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DYNAMIC PROPERTIES OF ONE-STOREY INDUSTRIAL BUILDING

Purpose. Recently, there has been a growing demand in Ukraine for the reuse of industrial buildings that have
not been in exploitation for a certain period of time. At the same time, there are frequent cases when new technolog-
ical equipment transfers significant dynamic loads to existing structures over a long period of time. Since the availa-
ble data regarding the dynamic properties of industrial buildings are now practically absent, the main goal of the
studies made by the authors is to evaluate and analyze own dynamic characteristics of a one-storey industrial build-
ing. Methodology. To achieve this goal, it was necessary first to choose the type of industrial building, which is
common enough for the formulated conditions of the reuse possibility. A one-storey unheated industrial building
with three purlins (purlins 15 + 15 + 6 m) with a steel supporting frame was taken as such a building. In the course
of research, the cross sections of the main load-bearing elements were varied, as well as the schemes of their con-
nection with each other. The calculations were carried out by the finite element method based on the Lira for Win-
dows project complex. Findings. The obtained frequency spectra of the own dynamic characteristics for the main
bearing structural elements of an industrial building of the type in question are in the range up to 30 Hz. Also, dur-
ing the research, dependencies were obtained for changing this range for various cases of design decisions of the
building. Originality. The research results presented in the publication make it possible to evaluate the range of the
own dynamic characteristics of single-storey multipurlined unheated industrial buildings with the traditional struc-
tural solution of the steel frame. Practical value. The resulting range of the own dynamic characteristics of the in-
dustrial building of the type in question is quite dangerous for human health. The most unfavorable is the oscillation
form of the columns, which actually involves the entire structural frame. Therefore, in the course of research, a spe-
cial method was developed and tested to stabilize such vibrations «on the base» using flexible ropes.

Keywords: industrial building; modal analysis; dynamic characteristics; finite element method; complex Lira for
Windows

Introduction

Today, a significant number of industrial build-
ings of various types and purposes were accumu-
lated in Ukraine, which have not been in operation
for a long time. Their construction falls on the sec-
ond half of the twentieth century, and the corre-
sponding space-planning and design solutions also
meet the requirements of this period.

The desire of modern private companies to save
some money while developing their own business-

es leads to the reuse of such buildings. At the same
time, the available space-planning and design solu-
tions they remain unchanged, trying to use them
with modern production technologies. This ap-
proach is quite often implemented without any
specialized project, without further professional
calculations and even without basic feasibility
studies.

As a result, the new technological equipment is
placed directly on the existing elements of the sup-
porting structures, it is attached virtually without
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special design decisions. Quite often the duration
of continuous operation of the equipment is meas-
ured by hours, and in some cases its operation is
round the clock. At the same time, one of the fac-
tors in the operation of such equipment is often the
dynamic impact caused by its moving parts.

The main component of such a dynamic impact
is the vibration, which manifests itself in the form
of transmission of the dynamic loading with a cer-
tain amplitude-frequency spectrum to the structural
elements. As a consequence, the static work of
load-bearing structures of the building, provided
by the design and engineering documentation, is
disrupted, transforming into a dynamic work.

The consequences of such a situation are mani-
fested in a short period of time in the form of vari-
ous damage and failure of the supporting structure
elements, disruption of their proper functioning.

Purpose

Taking into account the above-mentioned, the
main purpose of our study is to evaluate the dy-
namic characteristics of a one-storey industrial
building.

To achieve this goal, it was necessary to first
select the type of industrial building, which is quite
common for the formulated conditions of the reuse
possibility, and then to conduct a modal analysis of
its design solution.

Methodology

A single-storey, unheated industrial building
with three purlins of 15 + 15 + 6 m was selected
for the study. Its design solution is framed with the
use of classical arrangement, which is described in
detail in many professional sources, for example,
[6]. The load-bearing elements are transverse
frames, spaced in 5.3 m increments. The edge col-
umns are made with a solid cross-section; valley
stanchions have a two-stage construction with an
in-through bottom. Trusses with a diagonal lattice,
additional vertical posts and top cord slopes of 8.8°
(15.6%) and 14.4° (25.8%), which, incidentally, is
contrary to modern requirements [14], are provided
as a ledger. The general view and design of the
building under consideration are shown in Fig. 1.
The material of the load-bearing elements of the
frame was chosen steel, which is related to its low-
er logarithmic decrement of damping oscillations

in comparison with reinforced concrete or wood [9,
10].

