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The article presents methodology and results of experimental investigation of full-scale
steel and concrete composite cable space frame 5.3 m on effect short-term loading. The
experimental sample consisted of flexible elements of the lower belt and sted and concrete
composite space modules. Elements of the lower belt were made of pieces of rolled steel with a
circular cross section of 16 mm in diameter. The steel and concrete composite space module
was in the form of a regular rectangular pyramid of 0.5 m high and length of a side of 0.8 m,
and consisted of areinforced concrete slab of 50 mm thick and grids of sted tubular rods with
an outer diameter of 42 mm and a wall thickness of 3 mm. The experimental research
technique provided for measuring the structural deformations at a load that was 70 % of the
destructive load. As a result of the experimental test, data wer e obtained, on the basis of the
data analysis the dependencies between defor mation and loading wer e obtained. It was found
that the studied structure during the test demonstrated the collabor ation of all its components.
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I'. M. I'aciit
[MonTaBchkuii HaliOHAIBHUN TeXHIYHUN yHiBepcuTeT iMeHi FOpis Konapatroka,
Kadeapa KOHCTPYKIIiH 13 MeTaiy, AepeBa i macTMac

METOJIUKA TA PE3YJIbTATH EKCIIEPUMEHTAJIBHUX
JOCJIIKEHB 3BIPHOI CTPYKTYPHO-BAHTOBOI
CTAJIE3AJII3OBETOHHOI KOHCTPYKIII HA AI1O

KOPOTKOTPHUBAJIOTO HABAHTAKEHHSI

© laciu . M. , 2017

Y crarTri HaBeJeHO MeTOAMKY Ta Ppe3yJdbTaTH eKCIePUMEHTAIBHOIO I0CTiTKeHHS
HANPYKEHOT0 CTAHY TMOBHOPO3MIpPHOI 30ipHOI CTPYKTYPHO-BAHTOBOI CTAJI€3a1i300€ TOHHOL
KOHCTPYKIil mMpoiboToM 5,3 M Ha /1il0 KOPOTKOTPUBAJIOT0 HABAHTA:KeHHsI. ExcniepuMeHTANIBLHUT
3pa30K CKJIAJABCS 3 THYYKHUX eJIeMeHTIB HHZKHBOI'0 MOosica Ta MPOCTOPOBUX CTaJ1e3a/1i300e TOHHUX
MonyJiB. EjileMeHTH HHZKHBOTO MOsica 0yJId BUTOTOBJIEHI 3 BiIpi3KiB cTA/IeBOro MPoKaTy KPyrJjoro
nepepizy aiamerpom 16 mm. Ilpocropori cranesanizodeTonni MoxyJdi Masu (opMy NMpPaBHILHOL
4yoTHPUKYTHOI mipamigu BucoToro 0,5 M 3i croponor 0,8 M i ckiaganucs 3 3a1i300eTOHHOI IJIATH
ToBIIHHOIO 50 MM i periTku 3i crajieBuX TPy0UacTHX CTPHMAKHIB i3 30BHIIHIM giameTpoMm 42 mm
TAa TOBIIMHOIO CTiHKM 3 MM. MeToouka eKCIIEpUMEHTAIBHHX I0CTiKeHb Mependadana
BUMipIoBaHHs Jepopmaltiii e1eMeHTIB KOHCTPYKIIi MpH HABaHTaXKeHHi, sike jopiBHIOBaI0 70 %
Bil pyiHiBHOro. BcraHoBJIeHO, 10 JOCTIIKYBAaHA KOHCTPYKILiA BIPOAOBXK  YCHOIO
BUINIPO0OBYBAHHS MPOEMOHCTPYBaJIa CyMiCHY po0OTYy ycix ii cK1ai0BHX.

KurouoBi ciioBa: crane3asnizo0eToH, BaHTa, MOAYJIb, 00JITOBE 3’ €IHAHHS, edopMaii.

Introduction. Steel and concrete composite cable space frame is a new type of a composite roof
structure, which is assembled from three-dimensional steel-concrete composite modules and a flexible
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lower belt [1]. The essence of the sted and concrete composite cable space frame consists in a new way of
combining the structural e ements, which results in the combination of the bearing and protecting abilities,
shortening the construction period, and rigidity. The steel and concrete composite cable space frame has a
simpler way of providing the joint operation of the elements than conventional steel-concrete structures.
That provides decreasing complexity both building construction and junctions production than the space
grid structures, and lesser deformability than the cable structures. In addition, the steel and concrete
composite cable space frame is architecturally expressive, also resource-saving than other types of
structures with similar dimensions and bearing capacity [2]. Applying the steel and concrete composite
cable space frameit is possible to build roof structures of various sizes and shapes [3].

