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AHoTanis. Y cTaTTi BUKOHAHO aHali3 BUKOHAHUX PaHillle eKCIePUMEHTATLHIX A0CTiKeHb. O6rpyHTOBaHA
aKTYaJIbHICTh TPOBE/ICHHS eKCIePUMeHTATbHUX JOCHTI/PKeHb CKJIAJAJbHIX 3yCHJb Y IapHiPHO-CTEPKHBO-
Bilf crcTeMi i3 BUKOPUCTAHHSIM CHCTEMU KOHCTPYKTHBHOI KoMIemHcari moxnbok. HaBemera MeToamka exc-
TIEPIMEHTY Ta CXeMa eKCIIepUMeHTalTbHOi ycTaHoBKHU. [IpencraBiena MeToanka eKcriepuMeHTATbHUX J10-
CJIJIKEHD JI03BOJIAE BU3HAYMTN (DAaKTUUHI CKJIA/aJIbHI 3yCHJIISA HE TUIPKU y IUIOCKIN MeTaseBiil mapHipHo-
CTEeP;KHBOBIN crcTeMi, ajie i B IPOCTOPOBIN BETMKOMPOIBOTHII CTEPKHBbOBINA 000 0HIII. 3araibHa (hopMma
00'€KTiB, 1[0 POEKTYEThCsI, MOKe OYTU Pi3HOMaHITHA — HUJIIHAPUYHA, chepUUHa, eJINTUYHA, TOPOIJAIbHA,
KOHiYHA TOIIO.

Kii04oRi cioBa: BEJUKOIPOIBOTHI METAIOKOHCTPYKIILil, CTEPKHBOBI CHCTEMHU, TIOXUOKHU CKJIaJaHHS,
MOHTa’XHi BIUITMBH, TEOPisi pO3MiPHUX JIAHITIOTIB, HANPY:KeHO-1ehOPMOBAHII CTaH, TEOPisl yIpPaBJIiHHA,
MCE, excriepumeHT.
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AunoTtanus. B craTbe BBITIOJNHEH aHAIN3 MPOBEAECHHBIX paHee dKCIEPUMEHTANIbHBIX uccieaoBanmit. O6o-
CHOBaHa aKTYaJbHOCTb MTPOBEICHUST 9KCIIEPUMEHTAIBHBIX MCCAEI0BaHI COOPOYHBIX YCUIUHA B MIAPHUPHO-
CTepP;KHEBOU CHCTEMe C WCIIOJIb30BAHNEM CHCTEMBI KOHCTPYKTHBHON KOMIIeHcarnu rorpenraocreii. [Ipuse-
JleHa MeTO/INKA 9KCIEPUMEHTa M CXeMa 9KCIIepUMEHTAIbHON ycTaHoBKU. [IpencraBiennas MeToquka aKcie-
PUMEHTAJIBHBIX MCCJAE0BAHUN TTO3BOJISIET ONMPEAEATh (haKTUIeCKIe COOPOUHBIE YCUIINS HE TOJBKO B TIIIOC-
KOIl MeTa/lJInyecKoil NIapHUPHO-CTEP;KHEBOI CHCTEME, HO M B IIPOCTPAHCTBEHHOI OOJIBIIENPOJETHON CTEPK-
HeBoit o6omouke. Obmas GpopMa TPOEKTUPYEMbBIX 0OBEKTOB MOKET OBITh pasHOOOpa3Ha — IUIHHAPUIEC-
Kas, chepryueckast, JUTUIITUYECKasl, TOPOUIAIbHAsI, KOHUYECKast U T. II.

KioueBbie coBa: GOJBIIENPONETHBIE METAIOKOHCTPYKIIUH, CTEPsKHEBBIE CHCTEMBI, TIOTPEITHOCTH
c6OPKH, MOHTaKHBIE BO3/EICTBYS, TEOPUs Pa3MEPHBIX IleTel, HalpsKEHHO-1e(OpMIPOBAaHHOE
cocTostHue, Teopust ynpasienus, MKO, sxcnepumenT.
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Abstract. This article gives an analysis of previous experimental studies. The urgency of carrying out
experimental research efforts in the assembly hinge-core system with use a system of positive error
compensation. The methodology of the experiment and the scheme and the experimental setup. The presented
method allows to determine the experimental studies of the actual assembly efforts not only in the flat metal
hinge-core system, but also in the spatial span core shell. The general form of designed objects can be varied —

cylindrical, spherical, elliptical, toroidal, conical, etc.

Keywords: large-span steel structures, bar systems, errors assembly, installation impact, theory of the size
of chains, stress-strain state, control theory, FEM, experiment.