It should be noted that this type of industrial
buildings with small purlins is also widespread and
popular in our time abroad [13].

The study was conducted in several stages,
each of which evaluated own dynamic characteris-
tics of the building under consideration.

At the first stage, the influence of the building
length was assessed. Herewith, three cases were
considered: building with the 4-step length of load-
bearing transverse frames (the main variant), 6 and
10 steps, which made the total length of the build-
ing of 21.2; 31.8 and 53 m respectively.

At the second stage, the influence of the con-
nection of the load-bearing transverse frame of the
building with the foundation was assessed. Two
cases of rigid and hinge connection are considered.

At the third stage, the influence of the rigidity
of the main structural elements of the building —
truss, column, crane beam, as well as roof purlins
and longitudinal struts — was assessed.

To perform all these variant calculations, we
used extremely popular in recent decades and test-
ed numerical method of construction mechanics. It
is the finite element method [12, 15, 17] based on
the widely known domestic software complex Lira
for Windows [11].

The constructed design model for the basic
structural variant of the production building is
shown in Fig. 2. All structural elements are simu-
lated using rod finite elements of universal type
from the standard library of the complex. The cal-
culations were performed in geometrically and
physically linear form. This approach avoided the
issues of estimating the results convergence char-
acteristic of finite elements of other types [4, 5].

It should be noted separately that performing
dynamic calculations of building constructions is
not regulated by any normative documents in our
time. The current standard for designing steel
structures in Ukraine [3] contains only guidance on
the feasibility of their performance, but does not
specify either the methods or the extent of their
performance. The Ukrainian standard for determin-
ing the structural loading [2] contains no guidance
at all on the calculation of dynamic loadings. The
standard for determining seismic loadings [1] par-
tially fill this gap, but such calculations are of
a specific nature and are not suitable for perform-

Creative Commons Attribution 4.0 International
doi: https://doi.org/10.15802/stp2020/199378

© D. V. Rozumenko, D. O. Bannikov, 2020

139


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.15802/stp20

ISSN 2307-3489 (Print), ISSN 2307-6666 (Online)

Hayxka ta nporpec Tpascnopty. Bicaux /IHinponeTpoBcskoro

HaL[iOHAJIIBHOTO YHIBEPCHTETY 3aJli3HUYHOro Tpancnopty, 2020, Ne 1 (85)

TPAHCIIOPTHE BYJIBHUIITBO

ing, for example, modal analysis of spatial building
structures, which also include single-storey indus-
trial buildings under consideration. Therefore, it is
often necessary to borrow certain techniques and
methods from other industries, first of all — me-
chanical engineering [16]. In particular, supreme
frequency screening algorithms were applied, and
only the first natural frequencies were taken into
account.

Findings

The results of modal analysis for all three stag-
es of research are summarized in Table 1. The
lower natural partial frequencies for the basic
structural elements are presented. In Fig. 3 — 6 the
oscillation forms of the basic structural elements
for the case shown in Table 1 in dark color are pre-
sented. For all other cases, the fluctuation forms
were qualitatively identical.
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Fig. 1. The object research — one-storey industrial building:
a — general view; b — design solution
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Table 1
Natural frequency spectrum of a one-storey
production building (Hz)

Connection Rigid Hinge
Frame spacing 4 6 10 4
Section of truss square square circle angles square square square

members
initial Changed with reduced rigidity
Element
of building
Truss 0.509 0.344 0.306 0.297 0.307 0.296 0.343
Column 2.787 1.978 1.867 1.881 1.961 1.847 1.977
Roof purlins 5.203 4.269 4.288 4.288 4.288 4.288 4.269
Crane beam 7.164 5.695 5.599 5.608 5.595 5.591 5.692
Struts 25.401 22.384 22.448 22.577 22.465 22.128 22.410
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Fig. 2. Finite element model of industrial building
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Fig. 4. The obtained lowest oscillation form of columns of industrial building
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Fig. 6. The obtained lowest oscillation form of crane beams of industrial building

As can be seen from the obtained data, the fre-
quency spectrum is in rather dangerous range for
the human, which is presented in Table 2 accord-
ing to the data of the work [8]. However, the im-
pact on it of all the factors considered — the build-
ing length, the nature of connection to the founda-
tion and the rigidity of the structural elements — is
quite insignificant.

