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AHorauist. Y crarTi po3rysIHyTI ANHAMiYHI BUIPOOYBAHHS eJeMEHTIB GATKOBOTO THITY, BCTAHOBJIEHUX Ha
dacani [AII KCKII «Kornepr Cripon» mpn peKOHCTPYKIIii, IS TallleHHsS KOJIWBaHb SKUX 3alIPOIIOHOBAHO
TMHAMIYHIH TacuTesb. 3TiZHO 3 apXiTeKTyPHOIO ifie€io dacany MaHi eJeMeHTH TIPe/CTaBISIIOTh He 3B's3aHi
MisK c06010 KOHCOJI BUITBOTOM 6—7 M, [0 CXUJIbHI 10 eeKTy BUXPOBOTO 30y/IPKEHHSI KOJUBAHb ¥ BITPOBOMY
MOTOL, 32 IKUX MOKYTb BUHMKATH CTIKI BiOpallii MiABUINEHOTO PiBHS MONEPEK BITPOBOIO MOTOKY. Y mpo-
1eci peasisaiii IPoeKTy BUHUKJIA HEOOXIIHICTh HATYPHOrO BUBHAYEHHS JUHAMIUYHUX [apaMeTpiB JaHUX
KOHCTPYKIIi# Ta 3aCTOCYBaHHS CHENiaJbHUX AMHAMIYHUX TacuTesiB. [l 3HMIKEHHS aMIUTiTy/l KOJTUBAaHb Y
PE30HAHCHOMY PEKMMi PO3po0JieHi, BUTOTOBJIEHI Ta 3MOHTOBAHI [UHAMIUHI TaCUTE KOJTUBAHD ST TAHUX
KOHCTPYKIiil. BukoHaHi HaTypHi AnHamiuHi BUNPOOYBaHHST POOOTU KOHCTPYKINIi 3 TaCUTEJNAME KOJMBAHb
Ta 6e3 HUX 3 MeTO OTpUMaHHs iH(opMaii 1po eeKTUBHICTD iX 3aCTOCYBaHHS.

Kmouori cnoBa: jquHamiuHi BUIPOOYBaHHS, TaCUTeb KOJIUBaHb, BUXPOBE 30YKEHHS KOJUBAHb.
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AnHoramus. B craTbe paccMOTpeHbI IMHAMUYECKIE WCITBITAHUST JIEMEHTOB OaJIOYHOTO THIA, YCTAaHOBJIECH-
ubix Ha dacane /[T KCKIL «Koumepr Ctupos» Tpu peKOHCTPYKIMH, JJIsT TAllleHUsT KOJeOaHUil KOTOPBIX
Mpe/IVIOsKeH AnHAMUYecKuil racutesb. COTIacHO apXUTEKTYPHOU njien dacajia JIaHHbIEe 3IEMEHTHI IPEe/ICTaB-
JITIOT HE CBsI3aHHbIE MEXKIY cO00M KOHCOMU BBLIETOM 6—7 M, 4TO MOABEPKeHbI a(hdeKTaM BUXPEBOTO BO3-
GysKeHnsT KoleGaHuil B BETPOBOM TOTOKE, TIPH KOTOPBIX MOTYT BO3HUKATh YCTOWYHMBBIE BUOPAIINU TTOBBI-
IMIEHHOTO YPOBHs TMOTEPEK BETPOBOTO MOTOKA. B Tpoliecce peasmusanuu mpoekTa BO3HUKIA HEOOXOAMMOCTD
HATYPHOTO OIpe/IeJIeHUsI TUHAMUYECKUX MapaMeTPOB JAHHBIX KOHCTPYKIIMIA U NPUMEHEHUsT CIeIUaTbHbIX
JIMHAMWYECKUX TacuTeseil. /i CHUKEHUs aMIUIUTY ] KoJebaHUil B PE30HAHCHOM peskuMe pa3paboTaHbl,
M3TOTOBJIEHBI M CMOHTHPOBAHBI AUHAMUYECKUE TaCUTEIN KOJeOaHUN s aHHBIX KOHCTpyKuuii. IIponsse-
JIEHBI HATYpPHBIE AWHAMUYECKUE UCIBITAHUsT PabOThl KOHCTPYKIUI ¢ TaCUTEJNsIMHU KoJiebannit u 6e3 HUX ¢
1eJIbIo mostydenus: wadopmarmu 06 apPEeKTUBHOCTH UX TIPUMEHEHMUSL.