Analysis of recent studies have shown that among the existing compasite structures most often
there are stedl-concrete structures, the feature of which consists in the combination of reinforced concrete
dabs with steel rod elements [4]. Therefore, the study of steel and concrete composite cable space frameis
a promising direction of development of building structures [5]. Today the proposed designs have been
widely researched. The small-scale samples of stee and concrete composite cable space frame both
experimentally and theoretically have been investigated, and the stress-strain state of individual elements
has been investigated too, and optimal geometric dimensions of the structures were identified [6].

Highlight unsolved parts of the general problem. The analysis of previous works has showed that
behavior peculiarities of the proposed structure on large-scale sample under short-term loading have not
been conveniently studied yet.

Formulation of the problem. Task consists in designing of a methodology experimental
researching of stress-strain state of steel and concrete composite cable space frames.

The main material and results. Stedl and concrete compasite cable space frame consists of steel-
concrete composite modules and elements of lower bet (Fig. 1). The steel-concrete compasite module
consists of thin-walled reinforced concrete slab and tubular rods with an outer diameter of 42 mm and a
wall thickness of 3 mm. The thin-walled concrete slabs form a top bdt of a thickness of 50 mm.

AN
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Bolt connect':lfon

Span: 5.3 m
Support: Pinned-roller (side A) - Pinned (side B)

Fig. 1. Full-scale experimental sample of the steel and concrete composite cable space frame.

Jointing steel-concrete composite modules and elements of lower belt together was performed via
bolted connection on both top and lower belts (Fig. 2) Bolt connections on top belt were rigid and bolt
connections on lower bet were pinned.

Because the dimensions of the full-scale steel and concrete composite cable space frame were
significant, the use of standard laboratory power equipment, in particular of presses for creation and
application of temporary structural loads were impossible. Therefore, the loading of the full-scale stedl and
concrete composite cabl e space frame was carried out via cargos. Each of such cargo has been made of cast
iron and had a solid disc shape and weight 42 kg. To application the load in the form of cast-iron discs to
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the experimental sample, the traverse system was applied, which consisted of a cross-arm and two steel
rods with detents on which discs were hung. Such traverses were laid by a cross-arm on the top belt of the
steel and concrete composite cable space frame at the joints (Fig. 3).

Bolt ¢ .
connection ? Bolt
connection

b) node connection on lower belt

Fig. 3. Loading of the sted and concrete composite cable space frame.

To fix and prevent of the displacement or movement of the traverses when loading full-scale
experimental sample of the steel and concrete composite cable space frame, the detents were arranged at
the traverse locations. Due to this solution, testing the experimental sample of steel and concrete compasite
cable space frame on the effect of a temporary load in accordance with the experimental research
methodol ogy was possible.

Strain of full-scale steel and concrete composite cable space frame were measured in accordance
with the experimental research methodology (Fig. 4).
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Fig. 4. Places where the strain was measured

Thetest was carried out in 10 stages (Fig. 5 and Fig. 6).
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Fig. 5. The full-scale experimental sample of the steel
and concrete composite cable space frame during the test
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Fig. 6. The full-scale experimental sample of the steel
and concrete composite cable space frame during the test
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As aresult of the experiment, data were obtained, the analysis of which made it possible to evaluate
the behavior of the steel and concrete composite cable space frame under short-term load (Fig. 7 and Fig.
8). It should be noted that in accordance of the experimental research methodology, the steel and concrete
composite cable space frame was investigated on the effect of the operational 1oad, which was 70 % of the
destructive, that is, the sample was not destroyed.

Fig. 7. Theload-strain curve of top belt

Analyzing these curves, it is obvious that, in general, the strain of the experimental sample of the
steel and concrete composite cable space frame were eastic. The sted and concrete compoasite cable space
frame that was prefabricated of modular dements operated as a halistic structure, and the designed nodes
of connection ensured reliable and joint operation of modular € ements,

Experimental data are showing that the top belt is in compression and the lower belt is in tension.
Comparison of experimental data in similar cross-sections (symmetrical) showed that the difference
between them is not significant (Fig. 8).
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Fig. 8. The difference between strain in the similar cross-sections
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No significant difference between the experimental data in symmetric cross-sections indicates that
the internal forces are distributed evenly and the steel and concrete composite cable space frame has
demonstrated the joint operation of all the components.

Conclusion. Observing the experimental sample during the testing it was found that its behavior and
the deformed view fully correspond to the theoretical data. Also, it should be noted that when inspecting
the experimental sample at each stage of loading and at the end of the testing, no damage to the nodes or
structural elements was detected, in particular, no cracks were found. Experimental data are showing that
the top belt is in compression and the lower belt is in tension. Comparison of experimental data in similar
cross-sections (symmetrical) showed that the difference between them is not significant. The sted and
concrete composite cable space frame under short-tern load operated as a halistic structure, and the
designed bolted nodes of connection ensured reliable and joint operation of modular e ements.
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