HAYKA TA BYAIBHHI{TBO

SCIENCE & CONSTRUCTION

2019'4

“‘ﬂﬁﬁl4“"5:“j«

o nmmwn
TRLLRET {
NN NN ER : [
 NIRTINIR 2.8, |
lHl !ll! llll NRERN RN |||! ||l| U]
o W HEN WA n

l
N\
A

BN UN BN DN AND 6N OO0 NE B0 %°

|
BE YR MW NN ERN AN NE AR ER"™
EE W NE N ONENEE OR NE HE HR
IF @ ND NNERN AN HE HE NN BN
I/ VNN NN EEN NN NN HN RN HE
NN NN UNN NN NE RE HD RN ‘ R S
i N NN RN EE NN NE §D NN [
TRIRRI R IRTHTL, | ‘ ‘ [N N B W |
TRTRTIR TR TN TR W il
| NN NEERN RN NN DR HN HEOQ l—"""‘l.-.
IR RTTRINT IS, AN N
U NN IRENE R AR HD P ~ag

A A\

Q,fftl_-l.

ﬂwjﬂﬂﬂrnnﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ

AN ] illi I"iﬁ i L’
L B e

o A= O R JﬁymW il

CLEELEH

bl Ii’ -‘H J 1 T HinEs 1

MI i




)

i b UBHULIR0

4(22)'2018

BuxoauTs 4OTHPH pa3u Ha Pik

3ACHOBHHK
JepxasHe mignpueMcrso «/lepkaBHHI HAayKOBO-
AOCAIIHUM HCTHTYT OYAIBEABHUX KOHCTPYKIIIH»

3acHoBanmil B AToToMy 2014 poOKy.

CBiZOIITBO TIPO JEP;KABHY PEECTPAILIIIO
KB Ne 20575-10375 P Big 24.02.2014 p.

Kypnan BxoauTh 40 MIKHAPOAHOI HAYKOMETPUYHOL
6as3m gaanx Copernicus 3 Nel(15) 2018 poxry

https://journals.indexcopernicus.com/search/
details?’id=63800&lang=pl

T'oroBHHUI pegakTOp:

Qapeniok I'I',, A4.1.H., YKpaina

3acrynHuk I'oAroBHOTrO pegaxkropa:

Kanmox 10. 1., 4.1.H., npo¢., Ykpaina

PesakuiiiHa KoaAeris:

banam I'eopriit, 4.1.H., ipod., Yropceka Pecrrybaika
bambypa A. M., 4.T.H., mpo., Ykpaina

bpanaas Xaiinn, 4.1.1H., mpod., ABcrpiiicbka Pecrrybaika
Banivek IBan, 4.1.H., mpod., Yecpka Pecrrybaika
Kycynbexos A., 7K., 4.1.1., npod., Pecrrybrika Kasaxcran
Kospos A. B., k.T.H., mpod., YKpaina

Hazapenxo I. 1., 4.1.1., npod., YKpaina

Hemunnos 10. 1., 4.1.1., npod., YKpaina

CaBunpbkuii M. B., 4.1.H., npod., YKpaina

leitaia A. O., 4.T.H., 1po¢., YKpaina

Bukonasumii pegakrop: OscsanikoBa T.M. K.T.H., C.H.C.,
Yxpaina
Komm'orepna Bepcerka: Yopra K.B., Ykpaina

3arBepaskeHo 40 APyKy HayKoBO-TeXHIYHOIO pajoio
AT HAIBK (ITporokoa Neb sig 24.12.2019).

KypHan BKAIOYEHO 4O IEpeAlKy HAYKOBHX ¢axo-
BUX BU/AHb, B SKHUX MOKYTb IYOAIKYBATHCS PE3YAb-
TATH AMCEPTALIMHUX PoOIT (3aTBEpAKEHO  HAKA30M
Minicrepcrsa ocsita 1 Haykn Ykpaiau Big 06.03.2015 p.
No 261).

Hpu nepeapyxkax nocuranns na «Hayka Ta 6yaiBHU-
LTBO» € O0OBA3KOBUM. PeJakiis He 3aBkKAH IOAIASE
AYMKY aBTOPIB.

Aapeca peaakmii: ByA. IlpeobGpaskencbka, 5/2,
M. Kuie-37, 03037, tea.: + 38 (044) 249-38-04
E-mail: journal@ndibk.gov.ua,
www.journal-niisk.com
© "Hayxka Ta 6yaisaurrso’ 2019
IMignucano Ao apyky: 24.12.2019
Biaapykosano: Tomapucrso 3 obmexeHoo

BianoBigaasHicTIO «Macrepkaur», 02000 M. Kuis,
ByA. Makcuma Kpusonoca, 2b

CeigourBo mpo peectpanio cyb’ekTa BHAABHHYOL
cupasu JK Ne3861 Bia 18.08.2010

3amoBaenns Nol12/30 sig 30.12.2019

Haxaaz 100 nmpumipHuKiB

SMICT

®apeniok I'.T.
ExcriepuMeHTaAbHA OLIHKA ITOKA3HHKIB
maziiinocri ETICS

Okxcens 10.1.

ZocBig 3acTocyBaHHA BIOPOAKYCTHYHOIO
aHAAI3y IPH BUIPOOYBAHHAX 3aAi300€TOHHOTO
MocTy depes piuky /nicrep B . 3anicku

Ietiniu A.A., Mukoaaens M.T., Kpuros €.0.
[TpobAemMu BUHHKHEHHA XIMIYHOI KOPO3ii
6eTOHY Ha 3aNI3BHHYHHUX IIAAXAX YKpaiHu

Aicenuit O.M., Aro6uenko L.T.,
Carocapenko 10.C.
MeTaAeBi IUAIHAPHYIHI CUAOCH JAA 3€pHA

Map’enkos M. I'., Aynin B. A.,
Maprseaamsini H., ®apeniok I'.T'.,

Bepuysn . O.

ExcriepuMeHTaAbHMIT MOHITOPHHT Ta JUHAMIYHA
ceprudikanis 6y4IBEABHHX KOHCTPYKIILI

Tpoxumenko M.IL., 3aens B.II.,

Ocunuyk A.M., Korenxo C.T.

MeTos po3paxyHKY aKyCTHIHOI €(peKTHBHOCTI
MIYMO3aXHCHUX €KPaHiB Ha MOCTOBHX CHOPY/AaxX

I'ypkiscekuii O.B., Boaoros O. 10.
Po3paxyHok Ha TeMIlepaTypHi BIAHBH
MOHOAITHOTO 3aA1306€TOHHOTO

Kapkacy 6araToroBepxosoi 6y/4iBAl Ha ycix
CTaAifIX 3B€JCHHA Ta eKCIIAyaTali

beaokons A.M., bens I.B.,

Pecenxo O.A., Yoprosoa B.O.

OniHKa Hecyd4oi 34aTHOCTI METAAE€BUX ITAABOBUX
CTIHOK KapKaCHO-MO/JYABHUX KOHCTPYKIIii
q)OTora/\bBaHquO'l' eAeKTpOCTaHuiI Ha

CAAOKHX TPyHTax

ISSN 2313-6669 «SCIENCE & CONSTRUCTION» «<HAYKA TA BYJIBHULITBO» 4(22)'2019




CONTENT

Farenyuk G.G.
Experimental evaluation of ETICS reliability factors

Oksen Y. I.

Experience of application of vibroacoustic
analysis to testing of a reinforced concrete bridge
on the Dnister river in v. Zalisky

8 CONSTRUCTION

4(22)201

Published four times a year ‘ Sheinich L.A., Mykolaiets M.G., Krylov E.A.

FOUNDER The problems of chemical corrosion of concrete

State enterprise «State Scientific Research Institute of on railways of Ukraine
Building Constructions»

Founded in February 2014. ‘

Lisenyi O.M., Liubchenko I.H.,
Slyusarenko, Yu.S.
Steel circular silos for grain

Certificate of state registration
KV Ne 20575-10375 R dated on 24.02.2014

The journal is included in the Index Copernicus

scientific database from Nel(15) 2018 .
https://journals.indexcopernicus.com/search/ Marienkov M. H., Dunin V. A.,
details?id=63800&lang=pl Margvelashvili N. , Farenyuk G.G.,

Berchun Ya. O.
Experimental monitoring and dynamic
certification of building structures

Editor-in-chief::

Farenyuk G., Dr., Ukraine
Deputy editor-in-chief:
Kafi)

ukh Yu., Dr., Prof., Ukraine .
Editorial Board
Balazs G., Dr., Prof., Republic of Hungary Trochymenko M. P., Zaets V. P.,
Bambura A., Dr., Prof,, Ukraine . Osipchuk L. N., Kotenko S. G.
Brandl H., Dr., Prof., Republic of Austria The efficiency calculation method for noise
Kovrov A., PhD, Prof., Ukraine barriers located on bridge structures
Nazarenko 1., Dr., Prof., Ukraine
Nemchynov Iu., Dr., Prof., Ukraine . - -
Savytskyi M., Dr., Prof., Ukraine Gurkivskyi O.B., Bolotov A. Yu.
Sheinich L., Dr., Prof., Ukraine The cast-in-place reinforced concrete frame
Vanicek I., Dr., Prof., Czech Republic calculations for temperature effects at all
Zhussupbekov A., Dr., Prof., Republic of Kazakhstan construction and operation stages in

Executive Editor: T. Ovsyannikova, PhD, Ukraine multi-storey building

Computer layout: K. Chorna

Issue is approved for print by Scientific and technical . Belokon A.M., Ben LV.,
Council of SE NIISK (Protocol Ne 6 dated on 24.12.2019) Fesenko O.A., Chornovol V.O.
Journal is included in List of the scientific professional Assessment of bearing capacity of metal
issues, where the dissertation works results may be end-bearing pile of frame modular structures
published (It is approved by order of Ministry of education of photovoltaic power station on loose soil

and science of Ukraine, dd. 06.03.2015, No 261).

The referencing on «Science & Construction» is
obligatory when reprinting. The Editorial Board may be
not agreed with authors’ opinion.

Address of Editorial Board:

5/2 Preobrazhenska str., Kyiv-37, 03037,
tel.: + 38 (044) 249-38-04

E-mail: journal@ndibk.gov.ua,
www.journal-niisk.com

© «Science & Construction», 2019
Signed for printing: 24.12.2019

Printed: Master book Limited Liability Company 2B
Maksyma Kryvonosa St., Kyiv, 02000

Certificate of Publishing Business Entity Registration
DK No. 3861 of 18.08.2010

Order Ne 12/30 from 30.12.2019

Drawing: 100 copy

ISSN 2313-6669 «SCIENCE & CONSTRUCTION» «HAYKA TA BY AIBHULITBO» 4(22)"2019




Doi: 10.33644/01007

UDC 624.04:692.88:697.11:699.86

FARENYUK G.G.
Doctor of Technical Sciences,
Prof., Director, State Enterprise
"The State Research Institute of
Building Constructions",
Kyiv, Ukraine
e-mail: farenyuk@ndibk.gov.ua,
‘ tel.: + 38 (044) 249-72-34,

- ORCID: 0000-0002-5703-3976

EXPERIMENTAL EVALUATION OF ETICS

ABSTRACT

The paper covers analysis of regulations and
documents regarding the facade thermal insulation,
methodological grounds for the system of regulations
and standards and further development of national
legal framework for design of insulating sheeting for
buildings. This problem is actual for Ukraine where
takes place a large-scale thermal modernization
of existing residential and public buildings. The
paper continues the series on previous scientific
studies of the author with main ones given in the
references. The national system of regulations and
standards on the facade thermal insulation has a
strong methodological structure which includes
both national regulative framework and European
standards. Being combined this way, the system
makes it possible to assess and to design insulating
sheeting for buildings according up-to-date world’s
practice and with regard to climate, technologies
and market of Ukraine. The paper states main
principles for standard setting concerning suitability
assessment of new building envelope. The standard
on constructions of outward walls with facade heat-
insulation with stucco facing what is called ETICS
(Exterior Thermal Insulation Composite System) in
Europe was developed and adopted in Ukraine as
early as in 2008. The author analyses the provisions
from this standard and says those need to be
revised with regard to experience and knowledge
gained since it is in force. The main problems
that arise in the application of facade thermal
insulation in new buildings are identified, the
insufficiency of assessment only in terms of heat
transfer resistance of the structure is proved and

RELIABILITY FACTORS

the need of assessment in terms of air permeability
resistance of the building envelope is provided. The
experimental data regarding the infiltration effect
on the thermal properties of external walls are given.
The consideration and evaluation of ETICS as a
system or as a kit are featured, as well as regulation of
criteria of ETICS thermal reliability are reviewed.
KEY WORDS: thermal modernization, facade
thermal insulation, criteria of thermal reliability,
building envelope, national regulations,  air
permeability.

EKCIIEPUMEHTAABHA OIIHKA IIOKA3-
HUKIB HAAIMHOCTI ETICS

AHOTAIIIA

Crarrsa NpHCBAYEHA aHAAI3y CTAHY HOPMAaTHBHUX
AKTIB Ta ZOKYMEHTIB CTOCOBHO KOHCTPYKIIil pacagHOI
TETIAOI30AALlT, METOAUYHHUX OCHOB CTBOPEHHS CHCTE-
MU HOPM Ta CTAaH/JapTiB, Ta BU3HAYEHHIO HAIIPAMKIB
PO3BHTKY HalllOHAABHOI HOPMATHBHOI CHCTEMH IIPO-
€KTYyBaHHA TEIAOIZOAALIINHOI 060AOHKH O6YJiBEAD.
IIa mpobaema € aKTyaAbHOIO AAf YKpaiHu, Je
MOYHUHAETHCA A1HiCHO MacmTabHa TEpMOMOAepHi3anis
ICHYIOYUX JKHTAOBHX Ta TPOMajCbKHUX OVJAiBEAb.
CTarTs € IPOJOBKEHHAM ITOIIEPEAHIX HAYKOBHX POOIT
aBTOpa, OCHOBHI 3 AKHX HaBeJeHO y 6ibaiorpadii.
BiTumsHAHA cEcTeMa HOPM Ta CTAHAAPTIB 3 PpacajHol
TEIIAOI30AALIl MA€ 4YITKYy METOZOAOTIYHY CTPYKTY-
Py, AKa BKAIOYAE AK HAIIIOHAABHI HOpMAaTHBHI JOKY-
MEHTH, Tak 1 e€Bpomeiicbki. CaMe Take HMOEAHAHHSA
AO3BOAAE 3JIMCHIOBATH OLIHKY Ta IPOEKTYBAHHSA
TeNAOI30AALIIHOT 06oAroHKH OygiBeAb 3a cydac-
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HUMH CBITOBHMH IIPAaKTHKAaMH 3 YpaxXyBaHHAM
KAIMAaTUYHHUX, TEXHOAOTIYHHX, PHHKOBUX YMOB
Ykpainu. B crarri HaBeZeHI OCHOBHI IIOAOKEH-
HA BCTAHOBAEHHA KPHUTEPIiB OLIHKH HIPHAATHOCTI
HOBHX KOHCTPYKTHBHHX IIPHHIHIIIB 1mo6y-
AOBH 3O0BHINIHIX CTIHOBHX OTOPOJKYBaAbHHX
KOHCTPYKLi. B Ykpaini me y 2008 p. 6yB pospo-
6AeHHIl Ta NPUWHATHI CTAaHAAPT Ha KOHCTPYKII
PacagHOi TEMAOIZOAALIT 3 ONOPAJKEHHAM INTYKA-
TypKaMmu, ki y €spomni MaioTs Ha3By ETICS (Exterior
Thermal Insulation Composite System). ABTop mnpo-
BOAHUTb  AHAAI3 IIOAOKEHb I[bOTO CTAaHAAPTY Ta
3a3HAYAETHCA HEOOXIAHICTD HOTO IEperAsagy 3 ypa-
XYBaHHAM OTPUMAHOTO JOCBIAYy Ta HOBHX 3HAaHb, AKI
6yAn oTpuMani g gac ioro 4ii. Busnaueno ocHoBHi
npobAaeMu, AKI BHHUKAIOTh IPH  3aCTOCYBaHHI
KOHCTPYKIiH (acagHol TENAOI3OAALIl NPU HOBO-
My OyaiBHHUITBI, Ta OOGIpyHTOBAaHO HEJOCTATHICTb
OIIHKH TIABKH 34 IIOKAa3HUKOM OIOpPY TeIAOIIepeadi
KOHCTPYKLIl 1 HeobXigHicTb 000B’A3KOBOI OLIHKHU
3a IOKa3HMKOM OHIOpPY TOBITPONPOHUKHOCTI
CTIHOBOI OrOpPOAKYBAABHOI KOHCprKuil’. Hagseaeno
€KCIEPUMEHTAABHI JaHI BIAHBY I1HQIABTpaLii Ha
TEIIAOBI BAACTHUBOCTI 30BHIMIHIX cTiH. Po3ragmyro
ocobauBoCTI po3raagy ta oninku ETICS ax cucre-
MH, 9H AK KOMIIAEKTY, Ta IHTAHHA PErAaMeHTaIii
KpHTEPIiB TenAoBOI HajiliHOCTI 30ipHUX KOHCTPYK-
TUBHUX CHUCTEM.

KAIOUOBI CAOBA: tepmoMogepHizanisa, ¢acaj-
Ha TEIIAOI30AAIIA, KpPHTepli TemAOBOI HaJiilHOCTI,
OrOpPOJKYBAAbHI KOHCTPYKIIi, HaIllOHAABHI
HOpMAaTUBHI JOKYMEHTH, IIOBITPOIPOHUKHICTD

INTRODUCTION

The strategic purpose of the national economy is
to ensure the sustainable use of energy resources.
The successful solution to this problem depends
heavily on the change in energy status of residential
and public buildings with the energy consumption
being up to 40% in the energy balance of the
country. One of effective ways to increase the energy
efficiency of buildings is the use of fagade thermal
insulation (Fig. 1).

As a composite system of the facade, thermal
insulation appeared in the process of reconstruction
of buildings and facilities and was firstly presented in
the national technical publications [1]. In national
construction practice, the fagade thermal insulation
is widely used in new structures, due to the fact
that the principle of facade thermal insulation
[2] makes possible to meet the requirements to
reducing specific heat loss for heating of buildings
while ensuring the necessary thermal reliability of
structures [3] in operation [4 ].

Despite the crisis in the national economy, the
market of thermal insulation materials is constantly
growing. At the same time, more than 40 per cent
of all thermal insulation materials are used for the

ISSN 2313-6669 «SCIENCE & CONSTRUCTION» «HAYKA TA BY AIBHULITBO» 4(22)"2019

Figure 1 - Facade thermal insulation of modern
buildings

facade thermal insulation. The most widely used one
is ETICS (Exterior Thermal Insulation Composite
System) which applies mainly due to the economic
performance, so ETICS will be the main focus of
this paper. At the same time, the last 5 or 6 years
the share of structures with ventilated air layer
and curtain walls has been growing rapidly in
the national construction area. It should be borne
in mind that the use of facade thermal insulation
structures do not provide high performance of
buildings by default. In [5], there are examples of
how thermal failures of facade thermal insulation
appear, how they are classified and the expenses
due to the occurrence of the failures are given.
This is the reason why the problem of ensuring the
required ETICS operation characteristics is of big
importance in Ukraine.

PURPOSE

Determination of the basic methodological
principles for the development of a regulatory
framework on the normalization of safety indices of
the facade thermal insulation




MAIN PART

In Ukraine, there are two interconnected branches
of regulation and standardization, the national and
European ones. The criteria defining the safety
of structures and buildings are set in the public
construction norms, which are mandatory for all
members of the construction market. And standards
have a voluntary nature, however in case if standards
are referenced in the state building rules, the
requirements of the standards become mandatory.

On Fig 2. there is a system regulating (Fig.2)
the requirements to the structures of facade heat
insulation and it consists of national building rules,
harmonized European standards which set the
design requirements with regard to energy efficiency,
regulations which establish the

standards. The composite system consists of a
supporting part of the exterior wall and a thermal
insulation structure that is placed on the external
surface of the wall and includes such products and
components as a thermal insulation layer, a finishing
coat and means of attaching those to the bearing
element. The list, type and set of products and
components are strictly fixed in the kit and their
quantity may vary according to the demands of a
project.

An important issue is also fire safety requirements,
which are based on the flammability rate of materials
[3] according to the Ukrainian current classification,
which does not agree with the European system yet.
In the existing system of rules and standards there

design requirements for the fagade

DBXN V.1.2-11:2008
Main requirements for buildings and
faciliries, Energy saving

DBXN V.1.6-31:2016
Hear insulation of buildings

heat insulation  structures, and
standards setting parameters for
ETICS and suspended facades. I

Wonms and standards for constructive solutions of heat insulation of butldings I

DBN V.1.2-11-2008 [6] sets the

requirements for the incorporation
of durability parameters of
construction products in the

Structures of exterior walls with facade heat insulation. Requirements for design,

DBN V.2.6-33:2018

arragement and operation

relevant regulatory documents. The

requirements are implemented in
the following building regulations:

Stuctires of exterior walls with facade wsnlation. Classification and general fechnical

ST BV I6-33:7008

Tequirsments

- DBN  V.2.6-31-2016  [7]
establishes  requirements for

DETU B V.2.6-35: 2008
(facade heat wenlation and fimshing indestrial lagging)

heat insulation parameters
of envelope structures and

DSTU B V.2.6-36: 2008 (facade heat insulation and stoceo faciisg) |

buildings [1].

DSTU B V.2.6-88:2009 (feclnical testing. techuical coutrol and monitoring) |

- DBN V.2.6-33:2018 [8] sets
mandatory requirements for

DSTU B EN 13830:2015F (suspended facade, General fechnical conditions) |

.
reliability parameters of facade |:~
heat insulation.  Regulatory

DSTU-N BETAG 17:2013 Evropean techmeal approval mudelines for certification of
msulation kits, Composite systems for the isolation of exterior walls

documents (Fig.3) provide
a detailed description of the
requirements depending on the
class systems.

DSTU B.V.2.6-34 [9] sets ETICS
design classes such as suspended
facades and transparent facades.
DSTU B.V.2.6-88 [10] gives
procedures of technical assessment
and monitoring.

Requirements for ETICS and
their test methods are regulated also
by DSTU B.V.2.6-36 [11] and pr
DSTU-N B ETAG 004.

Classification of systems :
ETICS
Suspended facades

Transparent facades

Figure 2 - System of regulations for fagade thermal insulation

Mandatory requirements for

reliability parameters of facade
thermal insulation

DBN B.V.2.6-33

DSTU B.V.2.6-34

Requirements for suspended
fagcades and their test methods
are prescribed in DSTU B.V.2.6-35
[12], DSTU B EN 13830 [13] and
DSTU-N B ETAG 17 [14].

assessment and
monitoring

Procedures of technical

DSTU B.V.2.6-88

Requirements for ETICS kits and
test methods

Requirements for suspended
fagade kits and test methods

DSTU B.V.2.6-35
prDSTU-N B ETAG 004

DSTU-N B ETAG 17

The framework for design concept
of facade heat insulation is taken
from the approach to composite
system established in European

Figure 3 - Regulations for facade thermal insulation
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are 24 indicators for the fit for use assessment based
on the design concept of facade heat insulation [10].

One of the indicators is the stability of ETICS
thermal-insulating properties. A prerequisite for
energy performance is the thermal reliability
condition, as a house cannot be energy efficient
it its thermal insulation envelope is not reliable
in terms of thermal performance. Changing the
structural principles of the thermal envelope, i.e. the
transition from single-layer brick or concrete walls
to multilayer walls with the fagcade heat insulation
requires a fundamental change in the methodology
for assessing the operational suitability of modern
envelope structures. We introduce the definition
of the thermal failure concept as a key concept of

thermal reliability.

The main criterion of thermal reliability is the
structural property to maintain in time the level of

the resistance to heat transfer [3]

Ran (0) - Ran
Ran (O)

Rr=1- (N),

were Rr is a criterion of heat reliability, Ry, is a
corrected resistance of heat transfer of the structure
w 18 a corrected resistance of
heat transfer of the structure in N cycles of climatic

at the initial stage, R,

effects.

The physical essence of the criterion is to determine
the effectiveness of enclosing structure during the
target service life with possible changes in the state of
the structural elements under the influence of various
(climatic, mounting, operational, etc.) factors [15].

The criterion is experimentally determined by
testing ETICS (Fig.4) for the climatic influences
the effects of high and low
temperatures, soaking with water and with weak
simulate

resistance such as

acidic and alkaline solutions, which

precipitation of the urban environment (Fig.5).

The system of regulations shown
in Fig. 2 establishes the factors of
thermal reliability for structures and
structural systems. DBN V.2.6-33
sets the requirements to structural
systems with fagade thermal insulation
(see Fig.3) and DSTU B.V.2.6-35 and
DSTUB.V.2.6-36 provide therequirements
to kits and their components. Conformity
assessment or determination of fitness
for use are implemented according to
the last standards but this is not always
sufficient - even in case of positive results
of such assessment — for the ensuring of
thermal reliability of end product such as
structural system or the whole building.

ETICS was developed for the heat
insulation of existing buildings with the
external walls made of bricks being at

' 7.
B0
50
40

30 A

20

-20 4

=30 -

Figure 4 - Testing procedure of facade heat
insulation structures with rendering for resistance
to climatic influence

22

T.h

Figure 5 - Tests of resistance to climatic factors:
requirements of DSTU B.V.2.6-36, ETAG 004
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least 510 mm thick or of 320 mm thick concrete a)
panels etc. In Ukraine ETICS is widely applied in
new buildings, for instance, in masonry structures

10,00

) y = 0,0453x0.5%3 %

made of 250 mm thick single bricks having ETICS £
fixed on the external surface without any special 2 *
preparation of joints between the bricks. > £

Determination of resistance to climatic effect E 1,00 |
(see fig. 4,5) is sufficient to find the stability over ¥
time of heat transfer resistance of the composite ‘;’
system because ETICS reveals basically the value of ™ -
this indicator. @

. . . . @

Figure 5 - NIISK has investigated the influences =

of air flows caused by the natural air infiltration 0,10

on ETICS operational characteristics [8]. The 10 100 1000

investigations have been performed for the various Pressure, Pa
systems, including those with concrete blocks bases, b)
ceramic blocks, bricks etc. (Fig.6).

The results of the study indicate the high air
permeability of ETICS when applying it to an
unprepared brick or block masonry surface. With
a pressure drop of 50 Pa only, the outside air flow
through the design system ranged from 1.01 to
2.27 m’ through 1 square meter of the external wall
(Table 1,2).

The experimental data show that in terms of
resistance to air permeability, the structure of the
wall does not meet the regulatory requirements
but in this case the decisive characteristics has not
ETICS but the bearing part of the wall, which ETICS 0.10
is installed to. Accordingly, in terms of resistance to
air permeability ETICS should be considered as a kit
unlike a composite system which should satisty the
requirements of DBN B.2.6-31.

1,00

Mass air permeability, kg/(h

10 100
Pressure, Pa

Figure 6 - Dependency of mass air permeability
from pressure drop in ETICS with 120 mm

In the system of regulations shown in Fig.  thick rock wool and base made of 250 mm thick
2 this metho-dological procedure is provided, ceramic void blocks (a) and loam bricks2(b)
it means that para.6.3.1,
DBN B.2.6-33: 2018 estab-  Table 1 - The investigation results of air permeability of ETICS structural
lishes the follows [6] -  system with 120 mm thick rock wool and base made of 250 mm thick
thermal  characteristics of  ceramic void blocks
composite  system  such as Indicator of filtration mode 0,84
corrected  heat  transfer
resistance, air permeability
and  heat resistance - are Pressure drop, AP Pa 10 20 30 50 70 100
determined according to
DBN B -2.6-31. B.Ut in practice Volume air permeability, mg/(hour'm‘z) 0,27 | 0,43 | 0,63 | 1,01 | 1,32 | 1,91
the given requirements are
not satisfied what leads to
thermal - conditions where Mass air permeability, kg/(hourm’) | 033 | 0,52 | 0,76 | 1,22 | 1,60 | 2,31
it is ignored the special
consideration of ETICS as a
kit or a system when applying Relevant height of building 30,56 38,38 | 39,29 |40,85|43,75| 45,20

apparently certified ETICS.

