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Abstract. Purpose. Steel and concrete composite cable space frame is double-layer roof system, consisting of spatial modules,
connected to each other via bolted joints. The shaping of the structure is made through the flexible elements of the bottom chord,
which are manufactured as cables. Taking into account the fact that the steel and concrete composite cable space frame is a
completely new type of structure with the original design, then the investigation of the stress-strain state of individual elements of the
structure is a pressing issue. Therefore, the purpose of the work is to determine the specifics of the behavior and study the stress-
strain state of flexible rod elements of the bottom chord that are a part of the new steel and concrete composite cable space frame
assembled from the spatial modules via bolted joints. Methodology. To design and produce an experimental full-size sample of the
steel and concrete composite cable space frame. Experimentally determine the specifics of the behavior and the nature of deformation
of the flexible elements of the bottom chord of the new steel and concrete composite cable space frame under a uniformly distributed
load. Measurement of deformations was carried out by using strain gauges. The location of the strain gauges was carried out in the
most characteristic sections of the investigated elements of the structure. According to the results of the experiment, the conclusion is
drawn about the effectiveness of the constructive solution of the designed structure and the accepted method of ensuring the joint
operation of the components of the structure. The obtained experimental data are compared with the results of theoretical
investigations. . Findings. The efficiency of the constructive solution and the adopted method for ensuring the joint operation of the
components of the structure was confirmed. The peculiarities of the operation of flexible elements of the bottom chord as part of the
space structure are established. The dependence of deformation of the investigated elements on the level of loading was established.
Originality. 1t is defined the stress-strain state of the flexible elements of the bottom chord of the new steel and concrete composite
cable space frame. Practical value. Studying of the specifics of the operation and the stress-strain state of individual bearing
elements of the structure enabled to confirm the effectiveness of the proposed constructive solution and the method of ensuring the
joint operation of the modular elements. That, in turn gives impetus to the further solving the general issue and overcoming the
obstacle to the introduction of new structure into the construction practice.
