHBIM NEPEKPBITHEM, KOHCTPYKTHBHOE UCTIOTHEHHE KOTOPOT0 MO3BOIUT 00ECIIEUNTh KECTKOE COEAUHEHHE MOHOIUTHOTO
KeJIe300€TOHHOTO EPEKPHITHUSI C TPYOOOETOHHOM KOJTOHHOH U yMEHBIINTh MaTepPUalOEMKOCTh Kene300eTOHHOTO Kapkaca. Hayunasn
nogusna. OCHOBBIBAsICH Ha aHAIM3E CYIIECTBYIOIINX MCCIENI0BAaHNI KOHCTPYKTUBHBIX (DOPM COeUHEHHMST TPYOOOSTOHHBIX KOIOHHBI
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C MOHOJIMTHBIM >KeJIE300€TOHHBIM NEPEKPBITHEM U HCCIEIOBAaHUHI B 00JIACTH KeIe300€TOHa, MPEIoKEeHa HOBAsi KOHCTPYKTHBHAS
(hopma KECTKOTo COeTUHEHUs] TPyOOOETOHHBIX KOJOHHBI C MOHOJHUTHBIM KENIE€300€TOHHBIM MEPEKPHITUEM, YCOBEPLUICHCTBOBAHHAS
HCTIONB30BAaHUEM CTAJIBHOTO 3JIEMEHTA JKECTKOCTH, COCTOSIIETO M3 BEPTHKANBHBIX IUIACTHH, KOTOPHIE MEPECeKaloT OETOHHOE SIIPO
KOJIOHHBI M MIPUBAPEHBI K CTATBbHOI 00070YKe KOJNOHHBL {1 oOecredeHus KECTKOTO COSAMHEHHs ¢ TPyOOOETOHHBIX KOJIOHHOH,
KOHCTPYKIUS TEPEKPBITHS COJACPKHUT IUIACTUHBI BHEIIHETO apMHPOBAHUS, NPUBAPEHHBIE K CTaJbHOMY JJIEMEHTY JKECTKOCTH H K
CTATBHOH 000JIOUKH TPyOOOETOHHBIX KOJOHHBL. Memooduxka. CpaBHHTEIbHOS YHCICHHOE MOJECIUPOBAHNE HAIPSHKEHHO-
J1eOpMUPOBAHHOTO COCTOSTHHSI MOHOJIUTHOTO JKEJIe300€TOHHOrO HEePEKPHITHsI ¢ TPyOOOETOHHOH KOJIOHHAMHU auaMeTpoM 477mMM ¢
LIAPHUPHBIM U XKECTKUM COEIUHEHUEM IEePEKPBITHS U KOJOHHBI, C HUCIOIB30BaHHEM IUIACTHH BHEIIHETO apMHPOBAHUS B Cllydae
JKECTKOTO COCIMHEHUs, CIEIaHHOE C IOMOLIbI0 pacdeTHoro komiuiekca Autodesk Robot Structural Analysis. Ilepsast mopens
BKJIIOUaeT B ceOs OObIYHOE >KeNe300eTOHHOE IEepeKphITHe. BTopas Monenbs BKIOYaeT B cebs jkene300eTOHHOE MEepPEeKphITHE C
IUIACTUHAMH BHEIIHETO apMHpPOBAHHSA, CMOIEIHPOBAHHBIMH C MOMOIIBIO KOHEYHBIX OJJIEMEHTOB IIPHBEICHHOH JKECTKOCTH.
Peszynomamepr. CpaBHUTEIBHOE MOJEIHPOBAHNE MOKa3ado 3((GEKTHBHOCTh MPEUIOKEHHOTO PEIICHMS, 33 CUET YMEHBIICHUS
n3rubaromux MOMEHTOB B cepexuHe mpoinera miutsl HA 40%. IIpakmuueckaa 3nauumocms. HoBas koHCTpykTHBHAs (hopma
obecrieunBaeT >KECTKOE COCJUHEHHE TPYyOOOETOHHBIX KOJOHHBI C MOHOJIUTHBIM JKeJIe300€TOHHBIM HEPEeKPHITHEM M IO3BOJIIET
YMEHBIINTD TOJIIIHY HePEeKPHITHS ¥ OOIIIH pacXo/ MaTepralioB Ha >KeJe300e TOHHEIH KapKac.