Introduction

Design of large-span spatial rod systems is a multi-
level and multi-faceted process of obtaining and
processing information. Processing starts with the
original design information relating to the design
object that is converted repeatedly in the design
process is completed and the state as a complete
set of design documentation. The use of the
computer in the design process allows us not only
to automate routine work to create a formal
information-designed object, but also enhances the
quality of design solutions and, as a consequence,
increase the reliability and durability of the
structure.

Formulation of the problem

However, the design of building structures must
take into account the characteristics of their work
[1]. For example, using computer numerical studies
on possible account of such features of the large-
core systems, such as assembly errors and efforts
arising from them is not precise manufacturing and
assembly [2, 3]. However, designed for use on a
personal computer method for determining errors
and assembly effort [2, 4] require experimental
verification, that is verification.

Analysis status of the problem

In the study of the theoretical stress-strain state
of structures with errors by the finite element
method (FEM ) to experimental confirmation of
the reliability of the results of the calculation, as
well as the fact that the domestic practice of such
studies for large- core metal coatings available. Tt
should be noted that domestic doctoral research
devoted to assembly errors, large-span beam
structures, often performed without experimental
verification of the results [5—8]. Exclusion of may
be only of work V. I. Trofimov, E. V. Tretiakova [9,
10], which performed an experimental study of
deviations (gaps) in the rods of the structural unit
of Moscow Architectural Institute, and the work
of D. V. Konin [11], devoted to the experimental
study of joints between columns milled ends. The
works of V. I. Buyakas, A. S. Gvamichavy [12],
J. Bruno Robin [13], L. Gaul, H. Albrecht,
J. Wirnitzer [14], M. E. Kartal, H. B. Basaga,
A. Bayraktar, M. Muvafik [15], H. M. Kim,
H. H. Doiron [16] devoted to the study of the
effect of errors on the reflectivity of radio
telescopes, the carrying capacity of cable-stayed
bridges — work A. Preumont [17], and the results
unfortunately cannot be applied to large-span
spatial core of metallic coatings.
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The goal, objectives, object of study

Purpose research is to develop methods of
experimental determination of the assembly effort
from the force created by assembly errors in the
hinged-rod system. The object of research —
fragment of a flat hinge-core shell in the form of a
full-scale model farm. To reach the goal of research
is necessary to solve the following problems:

— to create a dedicated test facility, with a flat
hinged-rod system that allows you to change
the basic parameters of the computational
model (the magnitude and direction of the
deviation, the number and arrangement of the
elements with disabilities, etc.);

— to develop a methodology of experimental
studies, i. e. technology to perform the tests at
different parameters calculated scheme to
justify the adequacy of the previously
developed methods of theoretical deter-
mination of the assembly effort [2].

The decision designated tasks is caused the fact
that at theoretical study of the stress-strain state
of structures with errors FEM necessary
experimental confirmation of the reliability of the
results of the calculation, as well as the fact that
the practice of building to date, such studies for
construction of metal rods are missing.

The technique to study

Wiring diagram of the experimental farm is shown
in Fig. 1, and the design and geometry of the
numbered rods and assemblies are shown in
Fig. 2. Diagonal brace and truss belt made of square
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powered floor

1050

steel with a width of 40 mm edge, steel ST45
(R, =345 MPa). Luminaries' and support (S1) are
made of steel sheet t = 12 mm, Steel C235
(R, =229 MPa). The test farm is set horizontally
on the floor with the power does not shift the
poles — S1. In order to avoid bending at the touch
of truss with supporting girders have been installed
rollers to support, as shown in Fig. 3. For
maintenance of work in a plane truss is additionally
is fixed between the supporting rigel, which in
Fig. 2a shows the installation of the plane
elastically supports the farm. Creation of load, i. e.
external impacts on farm implemented as control
elements, which further allows to create bias, i. e.
errors in the cells. Load was applied to the rods in
steps of 1 mm in a single series. Due to the fact
that the test system is made on the accuracy
class 1 according to [18], for the manufacture of
such precision elements and a small amount
deviation in the closing link of the system is
0.1...0.2 mm, according to calculation methods [2].

Therefore to establish the effect of deviations
of the lengths of rods, i. e. assembly errors on the
parameters of the stress-strain state of the system
it necessary force the construction of the deviation.
In this regard, the individual rods are made with
the clutch (control element) — rods R2, P2,
R2.1..R2.3 (Fig. 4). To measure the deformations
that are caused by abnormalities in the control rods
used in the tests of resistance wire strain gauges
with a base of 20 mm on paper (grade PCB with
electrical resistance R = 201...203 ohms). For the
stickers on the design of load cells used glue
«Cyjanopan Chemistiks. Selection of sensors with
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Figure 1. Mounting scheme of experimental truss.
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Figure 2. The scheme of truss: a — estimated, b — geometrical.

abase of 20 mm due to the study of stress and strain
in rods with a width of 40 mm edge. The scheme
soldering rods strain gauges on the farm is shown
in Fig, 4.