Standard resistance of air permeability,

CONCLUSIONS 20 | 40 | 60 | 100 | 140 | 200
The developed system (m"- hour -Pa)/kg
of norms and standards

for the regulation of safety
requirements to the facade
thermal insulation takes

Compliance to the standard
requirements
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Table 2 - The investigation results of air permeability of ETICS 3.
120 mm thick rock wool and base made of

structural system with

Farenyuk, G.G. (2009).
Fundamentals of ensu-

250 mm thick loam bricks ring  the  buildings
energy performance
Indicator of filtration mode 0,73 and envelope 'S.tructur.es
thermal reliability. Kyiv:
Gama-Print.
Pressure drop,AP Pa 10 20 30 50 70 100 4 Farenyuk GG (2007)
States of the buildings
5 . thermal envelope thermal
Volume air permeability, m /(hour-m’) | 0,63 | 1,1 1,52 | 2,27 | 2,85 | 3,65 failures and experimental
methods for their
. determination. Housing
Mass air permeability, kg/(hour-m’) | 0,76 | 1,33 | 1,84 | 2,75 | 3,45 | 4,42 Renewal, 9, 99-106.
5.  Farenyuk, G.G., &
Air permeability resistance, Oleksienko, O.B. (2013).
y 13,10|15,00| 16,28 |18,17(20,27| 22,61 Thermal deformations
(m - hour -Paj’kg of thermal insulation
. . . materials used in the facade
Standard resistance of air permeability, thermal insulation svstem
y 20 40 60 100 | 140 200 ‘th thin.l dy .
(m - hour -Pa)/kg w1t. t. m-layer ren e'rlng.
Building Constructions,
Compliance to the standard 77,. 39-43. .
requirements ) ) ) ) ) ) 6. Mz}ln. requirements .f.or
buildings and facilities.

into account the European experience, practice of
national construction and thermal modernization
of buildings. This system was designed in 2007-2009
and since it is in force new knowledge has been
generated. This is the reason why it is necessary to
make changes in the relevant norms and standards.
DBN V.2.6-33:2018 needs revision as requirements
to the prefabricated composite systems should be
given in details. DSTU B V.2.6-34: 2008 has lost the
relevance because it repeats the provisions of DBN
B.2.6033: 2018 and contains an outdated classification
of composite systems. DSTU B V.2.6-35: 2008 and
DSTU B V.2.6-36: 2008 should list the requirements
to the composite systems and its components as well
as the test methods for the parameters provided
by these standards. For this purpose the European
approach aimed at assessing the intended use rather
than the compliance of the composite systems should
be used more widely because composite systems of
facade thermal insulation have a significant innovative
component.

REFERENCES
1. Farenyuk, G.G. (2017). Structure and
methodical provisions of the buildings

energy performance regulations. Science and
Construction, 3 (13), 4-15.

2. Farenyuk, G.G. (2008). The heat insulation
systems classification by performance and
structural characteristics and their thermal
properties comparative analysis. Building
materials, products and sanitary equip-
ment, 1(28).

10.

11.

13.

14.

15.

ISSN 2313-6669 «SCIENCE & CONSTRUCTION» «HAYKA TA BY AIBHULITBO» 4(22)"2019

Energy saving: DBN

V.1.2-11-2008. (2008).
Heat insulation of buildings: DBN V.2.6-31-
2016. (2015).
Structures of exterior walls with facade heat
insulation. Requirements for design: DBN
V.2.6-33:2018. (2018).
Structures of exterior walls with facade
insulation. Classification and general technical
requirements: DSTU B V.2.6-34:2008. (2009).
Constructions of buildings and structures.
Constructions of outward walls with facade
heat-insulation. Guidance on approbation,
technical supervision and monitoring:
DSTU-N B V.2.6-88:2009. (2010).
Constructions of buildings and structures.
Constructions of outward walls with facade
heat-insulation with stucco facing. General
specifications: DSTU B V.2.6-36:2008. (2009).
. Construction of buildings and structures.
Constructions of outward walls with facade
heat-insulation and finishing industrial
lagging wits ventilated air layer. General
specifications: DSTU B V.2.6-35:2008. (2009).
Curtain walling - Product standard: DSTU
B EN 13830:201X (EN 13830:2003 IDT).
(2015).
Guideline for European technical approval of
VETURE Kkits. Prefabricated units for external
wall insulation: DSTU-N B ETAG 017:2013
(ETAG 017:2005, IDT). (2014).
Farenyuk, G.G. (2019). The determina-
tion of the thermal reliability criterion for
building envelope structures. Technical

0}



16.

Journal, 13 (2), 129-133.

Fareniuk, Ye.G., & Postol, A.S. (2017). The
air permeability experimental analysis for the
facade structures with an air layer. Science
and Construction, 1 (11), 10-13.

BIBAIOTPA®IYHU CITUCOK

I.

10.

11.

Qapenox I'.I'' CTpykrypa Ta MeTOAMYHI
IIOAOKEHHA HOpMaTHBHOI 6a3m 3 IHTAHb
eHeproepexkTuBHOCTI 6ysiBear. Hayka Ta
6yaiBaunTso. 2017, Ne3 (13). C.4-15.
Qapenmok I'.I'. Kaacudpikanis cucrem yTenAeH-
HA 32 €KCIAyaTalliHUMU Ta KOHCTPYKTHB-
HHMH O3HAKaMU Ta INOPIBHAABHUH aHaAI3 iX
TEIIAOTEXHIYHUX BAACTHUBOCTEH. byaiBeabHi
Martepiaan, BHpPoOM Ta caHITapHAa TEXHIKA.
2008, No1(28).

Qapenok  I'.I'. Ocnosu 3abe3nedyeHHs
eHeproepeKTUBHOCTI OyAHHKIB Ta TEIIAOBOI
Ha/Ii{HOCTI OTOPOAKYBAABHHX KOHCTPYKIIIH.
K.: Tama-ITpunT, 2009. 216 c.

Qapenox I CraHHm TENAOBHUX BIAMOB
i3oaaniiinoi  oboronkm  6yAUHKIB  Ta
€KCIEpUMEHTaAbHI METOAHM IX BHU3HAYEHHA.
Pexoncrpykuis sxkuraa, 2007, Ne9. C.99-106.
QapenokI'.I'.,Onekcienko O.b. Temneparypni
Adepopmaryii TEIMAOIBOAAMIHHUX MaTepiais,
10 3aCTOCOBYIOThCSA y (acagHiii cucremi
TETAOI30OAANIT 3 TOHKOWIAPOBOK INTyKa-
Typkoo. byaiBeapni kKoucrpykmii. 2013,
purt.77. C.39-43.

ABH B.1.2-11-2008 «OcHOBHI BUMOTH [0
6yaiBean 1 cropyg. Exonomia eneprii». K.:
MiHICTEPCTBO PEriOHAABHOTO PO3BHTKY Ta
6yaiBannTea Ykpainu, 2008. P. 12.

ABH B.2.6-31-2016 [7] «TemaoBsa i3oAsanis
6yaiBeab». Kuis: Minperion Yxkpainu. 2015.
Yunauuii Big 2017-05-01. P.34.

ABH B.2.6-33:2018 «KoncTpyxknii 30BHIIIHIX
CTiH 3 pacaJgHOIO TEIIAOI30AALII0. BuMmorn go
NnpoeKkTyBaHHs"». 2018.

ACTY b B.2.6-34:2008 «Koncrpyxmii
30BHIMIHIX CTiH 3 ($aCcagHOIO TEIAOIZOAAILIIO.
Khaacupikanisa Ta 3araAbHi TEXHIYHI BUMOTH».
K.: MiHicTEpPCTBO PEriOHAABHOTO PO3BHTKY Ta
6yaisannTea Ykpainu. 2009. P. 12.

ACTY-H b B.2.6 - 88:2009 «Koncrpykmii
6yauHkiB 1 criopyd. KoHcTpykmii 30BHIIIHIX
CTiH 3 pacagHOIO TenAoizoAAnieo. Hacranosa
PO TEXHIYHY anpobanilo, TeXHIYHHH
KOHTPOABb Ta MOHITOpUHTI». Kunis: Minbyg
Yxpainu. 2010. P.24.

ACTY b B.2.6-36:2008. Konucrpykunii
6yaunKiB Ta cnopys. KoHcTpyK1ii 30BHINIHIX
CTiH 3 $acaJHOIO TEIAOI3OAAIIEIO TA OIOPAJ-
KEHHAM IITyKaTypKaMd. 3araAnbHi TeXHIUHI
ymonu. K.: MiHICTEPCTBO PErioHAALHOTO PO3-
BUTKY Ta OygisHunTBa YKpainu. 2009. P.36.

12.

13.

14.

15.

16.

ACTY b B.2.6-35:2008. Koncrpykmii
6yauHKiB 1 criopya. KoHCTpyKIjii 30BHINIHIX
CTiH 3 (pacaJgHOIO TEIIAOI3OAAIIEI0 Ta OIIO-
PAAKEHHAM IHAYCTPIaABHHEMH €AE€MEHTaMH
3 BEHTHABOBAHUM IOBITPAHHM ITPOIIAPKOM.
3aranbHi TexHiyHi ymoBH. K.: MinicrepcTBo
pETiOHAABHOTO PO3BHTKY Ta OyAiBHHUIITBA
Yxpainu. 2009. P.28.

ACTY B EN 13830:201X ®acaau HaBICHI.
3araabpsi Texniuni ymosu. (EN 13830:2003
IDT). K.: Minperion. P.55.

ACTY-H B ETAG 017 :2013 Hacranosa
3 €BPONIEHCHBKOro TEXHIYHOTO YXBAA€HHA
KOMIIAEKTIB TenAoizoasAnii. 36ipHi cucre-
MU JAAST 30BHINIHBOI 130AsMili cTin (ETAG
017:2005, IDT). Kuis: Minperiou6yg
Yxkpainu, 2014. P.85.

FARENYUK G. The determination of
the thermal reliability criterion for building
envelope structures. Technical Journal.
2019. Vol. 13, No. 2. P.129-133.

DapeHOK c.T., ITocTtoa A.C.
ExcnepuMeHTaAbBHUM aHAAI3 TOBITpOIIpPO-
HHKHOCTI (pacajHUX CHUCTEM 3 HOBITPAHUM
npomapkoM. Hayka 1 6ygiBaunrso. 2017,
Nel (11). C. 10-13.

The paper was received on 02.12.2019

ISSN 2313-6669 «SCIENCE & CONSTRUCTION» «<HAYKA TA BYJIBHULITBO» 4(22)'2019



Doi: 10.33644/01004

YAK 624.21
mpy AN TF!U;HH{(} 7]

OKSEN Y. I.

Doctor of Technical Sciences,
Professor, Leading Researcher,
State Enterprise "The State
Research Institute of Building
Constructions",

Kyiv, Ukraine,

e-mail: eioksen@gmail.com,

tel. +38-050-674-47-78,
ORCID: 0000-0003-1075-6840

EXPERIENCE OF APPLICATION OF
VIBROACOUSTIC ANALYSIS TO TESTING OF
A REINFORCED CONCRETE BRIDGE ON
THE DNISTER RIVER IN ZALISKY VILLAGE

ABSTRACT

A methodology has been
application of vibro-acoustic
technical condition of bridges and their structural
elements when carrying out static and dynamic
tests of bridges by improving filtering methods and
highlighting wavelet transform signal trends.

The object of study is the process of static and
dynamic testing of bridges and their structural
elements using acoustic emission diagnostics of a
technical condition.

The subject of the study is the nature of the
development of the process of deformation of
reinforced concrete bridge spans under the influence
of static and dynamic test loads.

The purpose of the study is to improve the
reliability and reliability of the results of static and
dynamic tests of bridges using acoustic emission
diagnostics of their condition by improving filtering
methods and highlighting wavelet transform signal
trends. The use of the method of vibro-acoustic
emission based on the wavelet transform provides the
determination of the characteristics of the formation
of acoustic pulses, the determination of the growth
and extinction of their amplitudes and the change in
frequency characteristics over time. The advantages
of using wavelet transform are the possibilities of
software implementation of removing noise from
the signal and highlighting certain frequency
components of the signal as independent components.
The equipment for measuring and fixing signals of
vibroacoustic emission was developed, which consists
of a four-channel recording unit, an external analog-
to-digital conversion module, a control laptop, and

developed for the
diagnostics of the
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a size range of wideband piezoelectric transducers
integrated on neodymium magnets. The developed
vibroacoustic analysis was tested during static and
dynamic tests of a reinforced concrete bridge across
the river Dniester on the highway M-12, km 28 +
964 near the village Zaliski. The established values
of the oscillation frequency of the run beams is the
passport characteristics of the bridge and how the
input values are used to assess the degree of wear of
the span structure during operation. The developed
methodology and equipment for vibro-acoustic
diagnosis of the technical condition of bridges and
their structural elements are recommended for use in
related fields, including for the diagnosis of structures
and building structures to be tested.

KEYWORDS: bridge, tests, statics, dynamics,
vibroacoustics, equipment, transducer, signal, wavelet
transforms, noise, trend, frequency, characteristic.

AOCBId 3ACTOCYBAHHA BIBPOAKYCTHUY-
HOTO AHAAI3Y IIP BHIIPOBYBAHHAX
3AAISBOBETOHHOTO MOCTY YEPE3 PIUKY
AHICTEP B C. 3AAICKH

AHOTANIIA
Pospobaeno METOJOAOTIIO 3aCTOCYBAHHA
BIOpPOAKyCTUYHOTO  AIarHOCTYBaHHA  TEXHIYHOIO

CTaHy MOCTIB 1 IX KOHCTPYKTHBHHUX €AEMEHTIB,
IpH  IPOBEJAEHHI CTATUYHUX 1 AUHAMIYHUX BHUIIPO-
6yBaHb MOCTIB, HINAXOM YJAOCKOHAAEHHSA METOJAIB
PirbTpamnii Ta BUAIAEHHA TPEHAIB CUTHAAIB BEHBAET-
IIEPETBOPEHHAM.

O6'ekT gocriaxeHHA — TpoLEC CTATUYHHUX 1
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AMHAMIYHUX BUIPOOYBaHb MOCTIB 1 iX KOHCTPYK-
THBHUX €AE€MEHTIB 3 3aCTOCYBAaHHAM aKyCTHKO-
€MICIHHOTO A1arHOCTYBaHHSA TEXHIYHOTI'O CTAHY.

IIpeamer AocAiaKkeHHsA — XapaKTep PO3BUTKY
npouecy JepopMyBaHHS 3aAI300€TOHHHX HPOTrOHO-
BHUX Oy40B MOCTIB ITiJ 41€10 CTATHYHUX 1 AUHAMIYHHUX
BHIIPOOYBAaABHHX HAaBAHTAKEHbD.

Meta gocaigxKeHHS — MOKPAIIEHHI HAAIHHOCTI i
AOCTOBIPHOCTI PE€3yAbTATIB CTATHYHHX 1 AHHAMIYHUX
BUIIPOOYBAaHb MOCTIB 3aCTOCYBAaHHAM aKyCTHKO-
€MICIHHOTO AIlarHOCTYBAaHHA IX CTaHY, HIAAXOM YJO-
CKOHAA€HHA METOJiB (piabTpanii Ta BHAINEHHAM
TPEHJIB  CHIHAAIB  BEHBAET-IIEPETBOPEHHAM.
Bukopucranusa Merogy BibpoakycTH4HOI eMicii Ha
OCHOBI BeHBAE€T-IIepeTBOPEHH:A 3abe3nedye BH3-
HadeHHA ocoOAMBOCTEHl (OpMyBaHHA aKyCTHYHHX
IMITYABCIB, BU3HAYEHHA ITOKAa3HUKIB HAPOCTAHHSA Ta
3raca”HsA IX aMIAITyJ 1 3MIHY YaCTOTHHUX XapakTe-
puctuk B 4yaci. [lepeBaramu y 3acTocyBaHHI BEHiBAET-
IIEPETBOPEHH] € MOKAUBOCTI IIPOTPAMHOI peaAisanii
BH/JAANEHHSA MEPENIKO/] 3 CHTHAAY Ta BUAIACHHSA II€B-
HHUX 9aCTOTHHX CKAQJOBHUX CHTHAAY AK CaMOCTIHHHX
KOMIIOHEHTIB. Pospobareno obAagHAHHA
BUMIpIOBAaHHA Ta (piKcamii CHTHaAIB BIOpOAaKyCTHYHOI
eMicii, fAKe CKAaZa€TbCA 3 YOTHPHOXKAHAABHOTO
6A0OKa peecTpamnii, 30BHIIIHBOTO MOAYAA AHAAOTO-
OHPPOBOro IEPETBOPEHHHA, KEPYIOUOro HOYTOYKa
Ta TUIIOPO3MIPHHI pAJ IHTErpOBaAaHUX Ha HEOAUMO-
BHX MAarHiTax HIMPOKOCMYTOBHX II €30€A€KTPHYHUX
nepersopioBadis. Bukowmano amnpobanioo pos-
pobAaeHoro  BIGPOAKYCTHYHOrO aHAAI3y mijg d4ac
NPOBEAEHHA CTAaTHYHHX 1 AWHAMIYHUX BHUIIPOOY-
BaHb 3anizobeToHHOTO MOCTy uepe3 p. Jmicrep Ha
aBTOMOOIABHIN gopo3i M-12, kM 28+964 6ira c.
3anicku. BcranoBAeHl 3HAaYE€HHs 9aCTOT KOAMBAHb
6aAOK MPOTOHIB € MACIOPTHUMH XapPAKTEPHCTUKA-
MU MOCTY 1 AK BXiJHI 3HAYE€HHA NPHU3HAYEHI JAA
OIIIHIOBAHHSA CTYIEHIO 3HOCY KOHCTPYKLIi Iporo-
HoBHX OyJ0B B mpomeci ekcrayaraiii. Pospobaeny

MeTOAHKYy 1 oOAagHaHHA BiIGPOAKYCTHYHOTO
AlaTHOCTYBAHHA TEXHIYHOTO CTaHy MOCTIB 1 IX
KOHCTPYKTHBHHX €AEMEHTIB, PEKOMEHJYEThCA

AASL 3aCTOCYBAaHHA B CYMULKHHUX 00AACTAX, B TOMY
YUCAL AAA A1aTHOCTYBAHHA cHOpyd 1 6yaiBeAbHHX
KOHCTPYKI[IH, II0 MIAAATAIOTh BUIIPOOYBAHHAM.
KAIOUOBI CAOBA: micT, BUIpo6yBaHH#A, CTATHKA,
AWHAMIiKa, BiGpoaKycTHKa, OOAaJHAHHHA, IEPETBO-
pioBay, CHTHAA, BEHBAET-IEPETBOPEHHA, MEPEIIKO-
Aa, TPeH/, 9acTOTa, XapaKTEePHUCTHKA.

OIIbIT ITPUMEHEHHA BHBPOAKYCTHUYEC-
KOO AHAAH3A IIPHU HCIIBITAHHH
AKEAE3SOBETOHHOIO MOCTA YEPE3 PERY
AHECTP B C. 3BAAHNCKH

AHHOTAIHA

Paspaborana MeTojOAOTHA NpPHUMEHEHHA BHUOPO-
AKyCTHYECKOTO JHArHOCTHPOBAHUA TEXHHUYECKOTO
COCTOSIHHA MOCTOB M HX KOHCTPYKTHBHBIX SAEMEH-

TOB, IIPU IPOBEAEHUU CTATHYCCKUX U JUHAMUYCCKUX
UCHOBITAHUI MOCTOB, IMyT€M YCOBEPLICHCTBOBAHHSI
METOAOB (PUABTPALUU U BBIJEACHUS TPEHJOB CHIHA-
AOB BEHUBAET-IIPEOOPA3OBAHIEM.

O6BeKT HCCAeZ0BAaHHA — IIPOLECC CTATHYECKUX
U JAUHAMHYECKHX HCHOBITAHHH MOCTOB U HX KOH-
CTPYKTHUBHBIX S9AEMEHTOB, C IPHMEHEHUEM aKyCTUKO-
®MHCCHOHHOIO JHACHOCTHUPOBAHUS TEXHUYECKOIO
COCTOSIHHSI.

IIpeaMer mccAeZOBaHHUA — XapaKTep Pa3BUTHSA
nporecca AeGpOpPMHPOBAHUA KEAE300€TOHHBIX IPO-
A€THBIX CTPOEHUH MOCTOB MOJ AEHCTBHEM CTaTHYe-
CKUX U AUHAMUYECKUX HUCIBITATEABHBIX HAIPY3O0K.

IleAr mcCA€ZOBAHHA — YAYUIICHHE HAJEKHO-

CTH U JOCTOBEPHOCTH PE3YABTATOB CTATHYECKHX
U AMHAMHUYECKUX HCHOBITAHUH MOCTOB, IIpHUMEHE-
HHEM aKyCTHKO-d9MHUCCHOHHOIO AHATHOCTHPOBAHHSA,
UX COCTOSIHHSI IIYTE€M YCOBEPLIEHCTBOBAHHS METO-
A0B pUABTPALMH U BbIAEACHUEM TPEHAO0B CUTHANOB
BeiiBAeT-IpeoOpasoBanueM. Mcroab3oBanue MeTo-
A2 BUOPOAKYCTHYECKOH 9MUCCHH HA OCHOBE BEHBAET-
npeobpasopanusd, obecrieynBaeT ONpeseAeHne 0Co-
6enHocTell GOPMHPOBAHUSA AKYCTHUYCCKHX HMIIYAb-
COB, OIpeJEeACHHE TOKa3aTeAell HapacTaHuA U yra-
CaHUs UX AMIIAUTY/J U U3MEHEHHE YaCTOTHBIX XapaK-
TEPUCTUK BO BpeMeHH. IIpeumymecrBamMu mpume-
HEHHUs BEUBAET-IIPeoOpPa3oBaHUs €CTb BO3MOKHO-
CTH IPOrPaMMHOH pearu3aluy YAAACHUs IOMeX
U3 CUTHAAA U BBIAEACHUS] OIPEAEACHHBIX 4YaCTOT-
HBIX COCTABASIIOIIUX CHIHAAA B KadecTBe CaMOCTO-
ATEABHBIX KOMIIOHEHTOB. Paszpaborano obopygosa-
HHUE U3MEPEHHs U (PUKCALUU CUTHAAOB BHOPOAKY-
CTHUYECKOH 9MHUCCHH, KOTOPOE COCTOUT U3 YeThbIpeX-
KaHAABHOIO GAOKA perucTpanuy, BHELIIHETO MOJAY-
A AHAAOTO-ITUPPOBOro MPeobpPa3OBAHUA, YIPABAL-
onjero Hoyrbyka U THIOpPa3MepHBIH psig HHTErpU-
POBAHHBIX HAa HEOJHUMOBBIX MAarHHUTaX MIIHPOKOIO-
AOCHBIX IbE309ACKTPHYECKUX IHpeobpazoBaTesei.
Brimoaneno ampobanmio paspaboranHoro BHOpO-
AKYCTHYECKOr0 aHaAM3a HPH HIPOBEJECHUU CTATHU-
YeCKHX U AHHAMUYECKHX HCIBITAaHHUI XKeaedobe-
TOHHOrO Mocta 4epe3d p. Juecrp Ha aBTOMOOGUAB-
HO#l gopore M-12, km 28 + 964 Bosae c. 3arecku.
YcTaHOBAGHHbBIE 3HAYEHUS YACTOT KOAeOaHHH 6aAAOK
IPOrOHOB SIBASIIOTCSI IACIHOPTHBIMU XapPaKTEPUCTHU-
KaMH MOCTa M KaK BXOJHbIE€ 3HAYEHUS HCIIOAB3Y-
I0TCSL JASL OLICHKHM CTEIIeHH H3HOCA KOHCTPYKLUH
HPOAETHBIX CTPOEHUH B IpoLiecce dKCIAYATALUH.
Paspaborannasa meroguka u obopyjosanue subpo-
AKYCTHYECKOr0 JUATHOCTHPOBAHUS TEXHUIECKOIrO
COCTOSIHHSI MOCTOB H MX KOHCTPYKTHBHBIX 9AEMEH-
TOB PEKOMEHAYIOTCS AAS IPUMEHEHHUSI B CMEKHBIX
00AACTSIX, B TOM YUCA€ JASL JUATHOCTHPOBAHHUS COO-
PYKEHHH U CTPOUTEABHBIX KOHCTPYKIIUH, IIOJAEKA-
IIUX UCHBITAHUSIIM.
KAIOUEBBIE CAOBA: MocT, HCIIBITAHHUS, CTaTH-
Ka, JUHAMHKA, BUGpoakycruka, obopygosanue, mnpe-
obpa3oBareAb, CHTHAA, BeilBAeT-ipeobpasoBaHus,
oMexa, TPeHJ, 4acToTa, XapaKTepPUCTHKA.
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INTRODUCTION

Increased weight of vehicles with a total mass of
up to 40 t [1], exceeds the designed loads at the time
of construction of most road bridges (about 74%
[2]), leads to structures intensive wear and reduced
service life compared to calculated values. Ensuring
traffic safety requires reliable data of the actual load
capacity of each bridge and a forecast for its change
over time. According to current building codes [3,
4], the most effective means of establishing actual
capacity and compliance with design requirements
is to test bridges, both new and in service, including
periods after reconstruction or major repairs. The
relevance of the topic to the road industry in Ukraine
is improving reliability of static and dynamic testing
results of bridges by acoustic emission diagnostics of
their condition.

ANALYSIS OF RECENT RESEARCH AND
PUBLICATIONS

Existing methods of static and dynamic [5, 6] tests
with acoustic emission diagnostics of the technical
condition of bridges allow to establish presence
of defects or damages in the structural elements
that reduces bearing capacity. It’s impact on the
load capacity cannot be taken into account in the
calculations. The acoustic emission of destruction
as a criterion for the condition of an element allows
to establish quantitative limit of the step load and
provides practical implementation of non-destructive
methods of strength control during testing. Due to its
ability to identify fracture events at the initial stage of
damage, acoustic emission methods are widely used in
the monitoring of building structures [7, 8], machines
[9-12], and material testing [13]. Acoustic emission
waves generated by the release of energy from a
localized source or multiple sources within an object
during deformation can provide comprehensive
information on the defect’s origin. The change in the
energy radiation intensity over time, depending on
the constant or cyclic force, may provide information
on development of such a defect. In references
[14, 15], a complex approach to the analysis of
a broadband signal of radiation of the running
structures of elastic waves caused by a dynamic local
change in the structure of reinforced concrete and
the movement of the object as a mechanical system,
with the determination of the state of the bridge by
the ratio of acoustic (high-frequency) energy and
vibrational (low frequency component) oscillations -
that is vibroacoustic emission. The advantage of this
approach is the ability to apply the same methodology
to the measurement and analysis of signals in both
static and dynamic bridge tests.