Kniouesbie cnosa: MOHOIIUTHOE KEJIE300€TOHHOE NEPEKPBITHE; CTaIeOETOHHbIE KOHCTPYKIMH; TPYOOOETOHHBIC KOHCTPYKLIUH.
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Abstract. Purpose. Concrete filled tube columns have significantly better compression strength than same shape regular reinforced
concrete columns. However, the disadvantage of applying the concrete filled tube columns is the complication of providing the rigid
connection to sitecast reinforced concrete ceiling. Such type of joining has less ceiling thickness versus to regular rigid joining, using
the steel girders, which is important for high-rise buildings. Regarding to this, the task of creating the new constructive form of
connection concrete filled tube to sitecast reinforced concrete ceiling, which constructive fulfilment allowed providing the rigid
connection sitecast reinforced concrete ceiling to concrete filled tube and decrease the material consumption of reinforced concrete
frame was set. Originality. Basing on analyzing of existent researches of constructive forms of concrete filled tube to reinforced
concrete ceiling joining and investigation in reinforced concrete area, the new constructive form of rigid connection of concrete filled
tube to sitecast reinforced concrete ceiling, which is enhanced by using steel rigid element which consists of vertical steel plates, which
cross column concrete core, and welded to steel tube was offered. For providing the rigid connection with concrete filled tube column,
construction of ceiling includes the stripes of external steel plate reinforcing, welded to steel rigid element and to concrete filled tube
column’s steel casing. Methodology. The comparative finite element analysis modelling of tension-strain conditions of sitecast
reinforced concrete ceiling construction with 477mm diameter concrete filled tube columns with link and rigid conditions of joining
of ceiling and column and using the stripes of external steel plate reinforcement in case of rigid connection, was made using the
Autodesk Robot Structural Analysis. The first model included the regular sitecast reinforced concrete ceiling. The second model
included the reinforced concrete ceiling with external steel plate reinforcement, modeled by equivalent rigidness finite elements.
Findings. The comparative finite element modelling proved the effectiveness of offered constructive decision by decreasing the
bending moments in plate middle area on 40%. Practical value. New constructive form provides the rigid connection of concrete filled
tube column to sitecast reinforced concrete ceiling and allows to decrease ceiling height and overall material consumption of reinforced
concrete frame.

Keywords: sitecast reinforced concrete ceiling; steel reinforced concrete constructions; concrete filled tube constructions.

The problem statement in general and its connection concrete inclusive columns. The disadvantage of applying
with important scientific or practical tasks the concrete filled tube columns is the complication of
Among a huge variety of reinforced concrete and steel providing the rigid joint to sitecast reinforced concrete
reinforced concrete constructions excel a concrete filled ceiling. Such type of joining has less ceiling thickness
tubes. Such type of constructions elements has versus to regular rigid joining, using the steel girders,
significantly better compression strength than same shape which is important for high-rise buildings. The rigid
regular reinforced concrete elements. This is why concrete connection of sitecast reinforced ceiling to concrete filled

filled tube columns have one of the best effectiveness for tube requires sufficient amount of steel reinforcement in
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connection area, so can’t be constructed using the regular
reinforcement, but the column assuming of bending
moments and reducing regular plate reinforcing amount
can be provided by using external reinforcement steel
plates.

Analysis of recent research and publications, where
are laid the foundations for solving this problem, on
which the author is based

The fundamental researches in area of concrete filled
tubes was made by Luksha L.[1], Storozhenko L.[2] and
other scientists. That researches highlighted the concrete
filled tubes as one of the most efficiency elements for
compression and their advantages for using as columns.

The concrete filled tube consist of steel tube coating
and concrete core, which work like one element. Concrete
filled tubes have the best efficiency when working under
noncentral compression. Therefore, the concrete filled
tubes are highly recommended for using as columns in
high-rise frames. Unlike the regular reinforced concrete
column, the concrete filled tube column require no internal
reinforcement. The concrete filled column high efficiency
is provided by all direction concrete core compression,
which increase bearing capacity by about half. All
direction compression of concrete, by steel casing of
column, which works like a cage is achieved [1].

All direction compression effect is increasing while the
consolidation of concrete mortar because of concrete
extension. Because of humidity exchange to environment
lack, shrinkage effect is also lessened. Insulated from
environment influence concrete is in better condition than
uninsulated, because over time, the microfissures and
nonlinear creep deformation appears in the uninsulated
concrete [2].

Concrete filled tube has better corrosion resistance
because concrete protects its inner surface. The concrete
filling of steel tube increase overall buckling resistance
and particular stability of steel tube. Therefore, the overall
construction fire resistance is increasing.

Klymenko F. [3] made fundamental investigation
about steel external reinforcement. This investigation
includes calculation methods for external reinforcement
steel plates, anchoring solutions and practical appliance of
such type of construction. Recent investigations in area of
concrete filled tubes and steel reinforced concrete were
focused in DBN B.2.6-160:2010 [4] and Eurocode 2 [5]
norms.

