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Nomination of Prof. Dr hab. eng. Eugeniusz Krasowsk i
to the degree of “Honored doctor of KNUCA”

According to the decision of
the Academic Council dated o
March, 25, 2016 (Protocol Nr
42) Prof. dr hab. eng. Eugenius
Krasowski was nominated tc
the degree of “Honoured doctc
of KNUCA” for his significant
contribution into developmen
of scientific, educational anc
cultural relationship betweer
the Polish Academy of Scienc
and Kyiv National University of
Construction and Architecture.

Eugeniusz Krasowski is ¢
commission chairman on autc
motive and energy engineerin, . ) ) )
in agriculture of Lublin Department of thel"d €quipment and machines. He is also an
Polish Academy of Science. He is the authdpitiator of the annual scientific and technical
of about 500 scientific tractates on engineefonferences such as MOTROL, ENERGIA,

ing construction, on research and energy sayhich conjointly have been held in both Po-
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Diploma of “Honored doctor of KNUCA”



MYKHAILO SUKACH

Friendly conversation

land and Ukraine since 1997 also with tl
participation of our University experts
Eugeniusz Krasowski is a Chief Editor ¢
the international scientific magazine “Mc
trol” (since 1997), “Teka” (since 2001)
“Econtechmod” (since 2013), which ar
included in the top list in worlds speciz
literature, also an associate editor of t
international scientific production mage
zine “Underwater Technology” created i
KNUCA in 2015.

Eugeniusz Krasowski was honored wi
awards and medals and also was electec
honorary doctor of several Universities |
Ukraine in recognition of his input to th
Ukrainian science and education. r—

In 2013 Kyiv National University of
Construction and Architecture and the P
ish Academy of Sciences signed a coope
tion agreement in the field of publishing
exchange of experience among experts
related fields, joint educational activities i
scientific and educational spheres.

L

Authorial editions



NOMINATION OF PROF. DR HAB. ENG. EUGENIUSZ KRASOWSKI
TO THE DEGREE OF “HONORED DOCTOR OF KNUCA”

Greeting of Rector KNUCA

According to this Agreement applicants Eugeniusz Krasowski not only an expert in
and experts of tour University have the op¥fechnical Sciences but he also is a famous
portunity to be published in scientific jour-publisher of translations of Ukrainian poetry.
nals and magazines of the Polish Academy dhus, due to his assistance the full translation
Sciences. Currently there were over 40 artinto Polish of “Kobzar” of Taras Shevchenko
cles of KNUCA employees already publishe@énd “The Aeneid" of Ivan Kotlyarevskyi
in 6 editions of Polish magazines. The joinivere published. These books were presented
technical conferences take place under the the museum KNUCA together with other
patronage of the Polish Academy of Sciendeaooks of the author. Mr. Eugeniusz Kra-
and four professors pf KNUCA Mikhailo sowski has elicited applauses from the audi-
Sukach (2010), Petro Kulikov (2014), Vitaliyence having singed Ukrainian songs during
Ploskiy (2015), lvan Nazarenko (2015) werdis speech at the Academic Council!
elected foreign members of the Lublin Divi-
sion of the Polish Academy of Science. Congratulations to Professor Eugeniusz

According to the Agreement with theKrasowski on this outstanding event, wishes
chief editor of «Motrol» our University was of good health and all success!
been delegated powers of Polish Academy of
Sciences on the development of one of its
eight annual issues. Over the last two years

more than 500 pages of articles on construc- Associate Editor of Journal Motrol,
tion topics in English were edited and pub- Prof. ScD eng. Mykhailo Sukach
lished. These articles were written by our

employees.
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The Second International Scientific-Practical
Conference "Underwater Technology, 2016" was held

Mykhailo Sukach

Kyiv National University of Construction and Architecture
Povitroflotskyy prosp., 31, Kyiv, Ukraine, 03037
msukach@ua.fm, orcid.org/0000-0003-0485-4073

Abstract. The Second International Scientificvice-chairman, Prof. dr hab ing. Carsten Dre-
Conference "Underwater Technology, 2016" dedhenstedt- Dean Technische Universitat Ber-

icated to the 100th anniversary of correspondi?akademie Freiberg (Germany); the vice-
member of NAS of Ukraine Yu. Vetrov was hel chairman, prof. Viadimir Blintsov- vice-

in Kyiv National University of Construction and tor f ientifi K of the Nati |
Architecture from 19 to 21 April. Already tradi- rector Tor- Sclientitic work: o ¢ Nationa
tionally the problems of the water influence or/Niversity of Shipbuilding named after aca-

the environment and innovative technologiedemician Makarov. The International Coun-

were considered at it. cil consisted of representatives from 14 coun-
Key words: conference, underwater technoliries — Sweden, Poland, Canada, Germany,
ogy, water influence, environment Israel, the Czech Republic, Hungary, Slove-

nia, the Virgin Islands and others.
The task of the international conferenece

ers and co-organizers of the conference Wasoion experts and scientific schools of de-
grgqtly expanded. Flrst of all ther(_e were th@elopment the theory, equipment and re-
Ministry of Education and Science Ofsearch methods of working processes, the
Ukraine, Kyiv National University of CON- creaiion of new underwater technology, the
struction and Architecture, Polish Academ¥)ractical application of innovative energy-

of Sciences (Representation in Kyiv), fiv&yying and ecologically friendly technologies
leading institutes of NAS of Ukraine, Kyivi, construction, search engine and mining

universities, Nikolaev, Dnipro, Kharkiv.yqorks  environmental protection and other
KNUCA rector prof. Petro Kulikov, the vice- ¢aciors of industrial activity.

chairman prof. Mykhailo Sukach, Director i \as the contest to the best scientific and
Stacja Naukjwa w Kijowie PAN (Poland) hractical work among the professionals and
prof. Henryk Sobczuk, President of they,dents in the nominations: "Presentation”,
Academy of Ukraine prof. lvan Nazarenko,nnqyation Project”, "Publish”. There were

were included to the organizing Committe%onsidered the original ideas and sugges-
(Fig. 1). o _ tions, innovative solutions and creative pro-
The Scientific Committee were headed by, (s in the field of underwater technologies.

prof. Mykhailo Sukach; the vice-chairmanyy ring the conference the participants had an
academician of NAS of Ukraine prOfeSSOBpportunity to present their scientific

Victor Grinchenko- director of the Institute gcpievements and there was the poster area
of hydromechanics NAS of Ukraine; thegg, exnhibition designs.
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OPTAHI3ATOPH TA CHIBOPTAHISATOPH
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Fig. 1. Invitation and work program

The participants of the conference reative inspiration and fruitful work. President
ceived the greetings from KNUCA rectorof the Building Academy of Ukraine Ivan
Petro Kulikov and from vice-rector for scien-Nazarenko told on the status and prospects of
tific work and international relations Vitaliy building education in modern conditions.
Ploskiy. Director of the Representative officd’rofessor Mykhailo Sukach stressed the im-
of the Polish Academy of Sciences in Kieportance and prospects of transfer of innova-
prof. dr hab. Henryk Sobczuk addressed thieve technologies and presented the program
audience with warm words about the impordesign and development of mineral resources
tance of collaboration between scientistef the World Ocean (Fig. 2).
from Ukraine and Poland and wished the cre-