Measurement and recording of acoustic emission
signals during testing, especially in field conditions, is
highly complicated due to formation of interferences
in electrical circuits because of sufficiently low energy
of the acoustic waves themselves. In [16, 17], methods

ISSN 2313-6669 «SCIENCE & CONSTRUCTION» «HAYKA TA BY AIBHULITBO» 4(22)"2019

of overcoming the effect of interference by setting a
fixation threshold are presented, but that approaches
lead to the loss of acoustic signals information which
intensity is close to the intensity of interference.

Insufficient knowledge of the measurement and
processing of acoustic and vibration signals prevents
the objectivity of determining the condition of bridges
and structures.

The object of study is the process of static and
dynamic testing of bridges and their structural
elements with the use of acoustic-emission diagnostics
of technical condition.

The subject of study is the development of the
process of deformation of reinforced concrete girder
structures by the action of static and dynamic test
loads.

The purpose of the study is to improve reliability
of the results of static and dynamic testing of bridges
by using acoustic emission diagnostics of their
condition due to improving methods of filtering and
distinguishing trends of wavelet transform signals.

Research Objectives:

- to develop an algorithm for filtering and
isolating the signals trends of vibration and
acoustic emission by wavelet transformations;

- to develop equipment for measurement and
recording of vibroacoustic emission signals for
static and dynamic testing of bridges;

- to test the methodology of determining the state
of the elements of the bridge structure by the
level of vibroacoustic emission signals during
static and dynamic testing of bridges.

BASIC MATERIAL AND RESULTS

1. Filtering and highlighting trends and the acoustic
component of wavelet transform signals

Fundamental foundations for the use of wavelet
transforms were created by I. Dobeshi [18],
who formed for the time series S length N the
transformation algorithms: direct

szave(S) (1)

and inverse

S =iwave(W) 2)
where the length of the time series S should be
N=length(S)=2" and the exponent P must be an
integer and is the length of the signal conversion
levels

In (N )

In(2)
The coefficients vector k, as a result of the direct
wavelet transform W=k, it is makes sense to represent
in the form of a matrix with the arrangement on the

levels of transformation (rows of the matrix), starting
with filling the lowest level

3)




coeffs (Level ) = submatrix(W, plevel plevel 1y (4)

where Level=0..P — the level number of the
transformation matrix;

submatrix(W, ir, jr) — a function that rotates a matrix,
which alternately consists of rows of vector I elements
starting with i length jr, so the length of each line
from the level Level=1 is calculated as

Dilevel =length (coeffs (Level ))
= 2.TS'N'fLevel_1 )

2

except for the line of the level Level=0, for which the
length is equal p,=2.

Vibro-acoustic emission signals are fully compliant
with time series requirements because they
are recorded at a constant sampling rate f and,
accordingly, at a constant sampling interval

1
=—. 6
J S ©

There is a relationship between the conversion
level and the oscillation frequency of a component
signal at a certain level.

®)

2-Prevel +1 _ (7)
2-TS-N

Joining vectors coeffs(Level) by rows creates a
common wavelet matrix MWW. Since the lengths of
the signal vectors S and wavelet coefficients W are
by definition the same as the number of elements
of the wavelet matrix MW and there are algorithms
for forward and reverse transformation, wavelet
transformation is the process of changing the form of
representation of numerical data. The wavelet matrix
MW (see Figure la) has a triangular shape with
the location of the vertex at the bottom and facing
directly to its elements requires a change in indexing
according to dependence (4). Therefore, to maintain
the uniqueness of the values in the matrix MW, we
will use element numbering k; that corresponds to the
elements of the vector W,= k..

The scheme of arrangement of coefficients at
wavelet signal conversion is shown in Figure la, for
which, for wavelength 3 T=N-TS, within the wavelet
transform window 1, the coefficients form single
wavelets relative to the centers of the intervals within
levels 2. It is obvious that the total wavelet waveform
will form a three-dimensional signal in the time-
frequency plane t<>Frequency.

Major Benefits of wavelet conversion practical
application are software implementation options:

- removal of noise from the signal;

- allocation of certain frequency components of

the signal as separate components.

Since, by definition, interference is a component
of a signal with a random amplitude and a random

/i Level =

frequency of realization, in the wavelet transform
window (see Figure la) the influence of interference
will be manifested by a uniform change coefficients £,
values. Thus, setting the noise threshold W, taking
into account the influence of the wavelet level, the
construction of the wavelet K,,,, coefficient vector of
the noise-free signal can be performed according to
the algorithm

W;' lf |VVI| 2 ‘KLevel W

Noise | . (8)
0 if

The interference-cleared signal SDN may be
recovered from the wavelet reverse vector WDN (2).

The selection of signal components in a certain
frequency range as separate components is carried
out after setting the signal conversion levels for the
given lower f,,, and upper [, frequency thresholds
in accordance with the dependence (7)

WDN; = 1
else

2-TS-N- f, -1
PThreshold :’7 2Threshold —‘ ’ ©)

Then the vector of the wavelet coefficients of the
frequency components of the signal is plotted against

_ WDNi if PLow = Pk < PHigh )
0 i

1

The frequency component signal is also restored
from the vector WT by reverse wavelet transform
(2). A full low frequency component of a signal that
is limited in the frequency domain only from above
/ High < PHigh » thatis, for which p,,, =0 is called
a signal trend.

An example of processing a fragment of a real
vibroacoustic signal § is shown in Figure 1b, where
the input is rich in interference, signal 1, on the
background of which there is a trend of signal 5, has
both low frequency component and acoustic pulses
2. The signal SDN cleared from interference (8) and
(2) is characterized by a pronounced low frequency
oscillation 3, on the background of which acoustic
pulses are developed 4. In the future, the noise-
cleared signal SDN according to algorithms (10) and
(2) is decomposed into low-frequency component
(trend) STr — 5 and high-frequency (acoustic)
component of the signal DeTr — 6. Actually, these
components of vibroacoustic further you signal used
to analyze the state of an object.

(10)
else

2. Equipment for measurement and recording of
vibroacoustic emission signals

In accordance with the methodology outlined
above, taking into account the benefits of wavelet
signal processing, the equipment for measuring
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Figure 1 — Schematic diagram of the wavelet

transform signal processing

a) scheme of wavelet signal conversion: 1 — wavelet
transform window; 2 — levels of transformation; 3 —
signal being converted

b) an example of signal processing: 1 — the input
vibroacoustic signal; 2 — acoustic pulse; 3 — signal
after clearing of noise; 4 — acoustic pulses; 5 — low
frequency component (trend) of the signal; 6 — high
frequency (acoustic) signal component

CA-2614 with a signal frequency up to
96 kHz;

- an external analog-to-digital conversion
(ADC) module ADA-1406 with a
polling frequency of 50000 Hz for each
channel, which enables the detection of
manifestations of signals with a frequency
up to 25000 Hz;

- Laptop connect to the ADC via a USB
cable.

A schematic diagram of a piezoelectric
vibroacoustic emission converter is shown in
Figure 2b. The converter consists of a housing
that uses a neodymium magnet 1, a sleeve 2,
a high-frequency piezoelectric element 3, a
low-frequency piezoelectric element 4, which is
mounted in a bimorphic manner, and a cover
5. The connecting cable is not conventionally
shown. Depending on the ratio of the effective
diameters d and D of the elements 3 and 4, the
converter is capable of generating vibroacoustic
signals of varying intensity in the low-frequency
range, which enables rational selection. For
application in road test conditions, a standard
design series of transducers with numbers 00,
0, 1, 2 and 3 has been developed to record low-
frequency vibrations from 0.3 to 60 Hz.

Integration on a neodymium magnet greatly
simplifies the installation of the transducer
during testing, since retention is only due
to the force of gravity to the circuit of the
reinforcement through the protective layer of
concrete (Figure 2c). Optional magnetic disks
may be used to increase weight. To improve
the acoustic bond between the transducer
and the surface of the reinforced concrete
beam, the vaseline No. UA / 8304/01/01
dated 30.11.2018 was used as an acoustically
transparent liquid.

In order to increase the reliability of
information retention, the measurement results
are recorded in a sequence of short files in
binary format. The size of a file with is a record
of 170 thousand measurements in one channel
(approximately 2.6 s) is 262.2 Kbytes. The
packages of the measurement results files for
each of the tests are subsequently stored in a
database and stored on separate archives.

Because the signal sections containing the
acoustic activity pulses and vibrations take only
a few percent of the measurement program in
the total volume of records, they are directed
to search, isolate and write to separate files

and recording of vibroacoustic emission signals was directly. The following fragments of signals when
developed. Structurally, the equipment for measuring stored and signs of their occurrence: poll number
and recording vibration acoustic signals (Figure 2a) from the beginning of the recording, the frequency
consists of: of the poll and the signal snippet itself. Examples of
- four-channel registration unit, which provides file fragments with acoustic pulses and vibrational
pre-normalized high-precision charge amplifier  vibrations are shown in Figure 3.
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Figure 2 - Equipment for the recording of vibro-acoustic emission signals
a) measuring equipment; b) schematic diagram of the vibro-acoustic emission converter;
¢) attaching the piezoelectric transducer to neodymium magnets

The figure shows the oscillation diagrams in units
of a 14-bit ADC, the three-dimensional wavelet image
(scalogram) of the signal (see Figure la) and its
amplitude-frequency response (AFC). Comparison
of oscillation diagrams with charts provides an
opportunity to determine the nature of the dynamics
of the process over time and to track changes in the
intensity and frequency of oscillations over time.

The application of the wavelet transform
measurement and signal processing set provided in
this paper greatly simplifies the static and dynamic
testing of bridges.

3. Static and dynamic testing of reinforced concrete
bridge using vibroacoustic emission methodology
As a test of vibroacoustic analysis, we present
the experience of static and dynamic testing of a
reinforced concrete bridge. Testing of the bridge
over the Dniester River on the national highway M-12
Stryi — Ternopil — Kropyvnytskyi — Znamyanka
(through Vinnytsia), km 28 + 964 in the Lviv region
(Figure 4) was carried out after reconstruction, the
project of which designed under the guidance of the
author of the article, included:
- static tests with step load using acoustic emission
method according to [5];

- dynamic tests of structures in accordance
with [4].

These test methods apply to technical diagnostics
of bridges and overpass elements that are on the
balance sheet of the State Agency for Highways of
Ukraine.

Static tests were carried out for runs No. 1-2 and
No. 2-3 and supports No. 3 of supports by step loading
of trucks with a total weight of 64 tons (Figure 5). The
assessment of the danger of the destruction process in
the reinforced concrete beam of the spacer structure
at step load according to [5] was carried out according
to the criterion of the danger of the development of
the destruction process. By this criterion, the value of
the exponent was determined by the decision of the
step equation

E=a-P", (1)
E - the total value of the accumulated energy of
the AE signals during exposure under load at
the last and penultimate stages of the load;
P - the value of the load on the running structure

at the last and penultimate stages of loading;
a - coefficient of equation.
AE cumulative energy diagrams are calculated as
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Figure 3 - Fragments of files with vibro-acoustic emission signals
a) an acoustic pulse with a frequency of 2.6 kHz; b) an acoustic pulse with a frequency of 23.7 kHz;
¢) vibration pulse with a frequency of 2.52 Hz;

i
E =2 |S4g, -TS‘ , (12)
k=0

Suz, - the current value of the AE signal recorded
by the PVA;
i- number of degree ofload (last or penultimate).

Accumulation diagrams of AE energy (Figure 5b)
for 6, 7, and 8 schemes of loading of the run structure
Ne 2-3 are constructed to determine the components
of equation (11) by the results of measurements. The
load circuit 6 of the test No. 2 could not be applied
to evaluate the state of the run No. 2-3 and the
cumulative energy diagram of AE for it (diagram 3,
see Figure 5b) was used to evaluate the condition of
the section of the thermally cut back plate above the
support No. 3.

Assessment of the beam condition No. 7 of the run
structure No. 2-3 was performed on the basis of the
results of measurements of the cumulative diagrams
of AE energy for loading (Table 1):
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- scheme 7, diagram 1 (see Figure 5b);

- scheme 8, diagram 2 (see Figure 5b).

The results of the dequation (11) for the data
of diagrams 1 and 2 (see Figure 5b) are given in
Table. 2.

As evidenced by the results of calculations, the

-

Figure 4 - General view of the bridge through
river Dnister at State Automobile Highway M-12,
km 28+964 in Lviv region

o
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Figure 5 - Static tests of the bridge over the Dniester River
a) establishment of a test load; b) diagrams of acoustic emission energy flow over time:
1 — load of the run No. 2-3 on the left side; 2 — load of run No. 2-3 on the right side;
3 — load support No. 3

value of the exponent for beam No. 7 of the run
structure No. 2-3 at load by scheme 7 is 0.779, and at
load by scheme 8 is 1.184. Since in both of these cases
the value of the exponent does not exceed 3.0, it
should be recognized that defects that develop in the
structure of the material of the reinforced concrete
beam are not dangerous.

Dynamic tests of the bridge over the Dniester
river were conducted by recording the vibroacoustic
emission signals in beams No. 7 of runs No. 1-2 and
No. 2-3 during the movement of the test trucks and
the passage of transport in the intervals between
the test loads. The vibration acoustic emission signal
transducers determined the characteristics of the
vertical oscillations of the central points of the beams
No. 7, on the lower surface of which they were installed,
by the parameters of the low-frequency component of
the signals. Examples of vertical oscillation diagrams
and their amplitude-frequency characteristics are
not shown in Figure 6 for run No. 1-2 — 1 and run
No. 2-3 — 2. The values of oscillation frequencies of
runner beams during the passage of transport, which
make up for run No. 1-2 — 18.75 Hz, and run No.
2-3, are also determined — 15.17 Hz.

According to standard [4] set values of oscillation
frequencies of beams in the course of further

Table 1 - Total radiation energy of AEn

operation, it is recommended to use as input values
for estimation of degree of deterioration of structure
of run structures.

Test results of a reinforced concrete bridge over
the Dniester river in village Zalisky showed, that
the use of vibroacoustic analysis allows to determine
the peculiarities of the formation of acoustic pulses,
indicators of growth and attenuation of their
amplitudes and changes in frequency characteristics
over time. The set values of the oscillation frequencies
of the beams are the passport characteristics of the
bridge and as input values are to be evaluated for the
degree of wear of the structure during operation.

The practical result of the work is development
of algorithms for filtering and isolating the trends
of vibration and acoustic emission wavelet transform
signals and the equipment for measuring and
recording vibration acoustic emission signals for static
and dynamic testing of bridges.

The methodology of determining the state of
the elements of the bridge structure by the level
of vibroacoustic emission signals during static and
dynamic tests was shown to improve and reliability
of the results, reducing costs and time of tests
themselves.

CONCLUSIONS AND PROSPECTS
FOR FURTHER DEVELOPMENT

— 1. Methods of application
Load circuit Load option Number of | The total of vibroacoustic diagnostics
number AE events | energy of AE|  of the technical condition of
Support No 3 bridges and their st'ructural

elements for static and

6 Four trucks over support No. 3 36 681.26 dynamic testing of bridges
are developed by means of

Run No 2-3, beam No 7 theoretical and experimental

7 Two trucks over the beam No. 7 9 69.39 researches by improving
the methods of filtering and

8 Two trucks over the beam No. 2 8 5.42 distinguishing the trends of
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wavelet transform signals. The use of the method of
vibroacoustic emission provides the determination
of the peculiarities of the formation of acoustic
pulses, the determination of the growth and decay
of their amplitudes and the change of frequency
characteristics over time. The set values of the
oscillation frequencies of the beams of the beams are
the passport characteristics of the bridge and as input
values are to be evaluated for the degree of wear of
the structure of the beams during operation.

2. The developed technique of vibroacoustic
diagnostics of the technical condition of bridges
and their structural elements is recommended for
use in adjacent areas, including for the diagnosis of
structures and structures to be tested.
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THE PROBLEMS OF CHEMICAL CORROSION
OF CONCRETE ON RAILWAYS OF UKRAINE

ABSTRACT

The types of defects arising in the concrete sleepers
on the railway tracks of Ukraine are investigated. It
is established that the causes of cracks can be both
permanent dynamic loads and the destruction of
concrete due to alkali corrosion. The most common
cases are the combined action of loads (occurrence
of force cracks), corrosion (development of cracks)
and freezing of water under the action of low
temperatures. It is known that gel is generated
during the chemical interaction between the various
forms of silicic acid, which is differently contained
in the fillers of different types, solutions of alkali
metal hydroxides, which fill the pores of the matured
concrete and alkali penetrating from the outside.
Such a newly formed structure is able to absorb
water and increase in volume, and thus leads to
the formation of microcracks in the concrete and,
eventually, the destruction of the concrete. Chemical
microscopic examinations of aggregates and cement
were carried out for the concrete aimed for sleepers.
Studies showed that cements of Ukrainian production
had an excessive content of alkaline component.
Based on the obtained results, recommendations are
given to reduce the content of alkaline component in
concrete. Microscopic studies of concrete showed that
alkaline corrosion occurred more intensively in the
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sleepers made before 2010 than in the sleepers made
after 2010. This is due to the fact that manufacturers
of sleepers began to monitor constantly the content
of alkaline component and amorphous silica in
aggregates and cement. In this case, the amount of gel
is already insufficient for destruction of concrete in
its pure form as a result of alkaline corrosion, but still
sufficient to accelerate the opening of force cracks
due to corrosion of concrete. This again leads to
the formation of a complex effect of various harmful
factors on the concrete, which destroy sleepers.

To reduce the alkaline corrosion of concrete, certain
steps must be taken such as to introduce plasticizing
additives that reduce the amount of cement and,
accordingly, the number of soluble alkalis, to use
additives that bind alkalis - slag, ash, etc., or to apply
III PC / A-W cement with the content of granulated
slag up to 20% and to carry out an input control
of each batch of aggregate in order to determine
harmful substances and availability of alkalis.
KEYWORDS: concrete, aggregate, corrosion, alkali,
silicate, crack, sleepers

IMNPOBAEMU BUHUKHEHHA XIMIYHOI
KOPO3II BETOHY HA 3AAIBHUYHHX
MIAAXAX YKPATHU




AHHOTAIIIA

Jocaigxeno BUAU A€(PEKTIB, IO BHHHKAIOTh B
3aAI300€TOHHUX IIIIAAaX Ha 3aAIBHHYHHX IIASIXAX
Ykpainu. BcranoBA€HO, M0 NpHYMHAMH BHHUKHEH-
HA TPIOIUH MOXKYThb OYTH AK IOCTIHHI AWMHAMIYHI
HaBaHTAKE€HHA, TakK 1 pyliHyBaHHA GETOHY BHACAIZOK
NPOTIKAHHA AYKHOI Koposii. Halimommupenimmmn
BUIA/AKaMU € KOMOIHOBAHA /151 HABAHTA)KEHb (BUHUK-
HEHHS CHAOBHX TPIIIHH), KOPO3ii (DO3BUTOK TPIIIHH)
Ta 3aMep3aHHA BOJAM IIiJ Al€I0 HHU3BKHX TEMIIEpa-
Typ. BigoMo, mo mig 9ac XiMi4YHOI B3aeMOAll Mk
pisHUMH popMaMHU CHAIKATHOI KHCAOTH, AKA B PI3HIN
Mipl MICTHTBCSI B 3aIIOBHIOBaYaX PI3HHX BHUAIB, Ta
PO3YHHAMHU TiAPOOKCHAIB AYKHHUX METAAIB, AKHMH
3anoBHeH] nopu 6€TOHYy, IO 3aTBEPAHYB, a TaKOK
i3 Ayrams, Imo HPOHUKAIOTH 330BHI, YTBOPIOETHCA
reAb. Take HOBOYTBOPEHHA 3/4aTHE IOTAHHATH BOAY
1 36iapmyBaTHCh B 06’€Mi 1 TAKMM YHHOM IIPHU3BO-
AUTH 40 YTBOPEHHA MIKpOTpimuH B 6eToHI Ta, 3
gacoM, 4o pyiinysanHa 6etony. IIpoBegeno ximiuHi,
MIKDOCKOIIIYHI JOCAIAKEHHSA 3aIIOBHIOBAYIB Ta
HeMeHTy AAs Oerony mmaa. /locAigKeHHA MmoKasza-
AH, IO IIEMEHTH YKPalHCHKOIO BHPOOHHUIITBA MalOTh
3aBHIEHHH BMICT AYKHOI ckAagosoi. Ha ocHoBi
OTPUMAHHX pE3YAbTATIB HaJaHO PeKOMEeHJamii Io
3MEHIIEHHIO BMICTY AYKHOTO KOMIIOHEHTY B OG€TOHI.
MikpockomniuHi gOCAigKeHHA O€TOHY IIOKa3aAH,
mo y mmaaax, BurorosaeHux y 2010 pomi, Ayxna
KOpO3id IPOTIKA€ IHTEHCHBHIIIE, HI’K y IIIAAAX, IO
BuroToBAeHi micasa 2010 poxky. lle nmop’s3ano 3 THM,
10 3aBOAH-BHPOOHHUKH IIITAA ITOYAAH ITOCTIH{HO KOH-
TPOAIOBATH BMICT AY;KHOTO KOMIIOHEHTY Ta aMop®-
HOTO KpPEMHE3€MY B 3aIIOBHIOBAYax Ta IleMeHTaxX. B
IIbOMY BUIIAJAKY KIABKOCTI T€AIO B5K€ HEJOCTATHBO AASA
pyiiHyBaHHA GETOHY B «9HCTOMY BHTAAAL» AK PE3YAb-
TaT AYKHOI KOpo3ii, are JocTaTHBO 106 HMPHCKOPIO-
BAaTH PO3KPHUTTA CUAOBUX TPIIIHH 32 paXyHOK KOpO3ii
6etony. Ile B cBOIO Yepry nNpusBOAUThH 4O YTBOPEHHA
KOMIIA€KCHOTO BIIAHUBY Pi3HHX HIKIZAUBUX YUHHHUKIB
Ha O0€TOH, AKI PYHHYIOTD IIIIAAH.

AAdA 3HmKeHHA MacmTablB AyKHOI Koposii 6erto-
Hy HeOOXiZHO BHUKOHATH II€BHI 3aXO4H: BBOJHUTHU
nAACTHPIKYI0Ul J0O6aBKH, IO 3MEHMIYIOTb KIABKICTB
IIEMEHTY, 1 BIAIIOBIAHO — KIABKICTb PO3YMHHHUX
AYTiB, 3aCTOCOBYBATH 400aBKH, IO 3B A3YIOTb AYTH —
HIAAKH, 30AH 1 T.1I, 260 3aCTOCOBYBATH LIEMEHT MapKH
IT1] II/A-III 3 BMICTOM TPAHYABOBAHOTO IIAAKY J0
20%, npoBOAUTH BXIAHHH KOHTPOAb KOKHOI HapTii
3allOBHIOBAYa I10 BU3HAYEHHIO HIKIJAUBUX PEYOBHUH,
HAsABHOCTI AYTIB B II€MEHTI.

KAIOYOBI CAOBA:6erToH, 3anoBHIOBAY, KOpo3if,
AYT, CHAIKAT, TpIIIUHA, HIIAA

INTRODUCTION

As a result of the work of special commission in
2018-2019, it was found that the railways of Ukraine
showed an unsatisfactory condition of concrete
sleepers. Inspections of sleepers of various production

years revealed defects in the form of cracks, which
eventually led to the destruction of the product.
The cracks were of various types from transverse to
longitudinal ones and cracking.

This condition of concrete sleepers has lead to
the need in special physical and chemical studies
of concrete to determine the causes of cracks and
corrosion of concrete.

ANALYSIS OF RECENT RESEARCH AND
PUBLICATIONS

It is known [1] that in case if reactive aggregate
and alkali are available in the composition of concrete,
alkaline corrosion occurs in the concrete and it is
demonstrated by destruction of concrete after 1-2
years of operation in wet conditions.

Reaction between alkalis and silicic acid refers
to chemical reaction between the various forms
of silicic acid (Si02 nH20) which is contained in
the aggregates and the solutions of alkali metal
hydroxides (NaOH, KOH) that fill pores of the
matured concrete and alkali penetrating from the
outside. The gel resulting from these reactions is able
to increase in volume due to water absorption and
leads to the destruction of concrete [1].

The reaction between alkalis and silicic acid
contained in certain types of rocks is described in
the works of Stanton [2], God [3], Kyul [4]. Such
reactions are accompanied by the formation of gel-
like products that are able to increase in volume
and that is a sign of alkaline corrosion. This type of
corrosion refers to the corrosion of the second type
i.e. chemical.

PROBLEM DEFINITION

The actual task is to conduct a survey of concrete
sleepers produced by Ukrainian manufacturers, to
conduct physical and chemical studies of concrete and
aggregates, to determine the cause of destruction of
sleepers.

MAIN PART

In 2012, in Research Institute for Building
Constructions (NIISK), L. Sheinich and I.Ignatova
conducted research on raw materials that had been
used thus far and suggested measures on how to
prevent alkaline corrosion, which occurred in the
products of this manufacture. In particular, it was
proposed to use aggregate with a lower content
of alkali in terms of Na20 equivalent as well as
amorphous silica, it was suggested to set a limit
of alkali content of 0.6% for cement, to introduce
additives that bind alkali and to reduce the amount
of cement.

Today the manufacturers use cement in which the
minimum content of the alkaline component is about
0.8% in terms of Na20 equivalent.

In studies of small aggregate it was established that
the content of amorphous silica varied depending on
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the batch and the supplier and did not exceed the
requirements set in DSTU B B.2.7-32 [6].

The alkali content does not exceed the requirements
specified in [6]. Compounds of amorphous silica in
large aggregate were not found.

In 2010, a number of studies was carried out by
the sleeper fabrication plants in order to define the
reactivity of large aggregate with alkali contained in
cement. According to these studies, crushed stone
was considered not reactive with alkali. This has been
also confirmed by testing aggregate with the method
used to measure linear deformations.

The research with electron microscope has covered
the microstructure of the cement stone of 3 samples
of concrete that were taken from concrete sleepers
manufactured by the same plant in 2010, 2017, and
2019. The newly formed structures were identified
according to the data [1, 7-10].

Analysis of the micrograph of the material of
sleepers 2019, shown in Figure 1 shows that cement

‘WD=21.2mm 20.00kV  x1.00k

Figure 1 - Amorphized hydrated cement stone

)

‘WD=21.3mm

Figure 2 — Cement stone with speckles of alkali-
silicate gel
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stone has mainly the amorphous hydrate structure
formed as a result of the cement hydration.

In Figure 2, there are minor spherical formations
which according to [1] can be identified as alkaline-
silicate gel, which proves alkaline corrosion of concrete.
The presence of alkaline corrosion can reduce bear
capacity of sleepers and accordingly contribute to
transverse force cracks. A small amount of alkaline gel
in concrete indicates that raw materials (aggregate)
contain trace of amorphous silica and cement with
extended amount of soluble alkalis.

Figures 3 and 4 show micrographs of cement stone
taken from a sleeper produced in 2017.

Analyzing the microstructure of cement stone taken
from concrete of sleepers produced in 2017, it can be
noted that the number of granules of alkali-silicate gel
has increased compared to that in concrete sleepers
produced in 2019 (Figure 3). This indicates that the
alkaline corrosion of concrete evolves over time.

Figure 4 shows that the microstructure of the

‘WD=21.9mm 20.00kV  x25.0

Figure 3 — Micrograph of cement stone taken
from a sleeper produced in 2017

Figure 4 — Micrograph of cement stone with
microcracks taken from the sleeper produced
in 2017




cement stone is represented by the hydrated cement
and has microcracks which have to reduce the
durability of concrete.