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Awnotauisi. Ifine. TIpocTopoBa CTPYKTYpHO-BAaHTOBA CTalie3ali300€TOHHA KOHCTPYKIIiSl € JBOMOSICHOIO CHCTEMOIO MOKPHUTTS, LIO
CKIIQIa€ThCA 3 MPOCTOPOBUX MOAYMIB, fKI TOEOHYIOThCS MDK COOOI0 3a JIONMOMOTOK PO3POONICHHX OONTOBHX 3’€JHAHb.
@DopMOYyTBOPEHHSI KOHCTPYKIT 31ifICHIOETHCS 32 paXyHOK BUKOPHCTaHHS IHYYKHX €JIEMEHTIB HI)KHBOTO T105iCa, SIKi BUTOTOBJISIOTHCS SIK
BaHTH. bepyun 10 yBary, o CTPyKTYpHO-BaHTOBA CTAJIE3aJ1i300€TOHHA KOHCTPYKIS € aOCOIIOTHO HOBOIO 3 OPUTIHAIBHUM DIilICHHSIM
CHCTEMOIO MOKPHTTSI, TO JOCIIDKCHHS HapyKeHO-1e()OPMOBAHOTO CTaHy il OKPEMHX €IEeMEHTIB € aKTyalbHOIo0 mpobiemoro. OTxe,
Lib po0OTH TOJIATac y BU3HAUCHI 0COOJIMBOCTEH POOOTH Ta JOCIIDKEHHI HAaNpy)KeHO-1e()OPMOBAHOTO CTaHy T'HYYKHX CTPIKHEBUX
€JIEMEHTIB HIDKHBOTO MO0sica, SKi € CKJIAJJOBOI0 YaCTHHOIO HOBOI CTPYKTYPHO-BAaHTOBOI CTane3ai300€TOHHOI KOHCTPYKLIT HOKPHTTS,
3i0paHoi 3 NPOCTOPOBUX MOJYJIB 3a JOMOMOror0 OontoBuX 3’e¢fHaHb. Memoouka. Po3poOUTH Ta BUTOTOBHTH €KCIIEPHMEHTaIbHHUI
MOBHOPO3MIPHHIA 3pa30K CTPYKTYPHO-BAHTOBOI CTajIe3al1i300eTOHHOT KOHCTPYKLIT MOKPUTTS. ExcriepuMeHTa IbHUM IUISIXOM BH3HAYUTH
ocoOmmBoCTi poOOTH Ta Xapakrep AeOpMyBaHHS THYYKHX €JIEMEHTIB HIDKHBOTO IIOSCAa HOBOI IPOCTOPOBOI CTPYKTYpPHO-BaHTOBOI
CTaJe3aIi300eTOHHOT KOHCTPYKII MOKPHUTTA MpH il pPIBHOMIPHO PO3MOALICHOTO HaBaHTa)XEHHS. BumiproBanHa nedopmarii
3[IHCHIOBAJIOCST 33 JONOMOTOI0 TEH30PE3UCTOpiB. Po3MileHHS MAaTUMKIB 3IIMCHIOBANOCS y HAMOLIBII XapaKTepHUX Iepepizax
JOCIIDKYBaHUX €JIEMEHTIB KOHCTPYKIIl. 3a pe3yibTaTaMu EKCIIEPHMEHTY 3pOOJICHO BHCHOBOK PO €(EeKTHBHICTH KOHCTPYKTHUBHOI
CXEMH PO3POOJICHOI KOHCTPYKIII Ta NPUUHATOrO CrMoco0y 3a0e3nedyeHHs CyMICHOI pOOOTH CKIIAIOBHUX €JIEMEHTIB. BuKoOHaHO
MOPIBHSHHS OTPUMAHUX EKCIICPMMEHTAIBHUX J@HUX 3 pe3yJbTaTaMd TEOPETHYHHUX JHOCHimkeHb. Pezynomamu. IlinrBepmkeHo
e(eKTUBHICTh KOHCTPYKTHBHOIO pillleHHS Ta TNPUIHATOro crnoco0y 3abe3nmeyeHHs CyMiCHOI pOOOTH CKIaZOBHUX CIIEMEHTIB.
BcranoBiieHo 0c00IMBOCTI pOOOTH THYUKHX €IEMEHTIB HIDKHBOTO M0sica B CKIJIA/Ii MPOCTOPOBOT KOHCTPYKIIii. BcTaHOBIIEHO 3aIeKHICTh
nedopMyBaHHS TOCIHIIKYBAaHUX €IEMEHTIB BiJl piBHS 3aBaHTaxeHHs. Haykoea noeusna. Bi3HaueHO HaIpy>KeHO-IeQOPMOBAHUI CTaH
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THYYKHMX €JIEMEHTIB HIDKHBOIO IOsSICAa HOBOI KOHCTPYKLIl — CTaJe3al1i300€TOHHOIO CTPYKTYpPHO-BAaHTOBOIO IOKpUTTS. IIpakmuuna
3nauumicms. BUBYCHHs 0COOIMBOCTEH POOOTH Ta HANPYKEHO-Ae(POPMOBAHOIO CTAaHy OKPEMUX HECYUHX SIEMEHTIB JOCIiIKYBaHUX
KOHCTPYKIIH Aaio 3MOTy MiATBEPAUTH €(PEKTUBHICTH 3allPOIIOHOBAHOTO KOHCTPYKTHBHOTO pIlIEHHA Ta crocoOy 3abe3neueHHs
CyMIiCHOI pOOOTH MOMIYJIFHHX €JIEMEHTIB, II0 Yy CBOIO YEPry Ja€ IMOIITOBX IO MOAAJBLIOrO BHPIMICHHS 3arajbHOi mpolieMu Ta
TIOIOJIaHHS IEPENIKOU Ha IIIAXY BIPOBAKEHHSI HOBUX KOHCTPYKIiH y MPaKTUKY OyJiBHUITBA.