Fig. 2. The opening of the Second International Scien®ifiactical Conference
"Underwater Technology, 2016"
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THE SECOND INTERNATIONAL SCIENTIFIC-PRACTICAL
CONFERENCE "UNDERWATER TECHNOLOGY, 2016" WAS HELD

Vice-rector for scientific work of NUS, At the plenary session prof. Alexander
named after admiral Makarov, professoBezverkhy and Victoria Kornienko (Institute
Vladimir Blintsov attracted the audience'sf Mechanics of NAS of Ukraine) also made
attention on the modern problems of deveh speech about the fluctuations of the buoy-
opment the underwater robotics in Ukrainenoored systems of barrage on the waves.
and presented the NUS specialists’ projectBhD Yuri Stelmahov (international non-
that already applied and may be useful in thgpvernmental humanitarian and environ-
future. It is very important the question oimental organization "Inter-Chernobyl”) in-
communication between the banks of largeoduced the project of the elevated road
rivers and extended water ponds. Docent &Kapvey" and Dmytro Kokarev (Solar En-
NTUU Kyiv Polytechnic Institute Gennadyergy System Amkortek-Ukraine, Israel) bril-
Gayko and head of the department of KNUkantly presented the innovative energy-
CA prof. Petro Zakharchenko substantiatesaving technologies and equipment for heat-
the possibilities of building tunnel junctionsing water.
across the Dnieper River. Interesting innova- Several presentations were planned as on-
tion projects and prospects of the underwaténe-conference by using skype-commu-
Urban at the beginning of the XXI centurynication (representatives KNURE prof. An-
were presented by the doctoral student dffew Tevyashev, Olga Matvienko, Vladimir
KNUCA Ludmila Ruban, whose report waskobzev al., Alexander Kobzar from
enthusiastically listened both by experiencedkrNDPItsyvilbud, Oleg Primachenko, Ni-
professionals and students (Fig. 3). cholay Harnytskyy from Intersectoral re-

Fig. 3. Participants of conference

9
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search and technological collective enterprisend doctoral students of the architectural fac-
"Lana", Kyiv). Unfortunately, the slow speedulty Nicholay Breyan, Veronica Golovach,
of Internet connection and a small traffiBasil Hodos, Julia Smolenka, who presented
were not fully allowed to meet the needs afhe "Ecopolis and water innovative technolo-
presenters and audience interest. gies". Did not remain without attention the
The guests from the National Transpompostgraduate students Alexander Cooper,
University Alexander Hrodetskyy, AlexanderAlex Dvorko, Oleg Skoruk (curator prof. Ni-
Gordiychuk, Kyi Danyleyko, Marya Slyzkakolay Osyetrin) with presentations about the
started the work of section meetings with thexperience in organization of urban traffic.
interesting projects "Tourist submarine ba- Some reports were prepared with the ex-
thyscaphe”, "Underwater Research Stationgectation of publication in the next issue of
"Modular underwater vehicle tunnel" (curathe magazine "Underwater Technology". It
tor - head of the department of computer, eshould be noted an interesting analysis of
gineering graphics and design, doctor ahangrove ecosystems from the perspective
technical sciences Nicholay Kuzminets). Jwf environmental safety «Assessment envi-
lia Ulyanovska (University of customs andonmental safety for mangrove biome» (doc-
finance, Dnepropetrovsk) and Andriy Dmy+oral student Tetiana Kryvomaz). The post-
trenko (LLC "PROINFO") were concernedgraduate students of Sumy State University
about "Using artificial neural networks inSergei Kulinich, Natalia Semenova submitted
today's information technology forecasting"a scientific work "Optimization the control
Alexander Budya (KUTEL, Kyiv) spoke system of hydraulic drives with proportional
about "Water-information centres as thelistributor”; Krishna Kayastha (Hydro Tech-
means of effective tourism activities" anchical Commission, Nepal} «Development
Sergii Bilyk (KNUCA) - «Determination of of bell type water well with wide gravel fil-
critical load of elastic steel column based oter».
experimental data. The direction of the mechanical and elec-
National University of Shipbuilding pre- trical engineering covered by 14-th reports of
sented the report of the postgraduate studemit® representatives from the department of
and teachers Alexander Klochkov, Andrevbuilding machines and department of ma-
Voytasyk and Andrew Sirivchuk. The doc-chines and equipment of technological proc-
toral student of the National University "Lvivesses, KNUCA. We were pleased with the
Polytechnic" Alexander Blintsov togetheractivity of postgraduate students and doctoral
with the postgraduate student Victor Korytstudents  Bogdan  Bolily,  Alexander
skym took care of "Architecture and conDyachenko, Andrey Zapryvoda, Vadim Zal-
structive types of self-propelled tethered unznyak, Victoria Korol, Bogdan Matsyuk,
derwater vehicles with improved handling'Vladimir Martyntsev (curator prof. Ivan Na-
and "Modern problems of control self-zarenko). It was also heard a number of pres-
propelled tethered underwater technologicantations, which for various reasons were not
platform". stated in the program, but the desire of au-
A number of reports presented from Dnithors and the need to bring the information to
propetrovsk region- National Mining Uni- a wide audience encouraged them to dialogue
versity (Andrey Bondarenko Andrey Nebaand debate on problematics of the confer-
tov), Okeanmashenerho (Victor Cook, Vitalyence.
Kuzminskyy Olga Ovchinnikov), Institute of It was a collective decision to initiate the
geotechnical mechanics of NAS of Ukraingequest to the Kyiv city state administration
named after N. Polyakov (Volodymyr Naduwith proposals to support the objects of un-
ty, Valentina Chelyshkina, Sergey Kostyrya)derground construction and to develop the
The most numerous group of speakers wadrategic plan of Kyiv underground area de-
from Kyiv National University of Construc- velopment (moderators Gennady Gayko, Pe-
tion and Architecture, postgraduate studenteo Zakharchenko) and to use the renewable