Looking at the photo of a sleeper produced in 2017
(Figure 5), it can be noted that there are transverse
cracks of the sleeper concrete which occur in high
power load. This means that the significant cracks
in sleepers, which could be attributed to the cracks
resulting from alkaline corrosion are not found.
The amount of gel is already insufficient for the
destruction of concrete in its pure form as a result of
alkaline corrosion, but still enough to initiate force
cracks due to corrosion of concrete. This in turn
leads to the formation of a comprehensive effect of
various harmful factors on the concrete which destroy
sleepers.

Figures 6 and 7 are micrographs of cement stone
taken from sleepers produced in 2010. This
sleeper was manufactured at the plant prior to

WD=21.9mm

Figure 6 — Micrograph of cement stone taken
from a sleeper produced in 2010

the optimization of production process aiming at
prevention of alkaline corrosion [5, 11].

Analyzing the microstructure of the cement stone
given on Figure 6, one can observe that the number
and size of granules of alkaline-silicate gel has
increased in comparison to the the amount of gel in
the sleepers produced in 2017. The microstructure
of cement stone given in Figure 7 is presented
by hydrated cement and provides microcracks
which are expected to ruin the concrete. The size
of the gel granules have increased even more. The
amount of alkaline-silicate gel is enough to bring to
the deterioration of concrete attributed to alkaline
corrosion (Fig. 8).

Thus, the research has found that alkaline corrosion
occurs in the concrete of sleepers. Its intensity is
less than it was before due to the optimization of
technology in 2010-2011. [5, 11].

The content of alkali in Ukrainian cement of I

WD=22.4mm

Figure 7 — Micrograph of cement stone with
concrete microcracks taken from the sleeper
produced in 2010

Figure 8 — Crackingon the sleeper produced
in 2010
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type, M500, normalized composition exceeds the
allowable value of 0.6% [12] according to the data of
Association of Ukrainian Cement in 2019 and this is
the reason why it is necessary to introduce mineral
admixtures in concrete and to fix alkali into insoluble
how it is recommended in [5,11]. These admixtures
can be aluminosilicate substances, for example slag,
ash. This technological solution is confirmed by the
content of paragraph 5.11 [12].

Slag admixture can be introduced in cement willing
and this will simplify the technology of concrete, this
means the application of cement of grade PC II /
A-W with a content of granular slag up to 20% while
maintaining the quality of concrete according to
[13]. Such a positive solution will not only reduce the
alkaline corrosion of concrete due to the interaction of
cement slag with alkali and the formation of insoluble
[1] but also contribute to lowering of prime costs.

CONCLUSIONS

1. It is established that all concrete sleepers
produced within the period from 2004 to
2012 showed intensive alkaline corrosion
of concrete. In sleepers manufactured from
2017 to 2019 defects are associated with
force loads and transverse cracking. The
crack width increase  with time. As water
gets into cracks and freezes in winter, it
breaks the concrete. The crack width grows
and the process of concrete deterioration
promotes. In due time, cracks occur and it is
already characteristic to corrosion of concrete.
Thus, the prevention of the destruction of
sleepers is associated with the solution of a
comprehensive problem, which covers the
following issues: load applied to sleepers, their
operation conditions, design of sleepers and
their manufacturing technology (including the
prevention of alkaline corrosion).

2. As a result of the research work, a number
of measures to prevent alkaline corrosion
of concrete was suggested. Concrete-making
facilities have taken some measures to reduce
alkaline corrosion of concrete, but not in full.
The steps have been mainly taken towards the
control of input raw materials. If the amount
of harmful substances in the aggregates does
not exceed the allowable values, then the
amount of soluble alkali in the cement made in
Ukraine varies considerably and can be within
the permissible limits [12] and exceed those
reaching more than 1%.

3. Electron microscope studies have shown that
the presence of soluble alkali in cement and
amorphous silica in aggregates bring to the
formation of alkali-silicate gel, which provokes
alkaline corrosion of concrete. It should be
noted that the control and selection of good
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aggregates reduces the size and intensity of
alkaline corrosion.

To reduce the size of alkaline corrosion of
concrete, some certain steps should be taken
such as introduction of plasticizing additives
that reduce the amount of cement and,
accordingly, the number of soluble alkali, use
of additives that bind alkali like slag, ash, etc.,
or application of cement of grade PC 1I / A-W
containing granular slag up to 20% according
to [13]. Applying crushed stone of several
fractions will also help reduce the consumption
of cement with excess reactive alkali. It is
necessary to carry out an input control of each
batch of aggregate to determine the harmful
substances and alkali in cement.
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ABSTRACT

In Ukraine the thin-walled steel silos for grain
storage have been erected by the domestic and foreign
producers. Silos for grain have the complicated
structural system, the basic constituents of which
include the cylindrical body of corrugated steel
sheets supported by vertical and circular ribs, and
the conical roof of flat steel sheets on bent sheets
beams. The silo body is a cylindrical orthotropic
shell and its design peculiarities are not sufficiently
revealed in national regulations. The European
codes contain more detailed recommendations for
the modern steel silos design with regard to both
the design technological loads determination and
the bearing strength calculations. However, being
practically applied for computing the silos strength
and stability, the Eurocodes create a number of
substantial problems. During the operation of silos
built in recent year the accidents frequently occur
reflecting the design and operation shortcomings.

In NDIBK the improvement of steel silos
design methodology has been carried out with the
adaptation of some approaches implemented in
the EU codes and under observance of general
conformity to the building norms of Ukraine. The
equivalent membrane properties and equivalent

STEEL CIRCULAR SILOS FOR GRAIN

LIUBCHENKO I.H.

PhD in Eng., Assoc. Professor,
State  Enterprise “The State
Research Institute of Building
Constructions”,

Kyiv, Ukraine,

e-mail: i.lubchenko@ndibk.gov.ua
tela. +38 (097) 494-13-45

ORCID: 0000-0002-3329-4725

bending properties of corrugated sheets, including
tensile stiffness and bending stiffness, respectively, are
determined. Based on these properties the equivalent
moduli of elasticity are found for the orthotropic
shell finite elements by two mutually perpendicular
directions of shell surface. The necessity is justified
for the preproduction models and full-scale objects
experimental studies and researches with an aim of
determining the resistance specifications of multi-bolt
joints of the shell galvanized corrugated sheets. The
attention is drawn to the fact that the application
of friction connections with small diameter bolts
promotes the long-term reliable operation of the
silos, but for their use ensuring the national building
regulations shall be improved. The mechanical and
deformation specifications of corrugated profiles
require an experimental verification as well.

KEY WORDS: Steel silo, silos destruction, corrugated
sheet, orthotropic shell, strength, bolt joints

CTAAEBI HOHAIHAPHYHI CHAOCH JdAA
3EPHA

AHOTAIIIA
B YKpaiHi TOHKOCTIHHI CTaA€BI CHAOCH JASA
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36epiraHHA 3epHa 3BOAATHCA BITYU3HAHUMH Ta 3AKOP-
AoHHHMH BUpoOHHKaMH. CHAOCH JAA 3€epHA MalOTh
CKAAQJHY KOHCTPYKTHUBHY CHCTEMY, OCHOBHHUMH CKAQ-
AOBHMH SIKOI € ITUAIHAPHYHUN KOPIYC 3 TOPpOBAHO-
IO CTAAEBOTO AMCTA, HiJKPIIAECHUH BEPTUKAALHUMH i
KiAbLIeBUMH pebpamu, Ta KOHIYHUN 4aX 3 IAOCKOTO
CTaA€BOTO AHCTa Ha 6aAnKax 3 rHyToro aucra. Kopmyc
CHAOCY € IHAIHJPUIHOIO OPTOTPOIHOI0 0OG0AOHKOIO,
0COOAHUBOCTI IPOEKTYBAHHA AKOI Y BITYM3HAHUX HOP-
Max pO3KPHUTI HEAOCTATHBO. EBPONEHCHKI HOPMHU
MICTATD OGIABII A€TaABHI peKOMEHJAIlil 3 IPOEKTYBAH-
HS Cy9JaCHHX METAA€BUX CHAOCIB AK Y YaCTHHI BH3Ha-
YEHHA PO3PaXyHKOBUX TEXHOAOTTYHHX HAaBAaHTAKEHbD,
Tak 1 IOAO PO3PaXyHKIB HECY4oi 34aTHOCTI, OZHAK
IPH IPAKTHYHOMY 3aCTOCYBaHHI €BPOHOPM IIPH PO3-
PaxyHKy MIIJHOCTI 1 CTIHKOCTI CHAOCIB BUHHKAE PAJ]
cyrreBux npobaem. Ilpum excrayaramii 36ygoBaHHX
B OCTAaHHI POKH CHAOCIB MalOTh MicCIle HEIOOJHHOKI
aBapii, B AKUX MPOABAAIOTLCA HEAOAIKH IIPOEKTYBAH-
HA Ta €KCIIAYyaTaii.

B HAIBK 3ailicHeHO yZOCKOHAA€HHSA METOJHKH

PO3paxyHKY CTAAEBUX CHAOCIB 3 aJalTali€i0 OKPEMHX
MiAX0AIB, NPHHHATUX Y HOPMATHBHHX JOKYMEHTaX
€C, npu ZOTpUMaHHI 3araAbHOI BIAIIOBIZHOCTI HOP-
MaM YKpainu. BusHadeni exBiBaaeHTHI MeMOpaHHI
BAACTHBOCTI TOPpPOBAHOTO AHCTAa — KOPCTKICTb Ha
pO3TAr, Ta EKBIBAA€HTHI 3THHAABHI BAACTUBOCTI
— JKOpPCTKICTb Ha 3THH, 3a AKHMH BH3HA4Y€HI
€KBIBAAEHTHI MOAYAI HPYKHOCTI AASA CKIHYEHHHX
€AEMEHTIB OPTOTPOITHOI 0OGONOHKH 32 4BOMA B3a€MHO
NEePIEHAUKYAAPHUMH HalpsAMaMH IOBEPXHI 060-
AoHKH. O6rpyHToBana HeOOXiAHICTb IpPOBEJEHHA
€KCIIEPUMEHTAABHUX JOCAIAKEHD HA JOCAIJHUX 3pas-
Kax 1 HarypHuX 00’€KTax Ta JOCAIAKEHb 3 METOIO
BU3HAYEHHS XApPAKTEPHCTHK OHNOpy 06araToboATO-
BUX 3’€JHaHb TOPPOBAHHUX OIMHKOBAHUX AHUCTIB
0O0AOHKH. 3BEpHYTAa yBara, IO 3aCTOCYBAHHA
PpUKLIfHUX 3’€AHAHb HAa OOATAX MaAHX JlaMeTpiB
crpHAe JAOBIOTPUBaAlil HagiifHIH pobOTH CcHAOCY,
ane IX BHKOPHCTaHHA NOTpeby€ YAOCKOHAAECHHSA
HallloHaABHUX OyJiBeAbHHX HOpM. Takoxk mortpe-
6yI0Th E€KCHEePUMEHTAABHOI TEPEeBIPKH MEXaHIuHI
Ta AedopmalniiiHi XapaKTEPUCTHKH ToPpOBAHUX
poQPiniB.
KAIOUOBI CAOBA: cranae-
BHII CUAOC, PyHHYBAaHHA CHAOCIB,
roppoBaHHUl AHCT, OPTOTPOII-
Ha OOOAOHKA, MIITHICTH, OOATOBI
3’6 AHaHHA.

THE GRAIN SILOS DESIGN
AND OPERATION

From time to time the grain
silos destructions occur. Only in
2018 there were some such cases.
Roman Shtelmach, the Technical
Director of KMZ Industries,
points out a broad enough list

of silos destruction causes: from the design stage
errors to malfunctions or due to production defects
to force majeure [1]. He notes that the selection of
equipment that does not meet the operation site
and conditions requirements, the design errors or
manufacturing defects (mismatch of construction or
design documentation) become evident immediately
after the object commissioning. And when the silo
operates more than one year, the most probable
causes of its "collapse" are the human factors.

Reviewing the statistics of the silo accidents
causes, Anatolii Butenko, the Director of Trans Stroy
Complex, points out that among the accidents causes
the unsuccessful design solutions occupy 25.1% and
the design rules defects - 4.0% [2].

The foreign production silos do not always meet the
operation conditions in Ukraine taking into account
the local climatic conditions. The designers of Ukraine
mainly adapt the existing ready technological projects
developed in the USA or Europe. In such cases, the
silos designing intricacies remain largely unknown,
and their strength calculation is a trade secret.

As site https://inshe.tv/nikolaev/2017-08-16/256604/
reported [3], at the Kostiantyniv elevator having the
grain storage total volume of 100 000 tons (Figure 1)
in two months after erection on 16.08.2017 one of the
Turkish production silos was deformed and destructed
(Figure 2).

A commission with theinvolvement of the enterprise,
design organizations, installation companies and
manufacturing plant representatives was convened at
the enterprise to establish the accident cause.

The newspaper (https://www.2000.ua/ 08/16/2017)
posted a video that traces the silo destruction nature
as an important full-scale experiment (Figure 3).

A number of reasons mainly causes accidents. The
problem of silos crashes preventing relates not only
to the representatives of the company, design and
installation companies and silos manufacturers. This
is a state problem, because the foreign manufacture
silos must be checked by calculations for compliance
with national construction standards.

Accidental situations result from using the simplified

Figure 1 - Kostiantyniv elevator for grain storage
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Figure 3 - Segment of video recording the silo deformation and

destruction beginning

silos calculation methods, which do not fully reflect
the silo design features and do not exhaustively
assess the members bearing capacity. The durability,
reliability and safety of silos operation can be ensured
only through the actual operation studies and the
improvements of the grain storage facilities design
standards.

The design of grain storage facilities,
including the metal silos, is governed by the code
DBN V.2.2-8-98 [4], which does not envisage the
use of thin-walled corrugated profiles for the silo
body erection. From 01.07.2013 the standard
DSTU-N B EN 1991-4:2012 [5] is in force in Ukraine.
It contains the general principles and guidelines
regarding the actions determination for calculating
the bulk materials storage structures, including the
grain storage steel silos. This standard shall be applied
in conjunction with a number of DSTU-N B EN status
standards, i.e. the silos must be designed according
to European standards. The DBN V.2.2-8-98
and DSTU-N B EN 1991-4:2012 requirements
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comparison shows that the

structures analysis is based on
the application of the well-known
Janssen’s equation to determine
the forces in the silos walls
from filling with bulk materials.
There are also some difterences
between these standards in the
consideration of the various
cereals specific gravity, friction
tactors and local grain influences.
DSTU-N B EN 1991-4:2012
shows a rolling profile of
circular panel sheets, which may

= e interpreted by sinusoidal

corrugations (Figure 4) with the
determination of the corrugated
wall friction factor. However,
when designing a silo according to
DBN B.2.2-8-98, the allowance
for the effective friction factor
on corrugated walls would
be incorrect, because such
friction factor is defined in the
requirements complex of a
number of European regulations.

For corrugated steel sheets,
the walls friction effective factor
should be determined by the

formula:

My = (1-a,) tan v + a, u;

where p is the angle of internal
friction; w is a friction factor on
flat surface; a,, = 0.2 is a factor of
grain contact with a wall for the

Figure 4 - Profile with sinusoidal corrugations:
1- bulk material; 2- material flow; 3- surface

discontinuity




N

N

sinusoidal corrugations.

According to DBN V.2.2-8-98 for wheat grain
the internal friction angle is y = 25° and for a silo
flat steel surface the grain friction factor is f = 0.4,
and according to DSTU-N B EN 1991-4: 2012 the
internal friction angle is » = 30° and for a silo flat
metal surface the grain friction factors are f = 0.38
for galvanized steel and f = 0.57 for carbon steel.
The effective factor for the friction on galvanized steel
sheets corrugated surface will be:

Mo = (1-a,) tany + a,u = (1 -0.2) tan 30° + 0.220.38
= 0.538.

The variations in friction factors deter-
mination according to DBN B.2.2-8-98 and
DSTU-N B EN 1991-4: 2012 cause a significant
difference in the determination of the loads and
forces in the silo body due to grain filling. Since
the DBN status is higher than the DSTU-N status,
for the DSTU-N B EN 1991-4: 2012 provisions

application it is necessary to introduce the
DBN V.2.2-8-98 amendments based on the
experimental and theoretical studies. The

development and improvement of the national
regulatory framework for the grain metal silos
designing is necessary.

CALCULATION OF SMVU TYPE SILOS

In NDIBK the method for the SMVU steel silo
design according to TU U 0397047.001- 2000 [6]
was developed based on the three-dimensional
computational model and finite elements method
with the LIRA-CAD software use. The silo design
is performed within the framework of the elastic
members operation, which is the first approach to
the study of the silo structure actual operation. The
LIRA software package allows to reflect the actual
silo members’ geometric specifications and to take
into account the peculiarities of the joint operation
of the steel silo body and reinforced concrete
foundation. The three-dimensional computational
model includes the wall orthotropic shell elements,
stiffeners, roof and reinforced concrete foundation.
The silo members carrying capacity and deformability
are calculated for the silo body versions made of
different grades steels.

The steel silos design methodology was developed
with the adaptation of individual approaches
accepted in the EU codes and the observance of
conformity to the Ukrainian standards. In particular,
the silo members stress condition determination
teatures, which did not depend on national standards,
were taken into account based on the provisions of
DSTU-N B EN 1993-4-1: 2012 [7]. The provisions
for determining the corrugated sheet shell stiffness
characteristics, assessing the strength and limiting
the silo members deformation were taken from this
standard.

The silo body corrugated sheets are considered as
an equivalent homogeneous orthotropic shell with
sinusoidal corrugations. The equivalent membrane
properties of the corrugated sheets, i.e. tensile
strength, and the equivalent bending properties,
i.e. bending stiffness, are determined. Based on the
corrugated sheets equivalent stiffness characteristics,
the equivalent moduli of elasticity for the orthotropic
shell finite elements are determined taking into
account that in the common structural analysis
programs (LIRA, SCAD) for the orthotropic shell
members two moduli of elasticity are specified for
two mutually perpendicular directions in the shell
plane. These two moduli are determined depending
on the principal task of the design, i.e. for the relia-
ble determination of the membrane components
of the shell stress condition and in the case of the
determining influence of bending components.

The SMVU type silos are designed for two groups
of limit states as follows:

- the first group (destruction, loss of stability etc.);

- the second group (excessive displacements).

The silo steel members are calculated according to
the following conditions:

- the members strength,

- the nodes strength,

- the local members stability,

- the total silo stability,

- the support units and anchors strength, and

- the silo deformations restriction.

The results novelties include the computational
determination of the corrugated plate axial stiffness,
the silo stress conditions comparison in the cases
of uniform grain loading and asymmetric loading
with lateral discharge, the comparison of the body
main members load-carrying capacity if they are
made of different grade steels, and the assessment of
toundations tilts dependence on soil conditions and
various types foundations of the circular silos.

Further development of the computation method
requires the calculation principles experimental check
on models and full-scale objects.

SILO MEMBERS BOLT CONNECTIONS

The SMVU type silo members connections are
performed with bolts M10 grade 8.8. There are more
than 50 thousand bolts in the SMVU 220.100 silo body.
The silo body reliability and durability depend on the
bolt connections quality. Roman Shtelmach [1] draws
attention to the fact that in real life the silo strength issues
are addressed only after accidents, and notes that anarchy
and technical ignorance prevail in the bolt connections
and assembling solutions for the silos steel structures.
Some companies establish the appropriate services and
train the qualified field engineers. He advises that those
who already have elevators should check the quality of
bolt tightening at least once a year. Such proposal proves
that the clear instructions for assembling the silo bolt
connections are not available now.
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Calculation of bolt joints according to
DBN V.2.6-198:2014 [8] is simple enough, the bolts
are checked for shear by the bolt steel strength
and for bearing by the strength of steel sheets that
are connected, but the problem of the connection
tightening degree remains open.

The SMVU 220 silo body ring is assembled of
24 panels. When bolt joints act in bearing, the gap
between M10 bolt and 12mm diameter hole in the
sheet will be eliminated. In the limit state, when all
bolt joints act in bearing, the silo perimeter may be
increased. If we consider that the bolts on the average
are placed in the holes centers, the silo perimeter
increase will be 24x*> = 48 mm or more, taking into
account the steel crushing.

In the cases of the bolt joints operation in bearing
and alternating full loading and unloading of the silo,
the gaps between the bolts and holes in the sheets will
be eliminated, the bolts will gradually be involved in
the operation and will crush the sheets steel, and the
silo body will become deformed. To ensure the silo
long-term reliable operation it is necessary to prevent
the bolt connections operation in bearing.

Prior to the ring panels sheets crushing, the
connection will act as slip-resistant. Sheets with one
friction plane have less bearing capacity in the case of
a friction connection than in sheets crushing.

The explanation given by some silos designers and
manufacturers that paired sheets for ring panels are
used in the absence of the required thickness sheets
or to increase the bolts shearing planes number can
be considered unsatisfactory. High-strength bolts of
grade 8.8 have a sufficient margin of shear strength
for one shear plane, and the sheets nomenclature
allows the vast majority selection of ring panels from
single sheets.

The frictional joint surfaces number increases
with the use of paired sheets. The ring panels of two
folded sheets have three times the friction connection
strength than the friction connection of the single
sheet ring panels, and significantly greater strength of
the friction connection than in sheets bearing.

The behavior of friction joints with M10 bolts is not
taken into account, because the national regulatory
framework of the construction industry envisage the
M16 bolt minimum diameter for friction connections.
In industry the friction connections with the bolts
of smaller diameters are used. It is possible that the
ploneer developers of the silo structures from thin-
walled corrugated profiles took into account the bolts
tightening to the friction connection state.

In the near abroad it is possible to design the frictional
connections with M12 bolts, for instance, in Belarus
the EN standards are implemented and the Russian
Federation its has own code SP16.13330.2017 [9].

In DBN V.2.6-198:2014 [8] it is stated in para 6.2.6
that “For steel frictional joints, the high-strength
40X steel "Select” bolts with a temporary resistance
of not less than 1100 N/mm? in the cold specification
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version according to GOST 22356 should be used. It
is allowed to use bolts and nuts according to other
normative documents with ensuring the requirements
for the adopted strength grade according to
GOST 22356”. In accordance with GOST 22356 the
bolt minimum diameter is 16 mm. This means that,
according to DBN V.2.6-198:2014, the high-strength
bolts M12 grade 8.8 cannot be used for friction
joints in accordance with the interstate standard
GOST 32484.3-2013 being in force in Ukraine
[10]. We think that DBN V.2.6-198:2014 must be
improved.

The friction connections eliminate the deformation
of the silo body perimeter and diameter and contribute
to the long-term reliable silo operation. But it is
advisable to experimentally test the behavior of the
silo elements bolt connections.

PROPOSALS FOR THE SILOS DESIGN
METHODS IMPROVEMENT

The urgency of the silos calculation and design

methods improvement arises from:

- lack of experience in the calculations of a silo as
an orthotropic shell supported by ribs;

- need to experimentally verify the justification
of the calculation methods wused in
DSTU-N B EN 1993-4-1:2012 [7];

- direct analogues absence for some design
coefficients in national regulations.

Work mustbe carried outin the following directions:

1) validation of the silo strength and stability
calculations and their comparison with the
corresponding results obtained with the three-
dimensional computer models, especially taking
into account the wind effects on empty silo,
lateral unloading etc. for asymmetrical loading;

2) determination of the silo stressed state actual
specifications by the prototypes and full-scale
objects experimental tests and the comparison
of the experiment results with the calculations;

3) experimental determination of the multi-bolt
joints resistance specifications for the shell
galvanized corrugated sheets, including such
joints deformability in a near-limit state;

5) experimental determination of mechanical
and deformation specifications of corrugat-
ed sheet made of steels not covered by
DBN V.2.6-198:2014 [8];

6) development of the stability and seismic impact
calculations procedures;

7) generalization of steel silos calculating and
engineering experience at the level of an
"enterprise standard" manual with its further
development to the state standard level;

8) DBN V.2.2-8-98 revision on the basis of
experimental and theoretical researches;

9) silo calculation methods formalization and
algorithmization for an independent appli-
cation by the design specialists.

)



CONCLUSIONS

1.

Taking into account the corrugated sheet
membrane properties, the equivalent elasticity
moduli for two directions of the orthotropic
shell surface are determined and the silo body
design method is improved.

The necessity is substantiated to carry out the
prototypes and full-scale objects experimental
researches in order to improve the regulatory
framework of grain metal silos designing.
The need is shown to determine the strength of
multi-bolt joints of shell corrugated galvanized
sheetsand to develop the regulatory framework
for the design of the small diameter bolts
friction connections.
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EXPERIMENTAL MONITORING AND DYNAMIC
CERTIFICATION OF BUILDING STRUCTURES

ABSTRACT

Methods of building structures (BS) dynamic
certification have been developed. The methods
include: BS visual and vibrodynamic examination;
recommendations for the repair and restoration;
BS further operation. Determination of dynamic
characteristics of building structures for their free
fluctuations of low amplitude, which are disturbed
by the influence of natural microseisms, includes:
registration of BS fluctuations by means of highly
sensitive (in our case, seismic) sensors; analysis of
Fourier spectrum in order to allocate resonance
peaks corresponding to various forms of free
oscillations; obtaining of impulse realizations of
the selected resonance peaks on each form of
constructionsoptical oscillationsby means of Fourier
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inversion. An example of the modern regulatory
requirements application for the construction
scientific and technical support and building
structures monitoring for the pile foundation safe
arrangement on a landslide hazardous building
site in conditions of dense urban development in
Kyiv during the installation of a ¥820 mm bored
pile according to the pile field plan has been
considered. Experimentally registered levels of
vibration acceleration on the building foundation
wall in the vertical and horizontal directions do
not exceed 0.015 m/s?, which is significantly lower
than the minimum permissible values of vibration
acceleration for the foundations of buildings with
brick bearing walls 0,15 m/s?2. The research also




evaluated the presence of visible damage to the
building in the available places and their possible
development before and after piles placement.
The condition of the plaster screed on a vertical
crack in the house wall on the 8th floor, which was
installed before the construction work start, after
pile foundation installation has not changed - it
remained undamaged.

KEYWORDS: monitoring, dynamic certification,
acceleration, frequency, defects.