Specified location sensors necessary for
complete information about the stress- strain state,
namely the longitudinal forces. To check prices and
Gage sensors division was made of the test
calibration on the reference cantilever beam. The
average value of the smallest sensors glued on the
glue «Cyjanopan Chemistik», was C = 0.315
MPa = 3.15 kgf/cm?, with a coefficient of variation
of the standard deviation of 3.32 %.

Reading the resistance strain gauges will be
produced using a strain gauge measuring systems —
SGMS-2. Using a system channel measurement
1 000, as the total number of sensors on the farm
was 82 units. Readout of load cells in the process
of uploading the design is carried out at the face of
SGMS-2 followed by manual input from the
keyboard in a program complex «Microsoft
Excel», realized in the environment of Microsoft
Windows. Based on the load cell readings loadings
as a result of treatment in the «Microsoft Excel»
necessary to plot the theoretical and experimental
effort in assembling the elements of the farm.
Fig. 5 shows a diagram of the farm management
system. The load was applied to the farm in steps
of 1 mm. The whole process can be divided into
experimental studies by 115 steps. Fig. 6 shows the
stages of the program (methods) tests. The
sequence for testing the step (S) at each step is
shown in Fig. 7 and Fig. 8. At each stage of the
boot — lengthened or unloaded — shortened rod
coupling. The direction and amount of deflection
elements provident deviations as shown in Fig. 7
and Fig. 8, for each step of the experimental

studies. Then, all steps are repeated three times.
In this case, each rod 48 is received values that will
perform statistical processing and analysis of the
experimental data, i. e. to get the mean, standard
deviation, error limits, i. e. dispersion.

However, due to collapsible nature of all
components of the stand , you may receive multiple
structurally and geometrically non-linear factors
(black holes in bolted joints, the eccentricities of
holes in luminaire and rods, etc.) the estimated
amount of force in the element may have a high
error-scatter. Because assembly effort will be
determined for each load step. This survey will be
made of load cells and in accordance with the
results obtained will be determined probability
estimates of the longitudinal force for each
element. To create the assembly deviation and
therefore the efforts you plan to use spanner
number 60.
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Figure 3. The scheme of installation rollers to support.
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Figure 4. The scheme desoldering of rods strain gauges on truss.

Figure 5. Scheme truss management system.

The calculated values of the theoretical
assembly modeled the influence of temperature
variations in the Computational Complex SCAD
(CC SCAD). Methods of modeling efforts in
assembling the core system is described in [2].
Results of experimental and theoretical studies of
assembly errors will be presented in a subsequent

paper.

Conclusion

The developed method of experimental studies and
experimental studies themselves are necessary to
assess the impact of the errors on the parameters
of the stress-strain state, namely:

The test program
Stage 1 Stage 2 Stage 3 Stage 4
(1mm) (2mm) (3mm) (1-3mm)P2

Figure 6. Scheme stages of testing program.

— identifying and clarifying the actual stress-
strain state of the core structure for the error;
— study and analysis of changes in the values of
assembly effort to the extent that the errors of
schemes and loadings of rods with disabilities;
— comparing the theoretical values of the
assembly effort with the experimental assembly
effort for later study the reliability of the results
obtained using the methods [2, 4].
The presented method allows to determine the
experimental studies of assembly efforts not only
in the flat hinge-rod system, but also in the spatial
span. The general form of designed objects can be
varied — cylindrical, spherical, elliptical, toroidal,
conical, etc.
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Figure 8. Scheme of the experimental tests at the stage 3 and 4.
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Bacunes Bosoaumup MukosaifoBu4 — KaHAWIAT TEXHIYHUX HAyK, JOIEHT; Tpodecop Kadeapn MeTaseBUX KOHCT-
PYKIIiii, HauasbHUK nabopaTopii BUunpoOyBaHHs OyIiBeJbHUX KOHCTPYKIIN Ta cropyn JoH6achKol HallioHaIbHOI
akazeMmii OyaiBHMIITBA i apxiTekTypu. HaykoBi iHTepecu: BUBYEHHS AiNICHOI poGOTH MeTaJeBUX KOHCTPYKIIiH.