10



THE SECOND INTERNATIONAL SCIENTIFIC-PRACTICAL
CONFERENCE "UNDERWATER TECHNOLOGY, 2016" WAS HELD

Ludmila Ruban Dmytro Kokarev

Fig. 4. Winners of competitions

alternative sources of electricity, heat, solar According to the decision of the contest
and mechanical energy located both on rivec®dmmission, the winners 2015/16 were: in
and on the coast (moderator Nicholay Hathe nomination «Presentation» the repre-
nytskyy). sentative of the Israeli-Ukrainian company
All speakers that directly took part in thexkAmkortec-Ukraine» Dmytro Kokarev; in
Second International scientific and practicghomination best "Innovative Project»doc-
conference "Underwater Technology, 2016toral student of the Department of landscape
received a certificate of personal participagrchitecture KNUCA Ludmila Ruban; the
tion in the forum with the date and place ofjomination «Publish» doctoral student of
approbation the results of scientific Workthe Department of labor Safety and environ-
The most active participants were awardegiental KNUCA Tatyana Kryvomaz, who
with Gratitude of the scientific committee ofg\warded the Diplomas (Fig. 4).
the conferenceThus, KNUCA rector prof. Summing up the work, we note that 60 re-
Petro Kulikov and vice-rector for SCientiﬁCports from 90 authors were sent to the Sec-
work of NUS named after admiral Makarovond International Scientific and Practical
prof. Vladimir Blintsov were awarded for theCOnference "Underwater Techno]ogy, 2016".
support of young scientists. 56 speakers took part with presentations and
Director of the Representative office ofgiscussion, a part of presentations was car-
the Polish Academy of Sciences in Kiev profiied out on-line. The representatives of 18
Henryk Sobczuk and chairman of the autthigher educational institutions, 6 institutions
motive and energy department of the Lubligf NAS of Ukraine, 7 production organiza-
Polish Academy of Sciences prof. dr hakjons were engagedhree international and

eng. Eugeniusz Krasowski received the Gra4 foreign institutions took part directly or as
titude for the support of Ukrainian sciencessociate members.

and international relationddead of the de- |t was confirmed the urgency of consid-

partment of structural mechanics professogred issues about the impact of the water area
Viktor Bazhenov and head of the departmerain the environment and deve|0pment of in-
of eIeCtroelaStiCity from the Institute of Me-novative technologies’ particu|arly in the
chanics named after SP Tymoshenko NAS @f|ds of industrial and civil engineerindt
Ukraine professor. Alexander Bezverkhyyas supported the initiative of the widest
were awarded with Gratitude for the suppofjossible highlighting the problems of scien-
of scientific work and professionalism. tific and practical solutions on the pages of
the same magazine, which was recently

11
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Fig. 5. Photo in memory

based.It was established scientific and busi- ITPOBEJIEHA BTOPASI

ness contacts between the conference par- MEXIYHAPOJIHAS HAYUHO-

ticipants and outlined the prospects and ways ITPAKTUYECKA I KOH®EPEHIIM S

of further cooperation (Fig. 5)The next <« 10JIBOJHBIE TEXHOJIOI'MU, 2016

event had been planned to prepare and con-

duct early 2017. Annotamus. C 19 mo 21 anpens B KueBckom
So, thank you all for your attention andialMOHAILHOM YHUBEPCUTETE CTPOUTENLCTBA M

participation in the international forum, held?PXHTeKTypel npouta Bropas mexayHapoHas

on the territory of Kyiv National University HaY?Ho-lpaxtiueckas kongepenuus «Toso-

of Construction and Architecture. We wisH™'¢ Texnonorun, 2016», nocssmennas 100-

. .metuto co aHA poxnaeHus HO.A. Berposa. Vixe
you good health, success and new smentlﬁr[[SaMHHOHHO Ha Helf PACCMATPHBATHCE IPOGIE-

achievements! Mbl BJIMSAHHUS BOABI Ha OKPYXAIOLIYIO CPEdy H
WHHOBAIIMOHHBIE TEXHOJIOTHH.

KnioueBble cjioBa: KOH(EpEHIHs, IOIBOA-

HBIE TEXHOJIOTH, BJIMSHHUE BOJbI, OKPYXKAroIlas

cpena.
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The aerobic biological purification of the wastewaters
from the organic contaminants (OC) in the aerotanks
with the suspended and the fixed biocenosis

Aleksandr Oleynik!, Tamara Airapetian?

! Institute of Hydromechanics of the National Academy of Sciences of Ukraine
Zeilyabova str., 8/4, Kyiv, Ukraine, 03057
kurganska@ukr.net, orcid.org/0000-0003-1095-5751

>0.M. Beketov National University of Urban Economy in Kharkiv
Revolution str.,12, Kharkiv, Ukraine, 61002
tamara78kh2008@rambler.ru, orcid.org/ 0000-0002-8834-5622

Summary. The mathematical model and calor dissolved in water organic contaminants
culation methods of biological purification of the(oc) is occurred. Recall that the activated
waste waters from organic contaminants (OC) i§|udge enters in the tank, where is released
the aerotanks with the suspended (free flowing)om the treated water and the part of which
biocenosis in the form of the flukes of the activ oes again for further treatment in the aera-
sludge and with fixed biocenosis in the form OEon tank. In more details the processes and

the biofilm generated on the surface of the addi- hani that in the biological .
tional loading are presented. The characteristi echanisms that occur in the biological puri-

properties of the modeling and calculation of thiication of waste waters system aerotank —
purification in the aeration tank mixers and in théank-regenerator are particularly described in
aeration tank with plug flow are considered.  [2, 7, 9, 11, 14].
Key words: biological purification, organic Depending on the hydrodynamic regime
contaminants, model, aerotank, biofilm. of the liquid flow bioreactors aerotanks are
divided into the aerotanks mixers and the
aerotanks with plug flow [7, 14, 15]. So in
GENERAL QUESTIONS the aeration tank mixer the waste waters, ac-
. tivated sludge and oxygen almost immedi-
In practice at the treatment of urban, dogtely are mixed with each other and therefore
mestic and similar in composition wastewWage concentration of the microorganisms and
ters the most widely are used the methods ghntaminants and dissolved oxygen are taken
the biological purification. The classicalihe same around the all reactor volume. In
technological scheme of such purification igeration tank with plug flow there is not the
a system of the constructions the main Comixing and the waste water with activated
ponent of which is the bioreacteraerotank sludge are moving in the reactor and in a re-
[5, 6, 15]. As is known in the aeration tanksylt of the oxidation the concentration of pol-
the removing (oxidation) of the adsorbed ojtants decreases along the length of the reac-
the floating flakes the active sludge consistor. Especially the decreasing is observed on
ing mainly of the microorganisms suspendeghe initial areas of the reactor. The rate of

13
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oxidation of contaminants and according tas suspended and the fixed biocenosis

this the demand in oxygen can be non unj6 - 8]:

form along the length of the construction and

therefore in practice the aerotanks with a oL 92L oL

plug flow with uniform and non-uniform ae- —24=D, 2"" -V—2-R, (2)

ration along the length of construction are ot 0x OX

used [13, 14]. R=AaN +eRy —€Rg, (2)
The made analysis showed that the effi-

ciency of removing of the OC in the aeratiofvhereR, R,, R. — speeds of the general reac-

tanks especially with the recent increasingon, utilization of OC by the suspended bio-

demand for quality of the treatment can beenosis (activated sludge) and extracted sub-

significally increased if before suspendedtances at the sludge dying off of the sludge

biocenosis (activated sludge) to ensure in thespectively;N - stream (transport) of the

volume of the aeration tank the arrangeme@c through the surface biofilm for its utiliza-

of additional load in a form of the variety ofiion py the fixed biocenosis (biofilm)a —

nets, packing’s and so on the surface @c concentration in the aeration tark; —

which the biofilm with a high concentrationgitysion coefficient (dispersion) in the liquid
of the microorganisms is formed. If the me;