EKCIIEPUMEHTAABHUM MOHITOPUHI TA
AUHAMIYHA CEPTH®IKAIIIA BYJAIBEAD-
HUX KOHCTPYKIIIH

AHOTAIIIA

Pozpobaeni meroam guHamivHOi cepTudikanii
6yaiBeAbHUX KOHCTPYKNii (bK). MeTogn BKAIOUa-
I0Th: Bi3yaAabHEe Ta Bi6pogHHaAMIYHE AOCAIAKEHHS
BK; peromenganii mogo peMOHTY Ta BiJHOBACHHA;
nojganpma excrnayaraniga bBK. Busnavenns
AMHAMIYHHAX XapaKTePHUCTHUK 6yAiBEABHHX
KOHCTPYKIIH AAA iX BIABHUX KOAHBAaHb MaAoOi
AMIIAITYZAH, IO HOPYMYIOTHCA BIIAHMBOM IIPHPOJ-
HHUX MIKpOCeiicMiB, BKAIOYAE: PEECTPALII0 KOAH-
BaHb bK 3a 7011OMOT0I0 BUCOKOYYTAUBHUX (y HAIIIO-
My BHIIaJAKy CEHCMIYHHX) JaTYHKIB; aHAAI3 CIEK-
Tpy Pyp'e 3 MeTOIO BHUJAINEHHSA PE3OHAHCHHX
MiKiB, IO BIAIIOBiZaIOTh Pi3HHM PopMaM BIABHHUX
KOAHBAHb, OTPUMAHHA IMIYABCHHX peaAisanii
BUOpaHUX PE30HAHCHHUX IIKiB Ha KOXKHIH ¢opmi
ONTUYHUX KOAHMBAHb KOHCTPYKIIH 3a gOoIOMO-
rowo imsepcii Pyp'e. Posraanyro mpuraag 3acro-
CyBaHHA CY4aCHUX HOPMAaTHBHHX BHMOT, IIOJO
HAayKOBO-TEXHIYHOTO CynpoBoay OyZiBHHITBA Ta
mouitopunry BK, gasa 6esmedHoro yaamrysaH-
HA IaAbOBOTO PYHAAMEHTY Ha 3CyBOHebOe3IedHil
6yAiBeAbHINH JIAAHIN, B yMOBaX VIJIABHEHOI
Micbkoi 3abygoBu B M. Kumesi, mig dac Baam-
TyBaHHA OypoHabuBHOI maAail A820 mM, 3rigHO
3 IIAQHOM IaAbOBOTO IIOAS. EKcmepuMeHTaAbHO
3apeecTpoBaHi piBHI BiO6ponpHCKOpeHb Ha
¢yHgaMeHTHINH cTiHI 6y4iBAI B BEPTUKAABHOMY
Ta TOPH30HTAABHOMY HaINpAMKaxX HeE IE€pPEBHUINY-
oth 0,015 M/c2, mo 3HAaYHO MeHIINe MIHIMAaAbHO
AONYCTUMHUX 3HAY€Hb BIOPONPHCKOPEHD JAAA
¢ynaamenTis OygiBeAb 3 LETAAHHMH HECy-
yumu crinama 0,15 wm/c?. Ilpum gocAigKeHHAX
OI[IHIOBAAACh TAKOK HAaABHICTD BHAMMHUX YIIKO/-
KeHb B OYy4iBAI B JOCTYIHHX AASA IbOTO MICIIAX
Ta X MOKAUBHH PO3BHTOK A0 1 IICASA BAAIITYBAH-
HA nani. CTaH TilcOBOro MasgKa Ha BEPTHKAABHIN
TpimuHI B CTiHI 6YAHMHKY Ha 8-My IHoBepci, AKHH
6yB BCTAaHOBAEHHH 40 1moYaTKy OyAiBeAbHHX poO6IT,
MiCAA BAAQIITYBAaHHSA IaABOBOTO (yHAAMEHTY HE
3MIHUBCA — BiH 3aAHIIUBCA HEYIIKOJAKEHHM.
KAIOUOBI CAOBA: MOHITOPHHI, JHHaMiYHA
cepTudikalisa, IPUCKOPEHHA, YaCTOTA, AePEKTH

INTRODUCTION

The seismic risk is an unavoidable companion of
our civilization and demands an adequate response.
Thus, the buildings structures dynamic certification
is a high priority step towards provision of the
necessary and cost-effective level of constructions
seismic resistance under conditions of obsolescence
and physical deterioration, assessment of buildings
and structures seismic vulnerability or their defects
possible degree during the earthquakes of different
intensity. The issue of BS dynamic certification
and cost effectiveness of earthquake resistant
construction have been considered in works by
national and foreign researchers [1-21] and others.
The general condition of the construction sites
in Ukraine does not ensure safe living conditions
tor citizens and society due to the increased risk
of emergencies. The increase in the buildings and
constructions height, break with symmetric forms,
and constant increase in the technogenic load on
sites during the construction in conditions of dense
urban development enhance the likelihood of
disasters conditions.

First of all, it regards Kyiv where there are

numerous examples of such violations:

1. Inthe center of Kyiv there have been another
construction scandal regarding construction
of "Elegant" residential development in
dense urban development conditions on 118,
Zhylianska Street [22]. At the beginning of
construction process the neighboring five-
storey house cracked during the pile driving,
the tenants had to be resettled. As a result,
an old five-story mansion and a one-story
building next to it on 120-V Zhylianska
Street was broken down and a huge trench
was dug on this site. Residents of nearby
houses are afraid that the walls of their
houses will collapse — the cracks have already
appeared on the upper floors [23].

2. Residents of houses number 3, 5, ba and 7 on
Lesia Ukrainka Blvd. and three more houses
along Mechnikova Street were united by one
problem - the construction in their yard.
Houses are built on a landslide slope. Delicate
balance can be disrupted by any intervention
of construction equipment. Houses on Lesia
Ukrainka Bvld. will simply slide down to
Mechnikova Street [24].

3. On 7 Marianenka Lane a crack opening in the
house walls coincides with the beginning of
excavation for a residential complex on 9 and
11 Mechnikova Street. The state of the house
was affected immediately by two construction
sites — 9a and 11 Mechnikova Street and 12a
Klovskyi Descent as well.

The above examples are just the tip of the

iceberg of constantly increasing number of ground
displacements and catastrophes across Ukraine
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both in terms of their number and in terms of
economic losses scale. There is an acute need for
monitoring and scientific and technical support
for new constructions taking into account the
implementation of the new regulatory documents
requirements for soil accidents prevention in
future [25].

Over the past 10 years the State Enterprise "The
State Research Institute of Building Constructions"
gave much attention to both the regulatory and
methodological support and to construction
monitoring systems implementation. During
this time, a number of regulatory documents
considering monitoring of building structures have
been developed:

1. DBN B.1.2-5: 2007 "Scientific and technical

support of construction sites" [26].

2. DBN B.1.2-12-2008 "Construction in condi-
tions of dense urban development. Safety
requirements” [27].

3. DBN B.1.2-14-2009 "General principles for
ensuring safety and reliability of buildings,
facilities, structures" [28].

All of the above documents were a basis for new
final regulatory document DSTU-B B.1.2-17: 2016
"Guidance on scientific and technical monitoring of
buildings and structures" [29], which was developed
under scientific supervision of prof. Yu.I. Kaliukh
along with a series of regulations for technical
diagnostic systems for buildings and structures
[30]. Construction regulations [9] include all major
methodological instructions and developments
made on the scientific and methodological basis as
well as design and experimental development of
monitoring systems of structures [26-28, 30-31]
that were put into effect on 01.04.2017. Guidance
[9] was developed in harmonic accordance with
international construction standards fib [12]. In
[29] as well as in the fib Report [32], the
classification of monitoring systems of structures 1is
the same (see Figure 1 [12]).

Theoretical and methodological issues of the
design and organization of monitoring research
are analyzed in the works of modern foreign
scientists Sassa K., Casagli N., Catani F., Lu P.,
Miko§ M., Zeljko A. and others [33-38]. Among
the Ukrainian scientists, one should note the
researches by prof. O. Trofimchuk, Associate
Member of NAS of Ukraine, and prof. I. Kaliukh
concerning theoretical and methodological
background of monitoring systems concept, their
design and experimental development in practice
in construction and geotechnics, as well as studies
of their students aimed at the same issues: Kaliukh
T. [39], Polevets'kyi V. [40], Klymenkov O. [41],
Khavkin K. [42], et al.

According to these researches, the current
certification methods can be nominally divided
into three groups: method of expert assessment,
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calculation and analytical method, and method
of technical diagnostics. Due to advantages and
disadvantages peculiar to each of three methods,
the relevant problems of certification can be
reduced to two main issues. The first issue is a
valid identification of criterion during assessment
of seismic resistance of structures investigated. The
second issue is an identification of required level of
influence where dynamic structure of the building
is investigated i.e. micro dynamic level under elastic
stage of constructions operation or level of load
relevant to the construction operation beyond the
elasticity. Unfortunately, today there is no unique
legal method for dynamic certification of structures
in Ukraine. Hence, there is a need to improve test
methods aimed at assessment of real seismic
resistance including physical deterioration of the
structures and it is an actual problem for Ukraine.

METHODS

We offer applicable method of certification and
assessment of technical state of buildings and
facilities. The method includes

- visual and vibrodynamic examination of
buildings and facilities;

- development of calculation model and
calculations with regard to actual seismicity
of the area;

- comparative analysis of experimental and
estimated data;

- recommendations for the repair and
restoration and further operation of buildings
and facilities.

Determination of dynamic characteristics of
buildings and facilities in order to find free
fluctuations of low amplitude, which are caused by
the influence of natural microseisms includes the
following steps:

* registration of fluctuations of the buildings
and facilities with help of highly sensitive (in
our case, seismic) sensors;

* calculation and analysis of Fourier spectrum
in order to allocate resonance peaks
corresponding to different forms of free
oscillations; recording of impulse realizations
of the selected resonance peaks on each form
of optical oscillations of structures by means of
Fourier inversion;

* Identification and graphic representation of
different forms of oscillations.

BASIC MATERIAL

We would like to consider how up-to-date
regulatory requirements are used for scientific and
technical support and monitoring of structures
[6-11] for safe arrangement of the pile foundation
on a landslide prone construction site in conditions
of dense urban development at the address 14,
Pimonenka street, Kyiv in case of installation of




a bored pile Ne 87 with a diameter of 820 mm in
accordance with the plan of pile field. The working
area with a well for the bored pile is at a distance
of 18-20 m from the nine-storeyed residential brick
building. The area of the construction site is below
the level of the area of the adjacent building and
there is a retaining wall made of concrete blocks
being 5 m high on the boundary. The mutual

Figure 1 - Investigated building and retaining
wall - View

Figure 2 - Chalky screed after the installation
of the pile

location of the building, the retaining wall and the
construction site is presented in Fig. 1

According to the present DBNs [26-31] the
inspection of technical condition of the structures
of the nine-storeyed building was performed in
advance prior to drilling works, see (Fig. 1).

Figure 3 - Rotary drilling rig BG 40

Figure 4 - Construction site located near the
building at 14, Pimonenko street (view from the
flat on the 9th floor)
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During the study of the technical condition of the
structures, visible damage in the places available
for this site and their possible development was
assessed before the beginning of the works and
during and after the installation of piles. The
monitoring of the impact on building caused by
drilling was monitored not only instrumentally,
but also visually, by periodic observations during
the arrangement of the bored pile Ne 87 with
a diameter of 820 mm and with regard to the
integrity of the chalky screed in a vertical crack in
the bearing brick wall of the house at the 8th floor.
The screed was installed in advance before the
beginning of drilling (see Fig. 2).

Well drilling was performed by the BAUER 40
BG rotary drilling rig (Fig. 3). In the photo (Fig.
4) there is a view of the building investigated and
the retaining wall alongside of the construction site.
During the research period, one BAUER 40 BG
rotary drilling rig (Fig. 3) worked on the site.

The vibration sensors were located on the
foundation of the building (there were 3 vibration
sensors) and oriented towards X, Z and Y directions
(Fig. 5); two vibration sensors were located on the
floor of the 9th floor of the building and were
oriented towards X, Z or Y, Z directions (Fig. 6). The
change in the orientation of the vibration sensors
for the measurement of vibration acceleration was
conducted in concert with the moment of their
registration.

RESULTS
With the help of “Seismic monitoring” software
[43] the initial experimental results were processed

and represented in the table.

The values of vibration acceleration - typical and
peak - of the foundation (sensors Ne 1, Ne 2 and Ne
3) and the last 9th floor of the building (sensors Ne
4 and Neb) are given below.

CONCLUSIONS
The paper covers up-to-date regulatory
requirements which are used for scientific and

technical support and monitoring of structures
[26-31] for safe arrangement of the pile foundation
on a landslide prone construction site in conditions
of dense urban development at the address 14,
Pimonenka street, Kyiv in case of installation of
a bored pile Ne 87 with a diameter of 820 mm in
accordance with the plan of pile field.

Continuous monitoring of the piling process
was conducted from 10.44 (time when the works
started) to 17.56 (time when the works finished).
The materials obtained from the experiments have
shown:

1. The registered levels of vibration acceleration
on the foundation wall of the building do
not exceed 0.015 m / s? in the vertical and
horizontal directions and this is considerably
less than the minimum permissible values of
vibration acceleration of the foundations of
buildings with brick bearing walls which is
0,15 m / s? according to Table. 2 [44].

2. The registered levels of vibration acceleration
at the 9th floor slab of the building do
not exceed 0.004 m / s? in the vertical and
horizontal directions and this is significantly
lower than the permissible values of vibration

Figure 5 - Vibration sensors Ne 1, Ne 2 and Ne
3 for the registration of foundation oscillations
oriented towards X, Z and Y directions
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Figure 6 - Vibration sensors Ne 4 and Ne 5 for

the registration of oscillations of the 9th floor of the
building oriented towards X, Z or Y, Z directions




Table 1 - The values of vibration acceleration of the foundation - typical and peak

Time
No of _ | Grade, soil Max values of .vibration Drilli.ng
moni- accelerations practice
toring
1 2 3 4 5
1 | 1044 | Om; Clay | Ne1-0.0005, 0,002-0.004 (X) | Record at
Ne 2 -0.0005, 0,002-0.004 (Z) | silence
Ne 3 -0.0002, 0,002-0.004 (Y) | regime
No 4 -0.0001, 0,002-0.003 (X)
No 5 -0.0005, 0,002-0.004 (Z)
2 11059 | Om; Clay | Ne1-0,002-0,004 (X) | Start of
No 2 -0,001 -0,005 (Z) | drilling
No 3 -0,001 -0,002 (Y) | Drilling of a
Ne 4 -0,001 -0,005 (X) | well
No 5-0,001 -0,002 (Z)
Ne 2 -0,001 -0,003 (Y)
No 3 -0,001 -0,002 (7)
No 4 -0,001 -0,002 (X)
No 5 -0,0005-0,001 (7)
3 | 11:18 | 4-5m; Ne 1 - 0,001 -0,003 X) Drilling of a
Clay well
No 2 -0,001 -0,003 (Z)
No 3 -0,001 -0,002 (Y)
No 4 -0,001 -0,002 (X)
No 5 - 10,0005 (Z)
4 | 11:20 | 6-7 m; Ne 1 - 0,001 -0,003 X) Drilling of a
Clay well
No 2 - 0,001 -0,006 (7)
No 3 -0,001 -0,002 (Y)
No 4 -0,002 -0,0025 (X)
No 5 -0,0005-0.001 (7)
5 11:22 | 8 m; Clay Ne 1-0,001-0,002 (X) Microseismic
Ne 2 -0,001 -0,003 (Z) | background.
No 3 -0,001 -0,002 (Y) Lengthening
No 4 -0,001 -0,002 (X) | of tube
No 5 -0,0005-0,001 (Z) | timbering
6 | 11:28 | 8 m; Clay | Ne 1-0,002-0,001 (X) | Motion of a
No 2 -0,001 -0.0035 (Z) | drilling rig
No 3 -0,001 -0,002 (Y) | with tube
No 4 -0,0015-0,001 (X) | timbering
No 5 -0,0005 (Z)

ISSN 2313-6669 «SCIENCE & CONSTRUCTION» «<HAYKA TA BYJIBHULITBO» 4(22)'2019



Table 1 continued

1 |2 3 4 5
7 11:40 | 9-10 m, Clay Ne 1-0,0015-0,004 (X) | Tube timbering
Ne 2-0,001 -0,005 (Z) | spudding and
Ne 3 - 0,002 -0,003 (Y) | next drilling
Ne 4 - 0,001 -0,005 (X)
Ne 5 - 0,002-0,0005 (Z)
8 11:56 | 14-16 m, Clayed sand | Ne 1 - 0,001 -0,002; 0,006 (X) | Drilling of a well
Ne 2 - 0,001 -0,002; 0,006  (Z)
Ne 3 -0,001 -0,002 (Y)
Ne 4 - 0,001-0,0015 (X)
Ne 5 -0,0003 (7)
9 12:05 | 16 m, Clayed sand No 1-0,001-0,0015 (X) | Microseismic
No 2 -0,0005; 0,002 (Z) | background.
Ne 3 - 0,0005 (Y) | Lengthening of
Ne 4 - 0,0005; 0,003 (X) | tube timbering
Ne 5 - 10,0005 (Y)
10 | 12.50 | 17-18 m, Clayed sand | Ne 1 - 0,006 -0,008 (X) | Drilling of a well
Ne 2 -0,004; 0,001 -0,003 (Z)
Ne 3 -0,001 -0,003; 0,015 (Y)
Ne 4 - 0,0035 (X)
Ne 5 - 0,0005; 0,0015 (7)
11 | 12:54 | 18-19 m,Clayed sand | Ne 1 - 0,006 (X) | Drilling of a well
Ne 2 - 0,001 -0,003; 0,004 (7)
Ne 3 -0,0025 - 0,0015; 0,005 (Y)
Ne 4 -0,002 -0,004 (X)
Ne 5 - 0,0005; 0.003 (7)
12 | 12:56 | 19-20 m, Clayed sand | Ne 1 - 0,006 (X) | Drilling of a well
Ne 2°- 0,002 -0,005 (7)
Ne 3 - 10,0025 -0,003; 0.006 (Y)
No 4 -0,0025 (X)
Ne 5 - 0,0025 (Z)
13 | 13:22 | 22 m, Watered clayed Ne 1-0.001 0,003 X) Drilling of a well
sand
No 2 -0,001 -0,006 (7)
Ne 3 - 0,001 -0,002 (Y)
Ne 4 - 0,001 -0,0025 (X)
No 5 - 0,0005 -0,003 (Z)
14 | 13:36 | 24-25 m, Watered Drilling of a well
clayed sand, Red clay Ne 1-0,001-0,0015 X)
No2 - 0,0005; 0,002 (7)
Ne 3 - 0.0008 (Y)
Ne 4 - 0,0005 -0,002 (X)
Ne 5 - 0,004; 0,0005 (Z)

ISSN 2313-6669 «SCIENCE & CONSTRUCTION» «HAYKA TA BY AIBHULITBO» 4(22)"2019




Table 1 continued

1 2 3 4 5

15 | 14:04 | 28-30 m, Hard marl Ne 1-0,001-0,002 (X) | Drilling of a well
Ne 2 -0,001 -0,002 (7)
Ne 3-0,001 - 0,002 (Y)

Ne 4 - 0,0025 -0,001 (X)

No 5 -0,0003 (Z)
16 | 14:32 | 32-33 m, Waterlogged Ne 1 -0.001 - 0,004 X) Drilling of a well
marl, Hard clay
No 2 - 0,0005 - 0,003 (Z)
No 3 -0,001 -0,002 (Y)
No 4 - 0,0025 -0,001 (X)
No 5 - 0,0005 (Z)
17 | 14:43 | 35-36 m, Compacted marl | 0,0008 — 0,0015 (X) | Drilling of a well
0,001 - 0,002 (Z)
0,001 (Y)
0,001; 0,002 (X)
0,0005 (Z)
18 | 15:13 | 37-38 m, Marl 0,001 —0,002; 0,004 (X) | Drilling of a well
0,001-0,0015; 0,005 (Z)
0,001 - 0,0015; 0,003 (Y)
0,001; 0,002 (X)
0,0035 (2)
19 | 15:26 | 38-39,5 m, Marl 0,001 - 0,002 (X) | Drilling of a well
0,001- 0,002 (Z)
0,001 - 0,0015 (Y)
0,001; 0,002 (X)
0,0025; 0,0005 (Z)
20 | 17.25]39.5-35 m No 1- 0,001 -0,002 (X) .
Drilling of a well

No 2 - 0,001- 0,004; 0,006 (Z)
Ne 3-0,001 —0,0015 ()
Ne4-0,0015; 0,003  (X)

with concrete at
the point of 39.5 -

35 m
Ne 5 - 0,0005 (Z)
21 | 17.35 39,5 m No 1-0,0005-0,001 (X) | Lifting of tube
Ne 2 -,0005 (Z) | timbering from

Ne 8-0,0005—0,0008 (Y) |the wellat 39,5 m
Ne 4-0,0015; 0,0005 (X) | depth

Ne 5 - 0,0005 (Z)
99 | 17.41 |31 -23 m Ne1-0,0015-0,001  (X)
Ne 2-0,0012-0,0003  (Z)
Ne 3-0,0015—0,0003  (Y)

Filling of a well

with concrete at

th int of 31 -
Ne 40,0025- 0,0008  (X) 2; IE omto
Ne 5 - 0,0003 Z)
93 | 17.56 | 31,5 m Ne1-0,001 - 0,0018  (X) | Lifting of tube

Ne 2 -0,001 -0,0003 () | timbering from
Ne 3 - 0,001 —0,0002;0,006(Y) | the well at 31,5 m
Noe 4 -0,001 - 0,002 (X) |depth

Ne 5 - 0,0003 (Z)
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acceleration of high-rise buildings which is
0.08 m / s? in according with para.7.2 [45].
In the research, the presence of visible
damages to the building in the available
places and possible development before and
after pile installation was also assessed. Their
development was evaluated according to a
plaster screed on a vertical crack in the wall
of the building. The state of the chalky screed
on the vertical crack at the8th floor was
identified before the beginning of vibration
dynamic tests on 02/15/2017. At the moment
of the research on 02/21/2017 and after
the installation of a concrete pile and next
arrangement of  pile foundation the state
of the chalky screed has not changed. It
remained undamaged. This is shown in the
photo (Fig. 2).

Based on the above mentioned, it is necessary
to carry out arrangement of pile foundation
in accordance with the relevant technological
procedures during the operation of the
BAUER 40 BG rotary drilling rig (see Fig.
3-4).

For the control of quality of pile concreting,
updated  theoretical and numerical
developments and technical means of the SE
“SRIBC” [46] can be used.
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THE EFFICIENCY CALCULATION METHOD

FOR NOISE BARRIERS LOCATED ON

BRIDGE STRUCTURES

ABSTRACT

The paper investigates the traffic flows noise
reduction by means of noise barriers located on
bridge structures (bridges, viaducts, overpasses etc.).
The paper sets and solves the analytical problem of
finding the acoustic efficiency of the sound-reflecting
acoustically rigid barrier on an near-by territory
that needs noise protection and is located below the
linear noise source. The proposed mathematical
design model takes into account the sound-reflecting
acoustically rigid half-plane (the roadway of bridge
structure) influence on the noise barriers acoustic
efficiency. Based on this analytical study results, it is
found that the acoustically rigid roadway influence
on the barrier efficiency is rather negligible for
points located above the structure roadway level
in the acoustic shadow zone and the results of the
barriers efficiency calculations using the well-known
Maekawa’s method and the method proposed in this
paper are the same for this zone. In the acoustic
shadow zone located below the structure roadway
level, there is an area of the reduced barrier efficiency.
This is not consistent with the fixed stereotype
that with increasing the acoustic shadow angle the
barrier efficiency only increases. For this sound field
zone, there are significant differences between the
calculation results obtained by the Maekawa’s method
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and the method presented in this paper. The results
discrepancy found in the calculations for this acoustic
shadow zone is determined by the linear sound source
shielding by the bridge structure roadway itself, which
is taken into account in this calculation model. This
is a new analytical result confirmed by the laboratory
experimental studies of the noise barriers acoustic
efficiency using the physical models.

KEYWORDS: bridge structure, noise shield, sound
field, acoustic efficiency

METOJ PO3PAXYHRY AKYCTHUYHOI
E®PERKTHBHOCTI IIYMO3AXHCHHUX EKPAHIB
HA MOCTOBHX CIIOPYZAX

AHOTAIIA

Crarrst HpUCBsiYeHA 3HIDKEHHIO IIYMY TPaHCIOP-
THHX IIOTOKIB 3aCTOCYBAHH M IIYMO3AXHCHHUX €KPAHIB,
BCTAHOBA€HHUX Ha MOCTOBHX CcHOpydax (MocCTax,
BiagyKax, IIASIXOIpPOBOJax Tomio). B crarri mocras-
A€HO Ta PO3B’SA3aHO AHAAITUYHY 3a4a4y 3 BU3HAYCH-
HA aKyCTHYHOI €PEeKTHUBHOCTI 3BYKOBIJOMBHOTO aKy-
CTHYHO ;KOPCTKOTO €KpaHa Ha HMPHAETAIH TepuTopii,
mo noTpebye IIyMO3aXHCTy 1 3HAXOAUTLCA HHKUE
AlHIIIHOTO JKepena mymy. IIpegcraBaeHa pospa-
XYHKOBA MaTeMaTHYHa MOJEAb BPAXOBYE BIIAUB Ha




AKyCTHYHY €(EKTHBHICTh IIYMO3aXHCHOTO €KpaHa
3BYKOBIZOMBHOI aKyCTUYHO KOPCTKOI IIBIIAOIJHHHU
— IIOAOTHA MOCTOBOI CIOPYJAH. 3a pe3yAbTaTaMH
AAHOTO AHAAITUYHOIO JOCAIAKEHHS BCTAHOBAEHO,
0 AASA TOYOK B 30HI AKYCTHYHOI TiHi, PO3TaIIO-
BAaHUX BHUIIE PIBHA IIOAOTHA CIOPYJH, BIIAHB aKy-
CTHYHO KOPCTKOTO IIOAOTHA Ha €(PEKTHUBHICTb €Kpa-
Ha € HE3HAYHUM 1 JAA IIi€l 30HH PE3YABTaTH PO3-
PaxyHKy e(peKTHBHOCTI €KpaHiB 3a BIJOMHM METO-
AoM MaekaBu Ta METOAOM, BUKAAQAEHHUM Y LM CTATTI,
3biratoTbcsA. B 30HI akycTHYHOI TiHI, pO3TalIOBaHOI
HIKYE PIBHA IIOAOTHA CIOPYAHU, BiA3HAYAETHCA
HasABHICTb OOAACTI NMOHUKEHOI €PEeKTUBHOCTI eKpa-
Ha, IO HE Y3ro4KY€ETbCA 31 CTAAUM CTE€PEOTHIIOM, IIIO
1pH 36IABIIEHHI KyTa aKyCTUYHOI TiHI, €pEKTHBHICTD
€KpaHa TIABKH 3pocTae. /Ad 1ii€i 30HH 3BYKOBOTO
MOAS HasABHI CyTTEBI PO30GIKHOCTI MIK pe3yAbTaTa-
MH PO3PaxyHKy, OTPUMAHHX 32 MeToZ0M Ma€KaBH i
METOAOM, IIPEACTABACHHM Y JaHiil crarTi. Buasaena
HEY3TOJ/KEHICTh y Pe3yAbTaTaX PO3PaxyHKy B JaHiit
30HI aKyCTUYHOI TiHI BH3HAYAE€TbCA BIIAMBOM €Kpa-
HYBaHHA AIHIHOTO JK€peAa 3BYKY CAMUM IIOAOT-
HOM MOCTOBOI CIOpYAH, BPaxOBaHHM Yy JaHii
po3paxyHKOBiii MogeAl. lle € HOBUM aHaAITHIHHM
pe3yAbTaTOM, MIATBEPAKEHHM AabopaTOpHHMU
€KCIIEPUMEHTAABHUMH JOCAIAKEHHAMH AKYCTHYIHOI
€(pEeKTUBHOCTI IIYMO3aXUCHHUX €KpaHIB Ha (PI3HYHHX
MOJEASIX.

KAIOYOBI CAOBA: MmocTOBa ciopyda, IIyMO3axHuC-
HHIl €KpaH, 3BYKOBE IIOA€, AaKYCTUYHA ePEKTHBHICTH

INTRODUCTION

Each year the environmental issues become more
acute in the world and attention is increasingly focused
on their resolution. One of the most problematic
is the noise reduction in the residential areas and
in places of permanent people staying, because
the excessive noise levels have the same degree of
negative influence on human health as such factors as
water and atmosphere pollutions.

The most widespread and intense sources of
an excessive noise include industrial enterprises,
construction sites, traffic flows etc. According to some
reports [1, 2], just the traffic flows pollute up to
60-80% of the large cities territories with the excessive
level noises, and in the villages located along the
highways they are almost the only source of excessive
noise.