Muponos Anzpiii MuKoIaiioBHY — KaHANAAT TEXHIYHUX HAyK, AOIEHT KadeApu MeTaleBUX KOHCTPYKIii J[oHb6a-
CBHKOI HaIlioHaJbHOI akajieMii OyaiBHuIITBA i apxitekTypu. Haykosi intepecu: pocmimxentss HIC BysiiB MeTajeBux
Ta CTaIe3ai300e TOHHUX KOHCTPYKIIi#, OCTIPKEHHsT MUTaHb BTOMHOI MII[HOCTI METaJIeBUX KOHCTPYKITii.

IOroe Anaroniii MuxailioBu4 — JIOKTOP TEXHIYHWX HayK, npodecop, 3aBiayBad Kadeapu TeXHOJOTII i opraHizaiii
GyniBHUITBA J[oHOGAChKOI HAIiOHATBHOI akajgeMii 6ymiBHUIITBA 1 apxiTekTypu. HayKoBi iHTepecH: TPOEKTyBaHHS,
MOHTaX, eKCITyaTallisl, TeEXHiYHa JiarHOCTUKA, OIliHKAa TEXHIYHOTO CTaHy, PEKOHCTPYKIIisl, IIOCUJIEHHST Ta JEMOHTAX
Oy IiBEJBHIX METATeBUX KOHCTPYKINH, TEXHOIOTIsST i opraHizaiist pobiT, pu Gy iBHUITBI i PEKOHCTPYKIIii OyaiBesnb
1 CHIOpYI.

Bongapes Ouexciit BopucoBuy — acrmipanT kadenpu TexHosorii i opranisarii 6yaisruiTBa J[oH6achKOI HalliOHATb-

HOI akajiemii OymiBHUITBA i apxiTekTypu. HayKoBi iHTepecH: TPOEKTYBaHHs, MOHTaK METAJIEBUX Ta KOMOIHOBaHUX
KOHCTPYKIIiH.
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Bacouies Baaaumup HukosaeBud — KaHANIAT TEXHUYECKUX HAYK, AOIEHT; mpodeccop Kadeapbl MeTALINIECKUX
KOHCTPYKIIMH, HaYaJbHUK JaO0pPaTOPUU UCIIBITAHUA CTPOUTEIbHBIX KOHCTPYKIMI 1 coopyskennil Jlonbacckoii Ha-
[IUOHAJILHOU aKaJleMUU CTPOUTEIbCTBA M apXUTeKTypbl. HayuHble MHTEPECHL: U3ydyeHue AellCTBUTENbHOI paboThl
MeTaJUINYeCKUX KOHCTPYKIUH.

MuponoB Anapeit HukosaeBud — KaHANAAT TEXHUUECKUX HAYK, ZIONEHT Kadeapbl METATHIECKUX KOHCTPYKIIUI
JlonGacckoil HAIIMOHAJIBHOI aKajleMUU CTPOUTEIbCTBA U apXUTeKTypbl. HayuHble uHTepechr: uccaenoBane HJ[C
V3JI0B METAJUTMYECKUX U CTATEKeTe300eTOHHBIX KOHCTPYKIIHIA, NCCAETOBAHNE BOTIPOCOB YCTATOCTHON TPOYHOCTH
MeTaJUIMYeCKNX KOHCTPYKINH.

IOroB Anarosmii MuxaiiloBH4 — JOKTOP TeXHMYECKUX HayK, Ipodeccop, 3aBeAyomuil Kadeapsl TeXHOJOTHN U
OPTaHM3AIMH CTPOUTENHCTBA J[OHOACCKON HAMOHATILHON aKaJeMUU CTPOUTENHCTBA U apxXUTeKTypsl. HayuHble wH-
Tepechl: MPOEKTUPOBAHNE, MOHTAX, IKCILIyaTallsd, TEXHNYeCKasl JUarHoCTHKA, OlleHKA TeXHUYECKOTO COCTOSHHUS,
PEKOHCTPYKIIUS, YCUJIEHNE U IEMOHTAXX CTPOUTEIbHBIX METAINYECKUX KOHCTPYKI[UH, TEXHONIOTUS U OPTaHU3aINs
paboT, IPU CTPOUTETBCTBE M PEKOHCTPYKIIMU 3@HUH U COOPYIKEHH.

Bonpapes Anekceit Bopucosny — actimpaT kadeapbl €XHOJIOTHH W OPTaHM3AINH CTPOUTETbcTBa J{onbacckoii Ha-
[IMOHATIBHON aKaJIeMUU CTPOMTEThCTBA U apXUTEKTYpbl. HaydHble MHTEPECHI: MTPOEKTHUPOBAHNE, MOHTAXK, IKCILIYa-
TalMsl METAIMYECKUX U KOMOMHUPOBAHHBIX KOHCTPYKIIUI.
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