Kiiouessie cioBa: AMHaMU4YeCKHe MCIIbITaHUA, IraCUTEb KO]Ie6aIII/If;I, BUXpeEBOE B036y>KlIeHI/Ie KoJIeOaHmiA.
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Abstract. The paper deals with the dynamic tests of beam type elements installed on the facade of the
Government-Owned Establishment Of Concert and Sporting Complex Centre of Public Joint Stock
Company of «Stirol Concern» (later on, «Concert Hall») at the refurbishment, where to suppress of
vibrations, the dynamic suppressor has been offered. In accordance to the architectural concept of the facade,
the above-mentioned elements represent the cantilever disconnected between each other with the cantilever
element overhang of 6-7 m and are subjected to the effects of eddy excitation of vibrations in the wind flow
where the stable vibrations of increased level can appear across the wind flow. During the realization process
of the design, the necessity of full-scale determination of the dynamic parameters of the above-mentioned
constructions and application of special dynamic suppressors has been sprung up. To decrease the vibration
amplitude at the resonant mode, the dynamic suppressors for above-mentioned constructions have been
worked out, made and erected. The full-scale dynamic tests of constructional operation with vibration
suppressors and without in order to obtain a piece of information of their application efficacy have been
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carried out.

Keywords: dynamic tests, vibration suppressors, eddy excitation of vibrations.

Introduction

In practice of the building enterprise there was
appeared the problem of refurbishment of building
of former Palace of Culture of Horlovka built by
the standard design No. 2C-06-6/69 «Palace of
Culture with a spectator’ hall to 1200 seats» in
1981. In constructional plan, the building was
represented by the reinforced frame with bearing
brick walls.

The refurbishment of design of the Concert
Hall was developed and realized in 2013; the
problems of functioning of rooms and design of the
contemporary architectural image of a building
were solved. According to the architects' design,
decorative pylons of the main entrance are broken
off on the parabolic curve forming the taking off
wing structure (Fig. 1). Accordingly to the design,
the mounting of steel long-sized truss structures
of cantilever type which subsequently were subject
to facing and tiling with composite materials and
were decorative elements of the central facades.

Decorative elements of the central being the
separate disconnected cantilever elements between
each other with the cantilever element overhang
of 6-7 m accomplish complex vibrations in wind
flow. Because of the central facade shape non-
ordinariness, the flow model can be obtained by
blowing of a building model in a wind tunnel. How
such kind of wind pressure to the given elements
at the strength and stiffness analyses are not
intense and at design the problem of bearing
capacity was solved by application of a framework
of a steel truss with a chord from rolled double Ts
(Fig. 2).

The most complicated problem is resonance
phenomena when the displacement amplitudes are
of great importance and meaning. In this case, the
effects of beats can arise due to the density of the
lower frequencies spectrum. One of the most
dangerous types of resonant disturbances for the
given facade decorative elements is the eddy
excitation effect of vibrations in the wind flow [2,
3, 5-7, 8, 12], at which the stable vibrations of
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Figure 2. Diagram of I'— shaped truss of facade decorative elements.

increased level across the wind flow at periodic
vortex separation (Karman vortices) can arise. The
amplitudes of the vibrations depend on a cross-
section of elements, stiffness and dissipative
characteristics of elements in the vibrations plane
[8—10].

During construction at brick pylons stripping
for execution of reinforcement there was
appearance of necessity of amendments
introduction into design conceptions which have
changed the diagram of trusses fixing of facade
decorative elements. In this connection, the
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problem of experimental check stipulated in design
diagrams of the dynamic characteristics of facade
decorative elements has been appeared, the more
SO, as some parameters of Vibratory systems, e.g.,
dissipative characteristics can be obtained just
only at carrying out of full-scale tests [10, 11, 13].

Full-scale tests

The purpose of carrying out of the full-scale tests
was determination of factual dynamic chara-
cteristics and determination of the necessity of
special vibration damper application for steel truss.