The most dangerous was the oscillation form of
the columns of industrial building, which in fact
involves the whole structural framework. The fre-
quency of such oscillations is also the most dan-
gerous. Therefore, at the fourth stage of the re-
search the stabilization of this form was considered
in more detail.
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Table 2 Of all the modern methods of stabilization in
accordance with the work [7], the most effective

Natural human frequency spectrum (Hz) g T : o
for the conditions of the studied industrial building

No. Human organ Resonant frequency is the structural one. The authors have developed
1 Vestibular apparatus 0.5-13 and tested a way to stabilize the «base» using the
flexible ropes — Fig. 7.
2 Stomach 3 In this case, the natural partial oscillation fre-
3 Intestines 24 quency increased to 5.136 Hz, which reduced its
4 Body 2.5 potential effect on human. The new form of oscil-
lation for this case is shown in Fig. 8.
5 Heart 4-6
6 Kidneys 6-8
7 Head 20-30
8 Eyebulbs 60-90

77 d////

Y

Fig. 7. Finite element model of industrial building
with additional ropes to stabilize «on the base»

Fig. 8. The obtained oscillation form of the industrial building
with additional ropes to stabilize the «base»
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Originality and practical value

The results of the studies presented in the pub-
lication allow us to estimate the spectrum of natu-
ral dynamic characteristics of single-storey multi-
purlined unheated industrial buildings with the tra-
ditional structural design of the steel frame. As the
obtained range of natural dynamic characteristics
of the industrial building of the investigated type is
rather unsafe for human health, the authors have
developed a way of shifting the frequency spec-
trum to a safer zone. It consists in applying the sta-
bilization of the most unfavorable form of col-
umns™ oscillation in industrial building «on the
base» by means of flexible ropes. The effective-
ness of this decision was confirmed during the
studies performed.

It should also be noted that this structural pro-
posal is quite simple in terms of practical imple-
mentation and can be applied not only to industrial
buildings with steel bearing frame, but also to oth-
er types of existing frame buildings, in particular
for civilian or agricultural purposes.

Conclusions

Based on the material stated in the publication,
we can draw the following conclusions:

1. The spectrum of natural dynamic characteris-
tics of a single-storey non-heated industrial build-
ing with a bearing steel frame is quite dense and
for the lower frequencies (up to 30 Hz) it is pre-
sented for all the basic structural elements. This is
potentially hazardous to human health because the
spectrum obtained is quite consistent with that of
human resonance characteristics.

2. The influence on the own dynamic character-
istics of industrial building of the type under con-
sideration, such as the building length, the connec-
tion nature with the foundation, and the rigidity of
the structural elements, are quite insignificant.

3. In order to stabilize the most unfavorable os-
cillation form of the frame of the industrial building
under consideration, a method of stabilizing «on the
base» using the flexible ropes was proposed and
tested by numerical calculations. It also makes it
possible to shift the appropriate frequency spectrum
to a safer zone.
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JJUHAMIYHI BJJACTUBOCTI OJJHOIIOBEPXOBOI BUPOBHHUY O]
BYAIBJII