American scientists Alostaz Y. and Schneider S. made
the fundamental research of different types of connection
steel I-shaped beams to concrete filled tube columns [6].
According to this research, there are few variants of
connection concrete filled tube to steel I-shaped beam.
The most efficient variants of connection include
elements, which cross the column’s concrete core and
reduce stress concentration in steel tube.

Recent constructive forms [7, 8] of connection
concrete filled tube to reinforced concrete ceiling are
made like hided in ceiling consoles or capitals, which
provides the shear force resistance, but provides no rigid
connection of concrete filled tube to reinforced concrete
ceiling.
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The comparison of different types of connection the
ceiling construction to concrete filled tube [9] showed,
that the rigid connection concrete filled tube to steel
reinforced concrete ceiling has many advantages
relatively to other types of connection and creates a
promising area for research.

Defining of the unsolved aspects of the problem,
which are devoted to this article

The problem of creation the new constructive form
wasn’t reviewed fully by previous scientists and needs the
closer consideration. The main difficulty in providing the
rigid connection concrete filled tube to reinforced concrete
ceiling is concentration of reinforcement in near column
area, which can be solved by using the external
reinforcement steel plates, connecting the columns like
beams and steel rigid element, which provides the shear
resistance of connection.

The purposes formulation of article (problem
definition)

The main purpose of investigation is the creation a new
constructive form of rigid connection concrete filled tube
to reinforced concrete ceiling and verifying its efficiency,
comparatively to link connection.

The new constructive form of connection is described
in a utility model of rigid connection concrete filled tube
to reinforced concrete ceiling [10].

The comparative finite element analysis modelling of
tension-strain conditions of sitecast reinforced concrete
ceiling construction with concrete filled tube columns
with link and rigid conditions of joining of ceiling and
column and using the stripes of external steel plate
reinforcement in case of rigid connection, was made using
the Autodesk Robot Structural Analysis.

Presentation of the main research material with full
justification of scientific results

1. Solutions of rigid connection reinforced concrete
ceiling constructions to concrete filled tube columns

Concrete filled tube constructions have best efficiency
when using in high-rise office and residential buildings.
At this condition, with considering the massive loads and
small calculation height, concrete filled tube columns
have the opportunity to show its best qualities. In such
type of multistory buildings, the most important parameter
is ceiling thickness, which affects on the material expense
of building and overall building height and treads, which
can create the problems during the rooms planning.

Applying the rigid joining concrete filled tube columns
to reinforced concrete ceiling allow to reduce bending
strain at middle area of slab, comparing to link joining.
Reducing the strain in slab allow to reduce reinforcement
percentage and thickness of slab in general.

For providing the sufficient amount of negative
moment concentration in connection with a column, the
considerable concentration of stretched reinforcement at
near column area of slab is required. For achievement, this
purpose, will be beneficial to combine the sitecast
reinforced ceiling with steel concrete perfect beam, made
by using the external reinforcement steel plates.
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For creating such rigid connection reinforced concrete
ceiling slab with the concrete filled tube column, we can
use the same methods as for steel girders, described in
Alostaz Y., Schneider S. Connections to concrete-filled
steel tubes [5]. In such case, we can create the rigid
connection of reinforced concrete slab with the concrete
filled tube column and provide the complete transfer of
stresses on column.

Creating the rigid connection concrete filled tube
column to reinforced concrete ceiling allows to rich the
double effect. In case of negative moment appearance at
near column area of slab, the middle area of slab has
slightly less moments, and in case of concentration
bending moments in external reinforcement steel plates,
appear the opportunity of reducing the thickness of
ceiling. Also, due to rigid connection concrete filled tube
to reinforced concrete ceiling creates the rigid frame,
which requires no treads.

2. Comparative modeling of reinforced concrete
ceiling constructions

For providing the expediency of the creating a new
constructive form, the comparative modeling in Autodesk
Robot Structural Analysis is made, using model of
beamless ceiling with 3x3 column with 6m step and 2m

overhanging, with thickness of 250mm and loaded evenly
distributed load 9.0kN/m2. Steel casing of concrete filled
tube column diameter is 377mm. The first model includes
regular beamless reinforced concrete ceiling with link
connection to concrete filled tube columns and the second
one include reinforced concrete ceiling with external
reinforcement steel plates zones (400mm width),
modelled by equivalent ceiling rigidity and rigid
connection of ceiling to concrete filled tube columns. The
rigid connection is modelled by rigid fixing of outside
finite elements. The result bending moments mapping of
comparative modelling are in the (Fig. 1) and (Fig. 2).