, ) In the aeration tanky=Q, /F — the average
chanisms of the removing of the OC by thﬁé)w rate in the aeration tank — lateral ae-

activated sludge are thoroughly researcheration tank areaQ. — flow rate in the aera-
and presented in particular in [1, 6, 7] the 2

the removing of the OC by the fixed bio- ion tank;l — working length of the aerotank;

cenosis in a form of the biofilm so exten-)‘a ~ constructive parameter;

sively is studying in the filtration of the
treatment fluid in the trickling and the sub- Wy _Wp

merged filters [3, & 8, 10]. W, W, (3)
At this the dynamics of the biofilm for-
mation on the surface of the loading and &y
moval mechanisms of the OC by the biofilm "2

are considered and studied noting the significolume of liquid in aeration tank\Ns — vol-
cant advantages the removing of the OC kyme of the given load (packing) with a fixed
the fixed biocenosis. According to expertgigcenosis.

such combined bi0|ogical treatment of waste In practical calculations sufﬁciently to

waters in the buildings with fixed and susconsider the equation (1) at the stationary

pended biocenosis has a number of signifgpnditions. In dimensionless form it looks as:
cant technological advantages and thus their

— working aeration tank volumey, -

efficiency can be significantly increased [6]. 192L. oL
Taking into account of the above the — - a2 _Z8_RT=0 (4
analysis and evaluation of the joint removing Pe g%  OX

of the OC by the suspended and the fixed

biocenosis in the aerotanks mixers and aer@mere x = x/1, T=1/V, Pe=VI/D, — known
tanks with plug flow the general mathematidiffusion criterion Peclet.

cal model which is reduced to realization of

the following material balance equations

written relatively the changes in the concen- MODELING AND CALCULATION
tration of organic contaminants in the aeraQOF THE AEROTANK MIXER WITH THE
tion tanksL, is presented. It is assumed thatSUSPENDED AND FIXED BIOCENOSIS
the process of biochemical oxidation is pro-

vided by the sufficient oxygen and oxygen is

not limiting the kinetics of the biooxidation

14



THE AEROBIC BIOLOGICAL PURIFICATION OF THE WASTEWATERS
FROM THE ORGANIC CONTAMINANTS (OC) IN THE AEROTANKS
WITH THE SUSPENDED AND THE FIXED BIOCENOSIS

As are known the general material bal-
ance equation of pollutants in the aeratiowherelL, L5, L, — OC concentrations in the

tank mixer has the form [6, 14]: biofilm, on the surface of the biofilm and in
the aerotank respectivelyp| — coefficient

oL, e . _
Pt =Qa(Lo ~ L)~ FaN — RW,, (5) ©f molecular diffusion in biofilm; K, -
mass-transfer coefficient of the OC in the
W, =eW,, F5 =F4l =Q+Qy, e
=&W, ol [ Qa Ql Q2 I|qU|d film.
where F5— total surface area of biofilm gerotank_

Q,Lp Xy QalypXy

(load) in the aerotanki — area of biofilm
surface per unit length of aeration tdnk

For practical calculations, equations (5
and (4) whenPe<< 1that is at significant
values1/Pe can be simplified to look like oL,
for ideal aeration tank mixer as:

[
| I OulX, settle tank Loy
|
|
.‘\l

elemems of load

|
w,l
9
|

= 777

—£W,
Qi X,

[e .

Fig. 1. Balance scheme of the aeration tank mixer

Lo-Ly-R3 =0, (6) with located completely fixed biocenosis
where
_ B B Depending on the type of the velocity of
Ry =AaN (Ra RC)Ta' the kinetic reactions which are taken in the
A = Fa T W, (7)  biofilm with fixed and suspended biocenosis
a _Q_a’ a _Q_a. (activated sludge) in the volume of the aera-

tion tank consider the following variants
In the future we will use equation (6), (7)(technolog|cal scheme) removing of OC in

for the development of engineering calcula general.
tions. As an example consider the case where

Let us consider the following cases in de the reaction rate in the biofilm is taken first

pending on the location of the loading syster‘ﬁrder namely:
in volume (area) of the aerotank cases. X
R =kl, k=tmZ - Pm =g
1. Elements of load (parkings, nets, etc.) YKL Ko
are located throughout the volume (length) of

the aeration tank (Fig. 1). In this case, thgnd in the aeration tank rate of reaction of
arears will be a total surface area of loadingzero order namely:

in the aeration tankFs, =Fa _ specific M X
_ Wa _ _ Ra = Wa, Wazpmaz%- (10)
load area. In this case according to equation a

(6) removing of contaminants occurs in bio-

film by the fixed biocenosis and in liquid ae- Herep,,, Hma — Specific maximum rates
ration tank volume by the suspended biyf growth of the microorganisms in the bio-
cenosis. To determine the contaminations Wm in the aeration tank volume and
the fixed biocenosis it is necessary to deterx  x_ - concentrations of the fixed and

mine the flow of pollutions that enter into the Suspended microbial biomass respectively:

biofilm N aL Ky — saturation coefficient (halfamplifica-
N=-D_ h =Ky (La - L] 2=0) ® tion); Y =dX/dL - stoichiometric coeffi-
cient of the growth of the biomass in the bio-
L z=0 = Ls, film.
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This technological scheme of treatment Using equation (6) which in this case will
can be used in particular at the wastewatkroks like as:
tertiary treatment by the fixed biocenosis af-
ter main treatment by the activated sludge in Lo —L, —ALy(1— A)-T,w, =0,
the aeration tank. The value of the stream of =
the OC through the biofilm surface N is de-  A; =2 K| =A,K,
termined in the result of the solution of the a
equation which characterizes the removing of
the OC by the biofilm formed on the surfaceve may obtain the dependence for determin-
of the load material saturated by the microofng of the concentration in the aeration tank
ganisms with concentratioX : L, at the conditions of the removing of the

OC by the fixed and suspended biocenosis:

(16)

D o°L R =0 (11)
L. > "L~ -
072 o= 1a (17)
1+ 9K (1-A)
with boundary conditionsN at z= 0 and Qa
oL _ _ : : :
9z =0 at z=5. This solution was derived Taking into account of the recirculation re-

in [9] and allows you to determine thedime and the process of dying the value of
change in concentration throught of the biagthe concentrations in the aeration tank in

film thickness L(z) and what is most impor- the formula (17) is taken according to next
tant the necessary for further calculationexpression:
concentrationLson the biofilm surface:

X
X, = 0 : (18)
Ls=ALg, (12) MRS A (TRIELN
where The solution of the given technological

scheme (see Fig. 1) is made also to the case

1470 when the reaction rates in the biofilm and in
A=+ g \, the aeration tank are taken to the first order
(1+ e"¢)+ A(l—e_q’) (13) namely according to the formula (9) in the
K52 \/ﬁ biofilm and in the aeration tank to next for-
¢:2\/a’ a=—, nN= L mula;
DL KL
—_ — p-maxa
According to (8) the flow of the OC into bio-  Ra = Kala Kq = W (19)
film will be: ma
_ The more general case when the reaction
N'= K'-La(l_ ) (14) rateR in the biofilm and in the aeration tank
occurs according to with known nonlinear
or [7] equation Monod is considered and realized
namely:
N=-D, % =p, thva Ls = kyLs, in biofilm
0z z=0 do (15)
_th/a _|D R :pLL, 0 :M, (20)
k=== Go=q Km *+L "y
(o1} k m

in aeration tank
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THE AEROBIC BIOLOGICAL PURIFICATION OF THE WASTEWATERS
FROM THE ORGANIC CONTAMINANTS (OC) IN THE AEROTANKS
WITH THE SUSPENDED AND THE FIXED BIOCENOSIS
(22) at the rates of the reactions in the bio-
R = Prala o = HmaXa 1) film of the zero-order and according to equa-
2 Kpa tLa ™Y, tion Monod. In determining the concentration

L, at the outlet of the reactor 2 (aeration

It will be note that in the equations (20)ank) it is appropriate to consider the rate of
and (21) the possible influence of inhibitingeaction R according to the equation Monod.
action of the other substances is not includeth this case the reactor 2 is regarded as aero-

tank mixer. Using equation (23) and obtained

2. Aerotank consists of two parts whichbefore the first case the dependences we may
we assume are reactors 1 and 2. The first pgstdetermine the concentratidn, taking in-

is a reactor 1 in which removing of the OC %0 account of the recirculation of the stream

due to the fixed biocenosis that is formed oy, oyt parameters of the reactor 2 includ-
the mounted load, the second pathe reac- ing theTa=Ta=W;2/Qa and others.

tor 2 in which removing of the OC is due
with a help of the suspended biocenosis (ac- 3 ag in the previous case aerotank mixer
tivated sludge) that it works like a typicalggngists of the two parts (reactors) (Fig.3) but
aerotank mixer (Fig. 2). in this case the removing of the OC in reactor
1 is due to a suspended biocenosis (sludge)
gﬂ,za,xaﬁgblm% and it works like a normal aerotank mixer but
| B \J in reactor 2 the removing of the OC is due to
. the fixed biocenosis on the established here
load. Such technological scheme of treatment
especially in practical terms will be appropri-
2.1, X, O Xy ate according to the modern requirements
which demand to more high degree of the
Fig. 2. Balance scheme of the aeration tank mixgjurification when in the existing traditional
with located in the reactor 1 fixed bioce-gerotanks the tributary treatment of the waste

reactor 1 reacior 2
T

0.1,%;

T I

[ T o
|

D

L

NOsIS waters are difficult and uneconomical.
reactor!  reacitor2
|t will be note that in both parts o_f the ac.z.x, o Gyl 111 | euts \ fo,1.:,
ration tank the reactors are operating un % Ko | 1!

the scheme of the reactor mixer. Then .
cording to the general equation for determ

ing the concentration of the OC at the outj 0,1, X, 0,.%,
of reactors 1 and 2 we will use the next equa-
tions: Fig. 3. Balance scheme of the aerotank mixer
for reactor 1 with located in reactor 2 fixed bioce-
nosis
F

L —Lg-—-9N=0, (22
Q It will be note that in both parts of the ae-
ration tank the reactors are working as the
reactors mixers. According to the technologi-
cal scheme on the Fig. 3 at the formation of
the fixed biocenosis the activated sludge does
not participate and passes without change
That to determine the concentratignat the through porous load that is in the volume of

outlet of reactor 1 more appropriate for theeactor 2 may be a slight removing of the OC
practice will be the solution of the equatiorflue to the suspended biocenosis here

for reactor 2

Lo—Ly-TaRy =0.  (23)
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(sludge) and it is not included. in the reactarenosis in the view of the biofilm formed on

2 is necessary to the methodology developéde load and by the suspended biocenosis in

for the first case (see Fig. 1). the form of the active sludge in the liquid of
In the result of the solution of the equathe aeration tanks has the form:

tions (6), (7) taking into account the charac-

teristics of treatment in this technological R= )\2(|_a - |_| Zzo)— eR, +eRy, (25)
scheme of the aerotank mixer were obtained

the dependences to determine of the concen- Ay ZEKL' g=_P

tration of the OC at the output of reactors 1 F W,

and 2 taking into account of the effect the

most appropriate and possible reaction rat@gere F5 — the surface area of loading (bio-
of the removing of the OC. So on the outpy

of the reactor 1 were obtained the depencj!m) per unit length of aeration tank where s
ences of the removing of the OC at the reaafranged the loadF =—=2 - area of the
tion rate of the zero-order and according to v .
nonlinear equation Monod and on the outp@erotank;u — the average flow rate in the
from the reactor 2 the dependences of remog€ration tank. _

ing of the OC at the reaction rates first order That to solve the equation (24) we must to
and to nonlinear equation Monod are prd‘jnd a concentration on the surface of the bio-
posed. film L|Z:0 =L, in according to the adopted

equations of the possible reactions of the re-

moving of the OC in the biofilm and in the
MODELING AND CALCULATION aeration tanlR, and dying(selfoxidation) of
OF THE AEROTANK WITH PLUG

FLOW WITH THE SUSPENDED the sludgeR:. The value of concentration
AND FIXED BIOCENOSIS Lson the biofilm surface for the reactions of
the first order and in the equation Monod can
As are known at the conditions of the aepe defined by the formula (12), which may
ration tank with plug flow the movement ofpe get by solving equation (11) and for zero-
the stream along of the lengthof the aero- order reaction according to the next formula:

Qq

tank with average velocity = == is taking .

F Lg=lg-Sm0 5 —HmX o
into account. Since in the real aeration tanks KL Y
with plug flow the value—=—%<0,0002 | & ys consider the possible technological

U
Pe é schemes of the work of the aeration tank with

according to [13, 14] then in the engineerin lug flow with the fixed and suspended bio-
calculations to determine the concentratio anosis

L, along the stream the equation (4) can be

simplified and written as for ideal aeration 1. Elements of the load (parking’s, nets,
_ 1 _ etc.) are uniformly spaced along the length

tank with plug flow(pe - % o Oj'n of the aeration tank. So in this case the re-

¢ moval of the OC by the fixed biocenosis with
the total surface are&; =F;1 and the sus-

Q4 pended biocenosis (activated sludge) in fluid

(24)  volume W, =eW,, where W, =Fl - the
total volume of the aeration tanks and

in which the velocity of the overall realiza-
tion of the OC utilization by the fixed bio-

the next form:

_v%—R:O' =<
oX F
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FROM THE ORGANIC CONTAMINANTS (OC) IN THE AEROTANKS
WITH THE SUSPENDED AND THE FIXED BIOCENOSIS
The solution of the equation (24) for the
most used in practice event when the remov-
. ing of the OC in the biofilm and in the vol-
loading. d

Let us consider the case where removirigMe of liquid in aeration tank¥, is oc-

of the OC in the biofilm and in the aeratiorcurred for more accurate reaction according
tank (volumeW,) is occurring according to to the famous equation Monod namely ac-

szl—%, whereWs — the volume of the
a

the reaction of the first order: cording to the equations in the biofilf
(20) and in the volume of the liquid of the
R = kL, Ra = kala. (27) aeration tankR, (21).