Merta. 3apa3 B YKpaiHi 3pocTae HONHUT HA TOBTOPHE BUKOPHUCTAHHS IIPOMHUCIIOBUX OyAiBENb, SIKi MPOTITOM IEB-
HOTO Jacy He Oynu B exciityaraii. [Ipy boMy 9acTHMU € BUIIAJKH, KOJIM HOBE TEXHOJIOTIYHE 00TaHAHHA IIepeaae
Ha HasIBHI KOHCTPYKI[IT 3HAYHI JUHAMIYHI HABAHTAQXCHHS MPOTIrOM TpUBaaoro yacy. OCKUIBKY aHi 1010 TUHAMI-
YHHUX BJIACTUBOCTEH BHPOOHMYUX OyMdiBeIb HA CHOTOJHI MPAKTUYHO BiJCYTHI, OCHOBHOIO METOIO HAIIOTO IOCIi-
JOKEHHSI € OIliHKa BJIACHMX AMHAMIYHUX XapaKTEPUCTHK OJHOIOBEPXOBOi BHUpoOHWuOi Oyniimi. Meroauka. s
JIOCSITHEHHSI TIOCTABJICHOI METH HE0OXiZHO OyJI0 crovaTKy oOpaTd THIl BUPOOHMYOI OYAiBIi, SIKMU € JOBOJI pO3II0-
BCIOJDKEHUM JUIs c(hOPMYJIbOBAaHMX YMOB MOJKJIMBOCTI IIOBTOPHOI'O BUKOPHCTaHHS. 3a Taky OyniBito OyJo B3STO
OJTHOTIOBEPXOBY TPHUIIPOTOHOBY HEOMAOBaHY BHPOOHNYY OyaiBiro (mporoHu 15 + 15 + 6 M) 31 cTaneBuM HecydnMm
KapkacoM. Y X0/l IOCHi/DKEHb BapiloBaINCh NEpepi3 OCHOBHUX HECYUHX €JIEMEHTIB, a TAKOX CXEMHU iX 3 €IHaHHS
MiX co00r0. Po3paxyHKH BHKOHAaHO METOJOM CKiHYEHHHX €JIEMEHTIB Ha 0a3i mpoekTHoro komruiekcy Lira for
Windows. PesyasTraTtn. OTprMaHi 4acTOTHI CIIEKTPH BJIACHUX IMHAMIYHHX XapaKTEPUCTUK OCHOBHHUX HECYUYHMX
KOHCTPYKTUBHUX E€JIEMEHTIB JJIsI BUPOOHIYOI OYiBII PO3MIISAIYBaHOTO TUIY NepeOyBaroTh y miamazoHi mo 30 I'm.
Takok y XOAi MJOCHIIPKEHb OTPHMaHI 3aJeXKHOCTI M 3MIHH IHOTO Jialla30Hy JJs Pi3HUX BUITAJKIiB
MIPOEKTHO-KOHCTPYKTOPCHKUX pimieHb Oymieii. HaykoBa HoBu3Ha. [IpencraBieni B myOuikariii pe3yapTaTu I0Ci-
JOKEHb JI03BOJISIIOTH OI[IHUTH CIHEKTP BJIACHUX JIHUHAMIYHMX XapaKTEPHCTHK OIHOIOBEPXOBUX 0araTornporoHOB
HEONAJIIOBAHUX BUPOOHWYMX OyZiBedb 13 TPaAMUIHUM KOHCTPYKTHMBHUM pIIIEHHSIM CTaJeBOTO KapKacy.
[pakTuyna 3HaYuMicTh. OTpUMaHUN Aiala30H BIACHUX TUHAMIYHHMX XapaKTEPUCTHK BHPOOHHUYOI OYIiBII PO3T-
JISITyBaHOTO THUITY BHSIBISIETBCS JIOBOJII HEOE3NEUHUM ISl 37I0pOB’sl JitoanHU. HallOinbin HecnpusTianBoio € Gpopma
KOJIMBaHb KOJIOH, siKa ()aKTUYHO 3allydae 0 poOOTH BeCh KOHCTPYKTUBHMI Kapkac. ToMmy B X0 JOCIiIKEeHb 0yI10
PO3p0oOIICHO Ta EPEeBIPEHO CIEiaIbHINA CIIOCiO cTabiTi3allil TAKHX KOJHUBAHb «HAa OCHOBY» 3a JIOTIOMOTOO THYYKHX
KaHAaTiB.

Knrouosi cnosa: BupoOHIUYa OYIiBIST; MOATBHAN aHANI3; AWHAMIYHI XapaKTEPUCTHKH; METOJl CKIHICHHUX eJie-
MeHTiB; koMIuiekc Lira for Windows
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JJAHAMUYECKHE CBOMCTBA OJJTHODTAXKHOI'O
HNPOU3BOJACTBEHHOI'O 3JAHUA