It is also unfavorable that with every passing year
the traffic volumes increase leads to the persistent
noise levels rise. One of the most effective acoustic
and construction means for the traffic noise reduction
in near-by territories is the noise-protecting barriers
use. The noise-protecting barriers use is one of the
most effective acoustic and construction means for the
traftic noise reduction in near-by territories and the
only noise protecting means for the bridge structures.

The study of the influences of the barrier structural
parameters, as well as of the relative locations of
the sound source, barrier and noise protected zone
has begun since the 50s of the last century and
continues to nowadays, as is evidenced by numerous
publications [3-10]. Most publications devoted to the
noise barriers efficiency calculations are based either
on the experimental studies carried out by Maekawa
and his students from the late 1960s to the early
1970s or on the approximate numerical methods [3,
11]. However, for screens arranged on the bridge
structures there are significant discrepancies between
the calculations results obtained when using those
methods and the field measurements results.

In this regard, the qualitative assessments of the
noise barriers efficiency depending on their design
parameters and arrangement location, as well as their
acoustic efficiency enhancement remain extremely
important and actual.

Thus, the work purpose was to develop a refined
computational model for calculating the acoustic
efficiency of noise barriers, installed on bridge
structures, with an aim of determining the traftic
flow noise reduction in adjacent areas located below a
linear noise source.

PROBLEM STATEMENT

One of the unsolved problems is the acoustic
efficiency determination for the noise barriers
installed on bridge structures.

The acoustic field determination by mathematical
means is based on the Helmholtz equation solution
for an area around the “barrier-linear sound source-
half-plane” system. It is reasonable to apply the
finite regions method for the solution finding. Based
on this method, the region, where the equation
solution should be found, is divided into a number of
canonical domains with boundary conditions, which
in the equation can be solved, and then the separate
regions should be "sewn" along the corresponding
boundaries according to the force and kinematic
components.

Thus, the problem arises to define the acoustic
field created by the linear sound source in a form
of an infinitely long cylinder with a radius much
smaller than the wavelength. This sound source
operates at a zero vibration mode (is pulsating) with
a circular frequency » and is at a distance g above an
acoustically rigid half-plane. The acoustically rigid
barrier having a height % is located at the arbitrary
angle ¢ to the horizontal at a distance b from the
linear sound source. Behind the barrier there is an
acoustically rigid plane with an arbitrary inclination
angle # (Figure 1).

ANALYTICAL SOLUTION

The Helmholtz equation for the oscillation speed
potential @ in the polar coordinate system on the
plane has the form:
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Let’s split the space around the barrier into three
parts (Figure 1). Partial region I has the appearance

of the area outside a circle of radius &2 with the
following boundary conditions:

(2)

oD 0=0,r>h
00

—=0 for
O=rn+p,r>h

The partial solution can be represented in the
tollowing form [12]:

0,(r.0) =[ 4, 1" (kr)+ B, H (kr) | x

x[C, cos(b8) + D, sin(b0)], (3)
or
@,(r,0)=[ 4,1,(kr)+ B, N, (k) | x
x[C, cos(b8) + D, sin(b0)] |, (4)

where and henceforth, H,” , H,” , J, and N, are the
symbols of cylindrical functions, namely, Hankel
functions of the Ist and 2nd kinds, and Bessel and
Neumann functions, respectively; and k=w/c is a wave
number.

Using partial solutions of the type (3) with the
Sommerfeld condition being taken into account and
using the boundary conditions, we obtain:

© H(l)
©, = Z 1 ,( kr) cos(6m0) ,  (5)
m=0 () (kh)
where § — 4

T+ p
Similarly, for partial regions II and III we can

write:

> J
®,=>B,- s )cos(5n6’) (6)

=, k)

T
where 5 —
0{

8

I, (kr)
D, =>C,- bﬂ' cos(8,q(0—a)) . (1)
q=0 §3q (kh)
T

T+f—-a

The diffraction of an infinite cylindrical sound
source of small wave dimensions located in region
I on a wedge with acoustically rigid surfaces and an
opening angle n+f, that is, when A <7, is described by
the following expression [13]:

where 0, =

5 Zs HS) (kry) T, (kr)cos(8,m0 ) cos(8m0), r=>r
L) m=0

0=

(0]
2|3 e B k)1, Gl cos (5m) Y eos (mB). 7 <. (8)

1,m=0
where & = .
2,m>0

Then the field in region I can be written in the
following form:
D, =D, +D,

or based on expressions (5) and (8) the following

formula is obtained:
= HY (kr

D, =>4, Hanllr) cos(5m0) +
= H(”'(kh)

B zgm HY) (kr)J 5, (kr)cos(8,mé;)cos(6,mb), r>r;
1| m=0

ng HY) (kr)1 (ki) cos(6,mb;)cos(5,m0), r<r;, (9)
m=0

where @, is the oscillation speed
potential in region I with an
allowance for the sound source

S field.
The conditions for connecting
the fields at the borders can be

| 2
—_ ~~
P P S
/ \\
/ h I \
/ r \

/ n\

I 9 g
| m < 5 J

\ © b _

written as follows:

DO, =0,+D

r=h,
96[0,(72'+,B)] ,

1 >

(10)

Figure 1 - Computational geometric model of a sound-reflecting
barrier installed on a bridge structure.
S - linear sound source; P - reference point
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If the values (5) - (7) are inserted into the system
of equations (10) and (11), the following expressions
are obtained:

. r=h, 0¢c[0,a]

, r=h, 96[0!,(7[+ﬂ)] (11)

253 Z HY (kr) 1,5, (ki) cos (3,m0 ) cos (8,m0) +

HY (k)

os(o,ml) =
H(”'(kh) (5m6)

© I (kh
=y B~ (k%) cos(6,n0)+

n=0 ngn’ (k]’l)

= Js (kh
+Z decos[é;q(@ —%D ;

0 T (kh) (12)
7‘25 H) (kg ( @m(kh))'cos(z’)‘lm@)cos(5lm9)+
B iBncos(@na), 0e[0,a]
+Y_ A4, cos(6,m0) = ;0
" >, cos[é}q(&——)} Oe(a.(r+p)]-
" (13)

After the functional relationships algebraization
procedure with taking into account the orthogonality
of the corresponding functions sets, the following
equations system in the unknown coefficients A, B
and C form is obtained:
54, Han () 5y Jo ()
" HY) (kh) o= 245
__ by 0

m= T em

o, (kh)
_ZCL/JM*] =

1, (k) S

(kry)Js,, (kh)cos(8,mb;)I,,,

ZAm[mv _ZBnlm -0= _%i

m=0 n=0 m=0

m=0

HY) (kry)J,,, (kh)cos(8mbs)1,,

ioA”’I'"g —0- 2Cq1qg =T Z Hfsllln kl’9
m=( 4=

m=0

s (KR) oS (SmO ),

(14)

where
7+p

L. = j cos(6,m0)cos (6,u0)d0 =

(ﬂ+ﬂ),
= (7T+ﬂ)/2, u=m=#0
0, u#m

u=m=0

L, = J.cos(é‘znﬁ)cos(&l,u@)dﬁ ,
0
T+p

I, = j cos(8,q (0 —a))cos(5,u6)do

a a, 77=n:0
I, = jcos(52n9)cos(52n9)d9 =lal2, n=n=0,
’ 0, n=#n

cos(8,m0)cos(5,n0)d0,

SN
Il
O =R

ﬁjﬁcos(élmé’)cos( s 0-a))d 6,

a

I, = ”rcos(&q(e—a))cos(53g(9—a))d@ =

a

T+pf-a, ¢=q=0
=(z+p-a)/2, c=q=#0
0, ¢#¢q

The algebraic equations infinite system (14) is
solved by a reduction method.

CALCULATIONS RESULTS ANALYSIS

The sound field determined by the expressions (6),
(7) and (9) and obtained based on the equations system
(14) solution will be analyzed without considering the
earth influence for the assessment of the efficiency
(AL, dB) of the noise barrier located on the bridge
structure. The noise barrier efficiency is determined
as the sound pressure levels difference in the acoustic
shadow zone points:

|p1|
|p2|

where L, and L, are the sound pressure levels, dB, in
the acoustic shadow points without and with a barrier,
respectively; p, and p, are the sound pressures, Pa,
without and with a barrier, respectively, determined
by the following expression:

AL=L —-L,=20lg:— (15)

o0
P =P o

where p, is the environment density.

In Figure 2, for the field of a linear sound source
located on the bridge, the sound pressure levels
dependence on the angle (0) of the reference point
location, without any barrier and with a vertical
acoustically rigid barrier (the reference point radius
vector rotates counterclockwise and at zero degree is
in the bridge roadway plane) is presented.

The linear source sound field without a screen is,

(16)
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Figure 2 — Sound pressure levels around the “barrier - half-plane - the horizon. Its exact direction and

linear sound source” system without and with a barrier

on the whole, almost uniformly decreasing with the
reference point angle increase (the distance from
the source increases). However, between the sound
source and half-plane edge (the bridge roadway
edge) there is an area, where the decay uniformity
is disturbed and the minimum sound pressure zone
is observed ("MIN"), from which the sound pressure
level increases towards the sound source (which is
natural) and towards the half-plane edge. This fact is
caused by the interference of the direct sound from
the source and the sound reflected from the half-
plane edge. For points below the bridge roadway,
the bridge structure roadway becomes a barrier itself
and the sound pressure level drops rapidly.

The sound field of this linear source with
the barrier is much more complicated. In
the illuminated zone area, between the noise
source and the barrier, a sound field explicit
interference pattern with periodic changes of the
sound pressure minima and maxima is observed
and the pattern configuration depends mainly on
the frequency and distance between the sound
source and barrier.

As can be seen from Figure 2, the barrier
acoustic performance is observed even in the
illuminated area (highlighted by a dotted
rectangle). When the reference point moves into
the acoustic shadow zone, the barrier efficiency
continues to increase and reaches its maximum
("Efficiency"). With the further increase of the
reference point angle (below the bridge roadway),
the minimum acoustic efficiency area ("Minimum
efficiency") is observed, after which (with the
angle increase) the efficiency gradually increases
again.

The whole space around the “barrier - half-
plane - linear sound source” system can be
divided into the following characteristic zones
(Figure 3):

I is a half-space bounded by the line of sight,
barrier and the bridge roadway (illuminated

location depends on many factors
(barrier inclination angle and its
distance to the sound source, sound frequency, etc.).
The barrier height dependence is negligible;

III is the half-space between the directions of
maximum and minimum barrier efficiency. In
this area, the barrier efficiency monotonously
decreases (with the reference point angle increase)
to a minimum value. The minimum efficiency line
direction is also practically independent of the
barrier height;

IV - is the half-space limited by the minimum
barrier efficiency line and the reverse side of the
bridge deck surfacing. In this zone the noise barrier
efficiency gradually increases again.

line of sight 1
I
\\\\\
The line of maximum P
efficiency ke
\\D S

111

The line of minimum IV

efficiency

Figure 3 — The characteristic of the sound field
around the “barrier - half-plane - linear sound
source” system: a — barrier inclination angle;
0 — acoustic shadow angle; y — minimal barrier
efficiency line angle
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CONCLUSIONS

The article presents a mathematical model for
calculating the acoustic efficiency of noise barriers
installed on bridge structures. The barriers efficiency
characteristics obtained by this method not in all
acoustic shadow zones agree with the traditional
notion that the screen performance monotonically
increases with the increase of the Fresnel number.

The generally accepted Maekawa’s design model
[3] is based on the fact that the sound source is
located in a free space and the only obstacle to the
sound propagation is the noise barrier. For such
problem formulation, the barrier efficiency uniform
dependence on the Fresnel number is quite natural.

The design model discussed in this paper is slightly
different from the Maekawa’s model, because, in
addition to the barrier, it takes into account the
presence of an acoustically rigid half-plane, such as
the bridge deck surfacing.

The analytical study found out that the results of
calculating the barriers acoustic efficiency determined
by these two calculation models agree only in the
acoustic shadow zone located above the bridge
structure roadway. Significant differences were found
tor the acoustic shadow points below the bridge
structure roadway level. The barrier efficiency at these
points (if a Fresnel number significantly increases) is
actually much lower than the values that could be
obtained by the Maekawa’s method.

REFERENCES

1. Didkovskyi, V.S., Yakymenko, V.Ya.,
Zaporozhets, O.I., Savin, V.H., & Tokarev,
V.I. at al. (2002). Fundamentals of acoustic
ecology: Textbook. Kirovohrad: TOV Imeks
LTD.

2. Les cartes du bruit de Paris. Retrieved
from  http://www.paris.fr/pratique/bruit/
cartographie-du-bruit-routier/les-cartes-
du-bruit-de-paris/rub_1285_stand_30546_
port_3069

3. Maekawa, Z. (1968). Noise reduction by
screens. Applied Acoustics, 1 (3), 157 — 173.

4.  Menounou, P.A. (2001). Correction to
Maekawa’s curve for the insertion loss behind
barriers. The Journal of the Acoustical Society
of America, 110 (4), 1828 — 1838.

5. Ogata,S., Tsuru, H., Nakajima, H., & Fujiwara,
K. (2003). Investigation for insertion loss of
noise barrier for sound source moving at high
speed. Acoustical Science and Technology, 24
(3), 148 - 150.

6. Monazzam, M. R., & Nezafat, A. (2007).
On the application of partial barriers for
spinning machine noise control: a theoretical
and experimental approach. Iranian
Journal of Environmental Health Science &
Engineering, 4 (2), 113 — 120.

10.

I1.

12.

13.

Trokhymenko, M. P., & Zaiets, V.P. (2010).
The influence of noise barrier parameters
on its efficiency. Construction materials,
products and sanitary equipment: Scientific
and technical collection, 36, 71-76.

Zaets, V., & Kotenko, S. (2017). Investigation
of the efficiency of a noise protection screen
with an opening at its base. Eastern-European
Journal of Enterprise Technologies, 5 (89),
4-11.  doi: https://doi: org/10.15587/1729-
4061.2017.112350

Menounou, P., & Papaefthymiou, E.S. (2010).
Shadowing of directional noise sources by
finite noise barriers. Applied Acoustics, 71
(4), 351-367. doi: https://doi:org/10.1016/j.
apacoust.2009.10.002

Koussa, F., Defrance, J., Jean, P., & Blanc-
Benon, P. (2013). Acoustic performance
of gabions noise barriers: Numerical and
experimental approaches. Applied Acoustics,
74 (1), 189-197. doi: https://doi: org/10.1016/j.
apacoust.2012.07.009

Hincu, G. (2003). Computer
evaluation of traffic noise level.
Acoustics”, 19, 1 — 6.

Shenderov, E. L. (1972). Wave issues of
hydroacoustics. Leninhrad: Sudostroienie.
Shenderov, E. L. (1989). Radiation and
scattering of sound. Leninhrad: Sudostroienie.

assisted
“Technical

BIBAIOTPA®IYHUM CITUCOK

1.

Adigroscpbkuit B, C., fxkumenxko B.J.,
Sanopoxens O.1., Casin, B.I'., Toxapes
B.I. OcnoBu akyctuuHoi ekxoaorii: Hasu.
nocibauk. Kiposorpaa: TOB Imexc ATA,
2002.

Les cartes du bruit de Paris. URL: http://
www.paris.fr/pratique/bruit/cartographie-
du-bruit-routier/les-cartes-du-bruit-de-paris/
rub_1285_stand_30546_port_3069

Maekawa Z. Noise reduction by screens.
Applied Acoustics. 1968. Ne 1 (3), P. 157 —
173.

Menounou P. A. Correction to Maekawa’s
curve for the insertion loss behind barriers.
The Journal of the Acoustical Society of
America. 2001. No 110 (4), P. 1828 — 1838.
Ogata S., Tsuru H., Nakajima H., Fujiwara
K. Investigation for insertion loss of noise
barrier for sound source moving at high
speed. Acoustical Science and Technology.
2003. Ne 24 (3), P. 148 — 150.

Monazzam M. R., Nezafat A. On the application
of partial barriers for spinning machine
noise control: a theoretical and experimental
approach. Iranian Journal of Environmental
Health Science & Engineering. 2007. Noe 4
(2), P. 113 — 120.

ISSN 2313-6669 «SCIENCE & CONSTRUCTION» «<HAYKA TA BYJIBHULITBO» 4(22)'2019



7. Tpoxumenko M.IL., 3aens B.II. Bnaus
mapaMeTpiB IIYMO3aXHCHOIO €KpaHa Ha
iioro edpekTHBHICTb. byaiBeAbHI Marepianu,
Bupobu Ta caHiTapHa TexHika. Haykoso-
texuiynuii 36ipauk. 2010. Ne 36, C. 71-76.

8. Zaets V., Kotenko S. Investigation of the
efficiency of a noise protection screen with an
opening atits base. Eastern-European Journal
of Enterprise Technologies. 2017. Ne 5 (89),
C. 4-11. doi: https://doi: org/10.15587/1729-
4061.2017.112350

9.  Menounou P., Papaefthymiou E.S. Shadowing
of directional noise sources by finite noise
barriers. Applied Acoustics. 2010. Ne 71 (4),
C. 351-367. doi: https://doi:org/10.1016/j.
apacoust.2009.10.002

10. Koussa F., Defrance J., Jean P., Blanc-
Benon P. Acoustic performance of gabions
noise barriers: Numerical and experimental
approaches. Applied Acoustics. 2013. No 74
(1), C.189-197. doi: https://doi: org/10.1016/j.
apacoust.2012.07.009

11. Hincu G. Computer assisted evaluation
of traffic noise level. Electronic Journal
«Technical Acoustics». 2003. Nel19, C. 1 - 6.

12. Mlengepos E. A. BoaHOBbBIE 3a4a4M IrUApOa-
kycruku. Aenunrpaj: Cysgocrpoenne. 1972.

13. Ilengepos E. A. HMsayuenue u paccesaHue
sByKa. Aenunrpag: Cygocrpoenue. 1989.

Crarra HagiimAaa go pegaknii 29.08.2019 poky

ISSN 2313-6669 «SCIENCE & CONSTRUCTION» «HAYKA TA BY AIBHULITBO» 4(22)"2019




Doi: 10.33644/01002

YAK 624.012:624.046

GURKIVSKYI O.B.

PhD, State Enterprise “The State
Research Institute of Building
Constructions”,

Kyiv, Ukraine

phone: +38 (044) 2493775
e-mail: alex 84m@ukr.net
ORCID: 0000-0002-2411-5529

A 4

BOLOTOV A. Yu.

Researcher, State Enterprise “The
State Research Institute of Building
Constructions”,

Kyiv Ukraine

phone: +38 (044) 2493775

e-mail: viperwk@gmail.com
ORCID: 0000-0002-4102-3079

- =

.

N
e —

THE CAST-IN-PLACE REINFORCED CONCRETE
FRAME CALCULATIONS FOR TEMPERATURE

EFFECTS AT ALL CONSTRUCTION AND

OPERATION STAGES IN MULTI-STOREY BUILDING

ABSTRACT

In multi-storey buildings built earlier, the
temperature actions did not have a significant
effect, since the external and internal structures
large mass and practically constant internal
temperatures did not cause the problems with the
elements different elongation. The situation became
much more complicated for modern high-rise
buildings with statically indeterminate structures of
impressive dimensions. External fencing structures
are attached to internal structures; buildings have
large heights etc. As a result, it becomes necessary
to take into account the temperature effects. When
designing buildings, it is obligatory to take into
account climatic temperature effects and operational
thermal effects, which must be neutralized primarily
by isolation of heat sources and adjacent structures.
The temperature difference depends on the
building functional purpose, its location, orientation
with respect to the cardinal points, the internal
temperature conditions, as well as the surface and
finish of the enclosing and supporting structures. The
structures are the most vulnerable to the temperature
exposure during the building construction. This is
caused by the changes in air temperature, in which
there are quite regular periodic fluctuations with
annual and daily periods. Random fluctuations
associated with changes in the weather over small
periods of time (several days) are superimposed
on periodic fluctuations. Currently, there are a
sufficient number of calculation tools for taking into
account the temperature effects in the buildings
designs. The main difficulty in the calculations is
the description of design situations corresponding

to possible temperature effects manifestations at all
stages of buildings construction and operation. The
paper gives an example of taking into account the
temperature effect when calculating the building
frame with significant geometric dimensions both
in plan and in height. So, in the framework of the
high-rise building calculations in Kiev, we analyzed
the temperature effects during its construction in
order to determine the structures stress-strain state.
The temperature effects calculation was performed
for the building construction stage (for a time before
closing the heating circuit). It was recommended
to divide this building into two temporary joints,
which, therefore, allowed reducing forces in the slabs
compared with the initial ones by more than three
times. In the design and construction of buildings of
stately proportions, the temperature effects nature
and magnitude have a significant influence on the
building structural solutions determination. The
temperature effects due to climatic, technological,
operational and emergency factors are the most
significant. The temperature effects consideration
in calculations using various modern tools allows
preventing damages to structures at all stages of the
buildings construction and operation and identifying
technological measures to avoid the materials over-
expenditure due to the necessity of taking up forces
that may occur during temperature actions.
KEYWORDS: temperature effect; calculation for
temperature effects; calculation of a high-rise
building; cast-in-place reinforced concrete frame;
determination of stress-strain state; economic
feasibility
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PO3PAXYHOK HA TEMIIEPATYPHI BIIAH-
B MOHOAITHOTO 3AAISOBETOHHOTIO
KAPKACY BATATOIIOBEPXOBOI BY/JIBAI
HA YCIX CTAJIAX 3BEJAEHHA TA EKC-
IIAYATAILII

AHOTAIIIA

Y 6Gararonmosepxopux OygiBaAxX, nobygoBaHHX
panimre, TeMIepaTypHi BIAMBH HE€ MaAM 3HAYHO-
ro BIIAHBY, TaK fAK IIPH BEAHKIH Maci 30BHINIHIX i
BHYTPIIIHIX KOHCTPYKIIIH i HIPUIPAKTHIHO HOCTIHIHUX
BHYTPIIIHIX TeMIepaTypax He icHyBaAo mpobae-
MH pi3HHII HOJOBXKEHHA eAeMeHTiB. Curyania
3HAYHO YCKAQJHIOETBCA JAASA CydacHHX OaraTomo-
BepxoBHX OyJiBeAb 13 CTATUYHO HEBU3HAYEHHMU
KOHCTPYKIIAMU 3HAYHHUX po3MipiB. /o BHyTpimHIX
KOHCTPYKIH KPIMAATHCA KOHCTPYKLI{ 30BHIIMTHLOTO
oropoJs;keHHsA, OyJiBAl MaIOTb BEAHUKY BHUCOTY 1 T.II.
B pesyabraTi BUHHKAae HeOOXiJHICTh BpaxyBaH-
HA TeMmIepaTypHHX BIAHBIB. IIpum mpoexryBanHI
6yaunkiB Tpeba 060B'A3KOBO BpPaXOBYBATHU
KAIMaTHYHI TeMIepaTypHi BIIAUBH, €KCIAyaTaliiiHi
TEIIAOBI BIIAHBH, AKI HeOOXiZHO HEHTpaAidyBaTH
HacaMmIepes I30AAIIEI0 JKEPEA BHUAIAEHHA TEIAQ
1 IpUAETAHX KOHCTPyKHiil. PizHuMnma Ttemmepatyp
3aA€KUTb BiJg (PYHKIIIOHAABHOTO HPHU3IHAYEHHA
6yaiBAl, Horo Micmd po3TallyBaHHA, Opi€HTaINIl 1O
BiAHOIIEHHIO A0 KpaiH CBITY, BHYTPIIIHbLOI'O TEM-
IIepaTypHOTO PEKUMY, IOBEPXHI 1 OMOpAJKEH-
HA OTOPOJAKYBAABHHUX Ta HECYYHUX KOHCTPYKIIIH.
Ane HAWOIABII BPAa3AHBI KOHCTPYKIII HpH TeMIle-
paTypHOMY BIIAHUBI IiJ4 dYac 3B€A€HHA OYAIBEAD.
e 06ymMmOBAEHO 3MIHAMM TeMIIepaTypH IOBITPs, B
AKUX € I[IAKOM 3aKOHOMIipHI IepioguYHl KOAHBAH-
HA 3 piuHHM 1 g060BUM mnepiogoMm. Ha mepioguyni
KOAMBAHHS HaKAAJalOTbCS BHIIAAKOBI KOAHWBAH-
HA, TOB'A3aHI 31 3MIHOK IIOTOJAM Ha HEBEAUKUX
Bigpi3Kax yacy (kiabka gHiB). Ha ganumii gac icaye
AOCTAaTHA KIABKICTb PO3PAXyHKOBHUX IHCTPYMEHTIB
040 BPAaXyBAaHHA TEMIIEPATYPHOTO BIIAHUBY IIpHU
KOHCTPYIOBaHHI 6yaiBeAb. OCHOBHOIO K CKAQAHICTIO
y PO3paxyHKax € OIUC PO3PaXYHKOBHUX CHUTyaIlil, 10
BiAIIOBIZAIOTh MOKAMBHM IIPOABaM TeMII€pPaTypHHX
BIIAMBIB Ha yCIX CTajifAX 3BEJEHHA Ta €KCIIAyaTamii
6yaiBeAb. B cTtaTTi HaBeZ€HO NPHUKAAJ BPaXyBaHHA
TEMIIEPATypPHOI'0 BIAUBY IIPU PO3paxyHKax KapKacy
6yaiBAl 13 3HAYHUMHU T€OMETPHIHUMHU PO3MIpaAMU AK
y IIAQHI, TaK 1 11o BUCOTI. Tak B paMKax po3paxyHKiB
BucoTHOI OyAiBAl B M. Kuesi Hamm 6yro mposege-
HO pO3paxXyHOK Ha TEMIIEPATYPHI BIIAHMBH IIij dac
6ysiBHHIITBA, 3 METOI0O BH3HAYEHHS HAIIPYKEHO-
A4epOpMOBAHOTO CTAaHY KOHCTpPyKLiil. Pospaxynox
Ha TEeMIEepaTypHi BIAHBH OYyAO BHKOHAHO JAS
cragii 3BegeHHa OyJiBAl (Ha Yac mepes 3aKpHT-
TAM OIAAIOBAaABHOro KOHTYpY). /Jany 6ygiBaio
PEKOMEHAYETbCA PO3AIAUTH ABOMA THMYACOBHMU
mBamu. lllo B cBOIO 4epry AO3BOAHAO 3MEHIIHTH
3YCHAAA V IAHTAX Yy HOPIBHAHHI 13 MOYATKOBHMU
1noHaJ y Tpu pasu. Ilpm mpoexTyBaHHI Ta 3B€4€HHI
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6yaiBeAb 3HAYHUX PO3MIpIB 3HAYHUI BIIAUB Ha BU3-
HAa4YeHHA KOHCTPYKTUBHHX pimeHb OygiBAl MaioThb
XapaKTep Ta BEAHYHMHA TEeMIIEPATyPHHX BIIAHUBIB.
Haii6irnbImuMu € TeMIepaTypHi BHAUBU 06yMOBAEHI
KAIMATHYHUM, TEXHOAOTIYHUMH, €KCIIAyaTal i HIMU
Ta aBapiiHUMH ¢QakTopaMu. BpaxysanHa Temie-
paTypHHX BIIAHUBIB Yy pO3paxyHKax 3a JOIIOMO-
roio CydJacHHX 3aco0iB J03BOAAE€ YHHKATH YIIKOJ-
JK€Hb KOHCTPYKIIM Ha ycixX cTagigx 3BeJ€HHHA Ta
eKcrAyaranii 6ygiBeAb, BH3HAYATH TEXHOAOTIYHI
3aX04H, IO AO3BOAAIOTb YHHUKATH II€PEBUTPAT
MaTepianiB, 00yMOBAEHUX HEOOXIAHICTIO CHPHHHAT-
TS 3YCHAB, AKI MOKYTb BUHHKATH IIPU TEMIIEPATYP-
HUX BIIAUBaX.