The iterative methodic of the calculation
After some changes with taking into acto solving of the equation (24) with reactions
count to the reactions (27) we may to writ¢20) and (21) the content and the sequence of

the equation (24) in this case as: which is given in [10] was proposed.
In the technological scheme on the Fig. 1
_ 0Ly it is possible also the case when removing of

La(A +kar) =0, (28) the OC by the fixed and the suspended bio-
cenosis occur on the base of various kinetic

where reactiondR, for example, by the suspended

biocenosis (activated sludge) for the reaction

_Ao _ka _Fs according to the equation Monod and by the
A= L L=A, k. = v’ A2= F KL, fixed biocenosis (biofilm) for reaction of the

first order or vice versa. The calculation of

In the result of the solution of the equatior’ihe La(1) on the output of the aeration tank is

(28) with the boundary condition at the inle@lso occurred according to the general equa-
of the aeration tank =0, L, = Lo, we will tion (30) in this case in which the iterative

receive dependence for determining of thgr0cess 1S .USEd in the caICL_JIatlon of th_e reac-
. : tion occurring to the equation Monod in the
changes in the concentratibp along the

volume of the liquid in the aeration tank.

length of the aeration tank: 2. Technological scheme aeration tank
~ _ with the plug flow consists of two parts (re-
Lo(X) = LOeX = e‘BX, (29) actors 1 and 2), in which in the one of them

the removing of the OC is occurred with a
help of the fixed biocenosis and in the second

where ; . )
by the suspended biocenosis (activated
% = (A + ke )x = BX z=X sludge). As mentioned above the features of
a L R the removing of the contaminants will de-

B =1(A +kgy)X pend on their location along the length (in the
. plane) of the aeration tank in this case. Fur-
ther consider the possible technological
At the output of the aeration tank akchemes of the aerotank with the plug flow.

x=1, x=1, we have: 1) The reactor with fixed biocenosis (bio-
~ film) in length |, located in the first part of
Li()=Loe' =Le™®, 1=B. (30) the aeration tank (reactor 1, see Fig. 2). In

this case the removing of the OC in the reac-
dor 1 is mostly occurred with a help of the

Remind that received solutions are de: _ : o
rived at the stationary conditions of the exiixed biocenosis (biofilm) on the load cells

ploitation of the aeration tanks that coméhat are uniformly spaced along the length
quickly enought. and is described by the equation:

19



ALEKSANDR OLEYNIK, TAMARA AIRAPETIAN

oL Loy = Lay — W}|<‘161 , (34)
- Uala—)jl ~M o1l —Lal,4) =0, L1
(31)
F. _ . .
Apy =LK, where J, — average (estimated) thickness of

Fy the active biofilm in the reactor 1.

Then in the result of the solution of the
where F 5, — surface area of the loading (bio-equation (31) with the boundary conditions
film) per unit lengthl ; Fg;=Fgl; - total  X=0. La1 =Lo and taking into account to
surface area of the loading in the reactor 1. the dependences (33) for determining of the

The methodic for determining of theChanges in concentration along the length
change of the concentratidry, in lengthl; Of the reactor on the sitk we may get the
as a result we may as a result of the solutidleXt dependence:
of the equation (31) (equation (28) at
ke =0) at the boundary conditiong=0, Lar(X) = Lo — 5 o
La =L¢ = Lg. For the reactions of the first A

order an'd according t9 'the Monod equatlo?he concentration at the outlet of reactor 1
the solution for determining of the concentra;

. . (x=1,) will be as:
tion Lal(ll) at the outlet of reactor 1 will be

W 101X (35)

as: _ Fas1
Lag(l1) = Lo - Wi 10415
~ N Ua1Far (36)
La()=Loe™™, =LA, (32)
A At the possible presence in the reactor 1
A="21(1-A) . L .
1 ‘E ). the suspended biocenosis with regard to its

added action the general equation to deter-
The methodic of determining of the pa"'"® Ly (11) will looks like as:

Q
rameters” is listed above an@,;=—-
A TR Lag(l1) = Lo - (% W10y + Waljl—l, (37)
average flow rate in the reactor 1 with flow 1 Va1
areaF; and rate of flonQ (see Fig. 2).
Since the effluents with a relatively larggyhere Wa1 =
initial concentrationL; =Ly come directly

Mmat
Yay X8y, Xaj — concentration

in the reactor 1 it would be also appropriat@f the suspended biocenosis in the_: reactor 1.
to consider the case of the removing of the N the second part of the aeration tank re-
OC in reactor 1 with a help of the biofilmactor 2 lengthl, the removing of the OC is

according to the reaction of zero order: dlu%l t;) a suspended biocenosis (active
sludge).

_ _ Mg X In this case in the reactor 2 for a supply-
R1=W Wy 1 =Py = L . : . .
L1~ T L1~ Fm Y, (33) ing of the suspended biocenosis desired con-
centrationX,, which we assume is formed

In the result of the solution of the above equtfjlklng Into -account th? recycling of active

. ; X sludge and partly possible due to the detach-
ation (11) that describes the removing of threnent of the biomass from the biofilm the re-
OC by the biofilm for determining in this

case the concentratidn. we qet: moving of the OC is described according to
any, get (24) the following equation al, =0, &£=1:
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In the case ok =1 in (41) we obtain the

oL dependence of the concentratibnp (1) at the
~U, 82 —Ryy +Ryp =0.  (38) °°P B (1)

0X outlet of aeration tank:
As the processes of dying will be taken _(|_|1)@
into account in determining the concentra- Lao(1) = Ly (lp)e Va2 =
tion X, the results of the solution of equa- Kao (42)
tion (38) will depend on the accepted reac- "@'2
tion of the removing of the OQR,, in the =La(e

reactor 2. In view of the fact that a consider-
able removing of the OC took place in the As are known the concentration of acti-

reactor 1 that in the reactor enters partiallyated sludge X,,(I,) includes a certain

treated Wa?“’ water th_e removing of the O mount of silt that enters to the reactor 2
by the active sludge in the reactor 2 wil

) . rom the settling tank through recycling.
mainly occurs through the actions of the reqq yever in this case from the reactor 1 may

actions of the first order and according to thgtars a certain amount of biomass that is
equation Monod. 'In this case the generglatached from the biofilm, and will also take
equation (38) will looks like as: part in the removing of the OC. In [12] the
balance equation is presented that can be
_U25|—_a2_ KaoLao =0, (39) Used in general case to determine the change
in concentratiorX,, in the aeration tank with

plug flow at the conditions of the removing
of the OC with a help of the fixed and sus-
pended biocenosis.