The construction of the steel trusses decorative
elements situated above the main entrance of the
building are T — shaped elements (Fig. 2), the
vertical part of which is fastened to the
strengthening elements on the building facade.
The vertical part is the truss, the chord of which
is made of double T No. 18 and bent and welded
pipe with the dimensions of 180x 100x 5, the grid
is made of the bent and welded pipe with the
dimensions of 60x 3 mm. The horizontal part has
been made in the form of a truss with a chord made
of a double T No. 18, the grid of the truss has been
made of a bent and welded pipe with the
dimensions of 60x 3mm. The given structures are
sheeted with composite material from the outside.

Natural and stimulated vibrations of the
structure were originated with application of a
vibration machine of electromechanical and
eccentric type (Fig. 3) made at the Donbas
National Academy of Civil Engineering and
Architecture. It has two rotatable in step opposing

directions eccentrics motion-controlled by an
electric motor. The machine is attached to the
construction and smooth change of angular
velocity of the vibration machine shafts makes it
possible to study the constructional behaviour at
various forcing frequencies.

To determine the dynamic parameters of trusses
construction, the vibration machine was attached
on the separate standard elements (Fig. 4. a, b),
the vibrations were induced in plane of the trusses
and stimulated vibrations at machine operation
and natural vibrations at <«running-out»
(Fig. 4. ¢, d) were registered [1, 4].

Registered vibrational records of the natural
vibrations were undergone to the chamber
treatment and frequencies and logarithmic
decrements of the vibrations compared with values
accepted at design were determined (Table 1).

The analysis of the dynamic parameters of the
trusses shows, that change of the structural
schematic drawing has led to the stiffness increase
of the supportive fixing and three-dimensional
space structure on the whole and the increased
values of natural vibrations of fundamental tone
measured experimentally demonstrate about it.
But the values of logarithmic decrements of the
vibrations, the magnitude of which is determined
only by experiments, has been turned out to be to
2.5-3 times less than assumed at execution designs.
On the basis of recomputation of constructions
with application of obtained experimental data on
condition of appearance of stable resonance
vibrations in terms of their eddy excitation by the
wind flow, the decision about application of

Figure 3. Vibration machine with a control block: a) basic diagram of activity; b) general outlook.
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vibration suppressors to absorb the vibrational decorative elements of the entrance group, special
energy of the trusses structures has been accepted. plate suppressors being vibrational in opposite

To decrease the vibrational amplitudes at the phase to the truss were used (Fig. 5). The
resonant mode of the trusses structures of suppressor consists of a plate fixed on the trusses
a)

Figure 4. Registration of trusses vibration: a, b) placement of vibration machine on the trusses; ¢) installation of
piezoelectric transducers; d) registration of vibrations.

Table 1. The results of dynamic parameters comparison

Frequencies of natural vibrations of of I .
Place of tests fundamental tone, Hz Logarithmic decrements of the vibrations
conducting Of designed . Of designed .
Actual model Difference Actual model Difference
0.007+
Truss No.1 8.288+0.004 7.095 16.8 % 0.0014 0.03 328 %
TrussNo.2 | 7.190+0.003 6.378 12.7% 060000825; 0.03 241 %
TrussNo.3 | 6.713+0.024 6.147 9.2% 0'0088;* 0.03 290 %
TrussNo.4 | 6.591+0.002 6.012 9.6 % 00'0000821; 0.03 270 %
0.0265+
0, 0,
Truss No.5 6.905+0.057 6.802 1.5% 0.0062 0.03 13%
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Figure 5. Diagram of the plate vibrational suppressor: a) principal diagram; b) the suppressor installed on the truss

structure.

by a cantilever with the concentrated mass on the
edge of the plate, which can be moved along the
plate for fine adjustment. The adjustment of the
suppressor is made by the mass movement so that
in the resonant mode of the truss vibration, the
damper vibrates in the opposite phase to the
principal structure, that leads to decrease of the
vibrational amplitude of the principal structure and
dissipation of vibrational energy. To increase
dissipative forces ar trusses vibrators, there were
special spacers made of fluoroplastic are used in spots
of abutment to steel trusses of composite facing.
The suppressor installed on the truss was
subjected to the fine adjustment process by the
way of localized mass transfer along the plate and
vibrational amplitudes were fixed in the resonant
mode for the structure both with the suppressor
and without it. In this connection, the absent mass
of outside sheeting distributed along the truss
length at the moment of damper adjustment from

composite materials was added as equivalent mass
localized at the edge of cantilever partially at the
expanse of vibration machine mass, partially at the
expanse of additionally fastened load.