KuniouoBi c1oBa: cTpyKTypa; cTane3ani3o0eToH; IIOKPUTTS; HapyXKeHO-1e(opMOBaHHIl CTaH; MOJYJIb; THyUKHH CTPYKEHb
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Annotanus. I]ens. IlpocTpaHCTBEHHAsI CTPYKTYpPHO-BAaHTOBAsI CTaJeXKENe300€TOHHAS KOHCTPYKLUS SIBIISITCS JABYXIOSICHOH
CHCTEMOH MOKPBITHS, COCTOSILETO U3 MPOCTPAHCTBEHHBIX MOJIYJIei, KOTOPBIE COSUHSIOTCS IPYT C APYTOM C TIOMOILBIO pa3paboTaHHbIX
6ontoBbIX coenuHeHnit. ©opMooOpazoBaHUsS KOHCTPYKIMHM OCYIIECTBISIETCSl 332 CUET HCIOJIb30BAaHUS TMOKHX DJIEMEHTOB HI)KHETO
H0fCa, KOTOpbIE M3TOTABIMBAIOTCA KakK BaHTbl. I[IpMHUMas BO BHMMaHHE TO, YTO CTPYKTYpPHO-BAaHTOBas CTaJIeKeNe300eTOHHAs
KOHCTPYKIUSI 3TO aOCOMIOTHO HOBBI THI KOHCTPYKIMHM C OpPHIMHAIBHBIM pELIEHHEM, TO HCCIEIOBAaHUS HAMpPsKEHHO-
J1e(hOpPMHUPOBAHHOTO COCTOSIHUS €€ OTAENBHBIX JIEMEHTOB SIBIICTCS aKTyaldbHOH mpoOmemoi. MTak, memb paOoThI 3aKiIiodaeTcs B
ompeeneHun 0coOCHHOCTeH paboThl M UCCIIEJOBAHUH HAIPSHKEHHO-A€(OPMUPOBAHHOTO COCTOSHMS THOKHMX CTEP)KHEBBIX JJIEMCHTOB
HIDKHETO T105Ca, KOTOPBIE SIBISIOTCSI COCTABHOI YacThIO HOBOHM CTPYKTYPHO-BAaHTOBOH CTaNIeXkeNIe300€TOHHOH KOHCTPYKIIHHN TTOKPHITHS,
coOpaHHOM W3 TPOCTPAHCTBEHHBIX MOJYyJIeH C IOMONIBI0 OONTOBBIX coenuHeHUH. Memoouka. Pa3paboTath W H3rOTOBHUTH
OKCHEPUMEHTAIBHBIA  ITOJHOPa3MepHBI  o0pas3el] CTPYyKTYpPHO-BAaHTOBOW  CTaJeXeNe300€TOHHOH  KOHCTPYKLUMH  ITOKPBITHSL.
OKCIIepUMEHTAJIBHBIM IyTeM OIPEACNIUTh OCOOSHHOCTH PAabOThI M XapakTep JeGOpPMHPOBAaHUSI T'MOKHX SJIEMEHTOB HIDKHEro mosica
HOBOH TMPOCTPAHCTBEHHOI CTPYKTYPHO-BAHTOBOW CTaJe)KeNe300€TOHHOW KOHCTPYKLHMM IOKPBITHASL HPH JACHCTBHA PaBHOMEPHO
pacnpenieneHHOM Harpys3ku. M3mepeHue pedopManuii OCyIIECTBISUIOCH € IMOMOINBI TEH30pE3UCTOpOB. Pa3merneHue naT4nMkoB
OCYILIECTBISIOCH B HanOOIee XapaKTePHBIX CEUCHUSIX HCCIEAYEMbIX JIEMEHTOB KOHCTPYKIWH. [1o pesymbrataM SKCIepHMEHTa CAeTaH
BBIBOZl 00 3()eKTHBHOCTH KOHCTPYKTHBHOH CXEMBI pa3pabOTaHHOW KOHCTPYKLIMH M TPHHATOrO crocoba o0ecredeHHs COBMECTHOU
paboTBl  COCTABILIIOIIMX OJIEMEHTOB. DBBINONHEHO CpaBHEHHE MOMYYCHHBIX OKCIEPUMEHTANBHBIX MAHHBIX C Ppe3yJbTaTaMH
TEOpeTHIeCKUX HccienoBanuil. Pezynsmamet. IlontBeprxnena 3(h(GEeKTHBHOCTh KOHCTPYKTHBHOTO PEIIEHHs M IPHUHATOTO CIocoda
obecrieyeHHs: COBMECTHOH pabOThI COCTABIIIIONIMX 3JIEMEHTOB. Y CTaHOBJIEHBI OCOOCHHOCTH PabOTHI THOKUX JIEMEHTOB HIDKHETO Hosica
B COCTaBE IPOCTPAHCTBEHHOM KOHCTPYKIMH. YCTaHOBJIEHa 3aBUCHUMOCTH Je()OPMHPOBAHUS HCCIIEIYEMBIX JJIEMEHTOB OT YPOBHS
3arpy3ku. Hayunaa noeusna. OnpeneneHo HaNpsHKEHHO-Ne(OPMUPOBAHHOE COCTOSHUE TMOKUX 3JIEMEHTOB HWJKHErO MOsSCa HOBOH
KOHCTPYKIIUH — CTaJIeXKeNIe3006TOHHOTO CTPYKTYPHO-BAHTOBOTO MOKPHITHA. IIpakmuueckaa 3nauumocms. Visydenne ocoOeHHOCTeEN
paboTsl M HANPSHKEHHO-IE(POPMUPOBAHHOTO COCTOSHHUSI OTACIBHBIX HECYIINX 3JIEMEHTOB HCCIIEAYeMbIX KOHCTPYKLIHUH ITO3BOJIMIIO
MOATBEPAUTD 3(H(HEKTUBHOCTD MPEIIOKEHHOTO KOHCTPYKTUBHOTO PEIICHHS U crloco0a oOecriedyeHusi COBMECTHOM PabOThI MOIYIBHBIX
9JIEMEHTOB, YTO B CBOIO OYepelb JaeT TOMYOK K JAIBHCHIIEMY pEeIIeHHIo o0mieil mpoOaeMbl U MPEeoJONICHNs MPEISITCTBHUS Ha MyTH
BHEJIPEHNS HOBBIX KOHCTPYKIIMI B IPaKTHKY CTPOUTEIIHCTBA.