The solution of equation (39) occurs at In case of the removing of the OC ac-
the boundary conditionx =1, L, = |_a1(|1) cording to the reaction on the base of the
Monod equation the equation (38) will looks
Yike as:

K., = Hmazxaz
a —=
YaZKmaZ

and taking into account the possible rec
cling by the coefficient, we have:

oL M L
_ Lal(ll) _ -u 2 a2 _ max2-=a2 x 2 :0’ (43)
La2 —W, Qa2 =Q@+rp), (40) % 0x  Kpgptlyp °
= rZXYZ. whose solution at the boundary conditions
1+ro x=Il1, Laz =La(l1) in view of possible recy-

cling coefficientr, has the general appear-

Thus in the result of the solution of the®°® according to (40):

equation (39) we obtain the following rela-

tionship for determining the change in con- —“max—zxaz(x—ll):
centration L,, within the reactor 2 length v L (44)
|2:| _Il: =(La2 _Lal(ll))"'Kmazln%-

Las(l1)

If takes in the equation (44)= | then to
~(x=l) ] obtain the dependence which allows to de-
Lao(X) = La (1) (& = (41) termine the concentration at the outlet of the
_ Qa2 reactorL(l,) at a known (given) length:

U,o = .
a2 F2

| @
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L= v N The solution of equation (46) takes at the
= —

" Umaxe Xaz (45) boundary conditionsL, =L, at x=0 with

the result of that we get:
X{Lal(ll)_ Laz(l2)+ Kz In Lal(ll)j- J
La2(|2)

Lo (X) = Lo —Weg ——. (48)
2) As in the previous case the aerotank Va1

witht the plug flow consists of two parts (re- The concentration at the outlet of the re-

actors 1 and 2) but in the reactor 1 which igctor L, (I,) will be:

in the first part the removing of the OC is

occured due to a suspended biocenosis (acti- |

vated sludge) which means that it works in Laa (1) = Lo —wgg —2- . (49)

the regime of the aeration tank with the plug Va1

flow length |,. In the second part (reactor 2)

the removing of the OC is primarily occured
due to the fixed biocenosis (biofilm) which is
formed on the elements arranged here lo

Placing in practice such technologica :
scheme of the aeration tank with the plu ase we can to use the solutlon' of the prob-
flow in our opinion will be most appropriate m obtained for the technological scheme

since the placement in the second part tfjglown in Fig. 1. In. '[h'IS case in the general
reactor 2 with the fixed biocoenosis allowgePeNdence (24) it is necessary to takes
significantly to improve the efficiency and A, =0 that to exclude the action of the fixed
quality of the treatment of the waste wateliocenosis and replace the output parameters
namely to ensure the purification of wast@f the aerotank on the Figure 1 on the output
waters to the desired concentration. parameters of the reactor 1.

Since to the reactor 1 directly enters to In the second part of the aeration tank
the treatment the waste waters of the signifwith the plug flow of the reactor 2 length

cant concentration then consider the case @fe removing of the OC is occured mainly
the removing of the OC by the activate@iue to the fixed biocenosis (biofilm). In this
sludge according to the reaction the zero ogase the features of the treatment in the reac-
der . Supplying of the sludge in the reactor fr 2 (with biofilm) located in the second part
is occured due to recycling of the coefficiengf the aeration tank will depend on the tech-
r according to the technological schemgpglogical scheme of the action of the reactor
shown in Figure 1. So in this case the generglyith activated sludge. So in the technologi-

If according to the above criteria’s in the
eactor 1 the removing of the OC by the acti-
ted sludge according to the reaction of the
irst order or the equation Monod that in this

equation (38) will looks like as: cal scheme in which removing of sludge is
occuring directly from the reactor 1 and it
o 0Ly _ HarXa1 does not enter in the reactor 2 it can be as-
Va1~ a1, War = , (46) :
X Ya1 sumed and accepted that the removing of the
where as known contaminants in the reactor 2 is occured only
by the fixed biocenosis (biofilm). If the re-
Q. moving of the sludge from the reactor 1 is
Va1 = Qa1 = Q@ +r17), not happening and it enters with the waste
1 water to the reactor 2 in this case at first it is
Xy Lo = L (47) necessary to take into account and to evaluate
1+ r 0~ 1+r the degree of the removing of the OC

through this sludge and at secondly to take
into account the presence of sludge and the
possible impact of it on the forminf of the
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structure of the biofilm and determining itscenosis that is occurred due to the reaction of
parameters. the first order.

As a whole it can be assumed that ac- So in this case the removing of the OC is
cording to the technological scheme in theccuring according to the technological
reactor 2 is occuring predominantly the addischeme with a fixed biocenosis that corre-
tional purification of the waste waters parsponds the technological scheme of the treat-
ticularly treated in the reactor 1. If the addiment considered before and shown in Figure
tional purification of OC in the reactor 2 isl. In particular to determine the concentra-

occuring mainly by the fixed biocenosis (biotion L,,(l) at the outlet of the reactor 2 at

film) then taking into account the reaction Othe condition that the removing of the OC in

the fir_st order or the Mono equat_ion it can bﬁ by the fixed and suspended biocenosis is
described by the following equation: occuring according to the reaction of the first
order under (28) and concerning the reactor 2

oL )
_U626—§2_)‘22(La2 ~Ly[,_,)=0, (50) of the lengthl, the next dependence is pro-
F posed:
Aoy = % KLz, y
2 ~
l2 = (Ag +kar2)lo Karp :Uiz, (53)
2
— Qa2 _ T
wherev 5, —F—z, Fso surface area of Lo(l) = |—a1(|1)e_|2' (54)
loading (biofilm) per unit length I5;
. .. where
Fa, = Fsol, — total surface area of biofilm
in the reactor 2 length,; Qo — flow that lo =1-1y, A, :ﬁ(l—Az),
enters in the reactor 2. V2
In the result of the solution of the equa- Ao = 782 K
tion (50) with the boundary condition 22 F> L2.

x=l;, Lgo =Lg(l;) to determine the
changes in the concentratiot,(x) in

length X where X varies froml, to | we get CONCLUSION
in general the next dependency: , ,

Applying and calculations on the base of
the proposed dependencies allow at a given
geometrical and other characteristics to as-
sess the impact of various factors on the
and to determine the concentratibgy () at processes of the treatment in various condi-
the outlet of aeration tank (reactor 2) atons of their work and make available the
X =| we have a next dependency: most economical and efficient in operating

the biological reactor design.

Laa(x) = '—al('l)e_(x_ll)A*2 , (51)

Laa (%)= Laa () A2 =1y ()62 (52)
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Summary. This work showed results of the MATERIALS AND METHODS
research of the methodological foundations fc

sustainable development of ecological and citt  The purpose of the study is to determine
plannlng systems. This work clarified the ?‘pp"the fundamental principles and spatial-
cability of the fundamental law of the SUSta'nabltemporal dimensions of sustainable devel-
development of open systemsthe law of con- opment of ecological and city-planning sys-

servation of powers. This work established Spitems During the execution of work we used
tial and temporal dimensions of ecological an ' 9

city-planning systems "populatios> environ- syste_matlc app_roach, model!ng and com-
ment". parative analysis. As a basic method we

Key words: ecological and city-planning sys- have Chosen_analogy method,_whi_ch is a tool
tems, sustainable development, environmentfor comparative analysis and is widely used

balance, demographic capacity, spatial-temporin environmental studies.
dimensions.