Modelling showed that version with rigid connection
concrete filled tube to reinforced concrete ceiling slab by
using the external reinforcements steel plates has the
significantly less bending moments in plate by about half.
Therefore, the concentration of bending moments in
external reinforcement steel plates and the negative
moments appear at near column area.

Consequently, the rigid connection of sitecast
reinforced ceiling with external reinforcement steel plates
to concrete filled tube allows to provide the overall
reinforcement and thickness reduction of reinforced
concrete slab.
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Fig. 1. Bending moments mapping in Y direction in slab with the link connection to concrete filled tube column.

ssiae I
< 398 ;
i 113 020
s 2D e
870-5% 13 408

280 651 9% =501 169 ,

805
"6? =126 2?5 "55-—9. T 5
g 39 20484 4gy
. 403 - 105448 1,03 wa -
ﬁﬁa% - 636:; e 107 267 98 = S
Srne_gs 3B a2 e
e 263 g, “":‘:—‘L-“-a_ 126 77 415 677 5% 406 13077 (W65
— 253?7%%3&@‘ 326 730 ~
— 829 518 70 1
TOM0 g g ~ 1 051 713 A2
1'18 439 3T 149 // 3906
o0 107 38 : = 4

g6 38 BOT

Fig. 2. Bending moments mapping in Y direction in slab with the external reinforcement steel plates and
the rigid connection to concrete filled tube column .
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3. New constructive form of rigid connection concrete
filled tube to reinforced concrete slab.

Based on a utility model of rigid connection concrete
filled tube to reinforced concrete ceiling [10], the
following description of the arrangement of this type of
construction is given.

1 2

N\ / 3

Fig. 3. New construction form of rigid connection
concrete filled tube column to reinforced concrete slab.
1 — concrete filled tube steel casing; 2 — concrete filled
tube concrete; 3 — sitecast reinforced concrete slab; 4 —
slab reinforced frames; 5 — external reinforcement steel

plates; 6 — steel rigid element; 7 — steel connection
plates;
8 — assembling slots in steel tube; 9 — vertical steel
coating plates; 10 — steel tread plates.

Creation of new constructive form is solved by adding
to existent variants of connection concrete filled tube to
reinforced concrete slab the steel rigid element and
external reinforcement plates (Fig. 3). The steel rigid
element consists of few welded together vertical plates,
which are placed into assembling slots in steel tube of
concrete filled tube column and welded to it. The steel
rigid element can be made in cruciform or another
multibeam shape with any angles between vertical steel
plates, according to architectural building project. The
external reinforcement steel plates are placed between the
columns by analogy to flanges of regular I-beams. The
steel rigid element external plates are welded to external
reinforcement steel plates. For providing the bending
moments transfer from slab to column, the steel external

reinforcement steel plates are welded with column casing
by using the steel connection plates. The vertical steel
coating plates is providing covering the assembling slots
in concrete filled column casing and facilitation the
assembling of next column casing. Also, the steel thread
plates were designed for providing the rigidness of
connection.

Assembling of connection sitecast reinforced concrete
slab to concrete filled tube consist of the following steps.

Steel casing of concrete filled tube column is placed
into project position. Than steel rigid element is placed
into assembling slots in steel tube and welded to steel tube
by corner-welded seams. The concrete core of concrete
filled column is concreted. After this, the ceiling slab
formwork is assembled. The bottom external
reinforcement steel plates are welded to steel rigid element
by corner-welded seams and to bottom steel tread plates
by butt-welding. Than slab reinforcement frames are
placed into project position. After that, the top external
reinforcement steel plates are welded to steel rigid element
by corner-welded seams and to top steel tread plates by
butt-welding. Connection plates are welded to steel casing
of concrete filled tube and to external reinforcement steel
plates. Vertical steel coating plates were welded to steel
casing of concrete filled tube column and the next steel
coating is placed. After that, the steel reinforcement slab
is concreted.

The conclusions of this research and the prospects for
further development in this direction

The new constructive form allows to provide the rigid
connection of concrete filled tube column to reinforced
concrete ceiling by using external reinforcement steel
plates and steel rigid element. The comparative finite
element modelling proved the effectiveness of offered
constructive decision by decreasing the bending moments
in plate middle area on 40%, which allows to reduce the
ceiling height and reduce the overall material
consumption.

In such case, this type of connection concrete filled
tube with the reinforced concrete ceiling confirms its
scientific novelty and efficiency. The creation of new
constructive form opens the promising area for research.
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