KiioueBbie ¢10Ba: CTPYKTypa; CTACKENE300€TOH; MOKPBITHE; HANPSIKEHHO-Ie()OPMHUPOBAHHOE COCTOSHUE; MOJYJIb; THOKHUIT
CTEP)KEHb

Problem definition. The steel and concrete
composite cable space frame is the new type of building
structure with the original constructive solution. The
steel and concrete composite cable space frame includes
spatial modules and bottom chord made from flexible
rods. This constructive solution helping to reduce
material consumption due to the management of them.

Reducing of material consumption achieved due to
usage concrete for compressed components of the
structure and usage flexible steel elements for stretched
components of the structure. It allows obtaining
economic and technical advantages. The proposed
structure can be widely used in the construction of both
large-scale and small-scale buildings and constructions as
roof systems. However, despite of the economic and

technical advantages of the steel and concrete composite
cable space frame, there is the issue that consists in not
enough studying of stress-strain state of components of
the structure.

Analysis of recent research and publications has
shown that among of existing building structures there is
not similar to the ones developed. The most closely on
the steel and concrete composite cable space frame are
combined structures consisting of reinforced concrete
slab and steel grid [3, 4, 6, 9] or steel profiles [5, 7, 10].
Such structures have rigid chord and different
connections of components [8]. In addition, there are
some both experimental and theoretical studies of steel
and concrete composite cable space frame among of
recent investigations. Most of them have been allocated
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to investigating deformation of scale models of steel and
concrete composite cable space frame or studying the
stress-strain state of components of the steel and concrete
composite cable space frame.

All these studies show that steel and concrete
composite cable space frame can be used effectively for
the construction of buildings for different purposes as a
roof system. Currently, there is the justification of the
efficiency of steel and concrete composite cable space
frame. Also, it was improved of constructive solution, it
was developed both a method of ensuring the joint
operation of components and the nodal connections.

Highlighting outstanding issues. Based on the
results of previous studies and given that the steel and
concrete composite cable space frame is the new type of
a building structure, some part of the general issue has
never been investigated. However, the behavior of the
flexible components jointly with other ones in the
structure subjected to loading has never been investigated

Problem statement. The behavior of the flexible
components jointly with other ones in the structure need
to be established.

The main material. The steel and concrete
composite cable space frame is the new type of space
building structure consisting of spatial modules and
flexible bottom chord, which can be made of cable or
rods. The design of the steel and concrete composite
cable space frame is described in [2] and the technical
and economic benefits are described in [1].

The flexible bottom chord from is a part of the
structure. The bottom flexible chord consists of a flexible
bar and two steel plates that have holes. Through the
holes, the bottom flexible chord is connected to the other
elements with bolts. Before studying experimentally of
the behavior of the flexible bottom chord under load, a
computer designing of some parts of the bottom flexible
chord was conducted. Then design and produce the
experimental full-size sample of steel and concrete
composite cable space frame was made (Fig. 1).

Fig. 1 — The experimental full-size sample of the steel
and concrete composite cable space frame (1=5.6 m)

To studying experimentally of the behavior of the
flexible bottom chord under load, the strain was
measured in the specifics cross-sections (Fig. 2).

ISSN 2415-7031

Fig. 2 — The placement of cross sections where
deformations were measured

In each cross-section two strain gauges were glued
with glue BF2 (Fig. 3).
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Fig. 3 — The placement of strain gauges on surface of
flexible bottom chord of the steel and concrete composite
cable space frame

The experimental sample of the steel and concrete
composite cable space frame subjected to operational
loading was tested (Fig. 4).