The process procedure of adjustment and
operation analysis of the suppressor is the
following:

1. The suppressor vibrations are excluded from
the system by its fixation to the truss with the
wire. In this case, just only the truss performs
the vibrations (Fig. 6, a).

2. The resonant mode was sorted out by the
frequency control of driving force. Asthe mode
with maximum movement amplitude. The
movements were fixed as by a vibrational
record in the mode of real time on the monitor
screen and additionally on the rod installed
nearby with the tested truss (Fig. 6, b).

3. The suppressor fixation was taken off and the
mode with the least movement amplitude was
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selected by the movement of the localized mass.

In this position, the mass was fixed, fastened

with welding and amplitude indices were kept

for subsequent analysis.
The analysis results of modification of the truss
vibrational amplitude at plate suppressor
installation for 4 main types of the trusses are given
in Table 2.

Logarithmic decrements of structural
vibrations at rest without a suppressor or with it
were determined by the obtained vibrational
records. The data have been given in Table 3.

a)

<
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On the basis of the analysis results, the
conclusions were made that application of offered
plate suppressors permits to decrease the
vibrational amplitude in the resonant mode in
1.5-2 times and increase logarithmic decrement
of vibrations in 3—3.5 times. Using experimentally
confirmed results on amplitude reduction and
logarithmic decrement increase, the absence of
manifestation of stable resonant vibrations at eddy
excitations for the structures with installed
suppressors. In the result, it was decision making
about realization of plate suppressors on the trusses

Figure 6. Adjustment of the plate vibrational suppressor: a) suppressor fixation for elimination of its vibrations;

b) movement amplitude determination by the rod.

Table 2. Vibrational amplitude of the cantilever edge of the steel trusses

Place of tests conducting Vibrational am.plltude of Vibrational amplitude of the | Relation of vibrational
the truss without - .
structure with suppressor, cm amplitude

suppressor, cm

Truss No.1 3.5 2.4 1.45

Truss No.2 3.0 2.0 1.50

Truss No.3 2.8 1.6 1.75

Truss No.4 2.7 1.6 1.68

Note: The vibrations were caused by vibrational machine with capped eccentrics with mass of 1.387 kg each, situated
on the distance of 0.06 m from an axis of rotation of a gear.

Table 3. Logarithmic decrements of trusses vibrations

Place of tests conducting Logarlthm_lc dgcremept of Loganthmlq decr ement of Relation of vibrational
structural vibrations without| structural vibrations with
decrements
suppressor suppressor
Truss No.1 0.007 0.0273 3.90
Truss No.2 0.0088 0.0277 3.15
Truss No.3 0.0077 0.0278 3.61
Truss No.4 0.0081 0.0285 3.52
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2. The version of the special plate vibrational
suppressor has been offered. The realization and
adjustment of a suppressor for the number of
trusses have been made. In the result, it has
been increased in 3-3.5 times and decreased
vibrational amplitude of the trusses in 1.5-2

of the decorative elements of the central entrance
into the building (Fig. 7).

Conclusions

1. For the steel trusses of the decorative elements

of the central entrance there have been tests
during which the actual dynamic chara-
cteristics of structural vibrations have been
determined and they have been compared with
values stipulated at design. The application of
special vibrational suppressors has been proved.

times. It has been obtained that application of
plate suppressors permits to increase
logarithmic vibrational decrement.

. The application of plate suppressors for all the

trusses of the decorative elements of the central
entrance has been proved.

Figure 7. Realization of plate suppressors on the steel trusses of the central entrance.
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Ienucos €rren BasepiitoBuy — K.T.H., JIOI[EHT, Kadeapa TEOPETUYHOI 1 TPUKJIAAHOI MexaHiku JJoHOAachKOi HaIlio-
HaJIbHOI akaneMii OyaiBHULTBA i apXiTekTypu. HayKoBi iHTepecu: [uHaMiKa CTEPKHbOBUX KOHCTPYKIIi, TeXHIYHA
JiarHOCTHKA Oyl BeJbHUX KOHCTPYKILIii.

