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EXPERIMENTAL RESEARCH OF THE AMPLIFICATIONS METHODS
OF CONCRETE FILLED STEEL TUBULAR ELEMENTS WITH
EXPLOITATIVE DAMAGE

After analysis the several similar ways of amplification of tubular elements were proposed.
The article presents results of experimental researches of different methods concrete filled steel
tubular elements” amplification with local damage of pipe-shell. The most effective method of
amplification which is the most improving for joint work of the sample was defined.
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Statement of the problem in general and its relationship to important scientific and
practical tasks. Application of concrete filled steel tubular constructions as bearing elements of
composite reinforced concrete framework of industrial and civil buildings today is very relevant,
especially with increased requirements for sanitary condition, and if necessary, the perception of
significant operational loads [1, 2].

The presence of local damage of pipe-shell (local bends, cuts, cracks and other various of cross
section) while operating can fairly significantly affect the features of work, bearing capacity and
other indicators of roadworthiness of constructive elements that's why important the question of
amplification of constructive elements. Currently [6, 7] this issue is not enough researched and needs
the study.

The problem and set priorities for experimental research of concrete filled steel tubular
elements with different ways of amplification was formulated in this work. The main purpose of
this work is to analyze effectiveness of different ways of damaged tubular structures
amplification based on the experimental studies.

Analysis of recent research and publications on the topic of work. Theme of concrete
and metal structures’ amplification was reviewed in Malhanov A.l. [3] Onufriev N.M. [4]
Bondarenko S.V.[5] and others. However, today in Ukraine almost no similar recommendations
regarding reinforced concrete constructions.

The main material of research. The main advantage of concrete filled steel tubular designs -
a joint work between the concrete and the pipe-shell. In consequence of which is effect of increasing
of bearing capacity. Based on the results of previous studies [8, 9, 10] we found that the presence of
defects or damage in constructive elements significantly reduces or almost reduce to zero before the
end of unstudied effect of increasing of bearing capacity. Thus the main task of amplification of
tubular elements is to restore joint work of all components of the design.

Different ways of amplification of tubular structures which have damage of pipe-shell were
analyzed. After this analysis the several similar ways of amplification of tubular elements were
proposed.

In order to establish the degree of influence of methods amplifying of bearing capacity, the
changing nature of work under load and the parameters of the stress-strain state of tubular
elements, us were made experimental researching. Their program included the manufacture and
testing of short concrete filled steel tubular samples (with a ratio of 1 <4D), including a series
Thbnn which consisted of 4 samples with different ways of amplification of pipe-shell:

— using a reinforcing rod (1 pc), sample code Thnn-1;

— using reinforcing rods (2 pcs), sample code Thrnn-4;
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— using a metal plate (100x50mm) sample code Thrm-2;

— using a metal collar, sample code Thnn-3.

The adopted program and methodology of experimental research, physical and mechanical
properties of materials, locations of strain gauges and methods of amplification are presented in
Table 1.

Table 1 — Characteristics of test specimens
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All samples were tested in central compression with centering for the physical and geometric
center of the sample by applying a test load equal to about 0.2 from the expected maximum and
comparison of longitudinal strain in a circle. During the test were recorded efforts which
corresponding to the beginning of the yield strength of the metal pipe-shell (V,) and load N,. After
reaching N, sample ceased perceive the load which was taken as a criterion of destruction. However,
the sample has not lost its integrity and continued to work in out the limiting condition, with
significant plastic deformation at the bottom of the chart of physical condition.

When performing the experiment samples Tbnn-1 and Thnn-4 had similar nature of
destruction, i.e. disclosure of pre-existing damage and the formation of corrugations in the plots
near actions of load. In the sample Thnmn-2 due the increasing of cross-sectional by plate
corrugation have been formed on the opposite side of the defect and has occurred the loss of
local stability. Since the sample Thnmn-3 was amplified, by all area of the cross section of the
sample has occurred expansion without significant disclosure of the existing defect (Fig. 1).
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Figure 2 — Schedule of change longitudinal deformations of samples: a — Tbnn-3, b — Thnn-2

These charts of the main deformation shows complex stress-strain state in the area of
amplification (Fig. 2). For the sample Thmmn-3 clear that the method of amplification as a collar
leads to increasing of joint work and the bearing capacity. In the sample Thnm-2 which is
amplified using a metal plates also increasing the bearing capacity of sample.