]‘1 F‘ F‘ F‘

Fig. 4— Model of the experimental full-size sample of the
steel and concrete composite cable space frame
subjected to the loading

As a result of the performed experiment data were
obtained, the analysis of which allowed to investigate the
behavior of the sample of the steel and concrete
composite cable space frame under the load.
Simultaneously with testing, a visual inspection of the
experimental sample of the steel and concrete composite
cable space frame was carried out on the detection of
cracks, deformations, destruction of the nodal joints or
structural elements.

It should be noted that, in accordance with the task,
the sample of the steel and concrete composite cable
space frame was investigated under the operational load,
which was 70% of the destructive, that is, the sample was
not destroyed.

After testing of the experimental sample of the steel
and concrete composite cable space frame, the strains
were obtained and plotted curve load-strain for each
cross-section (Fig. 5 — Fig. 10). All curves are linear
because the elements were in an elastic stage. Curve
load-strain in the longitudinal direction was plotted too

(Fig. 11).
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Fig. 5 —The load-strain curve for cross-section 1
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Fig. 6 —The load-strain curve for cross-section 2
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Fig. 7-The load-strain curve for cross-section 3

Having analyzed the curves it is evident that the
newly designed connections of the flexible elements of
the bottom chord provide their joint operation.
Deformations along the lower belt grew smoothly from
ends to the middle. As expected, the maximum
deformations arose in the middle of the structure in the
cross-sections 3 and 4, which on average 54% exceeded
the deformations in the cross-sections 1 and 6 and 25%
exceeded the deformations in the cross-sections 2 and 5.
Averaged deformations of the outer fibers in mirrored
cross-sections had approximately the same values. The
maximum difference between the averaged values of
deformations in such sections was 4%, and the average
difference was 2%. A small difference between strains in
the studied cross-sections suggest that the development
of strain was uniform across construction. Based on the
deformations obtained, stresses were calculated in the
cross sections of the lower belt (Fig. 11).

Load ¥, kN

Load F, kN

Load F,kN
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Fig. 8 —The load-strain curve for cross-section 4
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Fig. 9 —The load-strain curve for cross-section 5
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Fig. 10 —The load-strain curve for cross-section 6
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Figures demonstrate the strains on cach side are
increasing in different ways. It was due to not axial force
that was applied in end of flexible elements of bottom
chord (Fig. 12). This was confirmed by a numerical
solution.

oL
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4
|}
= =

ATI-_

Fig. 12— Deformation of the lower belt

For numerical solution was applied two cross-
sections (Fig. 13).
Cross-section
Cross-section 2 A=201 mm?

A=159 mm?
ig. 13— Cross-section for numerical solutior
Fig. 13 — Cross-section for numerical solution

The solution result shows the failure of the flexible
elements of bottom chord was occurred at cross-section 2
due to an appearance of the plastic strain (Fig. 14).

View A 0,17
c +M- D
012
View B

e L T

View C 00z

002
Fig. 14— The plastic strain

Theoretically, the steel and concrete composite cable
space frame was calculated by reducing the three-
dimensional model (Fig. 15) in a
(Fig. 16).

two-dimensional

Fig. 15— The three-dimensional model

Fig. 16 — The two-dimensional model

Result calculated two-dimensional model  was
transitioned to the three-dimensional (Fig. 17).
-
i
by _ -

60°

Fig. 17— Way of the results transition

Fig. 18 shows a comparison of the axial forces in the
clements of the bottom chord that were determined
experimentally and theoretically.
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Fig. 18 — Comparison of results of the experimental and
theoretical data

Comparison of results shows good convergence. The
average divergence between experimental and theoretical
data is ['1%.
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Fig. 19— Comparison of results of the experimental and
mumerical data for cross-section 3
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Experimental data were comparable to numerical
calculations (Fig. 19). Comparison of results shows good
convergence too.

Conclusions. The results of the study the behavior of
the flexible components jointly with other ones in the
structure was established. In general, the bottom chord of
the experimental sample of the steel and concrete
composite cable space frame was in an elastic stage, as

ISSN 2415-7031

evidenced by the nature and intensity of the deformation
development, depending on the increase in loading. The
deformations of the flexible elements of the bottom chord
of the experimental sample of the steel and concrete
composite cable space frame during its testing were
linear and roughly the same deformation steps in all
sections.
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