®omenko Cepadum OnexcanapoBuy — MaricTp OyAiBHUITBA, aCUCTEHT Kadegpy TEOPETUYHOI 1 IIPUKJIAIHOI MeXa-
Hiku JloH6GachKOI HalliOHATbHOI akageMii OyniBHUIITBA i apxiTekTypu. HayKoBi iHTepecu: pO3BUTOK 3arajibHOi METO-
KW AMHAMIYHUX PO3PAxXyHKIiB eJeMEHTIB OyIiBeJbHUX KOHCTPYKININ Ta MOIIYK PaliOHaJbHUX CHOCOOIB raIieHHs
KOJINBAHb.

Kocrpunpkuit Onexcanap Cepriiiouy — .1.H., Kepisauk Biginy BTB TOB «ApxiTeKTypHO-KOHCTPYKTOPChKE O10pO
"Monyc"». HaykoBi iHTepecu: orfiHka HaiITHOCTi Ta [OBTOBIYHOCTI KOHCTPYKIIH KOIIPiB Ta HAANIAXTHUX CIIOPY/I.

Panguenxo Onexcanap BonoaumupoBuy — Marictp OymiBHUIITBA, TOTOBHUH imkeHep mpoekTiB TOB «ApxiTekTyp-
HO-KOHCTPYKTOpChKe 610po "Moayc"». HaykoBi iHTepecu: TexHiuHa AiarHOCTUKaA OyAiBEIbHUX KOHCTPYKILiil.

Ienucor Onexcanap BanepiioBuy — marictp OyniBuunTsa, gupektop TOB «ApxiTeKTypHO-KOHCTPYKTOPCHKE OI0pO
"Mopnyc"»>. HaykoBi iHTepecu: HanpyskeHo-1e(OPMOBaHUN CTaH MOHOJITHUX (Ge30aIKOBUX MEPEKPUTD.

Henucor Eprennii BaseppbeBuy — K.T.H., JIOIIEHT, Kadeapa TEOPETUUECKOI U MPUKJIAAHON MexaHuKU JloHOaccKon
HAIIMOHATIBHOM aKaJleMUH CTPOUTEIbCTBA U apXUTEKTYypbl. HayuHbie MHTEPECHL: [IMTHAMUKA CTEPXKHEBBIX KOHCTPYK-
Ui, TEXHMYECKasi TUarHOCTUKA CTPOUTEJNBHBIX KOHCTPYKIIUN.

®omenko Cepadpum AseKCaHAPOBUY — MAruMCTP CTPOUTENBCTBA, ACCUCTEHT Kadeapbl TEOPETUUECKON W MPUKJIA-
HOIT MexaHuku JIoHOACCKOI HAIIMOHAILHON aKaleMUU CTPOUTENbCTBA U apXUTEKTypbl. HayuHble WHTEPECHL: pa3Bu-
THE 00MIeH METOANKN JMHAMUYECKUX PACUYETOB HIEMEHTOB CTPOUTENBHBIX KOHCTPYKIINN W MOUCK PAIMOHATHLHBIX
C110co6OB raieHus: KojseGaHuii.

Kocrpunkuit Anekcanap CepreeBnd — K.T.H., pykoBoauTesb otgena [I'TO OOO «ApxuTekTypHO-KOHCTPYKTOP-
ckoe 61opo "Moayc"». HayuHble MHTEPECHL: Ol[EHKA HAIEKHOCTH U JIOJITOBEYHOCTH KOHCTPYKIIMI KOIPOB U HA/IIIAXT-
HBIX COOPY’KEeHNM.

Papguenko Anexcanap BraaumMupoBuy — MarucTp CTpPOUTENbCTBA, IIaBHBIN nHXeHep mpoekToB OO0 «ApxuTex-
TYPHO-KOHCTPYKTOPCKOoe 6iopo “Moayc”s>. Haydunbie nHTEpech:: TeXHUYECKasl ANArHOCTHKA CTPOUTENBHBIX KOHCT-
PYKINH.

JenncoB Anexcanap BaneppeBuu — MarucTp cTpouTenscTsa, AupekTop OO0 «ApXUTEKTYPHO-KOHCTPYKTOPCKOE
610po "Momyc"»>. Hayumble nHTEpECH: HATPSIKEHHO-Ie(OPMUPOBAHHOE COCTOSTHIIE MOHOJMHUTHBIX 0€30aJ0UHBIX TTe-
PEKPBITHIA.
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