KAIOUOBI CAOBA: temnepaTypHHii BIIAMB; PO3-
PaxyHOK Ha TeMIepaTypHI BIIAHBH; PO3PaxyHOK
BHCOTHOI OyAiBAl; MOHOAITHHII 3aAi306eTOHHHI
KapKac; BH3HAYE€HHA HaIPYAKEHO-AePOpMOBAHOTO
CTaHy; €eKOHOMIYHA OOIPYHTOBAHICTD

PACUET HA TEMIIEPATYPHBLIE BO3/EWC-
TBUA MOHOAHTHOIO KEAE3OBETOH-
HOTO KAPKACA MHOTOS9TAXKHOIO
34AHHA HA BCEX CTAAUAX BO3BEAEHHUA
H SKCIIAYATAITUH

AHHOTAIIUA

B MHOTO®Ta’KHBIX 34aHUAX, TOCTPOEHHBIX paHee,
TeMIepaTypHbI€ BO3ACHCTBUA HE UMEAHN 3HAYUTEAD-
HOT'O BAHAHHA, TaK KaK IPHU OOABIION Macce BHEMI-
HUX M BHYTPEHHHUX KOHCTPYKUMH M IpPU HpPAKTH-
YECKU ITOCTOAHHBLIX BHYTPEHHHUX TeMIlepaTypax He
CYIIECTBOBAAO MPOOAEMBI PA3HHIIBI YAAMHEHHUE DAE-
MeHTOB. CUTyalusl 3HAYUTEABHO YCAOKHAETCA AAS
COBPEMEHHBLIX MHOTOSTaKHBIX 34aHHUH CO CTaTU4e-
CKH HEOIIPEAEAUMBIMHU KOHCTPYKIIMAMHU BHYIIUTEAD-
HBIX pa3Mepos. K BHYTPEHHUM KOHCTPYKIMAM Kpe-
IIATCA KOHCTPYKIMH HAPYKHOTO OrpaKA€HUsd, 3ja-
HHUs UMEIT OOABIIYIO BBICOTY M T.I. B pesyabTaTe
BO3HHKAET HEOOXOAMMOCTh Y4e€Ta TeMIepaTypPHbIX
Bosgelicteuii. Ilpu npoekTupoBaHuu 3/JaHUil HaL0
00653aTEABHO YYHUTHIBATH KAHUMAaTHYECKHE TeMIlepa-
TypHBIE BO3ACHCTBHA, YKCIIAYaTALJHOHHBIE TEILAO-
BbI€ BO3/€IICTBUA, KOTOpble HEOOXOAUMO HEHTPAAH-
30BaTh B IEPBYIO O4€PEAb U3OAALMEH HCTOYHUKOB
BBIAEACHUSA TEIIAA M IPHAETAIOMMUX KOHCTPYKIJMH.
Pazauna temmeparyp 3aBHCUT OT (PpYHKIITMOHAABHO-
ro Ha3HAYE€HUSA 34aHU, €70 MECTOIONOKECHU A, OPH-
€HTAMHU II0 OTHOLIEHHUIO K CTOPOHAM CBETa, BHY-
TPEHHETO TEMIEPATYPHOrO PEKUMA, ITIOBEPXHOCTU U
OTAEAKH OrPaKAAIOIMUX M HECYIIHX KOHCTPYKIIUM.
Ho nanboaee ya3BuMble KOHCTPYKIIMU MPH TeEMIIe-
paTypHOM BO3ACHCTBHU IIPU BO3BEAEHUM 3JaHUMN.
910 00yCAOBA€HO H3MEHEHUAMH TeMIIEpaTypbl BO3-
AYyXa, B KOTOPBIX BIOAHE 3aKOHOMEPHbBIE IIE€PHOAH-
yeckue KoAaebGaHHA ¢ roJOBBIM U CYTOYHBIM II€pPH-
ogoM. Ha mepmognueckne xonebaHHA HaKAaJbIBa-
I0TCA CAydYaiiHble KOA€OaHHU:A, CBA3AHHBIE C H3Me-
HEHUEM IIOrobl Ha HEOOABIIUX OTPE3KAaX BpPEMEHU




(HECKOABKO gHel). B Hactosamee BpeMsa CylecTByeT
AOCTATOYHOE KOAHYECTBO PACYETHBIX HHCTPYMEHTOB
10 y4eTy TEMIIEPATYPHOTO BO3AEHCTBHA NHPH KOH-
CTpyUpOBaHUH 34aHUH. OCHOBHOH K€ CAOKHOCTBIO
B pacueTax SABAAETCA ONHCAHHE PACYETHBIX CUTYa-
Ui, COOTBETCTBYIOIIUX BO3MOKHBIM MPOABAECHHUAM
TEMIIEPATYPHBIX BO34EHCTBUI Ha BCEX CTaAUAX BO3-
BEJAEHUS U DKCIIAYATallUU 34aHHUIH. B CTaThe MpPHUBE-
A€H IPUMEpP ydeTa TeMIEPaTypHOro BO3AEHCTBHA
IpHu pacdeTax KapKaca 34aHHs CO 3HAYUTEAbHBIMHU
reoMEeTPHYECKHUMH Pa3MepaMu Kak B IIAaHe, TaK H I10
BbICcOTE. TaK, B paMKaX pacuyeToB BLICOTHOTO 3JaHH
B r. Kuese. HaMu 6BIA IIpOBeJeH pacdeT Ha TeMmIle-
paTypHble BO3AEHCTBUA IIPH CTPOUTEALCTBE C LIEABIO
onpeJeAcHHs HaNpSAKEHHO-ZEPOPMUPOBAHHOTO
COCTOSIHUSA KOHCTpyKuuit. Pacuer ma Temmeparyp-
Hbl€ BO3JEHCTBHA OBIA BBIIOAHEH JAS CTaJUU BO3-
BEJAEHUS 34aHUA (Ha BpeMs Iepes 3aKPhITHEM OTO-
IHTEABHOrO KOHTYpa). Jannoe 3ganue peKoMeHAY-
eTcs pa3AeAUTb ABYMs BPEMEHHBIMHU IIBAMH, YTO
B CBOIO OY€peAb MO3BOAMAO YMEHLIIHTL YCUAHA B
IIANTAX [0 CPABHEHUIO C HAYaABHBIMH OOAee 4eM B
Tpu pasa. IIpu NpoeKTHPOBAHUU U CTPOUTEABCTBE
34aHUH BHYIIMTEABHBIX pPa3MepPOB 3HAYUTEABHOE
BAHAHHE Ha ONpeJeA€HHE KOHCTPYKTHMBHBIX pelle-
HUH 3/JaHUA UMEIOT XapaKTep U BEAMYHUHA TeMIlepa-
TypHBIX Bo3jelicrBuil. Hanboaee 3HAUMMBIMU ABAA-
I0TCSL TeMIIepPaTypPHbIE BO3AEHCTBUA, OOYCAOBAEHBI
KAUMAaTHYECKUM, TEXHOAOTHYECKUMHU, DKCIIAYATAIIU-
OHHBIMU M aBAPUHHBIMU paKTOpPaMH. YUeT TeMIlepa-
TYPHBIX BO3AEUCTBUI B pacdeTax ¢ IOMOIILIO COBPE-
MEHHBIX CPEACTB O3BOAAET u3beraTh MOBPEXKJEHUIH
KOHCTPYKIMH Ha BCEX CTAJUAX BO3BEAECHHUSA M 9KC-
IAyaTaUU 3AaHHH, ONPEAEAATh TEXHOAOIHYECKHUE
MepBhI, MO3BOASIIONIUE n3berars nepepacxoja mare-
pHaroB, OOYCAOBAEHHBIX HEOOXOAUMOCTHIO BOCIPH-
ATHSA YCUAUH, KOTOpbIE MOTYT BO3HHUKATh IPH TEM-
NepaTypHBIX BO3JEHCTBUAX.

KAIOYEBBIE CAOBA: temneparypnoe BO3Je€li-
CTBHE; pacyeT Ha TeMIepaTypHble BO3JEHCTBUA;
pacyeT BLICOTHOIO 3J4AaHHUSA; MOHOAUTHBIH JKeAe-
300€TOHHBII KapKac; ONPesEeA€HHs] HAIPIAKEHHO-
A€POPMHUPOBAHHOIO COCTOAHHA; ®KOHOMHUYECKAS
060CHOBAHHOCTD

INTRODUCTION

In multi-storey buildings previously constructed,
temperatures did not have any significant effect,
since the external and internal structures of large
mass and practically constant internal temperatures
did not cause any problems with the elements
elongation difference. The situation is much more
complicated in modern multi-storey buildings with
statically indeterminate structures of considerable
size. Envelope structures are attached to structural
elements; buildings are of great heights etc. As a
result, there is a necessity of taking into account the
temperature effects.

PURPOSE

The temperature effects [1, 2 and 3] can be caused
by the following reasons:

* climatic - in the form of temperature difference

during the day and year;

* technological - in the process of curing
concrete, when heated in winter;

e operational — due to the equipment, such as
furnaces, boilers etc.;

* due to explosion, fire or firefighting.

When designing a building, it is necessary to
take into account the climatic temperature effects
and operational thermal effects, which should be
counteracted, first of all, by the heat sources and
adjacent structures isolation.

The temperature impact on a structure can be
represented as:

* the difference in the structure or its element
relative temperature with respect to the
conditional temperature;

e the temperature difference of the structure or
element intersection surfaces, which is defined
as the temperature difference of the outer and
inner surfaces;

* the temperature difference of a whole structural
element, which is determined by the average
temperatures difference in the individual
elements.

Temperature etfect is included into the group of
so-called internal deformations along with shrinkage,
compression and settlement of supports [2]. These
actions - deformations and stresses - depend first of
all on the material properties and the attachment
conditions of the individual elements, the whole
structure or its elements.

TASKS

In terms of temperature actions, a building can
be divided into two parts such as an underground
one, that is, a part below the ground level, and a
building superstructure. The underground building
part is not only massive, but also naturally isolated
by the surrounding soil. Therefore, the temperature
effects here are not so significant if compared to
those in the superstructure. Blocks separated by
contraction joints are selected from the condition
of concrete shrinkage and creep, as well as of the
uneven settlement possible effects.

The surface part is subject to temperature etfects
in two directions - horizontal and vertical. Horizontal
effects have always been given attention; these
effects are usually within acceptable limits when the
building is divided by expansion joints into separate
small-scale elements, and a system providing stability
(subsystem transmitting a horizontal impact) is
constructed in such a way that the horizontal
temperature load does not cause any significant
stress or displacement in it.

The vertical expansion in the vertical direction was
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not given so much attention in buildings constructed
earlier, because the structures had a small height, a
greater weight and the structural system integrity
(either a system with self-bearing brick walls, or
a frame system). There are many reasons to pay
more attention to the elements elongation in the
vertical direction in the modern high-rise buildings.
Primarily, a smaller weight of buildings leads to the
significant temperature fluctuations in structures.

The internal rooms are air-conditioned, so interior
structures have a more or less constant temperature,
and when the ambient temperature fluctuates, the
temperature difference of the structure inner and
outer elements grows.

The temperature difference naturally depends on
the building use, location, orientation with respect
to cardinal points, internal temperature conditions,
as well as envelope and structural elements surface
and finishing [4].

Butthe structures are mostly subject to temperature
effects during the construction. This is due to the air
temperature changes with quite regular periodic
fluctuations having the annual and daily periods.
The random fluctuations associated with the weather
change during the small periods of time (several
days) are imposed on the periodic fluctuations.

MAIN PART

Currently, there are a great number of calculation
tools that allow taking into account the temperature
effects during the buildings designing [3, 13 and
14]. The main difficulty of the calculation is the
description of design situations corresponding to
the potential demonstrations of temperature effects
at all stages of building construction and operation.

Below is an example of how temperature is taken
into account when calculating a frame with the large-
scale geometric dimensions both in plan and height.

Thus, within the framework of designing the
high-rise building in Kyiv [5 and 6], we analyzed the
temperature effects during the construction in order
to determine the structures stress-strain state.

The building of a residential complex with social
and domestic facilities and underground parking
[11] has a complex shape in plan, axes dimensions
of 76.68 m x 28.74 m, 26 residential floors and one
basement floor.

The residential complex structural scheme
includes a monolithic reinforced concrete frame
with vertical diaphragms and stiffening cores (i.e.
the braced frame with vertical reinforced concrete
diaphragms). The heights of parking lot and the
Ist floor are 3.8 m and 4.2 m, respectively, heights
of the 24th and 25th floors are 3.6 m, and the
typical floor height is 3.0 m.

Cast-in-place reinforced concrete building floors
are 200 mm thick and cast-in-place reinforced
concrete walls of C25/30 concrete grade are up to
350 mm thick. Reinforcing steel of classes A500C
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and A240C corresponds to DSTU 3760: 2006.

Pylons of rectangular section and sizes from
300x1200 mm to 400x2200 mm are made of C35/40
concrete grade; classes A500C and A240C reinforcing
steel corresponds to DSTU3760: 2006.

The foundation for the building is composed
of CFA concrete piles with a diameter of 620 mm
(C20/25 (B25) concrete grade and classes A500C
and A240C reinforcing steel according to DSTU
3760: 2006) united by a 1400 mm high cast-in-place
ground-beam (C25/30 (B30) concrete grade and
classes A500C and A240C reinforcing steel according
to DSTU 3760: 2006).

The plan of a typical building floor is shown in
Fig.1.

The calculation of the three-dimensional computer
model was carried out using the software package
"Lira-CAD 2017", which is a computer system for
structural analysis and design.

The design scheme is adopted in the form of
a spatial system consisting of core elements that
simulate the work of columns, girders and plate
elements simulating the floor slabs, walls, diaphragms
and foundations work.

For the structures calculations the scheme, at
which the maximum forces act in the building
structural elements, was adopted as a basis for the
calculations of main load combinations under the
wind action in two directions and of emergency load
combinations.

The loads and impacts for the building structures
were taken in accordance with DBN V.1.2.-2:2006
[7], taking into account the requirements of
DBN V. 1.2-14-2009 [8], DBN V. 1.1-12:2014
[9], DBN V. 2.2-24:2009 [10]. In the calculation,
the CC3 class of structure responsibility and the
structural responsibility category according to DBN
V. 1.2-14-2009 [8] were taken into account by
applying the corresponding coefficients of reliability
(when calculating for the basic load combinations,
the coefficients 1.15... 1.25 were taken to calculate
for the first group of limit states and coefficient 1.0
to calculate for the second group of limit states; when
calculating for the emergency load combinations, the
coefficient 1.05 was taken). The seismic load value
was taken in accordance with [9] and amounted to
7 points.

The characteristic wind load for the 1st wind

Figure 1 - Plan of a typical building floor
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district is 370 Pa and the terrain type is IV.

The characteristic snow load for the 5th snow
region is 1550 Pa.

The cross-sections of building reinforced
concrete elements were checked according to the
tforces values obtained in the analysis of the "base-
foundation-upper structure” system model

Figures 5 - 15 show the results of the vertical
displacements calculation in the floor slab level at
elevation +73.200 and the moment forces in the
floor slab under the temperature effects.

The temperature effects were calculated for
the building construction stage (for a time before
closing the heating circuit).

According to DBN V.1.2.2-2006 "Loads and
actions" Section 11, for the temperature effects
calculation the characteristic values of average
temperatures changes along the element cross
section for the warm At¢, and cold At, seasons,
respectively, should be determined:

Atw[onp = tw - toc = tew + 61 + 04 - toc =

=28 + 6 +8,5-15 = 27,5 °C (1)
Atc,loop = tc - tow = tec - 0’581 - Zow =
=-20-3-0= -23°C (2)
Atminner = tw - toc = tew - toc =

=28-156=13°C (3)
Atc,[rmer = tc - tow = tec - tow =

= -20-0= -20°C (4)

where ¢, and { are the average temperatures
characteristic values along the element section
during the warm and cold seasons (taken according
to DBN V.1.2.2-2006 table 11.1) and ¢,, and ¢,. are
the initial temperatures in warm and cold seasons.

The daily average ambient air temperatures in

warm {,, and cold ¢,. seasons may be taken as 28 °C
and -20 °C, respectively.
The initial temperature corresponding to the
structure or its part closure in a complete system,
in warm ¢{,, and cold {, seasons may be taken as
t,, = 0°Candi, = 15 °C.

Figure 8 - The principal stresses mosaic in the
N1 floor slab of the residential complex building at
elevation +73.200 under the temperature action
(MPa)

The obtained calculation results show an
approximate picture of the temperature
distribution. The actual distribution will not have
significant drops, and the required reinforcement

content will be lower. However, the pattern of -

forces distribution and required reinforcement
content will not change dramatically. In the
real conditions, the temperature action at the
construction stage before the heating circuit
closure can lead to the damages occurrence in the
form of cracks and spalling in structures (floors,

Figure 2 - General view of the building structural
design

Figure 3 - Model extract (the residential complex
basement floor)

Figure 4 - Model extract (the residential complex
typical floor)
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Figure 5 - Vertical displacements of residential
building structures at elevation +73.200 under

the temperature action (mm)

[ r

3
Figure 6 - Horizontal displacements of the
residential complex building structures at
elevation +73.200 under the temperature action
in the X direction (mm)

Figure 7 - Horizontal displacements of the
residential complex building structures at
elevation +73.200 under the temperature action
in the Y direction (mm)

Figure 12 - The required reinforcement
content near the floor slabs lower face along Y
axis at elevation +80.830 under

the temperature action (cm?)
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N3 floor slab of the residential complex building

g =R

Figure 9 - The principal stresses mosaic in the

at elevation +73.200 under the temperature
action (MPa)

Figure 10 - The required reinforcement content
near the floor slabs lower face along X axis
at elevation +80.830 under the temperature
action (cm?)

Figure 11 - The required reinforcement content

near the floor slabs upper face along X axis
at elevation +80.830 under the temperature

action (cm?)

_..'.t.z_...- - - K

Figure 13 - The required reinforcement content

near the floor slabs upper face along Y axis
at elevation +80.830 under the temperature

action (cm?)
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Figure 14 - Required content of walls and
pylons reinforcement at elevations from
+73.200 up to +80.830 in the horizontal

direction under the temperature action (cm?)

Figure 16 - The principal stresses mosaic in
the residential complex building floor slab with
arranged temporary contraction joints (MPa) at
elevation+73.200 under the temperature action

walls or pylons).

Therefore, taking into account the considerable
length of the building, it is recommended to arrange
the 200-mm wide temporary joints (concrete breaks)
in the floors to reduce the temperature eftects. In
these areas, the floor slabs should be "backed up".
It is recommended to divide the building with two
temporary joints near axes 3 and 7.

Figures 16 show the results of the floor calculation
for the temperature effect with regard to the division
by joints. As you can see from the figures, the forces
in the slabs have decreased by more than three times
compared to the initial ones.

CONCLUSIONS
The temperature effects nature and magnitude
have a significant influence on the building structural

Figure 11 - Required content of walls and pylons
reinforcement at elevations from +73.200 up
to +80.830 in the vertical direction under the

temperature action (cm?)

solutions determination for the sizeable buildings
design and construction.

The temperature effects caused by climatic,
technological, operational and emergency factors
are the most significant.

The main difficulty in temperature effects analysis
is the description of the computational situations
that correspond to the possible temperature effects
manifestations at all stages of buildings construction
and operation.

Taking into account the temperature effects in
calculations with the modern tools application allows
to avoid the structures damages at all stages of
buildings construction and operation, as well as to
determine the technological measures for avoiding
the materials over-consumption caused by the
necessity to take up the forces that may occur due to
the temperature effects.
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OILIIHKA HECYUYOI 3JATHOCTI METAAEBHUX
ITAABOBUX CTIHOK KAPKACHO-MO/AYABHHUX

KOHCTPYKIIIF ®OTOTAABBAHIYHOI

EAEKTPOCTAHIIII HA CAABKHUX IT'PYHTAX

AHOTALIA

Y cTarTi 6yAO PO3TAAHYTO KOHCTPYKTHUBHI PIIIEHH
KapKAaCHO-MOJAYABHHX CHCTEM (OTOraAbBaHITHUX
COHAYHHX eAeKkTpocraHniit (PEC), mo asasge coboro
KapKaCHO-MOAYAbHY KOHCTPYKIIIO 13 METaA€BHUX
€AEMEHTIB IOXHAHX PUTEAiB Ta HMAABOBHX CTIHOK.
@QoToranbBaHIYHI COHAYHI EAEKTPOCTAHIIII € O4HUM i3
PI3HOBHAIB HIANPHEMCTB BIZHOBAIOBAABHOI €HEpre-
THUKH, 1IJO IHTEHCUBHO PO3BUBAETLCA B YKpaiHi.

Y craTTi HIpeJCTAaBAEHO PE3yAbBTATH IPOBE/JEH-
HA HATYPHUX BHUNPOOYBaHb METAAEBHX IIAABO-
BUX CTIHOK KapKacHO-MOAYABHHUX KOHCTPYKIIH
(OTOrarbBaHIYHOI EAEKTPOCTAHIIl mIpu Aii cymap-
HUX HaBaHTak€Hb, sKI BKAIOYAIOTh B cebe BAac-
HY Bary KOHCTPYKIiH, o6AeJeHIHHSA, CHIrose Ta
BiTpoBe HaBaHTaxkeHHA. IIposesenns BUIpPoOY-
BaHb BigbyBanoca BIANOBIAHO g0 MeToAMKH, fAKa

BKAIOYaAa B cebe BHMOIH, AKI IOMIUPIOIOTHCA Ha
6yaiBeAbHI KOHCTPYKLil 6yJiBeAb 1 ciopyd, mo 3Bo-
AATBCA, 1 BCTAHOBAIOE I'PAHHYHI 3HAYEHHSA IIPOTHUHIB
1 mepeMileHb HECy4YHUX KOHCTPYKIiH. B MeTogmii
6yAn po3pobaeHI cXeMH NIPHUKAAZE€HHA HaBaHTa-
JK€Hb Ta BCTAHOBAEHHS BHMIPIOBAABHUX IIPHAAJIB.
Iliz wac mWATOTOBKHM JO NpOBeAE€HHA BHIPOOY-
BaHb OyAH IIpOaHaAI30BaHI IHKEHEPHO-T€OAOTIYHI
YMOBH MaligaHduKa OyJiBHUITBA (POTOTAAbBAHITHOI
COHAYHOI €AeKTpPOCTaHIii. B pe3yAbrati iH:KEeHEpHO-
TeOAOTIYHHX BHIIYKYBaHb, IO OyAM IpoBeJeHI Ha
MalJaHYHKy, B MEKaX JIAAHKH JOCAIAKEHb OyAo
BH/IA€HO II'AThb IHKEHEPHO-TEOAOTIYHUX EAEMEHTIB,
BH3HAYEHO CKAAJ I'PYHTY Ta HOro (pi3MKO-MeXaHiduHI
XapakTepucTUKU. /o modarky BUIIPOOYBaHHA MaAbO-
BHX CTIHOK OYAM BHKOHAHI: OTIAfAJ KOHCTPYKIIH
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Ha IIpeJMeT BUABACHHA JedekTiB abo IOMmKOJ-
AK€Hb, BCTAaHOBAEHHA BHIIPOOYBaAbHOTrO 0b6Aaj-
HAaHHSA, BCTAHOBAEHHS BHUMIPIOBAABHUX IIPHUAAJAIB,
repesipka pob60TO34aTHOCTI BCIX CUCTEM 1 IPHAAAIB.
HaBanTa:keHHA Ha CTIHKY HPHKAQJaAOCh CTyIIEH:A-
MU 13 BUTPHMKOIO IIiJ] HABAaHTAKEHHAM HE MEHIIE
AECATH XBUAUH 1 (iKcalli€lo nepeMimeHb Ha KOKHII
cryneni. Iliz wac BumpobyBaHH#A, 341HCHIOBAAOCH
NPUKAAQJE€HHA HAaBAHTAKEHHA HA €A€MEHTH CTiiOK A0
HACTaHHA BTPATH HECYYOi 34aTHOCTI a60 JOCATHEHHS
€AE€MEHTAMH CTIHOK IpaHHUYHUX JepopMmaliiil 3a3Ha-
YEeHHX IIPU IPOEKTYBaHHI; BHKOHYBaAacsA ¢ikcaris
nepemimeHs Ta gepopMmaniii marbOBUX CTIHOK, 3Ha-
YeHHA IepeMilleHb NPe/JCTaBACHO Ha rpadikax.

3a pesyabraTamMu BHUIpoOyBaHb OYAO BH3HAUE-
HO HECy4y 3JaTHICTb ITAABOBHUX CTIHOK Ha J1I0 TOpH-
30HTAABHOI'O HaBaHTAKEHHSI, HAa BJAaBAIOBAaHHS Ta
Ha BHCMHUKYBaHHSA BEPTHKAABHUM HABaHTAKEHHAM.
ExcnepumenTanbHO 6YAO MIATBEPAAKEHO MOKAUBICTD
6e311e9HOr0 BUKOPHCTAHHA METAAEBHX KOHCTPYKIIii
KapKaCHO-MOAYABHHUX TEXHOAOTIH y OyAiBHHITBI
€HEePreTHYHUX OO’€KTIB 3rigHO 3 BHMOraMH YHHHHX
HOPMATUBHHUX JOKYMEHTIB.
KAIOYOBI CAOBA: Hecyda 34aTHICTDb, IHKEHEPHO-
T€OAOTIYHI YMOBH, IAABOBA CTIHKA, HATYpHI BUIIPOOY-
BAaHHA, METOAHKA BUITPOOyBaHb

ASSESSMENT OF BEARING CAPACITY OF
METAL END-BEARING PILE OF FRAME
MODULAR STRUCTURES OF PHOTOVOLTAIC
POWER STATION ON LOOSE SOIL

ABSTRACT

The article deals with the design solutions of frame
modular systems of photovoltaic solar power station
(FES), which is a frame modular structure made of
metal elements of inclined crossbars and end-bearing
piles. Photovoltaic solar power station is one from a
number of renewable energy facilities in Ukraine.

The paper reveals the results of full-scale tests of
metal end-bearing piles of frame modular structures
in photovoltaic power station at total load, which
include gravity, icing, snow and wind loads. Testing
was carried out in accordance with the Methodology,
which includes requirements that apply to the
construction works being erected and sets limit values
for deflections and displacements of load-bearing
structures. Schemes of load application and installation
of measuring instruments were developed in the
methodology. Engineering and geological conditions
of the construction site for the photovoltaic power
station were surveyed during the preparation for the
tests. As a result of engineering and geodetic survey
carried out at the site, five engineering-geological
elements were identified within the research area,
the soil composition and its physical and mechanical
characteristics were determined. Prior to the test of
the end-bearing piles the following steps were taken:
inspection of structures to detect defects or damage,
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installation of test equipment, installation of measuring
instruments, inspection of the operability of all systems
and devices. The load was applied to the end-bearing
pile in stages with holding the load not less than ten
minutes and recording displacements at each stage.
During the test, the load was applied to the elements of
the end-bearing pile before the loss of bearing capacity
or until the elements of the end-bearing pile reach
the limit deformations described in the design; the
displacements and deformations of the end-bearing
piles were recorded, the values of those are presented
in graphs.

According to the results of the tests, the load bearing
capacity of the end-bearing piles was identified for the
effect of horizontal loading, for pressing and pulling
off by vertical loading. The safe use of metal structures
of frame modular technologies in the construction of
energy facilities has been experimentally confirmed
in accordance with the requirements of the current
regulatory framework.