Henab. B nocneanee BpeMst B YKpauHe pacTeT CIpOC HA IOBTOPHOE MCIIOJIb30BAHUE IPOMBIIUICHHBIX 30aHUH,
KOTOpBIE Ha MPOTSHKCHUU OMPEAEICHHOTO MEPHOAa BPEMEHH HE NPEeOBIBAN B SKCIUTyaTaluu. IIpu 3TOM Hepeaku
Cllydau, KOTJla HOBOE TEXHOJIOTHYecKoe 000pyIoBaHKE MepelacT Ha CYIECTBYIOIINE KOHCTPYKIUU 3HAYUTEIIbHbIC
JTUHAMHUYECKHe Harpy3Kd Ha MPOTSDKEHHM JIMTENIbHOTO BpeMeHH. [IoCKOIbKY HaHHBIE OTHOCUTENBHO AMHAMHYeE-
CKHX CBOMCTB IPOM3BOJICTBEHHBIX 3JaHUI Ha CErOJHsS MPAKTUUYECKH OTCYTCTBYIOT, OCHOBHOH II€JIBIO HAILErO HC-
CJIEJIOBAaHUS SIBJISIETCS] OLIEHKA COOCTBEHHBIX AMHAMHUYECKUX XapaKTEPUCTHK OJHOATAXHOTO IMPOHM3BOJCTBEHHOTO
3nanusi. Meroauka. [l JOCTHXKEHHSI MTOCTABICHHOM eJM HeoOX0oAMMOo ObUIO CHadana u3dparh TUI MPOU3BOJI-
CTBEHHOT'O 3/IaHMs, KOTODPBIA SIBIISIETCS JOCTATOYHO PACIPOCTPAHEHHBIM IS COPMYIHPOBAHHBIX YCIOBUH BO3-
MOXXHOCTH TTOBTOPHOTO HCIIOJIb30BaHMA. B KauecTBe Takoro 37aHus OBUIO MPUHATO OJHOATAXKHOE TPEXIIPOIETHOE
HEOTaIIMBaeMOe MPOU3BOJICTBEHHOE 31aHue (TIpoJeTl 15 + 15 + 6 M) co cTambHBIM HecymmuM KapkacoMm. B xoxe
HCCIIEJOBAaHUH BapbHPOBAINCH CEUCHHUSI OCHOBHBIX HECYIIHX 3JIEMEHTOB, 4 TAK)KE CXEMBI UX COCIMHEHUS MEXKIY
co0o#i. PacueTsl BHINOIHEHBI METOJIOM KOHEUHBIX 3JIEMEHTOB Ha 0a3e mpoekTHoro kommiekca Lira for Windows.
Pe3yabrarsl. [lomydeHHbIE YaCTOTHBIE CIIEKTPHI COOCTBEHHBIX AMHAMUYECKUX XapaKTEPUCTHK OCHOBHBIX HECYIITHX
KOHCTPYKTHBHBIX 3JIEMEHTOB JJISI IPOM3BOCTBEHHOTO 3/IaHMSI PACCMAaTPHBAEMOT0 THIIA HAXOAATCS B IUANa30HE 0
30 I'u. Takxke B X0A€ HMCCIENOBAHUI MOIYYEHBI 3aBUCHUMOCTH JUIs M3MEHEHHUS 3TOr0 JHana3oHa I pa3iIudHbIX
CllydaeB IPOEKTHO-KOHCTPYKTOPCKUX peuieHui 3qanud. Hayuynass HoBu3Ha. [IpencTaBineHHsle B MyOIMKaluU pe-
3yJIBTaThl UCCIIE0BAHUI MO3BOJISIOT OLIEHUTH CHEKTP COOCTBEHHBIX AMHAMHUYCCKUX XapaKTEPUCTHUK OJHOITAKHBIX
MHOTOIIPOJIETHBIX HEOTAIUIMBAEMBIX NPOU3BOACTBEHHBIX 3/aHUM C TPaIUIIMOHHBIM KOHCTPYKTHBHBIM peEIIeHHEM
crajpHOro Kapkaca. [lpakrudeckas 3HaunMocTb. [lonydeHHbIH Anana3oH cCOOCTBEHHBIX JUHAMHYECKUX XapaKTe-
PHCTHK IIPOM3BOJCTBEHHOTO 3/IaHMS PAacCMaTpHBAaEMOT0 THIIA OKA3bIBACTCS JOCTATOYHO OMACHBIM IS 3JI0POBBS
yenoBeka. Hambonee HeOnmaronpusTHOW sABIsieTcss GopMa KojieOaHWH KOJIOHH, KOTOpas (pakTHUECKH BOBIJIEKAET
B paboTy Bech KOHCTPYKTHBHBIH Kapkac. [ToaToMy B Xoze McciieioBaHui OblT pa3paboTaH U MPOBEPEH CIICIHAIIb-
HBII C1IOCO0 CTAOMIM3aUK TAKUX KOJICOAHUH «Ha OCHOBAHHME» C IIOMOIIbIO THOKMX KaHATOB.

Kniouegvie cnosa: mpon3BOJCTBEHHOE 3/1aHKE; MOJATIBHBIN aHAN3; IMHAMHUYCCKHE XapaKTEPUCTHKH; METO]| KO-
HEYHBIX 2JeMeHTOB; KoMmIuieke Lira for Windows
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