During the tests with the help of indicators the longitudinal deformations were derived ¢, ,

and circular charts of changes transverse deformations of test samples at different load levels
was constructed (Fig. 3).

The formation of corrugations near actions of load is characteristic feature of the tubular
structures’ work. If corrugations are absent or occur immediately after the loss of local stability the
effect of girdle is practically absent and amplification doesn’t give the desired result in this case.

Thus, analysis of the results of executed experimental studies and calculations allow to
conclude that the most effective way to amplification is a collar, it covers all sides of an item and
does not give disclosed pre-existing damage.
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Figure 3 — Schedule of change of transverse deformations of test samples at different load

levels: a — Thnn-1, 6 — Thnn-3.

Conclusions. The article presents results of experimental researches of different methods
concrete filled steel tubular elements’ amplification with local damage of pipe-shell. The most
effective method of amplification which is the most improving for joint work of the sample was
defined.
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O.B. Cemko, 0.m.n., npoghecop

O.11. Bockobiunux, 0.m.H., C.H.C.

1L.O. Ilapxomenko, acnipanmka

11.0. Cemko, mazicmp

Ilonmascovkuti nayionanvHutl mexuivnut yHieepcumem imeni IOpis Konopamioka

EKCIHHEPUMEHTAJIBHI JOCJILIZKEHHSA CITOCOBIB INIICUJIEHHSA
TPYBOBETOHHUX KOHCTPYKIIIN 3 EKCILTYATAIIIMHUMHA
HOMKOIXEHHAMMU

Ha ocnosi nposedenoeo ananizy asmopamu 6y10 3anponoHo8ano 0eKiibka cnocoois
niocuneHHs 011 mpyooOemoHHUX eleMeHMI8, WO VIHce MAMb ROUKOONCEHHS MPYOU-000I0HKU.
Y cmammi nasedeni pezyriomamu ekCnepumMeHmanibHux 00CHI0NHCEeHb PISHUX CHOCODI8 NIOCUIeHHS
mpyb0bemoHHUX eleMeHMi8 3 IOKATbHUMU NOWKOONCEHHAMU MPYOuU-006010HKU. Busnayeno
Haubinbw ehexkmuHull cnocio nioCUIeHHs, Wo BKIUAEMbCI 8 CRIIbHY pOOOMY 3 00CIIOHUM
3paskom ma 360inbuiye echexm oboUMU.

Knrouosi cnosa: mpyoobemon, nowko0dicen s, eKCniyamayis, 0cooIusocmi pobomu.

A.B. Cemko, 0.m.n., npogheccop

E.Il. Bockobounuk, 0.m.H., C.H.C.

U.0. Ilapxomenxo, acnupanmka

11.4. Cemko, macucmp

Tlonmasckuil Hayuonanbhwili mexnuueckuu ynueepcumem umenu FOpus Konopamrioka

IKCHEPUMEHTAJIbHBIE HCCIEJOBAHUS CIIOCOBOB
YCUWJIEHUA TPYBOBETOHHUX KOHCTPYKIIUM C
IKCINIYATAHMOHHBIMMU NOBPEXJIEHUAMMU

Ha ocnoge nposedennozo ananusa agmopamu 6vi10 npedoHceHo HeCKOIbKO CHOCOD08
yeunenuss 01 mpybo0oemoHHUX d/IeMeHmo8, KOmopbie yice UMerom nospexcoeHue mpyou-
obonouku. B cmamve npusedenvl pe3yibmamsl IKCHEPUMEHMATbHBIX UCCAE008AHUL PAZHBIX
€cnocobos ycunerust mpyoooemoHHUX 2NeMEHMO8 C TIOKANbHLIMU NOBPENCOCHUSIMU MPYObl-
obonouxu. Onpedenen naubonee ¢ pexmusHvll CnOcob ycuieHus, KOmopbwlll 6KI0UAEMCs 8
00wWy10 pabomy ¢ UCCIe0YIOMbIM 00pa3yoM U yeeaudusaem sggexm o0o0timbi.

Knroueevie cnosa: mpyoobemon, nospexcoenus, SIKCHayamayus, ocobeHHocmu pabomeol.
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