KEY WORDS: bearing capacity, geological and
engineering conditions, end-bearing pile, field tests,
test methodology.

BCTYII

Brposag:xeHHa eHeproepeKTHBHUX TEXHOAOTIH Y
6yaiBHHNTBI TOTpebye BUKOHAHHA BUMOT T'exHiuHOTO
peraamenty [1], 3oxkpema mogo 3abe3neueHHA
MEXaHIYHOTO OIIOPY Ta CTIHKOCTI KOHCTPYKIH eHep-
reTHYHUX 00’ EKTIB MiJ 41610 HABAHTAKEHD.

PO3BUTOK HOBHUX TEXHOAOTIH COHAYHOI eHepre-
TUKH BBaKa€TbCs OJHUM 13 0araTboX KAIOYOBUX
pilleHb AAA 33JO0BOAECHHSA 3POCTAIOYOTO Y BChHO-
My CBITI momnuTy Ha eHepriio [2]. doTrorarbBaHiuHI
consauHi eaekTpocraniii (PEC) € ogHuM 13 pi3HOBUAIB
MATIPHEMCTB BiJHOBAIOBAABHOI €HEPrEeTHKH, IO
IHTEHCUBHO PO3BHBA€TbCA B YKpaiHi. 3a JgaHuMUH
/JlepKaBHOrO areHTCTBA 3 €HEProePeKTHBHOCTI Ta
enepro3bepexennsa nporAarom 9 micanis 2019 poxy
6yA0 BBeJeHO B eKciayaranio 7638 (298 mpommucao-
Bux Ta 7340 consunux eaexrpocranniii (CEC) gomo-
rocrnojapcrs) o6’€KTIiB BIJHOBAIOBAHOI €AEKTPOEHEP-
TE€THKH 3araAbHOIO IOTY:KHicTIO 2661 MBT, 3 HuX
30kpeMa 253 06’€KTH COHAYHOI €HEPre€THUKHU 3araAb-
Holo rotyxHicTIoO 2032MBT [3].

KoncrpyktuBHa  cucteMa  (OTOraAbBAHIYHHX
COHAYHUX EAEKTPOCTAHIH fBAAE OO0 KapKacHO-
MOJAYABHY KOHCTPYKIIIIO 13 METAA€BHX EAEMEHTIB
IIOXHAHX PHIEAIB Ta HaAbOBHX cTiliok. Lli enemen-
TH 3aCTOCOBYIOTBCSI Half9acTille IpH 3BeJEHHI AETKUX
KOHCTPYKIIIH, Kl He BUMAraioTh KalliTaAbHOTO (pyHJa-
MeHTy. OCHOBHUMHU II€peBaraMu IaAbOBOI CTIHKH €:

1. Ilpocrora B MOHTaxki, He HOTPibye BHKO-
pucTaHHA TAKKOI OyJiBeAbHOI TexHIKH abo
TPYAOMICTKHX IIPOIIECIB 10 3aAUBIII 6€TOHY.

2. 1llupoxuit Bubip BHAIB MTPOPIAIO CTIHOK, IIPH-
3HAYEHHUX JASA PI3HUX THIIB I'PYHTY 1 HaBaH-
Ta’KE€Hb.




3. /emesicTh MaTEpIiany.

4. MOXKAHBICTD IHOBTOPHOTO
BUKOpHUCTaHHA. AKIO 3 AKH-
XOCh TPHYHH KOHCTPYKIIIO
HOTPIGHO MepeHecTH Ha HOBE
Micie, TO 3a0HMBHI HAAbOBI
CTIMKH MOKHA BUHHATU 3
I'PYHTY i BCTAHOBHTH 3aHOBO.

278647"

228647*

IIOCTAHOBKA ITPOBEMUM

3abuBHI MTAABOBI CTIHKHA MAIOTh AK .
IepeBaru, Tak i HegoAikH. OJHUM 13 g
HEJOAIKIB ITAABOBUX CTIHOK € oOMe-
JKEHHS 110 HaBAHTAaKEHHIO 1 BUCOTI

00

KOHCTPYKIIi, o 3BoguTbcA. Ha Taki
MAAbOBI CTIHKU MOKHA BCTAHOBAIO-
BATH TIABKH A€TKI KOHCTpPykKmii. B
IHIIOMY pasi, BEAHMKa HWMOBIPHICTD
BUHUKHEHHA Jgepopmaniii, 1o
MOJKYTb IPU3BOAUTH HABITh 4O PYii-
HyBaHHA KOHCTPYKIIi abo cropyau
B IIIAOMY.

Ilepes mpoBegeHHAM MOHTAXKY 3a0HBHUX IAAbO-
BHX CTIHOK BapTO BH3HAYUTU CKAQJ IPYHTY, Tak
AK He JAA BCIX BH/JIB I'PYHTY HiAXOAATH 3aOHBHI
onopu. Hanpuxraag, B nimanomy abo 3aboroueHOMy
I'PYHTI MAABOBI CTIHKH He OyAyTh HaA1iTHOIO OCHOBOIO
AN BEPTHKAABHUX KOHCTPYKLIH. BaamBo Bpaxo-
ByBaTH BCl 111 paKTOPHU, AKI BIIAMBAIOTH HA MIIIHICTD
KOHCTPYKIIIi, IO B CBOIO Y€PTYy BIIAUBATHME Ha 3a6€3-
IIeYEeHHA BIAIIOBIAHOTO PiBHA HAagIWHOCTI Ta 6e3neKn
KOHCTPYKLIi abo criopyA# B IiAOMY.

ToMy €AMHHM IIASIXOM BHUPIIIEHHAM ITOCTAaBAEHOI
npobaeMu € HeOOXIAHICTh NPOBEAEHHA OLIHKHU
HeCcy4oi 34aTHOCTI HAaABOBHX CTIHOK
B CAAOKHUX I'pyHTaX.

METOIO CTATTI ¢ omninka
HECy4oi 34aTHOCTI METaAE€BHX
HAaABOBHMX CTIHOK, BCTAHOBAEHUX
B 3aIiCOYEHOMY TIPYHTI Ha IO
TOPH30HTAABHOTO HaBaHTaKE€H-
Hf, 2 TAKOK BEPTUKAABHOIO B/aB-
AIOBAaABHOTO T2 BHCMHUKYBAABHOTO
HaBAHTAKEHb.

KAPKACHO-MOAYABHI
KOHCTPYKIIII ®EC

HagseMHa KapKacHO-MOAYAbHA
KOHCTPYK-Lifg (OTOraAbBaHIYHOL
€AEKTPOCTAaHIIil CKAAJa€eThCcA 13
HMOXHAHUX PHIEAIB, PO3TALIOBAHHUX
mig KyroM 25° 40 TOpH30HTAAI i
PO3MIPOK, MO PIKCYIOTH IOAOKEH-
HS PHUIeAIB BiZHOCHO cTiiiok. Ha
ITOXHUAIIl TAOIIHMHI, IO YTBOpPEHA
pUreAsiMu, nepes6a4eHo BCTAHOB-
A€HHs (OTOraAbBAHIYHUX IIAHE-
A€, Y KOKHOMY TPOABOTI MIK

Pucysox 1 - KapkacHO-MOAyABHA KOHCTPYKITiA
($oTOrarbBaHIYHOI €AEKTPOCTAHIIII.
1 — crifika; 2 — maHeAb GoTorarbBaHIYHA

cTilikaMu nepes6ad4eHO BAAMITYBAHHA YOTHPBHOX
ra"eAeif. KoHCTpyKTHBHE pillleHHA MAAbOBHX CTIHOK
HaBeJeHO Ha pucyHKY 1. Crilikm posTamosaHi psajga-
MU, 3 KPOKOM 2 M B KO;KHOMY PAAL.

ITarbOB1  CTIAKM BHKOHaAHI 13 METAAEBOIO
C-nogi6uoro mnpo¢into. Poamipu mepepidy mpodiro
CTiI{OK cTaHOBAATH 150x40x3 MM, A0BKHHA TPOPIAI0
— 3000 mMm. ITanboOBI CTIMKH 3arAHOA€HI B TPYHT OCHO-
Bu Ha 1600 MM yZapHUM METO/OM.

3araAbHUI BUTASA KOHCTPYKIINH MAABOBHX CTIHOK
A0 BAQIITYBAHHA Ha HUX (POTOTAAbBAHIYHHUX MTAHEAEH
IPEeACTAaBACHO HA PUCYHKY 2.

PucyHoxk 2 — 3araabHUI BUTAAJ KOHCTPYKIIH
MAaAbOBHX CTIHOK
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ITHXXEHEPHO-TEOAOTIUYHI
AIAAHKHN BYZIBHUIITBA

3a pesyAbTaTaMU IHKEHEPHO-T€OAOTIYHUX BHIIY-
KyBaHb OyAO IIPOAHANI30BAHO 1HKEHEPHO-TE€OAOTIYHI
ymoBH Maliganunka 6ysisnunTea ®PEC. ITig3emui Bogn
3HaxoAATbCcsl Ha rAaubuni 0,7..3,4 M. BogonocHuii
ropusoHT — 6GesHamipHHil. 3a CXEMOK0 HPUPOJHHUX
YMOB TEpPUTOpiI0O MOKHA BigHectu go 1 Tumy 3a
CTylleHeM moTeHuiiinoro mnigronAenHsa. Ilizzemni
BoAM HearpecusHi. Hopmarupna ramnbuna ces3oHHO-
ro mpomep3aHHA I'PYHTIB ckAagae 0,8 M. Kareropis
I'PYHTIB 3a ceicMIYHUMH BAacTuBOCTAMU — 11 (cepea-
H:). PozpaxyHkoBa ceiicMiyHA IHTE€HCHBHICTH paiio-
Hy OyaiBHHIITBa BU3HaueHa 1o KapTti 3CP-2004-3 [4],
i cranoBuTh 5 6anis. HopmaTupHa ceficMivHICTh Maii-
AaHdnka OyAiBHHITBA AAA rpyHTiB Il Kareropii 3a
CeHCMIYHUMU BAACTUBOCTIMU — b GaAiB.

B pesyabTari IHKEHEPHO-T€OAOTIYHHX BHIIY-
KyBaub [b], mo 6yAm mpoBegeHi Ha MalgaHYHKY,
B MeXaxX JIAAHKH JOCAIAKeHb OyAo BHAIAEHO D
iHKeHepHO-reoAoriunnx eaemenTis (II'E):

ITE 1. rpy}ITOBO—pOC]\I/IHHI/Iﬁ miap, 3alnico4eHHii;

YMOBH

ITE 2. CyrAmHOK XKOBTO-OypHii, KOBTO-CIpHUH,
HeCTpouBiTHI/Ip“I, 3aIiCcOYeHui, TYTO-IIAQCTUYHUM;

ITE 3. Ilicok xoBTmii, 6iAMN, MIAKHI, cepeJHbOI
HIIABHOCTI, 3 IPOIIAPKAMHU CYTAHHKY, TAHHU;

ITE 4. ''una xopuuHeBo-6ypa, 3eaeHOBATO-Cipa,
IIiABHA, HAIIIBTBEPAA;

ITE 5. Ilicok skoBTHii, CBiTAO-CipHil, 6iAHIL, cepe-
HBO3EPHHCTHII, 3 NPOMIAPKAMH CYyIAHHKA, CEpeJHbOL
IIABHOCTI, BOZOHACHYEHUIA.

ITokasHukH (PI3HKO-MEXaHIYHUX BAACTHBOCTEI
IpyHTIB, mo BusHadeHi 3rigzno ACTY b B.2.1-3-96,
ACTY B B.2.1-17, IACTY b B.2.1-4-96 [6-8], naseae-
Ho B TabAnmi 1.

PE3YABTATHU HATYPHUX BUIIPOBYBAHb
HAABOBUX CTIHMOK

ITiozomoexa 0o nposedenna eunpobysans

Ara  nposegeHHsa BHIPOOYBAaHb ITAABOBHUX
criffok 6yAa po3pobrena Meroguka BunmpoOyBaHb
[9], B aKiit 6yan po3pobaeHi cXeMH BCTAHOBAECHHS
BUMIPIOBAABHUX IIPHAAJiB 1 IPUKAAJZEHHA HaBaHTa-

Tabauna 1 - PisuKO-MeXaHIYHUX BAACTHBOCTEH I'PYHTIB

HopmaTusHi PospaxyHkosi
= | &
S| £ 2 e | . .
E £ = 5| E g Z & g o | 5
Slzlc|8|¢glz | Elg| &2 2¢
= s ] = T~ ~ I~ o = o] o
S > < 5 A 2 o = 5 4 ‘ 5 2
g = < 11 o = o =¥ ° < X ) -9
g q% B = I & .2 e S = = 5 2 S
% 3] = Q = % = 8 < = = < _
; b= v g E § 2 5 E » = = = N a=0,95
| S| ELZ]E]E| 2 S 2| E|E] &2 g s z
El &l al 2| ¢ & S S| E|E|E] B &| %
=l 5|8 a| 8| 2| = E|E2| | & E] B S
ol S E = o = o) b S 5] = =
2l s 2|7 E|:E Z | 2 S El e
g ¢ = = | = z
= 3
8
. = < 3z
3 3 S S S| =% 2| ¢ S S < I E S S < 3% | =
I IR I I R N A A
I e = O I B @ J| = | o S Sl =] & 8
1 10,17 - - - - - 1162 - - - - - - - - - - - 70
2 10,19/0,30/0,19(0,11|0,45(27,0| 18,6| 16,6 | 0,67 0,05 13 | 18 | 10 | 0,26 |0,47 | 12 18 | 18,8 -
3 10,20| - - - - 126,6017,8{15,5[0,73/0,67| 5 4 | 28| 13 |0,22| - 4 27 1 18,0 -
4 10,23/0,43|0,23/0,20(0,23|27,4|19,7|16,0{0,71(0,74|0,01| 40 | 16 | 17 |0,23|0,24| 39 | 15 |19,7| -
5 1025| - - - - 126,8[19,2]16,0/0,66/0,81| 10 | 1 | 36 | 28 - - 1 35 [ 19,2 -
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JKeHb. Biamosigzno 40 Meroguku ta
ACTY b B.2.6-10 [10] sunpo6ysan- F
HfA TAABOBHX CTIHOK BigOyBaaHCs
Ha J1I0 TOPU30HTAABHOTO HaBAHTA-
AKEHHA, a TaKOK Ha BHUCMHKYBaH-
HA 1 BAABAIOBAHHA BEPTHKAABHUM
HaBAHTAKEHHSIM.

Jo  moyarky BuIpoOGyBaHHA
IMAABOBHUX CTIHOK OyAM BHKOHAaHI
TaKI IMArOTOBY1 3aX04H:

- OTAAJ KOHCTPYKLIM Ha IIpej-
MEeT BHABAEHHA JgedekTiB abo
HOIIKOKEHD;

- BCTAHOBAEHHA BUIIPOOYBaABHO-
ro obAagHaHHS;

- BCTAHOBAEHHA BHMIiPIOBAABHHUX
IIpHUAaJiB;

- mepeBipka po60OTO34aTHOCTI
BCIX CHCTEM 1 IpHAAJiB.

3HavyeHHs HaBaHTAKE€Hb Ha CTIAKH
114 yac BUIpoOyBaHH:A OyAH IPHITHATI
Bignosiguo g0 ABH B.1.2-2 [11]. ITig
yac BHUIPOOYBAHb KOHTPOAIOBAAH-
Csl 3HAYEHH:A IIepeMilIeHb 3a IIOKa-
3aHHAMU BUMIPIOBAABHHX IIPHAAJIB
AAA TIOPIBHAHHA 3 iX I'PaHUYHHMH
sHaveHHsaMHu Bignosiguo go ACTY b
1.2-3 [12].

3.5

Pesyromamu sunpobysanna
nanvoeoi cmiuku Ha 010 20pU30H-
manvHozo Ha8AHMAINCEHHA

BunpobyBanHsA BigOyBaAOCS IIASA-
XOM TIPHUKAAAEHHA TOPU3OHTAABHO-
ro HaBaHTaXK€HHsA Ha PIBHI Bepx-
HLOTO KIHI[I IIAALOBOI  CTIHKH.
HapanTa:keHHA Ha CTIKYy IpHKAA-
Aarocy cryneHamu 1o 100 krc i3
BHUTPUMKOIO IIi/l HABaHTAKEHHAM HE
MeHIIe 10 xB 1
Pikcaniero mepemimieHb Ha KOKHIM 0
CTyneHi. 3HAaYE€HHA TOPU30HTAABHO-
ro HaBaHTAKEHHA HA KOKHIN CTyneHi
PiKkcyBarOCH 3a JOIIOMOTOIO JHHAMO-
merpa JOY-5. Cxema npHKAageH-
HS TOPU3OHTAABHOTO HaBAHTAKEHH A
HapejeHa Ha PHCYHKY 3.

I'opusonTarbHE Il€peMileHHA BEPXHBOIO KIHIIA
CTIKH BHUMipIoBaAochk nporuaomipom 61TAO 3 ninomno
noginku 0,01 M. I'pannyne 3HAYEHHA NepeMIIeHHA
3a IPOEKTOM BU3HAYEHE TAKUM, IIJO CTAHOBUTL 20 MM.

ITokasaHHA BHMIPIOBAABHOTO IpPHAAAY 1 3HAYEH-
Hf IEpPEMINIeHb BEPXHLOTO HABAHTAKEHOTO KIHIA
IIaAbOBOI CTIHKH 1iJ 4Yac BUNPoOYBaHb HaBEAE€HI HA
puc. 4.

OTpuMaBIIN PEe3yAbTaTH BHUIIPOOYBAHHA Ha A1I0
TOPU30HTAABHOI'O HABAHTAKEHHA MOKHA  3pobH-
TH BHCHOBOK, IIO: IIPOCAIAKOBYETLCA AlHIHA
3aAEKHICTD MK IEPEMIMIEHHAM Ta HaBaHTAKECHHAM.

FOpH3IOHTANBHE HABAHTAMEHHA, KH

Z

1400

T ey - ke =l

Pucynok 3 — Cxema BunipoOyBaHHA CTIHKH Ha Ai10

TFOPHU3OHTAANBHOTO HABAHTAKEHHA.

1- aunamomerp AOY-5; 2 — nporunomip 611AO;

3 - maAboOBa CTIHWKa; 4 - MTaTUB

5 10 15 20 25 30
Mepemiwe HHA CTIRKK, MM

Pucynox 4 - I'padik nepemimeHs marboBoi
CTIMKM Mig 9ac BUIPOOYBAHb HA A0 TOPU30OHTAAD-

HOTI'O HABAHTAKE€HHA

ITpu ropusonTarbHOMY HaBaHTaxeHH 2,94 kH (300)
KIC 3HAYEHHs IEPEMII[EHHs CTAHOBUAO 27,47 MM,
mo nepesumye rpanudHe 3HadeHHa 20 mm. Poboue
FOPU3OHTAAbHE HABaHTAKEHHA cTraHoBUTH 2,0 kKH
(203,6) krc. CTIKICTh TAABOBO] CTIHKH HE OPYIIEHA.

Pesyrvmamu eunpobysanna nanvo80i cmiliku Ha
BUCMUKYBAHHA 8ePMUKALLHUM HABAHMANCEHHAM

BunpobysanHa BigOyBaAOCA IIAAXOM IIPHUKAA-
JAE€HHA BEPTHKAABHOTO HABAHTAKEHHA 3a JOIOMO-
rolo TiZpaBAIYHOrO JOMKpPATy dYepe3 OIOPHUH eAe-
MEHT, IO 3aKPIIA€HHH Ha pIBHI HHKHBOI YacTH-
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HH IaAboBOI cTifiku. HaBanTaKkeHHS Ha CTIHKY
IpPUKAAJaroch cryneHamMu mo 100 xrc i3
BHUTPUMKOIO IIiJ HABAaHTAKEHHAM HE MEHIIe
10 xB 1 ¢ikcami€lo mnepeMilmieHb Ha KOKHIH
cryneHi. BepTukanbHe mnepeMimieHHA CTIHKH
BUMIPIOBAAOCH HporuHoMipoM 6ITAO 3 ninowoo
nogirku 0,01 mm. CxemMa IpHKAAJ€HHA BEPTH-
KaABHOTO HAaBaHTAKE€HHA IiJ 9ac BUIPOOYBaH-
Hf Ha BUCMUKYBaHHS HaBeJ€HA HAa PUCYHKY D.

BunpobyBaHHA HPOBOAHAHCH JO MOMEHTY
MOPYIIEHHA 3YENAE€HHA O19HOI MOBePXHI CTIIKI
i3 IPYHTOM OCHOBH, IIIO CYIIPOBO/KYBAAOCDH BEP-
TUKAABHHM IE€PEMINIEHHAM CTIHKH IICAA pam-
TOBOTO CTPIMKOrO 3HH/KEHHSA PIBHA HaBaHTa-
xKeHHA. I'padik mepemimeHb HAAbOBOI CTIHKH
i yac BUIpoOyBaHb HA BUCMHKYBAHHA BEPTH-
KaAbHUM HAaBAHTAKEHHAM HABEJE€HO HAa PHCYH-
Ky 6.

ITicAst gocsarHeHHsT MAaKCHMAaAbHOTO 3HAYEH-
HA HaBaHTaxkeHHa 24,563 xkH (2500 krc) 6yao
3apikcoBaHO HOro 3HUIKEHHA, IO CYIPOBOAKY-
BAAOCS IIE€PEMIIMIEHHAM IAABOBOI CTIHKH.

Pesynomamu eunpobysanna nanvoeoi cmiiiku
HQ 60A6NI06AHHA BEPMUKANOHUM HABAHMAICEH-
HAM

Bunpobysanna BigOyBanocsa IIAAXOM IIpH-
KAQJ€HHA BEPTUKAABHOTO HABAHTAKEHHHA, IO
BKAIOYA€ BAACHY Bary (OTOTaAbBAHIYHHX IIaHeE-
Aeit (190 krc) 1 cairoBe HaBaHTakeHHs (1200
Krc), mpuiiare 3rizno 3 /JAbH B.1.2-2 [11].
HapanTraskyBaHHA CTIMKH 341HCHIOBAAOCH CTYIIe-
HAMH 110 200 Krc i3 BUTPUMKOIO i HABAaHTAKEH-
HAM He MeHmIe 10 XB i ¢ikcaniero nepemimens Ha
KOKHIH cTyneHi. BepTukanbHe 1 TOpH3OHTaAbHE
IE€PEMIIIEHHA CTIKH BUMIPAAOCH IPOTHHOMIpAMHU
6ITAO i3 minoto mogirkm 0,01 mM. Cxema mpu-
KAQ/J€HHA BEPTUKAABHOTO HABAHTAKEHH IIiJ 4ac
BUIIPpOOYBaHHA HAa BHUCMHKYBAaHHA HaBeJeHa Ha

PHCYHKY 7.

BepTUKanbHe HaBaHTaMEHHA, KH
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Pucysox 8 - I'padik nepemimeHs marboBoi

BepTHKANbHE HABAHTAMEHHA, KH

CTIHiKH 1114 9yac BUnIpoOyBaHb Ha BAABAIOBAHHA BEP-

THUKAABHHUM HABAHTAKE€HHAM
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Pucynox 5 - Cxema BunpobyBaHHA CTIHKU Ha
BHCMUKYBaHHS BEPTUKAABHHM HAaBaHTAKEHHAM
1 — rigpaBAIYHUN JOMKpAT; 2 — IPOTHHOMIpP
6ITAO; 3 — maAboBa CTifiKa; 4 — 1ITATUB

2 4 6 8 10 12 14
Me peamiuge HHA, MM

Pucysox 6 — I'padik nepemimeHs maaboBoi

CTiiKH 1ig 9ac BUpoOyBaHb Ha BUCMUKYBaHHSA BEP-

TUKAABHHUM HABAHTAKE€EHHAM

Pucynok 7 — CxeMa BUIIPOOYBAHHS CTIMKY HA
BAABAIOBAHHA BEPTHKAABHUM HaBAHTAKEHHAM.
1 — maaboBa criiika ; 2 — nporunomipu 61TAO;

3 — mrratTuBU




I'padix nepeminieHsb MaAbOBOI CTIHKH IIiJ 9ac BHIIPO-
6yBaHb Ha B/JABAIOBAHHS BE€PTHKAABHHUM HABAHTAKEH-
HAM HaBE€/JE€HO HA PUCYHKY 8.

3HaueHHA BEPTHKAABHOTO IIEPEMINIEHHA IMaAbOBOL
CTIMKH Ii/, 9aC MPOBEAEHH A BUIIPOOYBAHHS 3HAXOAUAOCH
B Mexkax 0,2 mm. Ilpu BepTHKanbHOMY HaBaHTaKeHI 2
kH, mo gopiBHIOE BAACHII Ba3i pOTOraNbBaHITHHX ITAHE-
A€Hl, TOPHU3OHTANBHHX Ta BEPTHKAABHHUX IIE€PEMINIEHb
He 3adikcoBaHo. IlicAd NPHUKAAZEHHA BEPTUKANBHO-
ro HaBaHTakeHHA 13,64 kH (1390 xrc) pyitryBannsa a6o
BTpaTH CTIMKOCTI ITAABOBOI CTIHKH He 3apiKCOBAHO.

BHUCHOBKMU:

3a pe3yAbTaTaMu HATypHUX BUIIPOOYBAHb METAAEBUX
MMAABOBUX CTIHOK KapKaCHO-MOJAYABHHX KOHCTPYKIi
(doTorarbBaHIYHOI EAEKTPOCTAaHIN, BCTAHOBACHHX B
3aI1icoYeHoMy I'PyHTI 6yAO BU3HAYEHO HACTYIIHE:

- Hecyda 3/aTHICTb ITAABOBHUX CTIHHOK Ha Ji10 TOPU30H-
TAABHOIO HaBAHTAKEHHS AAS JAaHOI MICIIEBOCTI CTa-
HoBHTL 1,96 kH (200) Krc Ha cTiiiKy;

- Hecyda 3/JaTHICTb IAABOBHX CTilIOK Ha BUCMHKYBaH-
HA Bl 4li BEPTHKAABHOTO HABAHTAKEHHA CTAHO-
BuTh 24,53 xH (2500) Krc;

- Hecyda 3/aTHICTb ITAABOBUX CTIHOK Ha BJABAIOBAH-
HA BiJ 4li BEpTUKAaAbHOTO HaBaHTakeHHA 13,64 kH
(1390 krc) 3abesnieyena.

AHaAI3yl09H OTPUMaHI PE3YAbTATH HATYPHHUX BUIIPO-
6yBanp OyAna mATBEpAKEHA TEXHIKO-€KOHOMIYHA
AOIIABHICTD BUKOPHUCTAHHA 3a0MBHUX HMAABOBHX CTIHOK
Ana 6yAIBHHITBA (POTOTaAbBAHITHOI EAEKTPOCTAHILII.
OTpUMAHO €KCIEpUMEHTAABHE MiATBEPAKEHHSA po3pa-
XYHKOBOT'O METO/Y, BAKOPHUCTOBAHOTO IIPH IIPOEKTYBaHHI
OEC.

Oninka Hecy4oi 34aTHOCTI HAABOBHX CTIHOK, BCTAHOB-
AEHHUX B 3aIliCOYE€HOMY I'PYHTI, Ha JiI0 TOPU3OHTAABHUX
Ta BEPTHKAABHHUX HaBaHTAXKEHb 3abe3nedye Oesredny
EKCIIAYaTaliIo KoMIAekcy criopyd ®EC.
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