STARTING POSITION
INTRODUCTION

) o . In the presentation of the modern science,
_ Since the beginning of human society, thithe development of any system is, above all,
civilization and development of natural changes of its state defined by a set of val-
processes are inextricably linked not onlyyeg of the main characteristics of the system

historically. These processes are depende[11 12]. For city-planning system it is,
on each other developing by some lawsapovye all, the size of the area of its territory,
This understanding of the relationship of nanopylation, functional and planning struc-
ture and mankind as complex systems thiyre, social engineering and transport infra-
evolve on the base of common universésctyre [7, 8, 9, 10, 11]. Development is a
laws receives more and deeper understan moyement, without which nature cannot ex-
ing and lighting not only in the natural andist At the global scale there is the accelera-
social sciences [1, 2, 3, 4, 5], but also irtion of this movement, which is subject to
city-planning ones [6, 7, 8, 9, 10]. the development of any system, including

city-planning development [3, 11, 12, 13].
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PURPOSE AND STAGES OF DEVELOP- and change. The self-development cannot be
MENT OF ECOLOGICAL AND CITY- without  self-organization and  self-
PLANNING SYSTEM regulation, ensuring sustainability conditions
— conditions under which the system is able
City-planning system, which originated to accumulate the energy required for its fur-
as a temporary settlement of people in thther transformation [12, p.26].
"boundless” space, initially had no signifi- At the initial stage of formation and de-
cant impact on the environment and itsvelopment of city-planning systems, the li-
changes were barely noticeable. Graduall\velihood of people in the settlements is more
the system grew in numbers, expandinigoverned by the laws of the family relation-
geographically, got structurally complicatedships. Later these settlements turned into
by functions and combined with other sys-city settlements. Their livelihood was gov-
tems like it at the informational level. Todayerned by the laws of cooperation — the mu-
it is a highly complex ecological and city- tual interaction between people of different
planning system (ECPS) with excessive arprofessions- a kind of "symbiosis" [4, 5], in
thropogenic pressure on the environmerwhich flows of matter, energy and informa-
and limited resources [11]. tion as a system were more efficiently used.
Ecological city-planning system as a seAt this stage, the differentiation of profes-
of "population— environment" that creates sions took place and plants appeared with
a new quality, cannot be understood only btheir further integration on the basis of
studying the properties and states of itgreater benefit and complementarity "mutu-
components. This system cannot be undealism" [4, 5], creating a more comfortable
stood without knowledge of the general law:and safe conditions for the life of the popu-
of formation and development of the worldlation in cities [1, 3, 6, 11, 12].
around us.
The development of systems is based o
the information programs of cooperation ir DEVELOPMENT POTENTIALS
space and time. "Living organisms, ecosys
tems, human relations, economic actors, ci  We know that effective development of
ies are developing... Development is a irresystem is based on the increase of order in it.
versible, directed, regular change of syster"The order is defined as the conditions for
based on implementing of the internal me sustainable (continuing relatively long pe-
chanisms of self-organization...  Self-riod of time) directed changes" [12, p.29].
organization is the process of organizing th For order formation in a certain place, this
internal structure and flow of matter, energypart of the space shall be organized in a cer-
and information passing through a multidi-tain way at the informational level and in-
mensional system, which is provided withternally regulated to give the occurring
mechanisms of regulation of the systenchanges stable directional character. But for
(feedback mechanisms)" [12, p.25]. this, first of all, the system has to have a cer-
The mechanisms and strength of selftain energy potential, able to bring any
organization and self-regulation are aimed échanges and movement to life [12, p.31].
streamlining of ecological and city-planning As for the potential of ecological and
system [9, 10, 11]. The above is subject tcity-planning system. The ecological poten-
the desire to achieve the goal of a particulztial of this system is determined by the cli-
multi-cycle development of this system — thematic conditions and regional resources and
state of sustainability within a range of envi-is measured by demographic capacity (the
ronmental (vibrational) balance [4, 5, 6, 11] ability to accommodate, feed and provide a
At the same time, the development is assoccomfortable living conditions for certain,
ated with the ability of the system to self-maximum possible quantity of stable popu-
development — sustainable transformatioilation) [11]. City-planning potential of this
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system, in addition to social and cultural The spatial ordering of the system pro-
engineering and transport potential, is devides its structure, which usually refers to
termined by the production potential, whichthe location in space of its individual parts
iIs measured by its economic capacity (thand a set of stable relations between them
ability to provide the population with jobs [12, p.31]. In the city-planning understand-
for effective and sustainable development cing this order is provided by already men-
the industrial production in various areas otioned structure and infrastructure of city-
industrial activity based on resource natureplanning facility [8, 9, 17, 18]. The informa-
features of the territory and recovery of re-tion ordering of the system provides con-
sources [14]. stant focus organized in space and time of its
The measurements of the aforementionematerial and energy flows as the basis for its
potential to a certain extent are inversely reoperation and development [12, p.31]. In
lated: with a significant increased of one o city-planning it is provided by a regional
them, the value of another indicator can b policy, strategy and tactics of management,
greatly, sometimes like an avalanche, recity-planning programs and plans of territo-
duced. The energy difference of potential:ries development [7, 8, 18, 19, 20] which, in
violates the ecological balance of the sysour study [11, 15], should take into account
tem. However, this imbalance is a drivingthe fundamental law of open systemshe
force of its quantitative and qualitative law of conservation of power (Lagrange,
changes [12, p.32]. The positive direction 01788; Maxwell, 1855) [3].
the vibrational changes results in conversio In the plane studied, this law appears to
processes of development of "populatien  be the law of ecosystem self-regulation [6].
environment" to a new level of spatial integ-According to this law, in the conditions of
rity [11, 15]. "under-population” of the area, the number
Development of the system can be interof population grows, under the conditions of
preted as a process of accumulation ar"overpopulation" reduces. The study found
transformation of energy, for that it shouldthat the development of ecological and city-
be open. The system of "populatienenvi-  planning system, as well as mechanical and
ronment” as an open system, to support (electromagnetic fluctuations (according to
its sustainable development and restoratioP.Ya. Myakishevyy, B.B. Bukhovtsev), has
of ecological potential uses inflows and thea wave nature [11, 15, 16]. Similarity refers
accumulation of solar energy in agriculturaito the natural process of periodic changes
products, livestock, forestry and fisheries (Tab. 1).
minerals, ecophile technologies of energ
production. City-planning potential devel-
opment of the system is due to the produc SPATIAL-TEMPORAL DIMENSION
tion of human activities that create and ac
cumulate wealth in the construction of resi- According to J. Maxwell, A. Puankare, M.
dential, civil and industrial buildings; roads,Bor, A. Einstein, R. Bartini, P.G. Kuznetsov,
vehicles and buildings; buildings of publica physical value is universal, if and only if its
utilities, engineering preparation, plantingrelationship to space and time is clear
and watering of areas; objects of culture[3, P-162]. In city-planning development, the
education, science and communication, miligongeflitl'o(;] with I\/TR;TC?—I agd ItIT/leMwaS studied
tary and defense industry, and so on. ThaY 4 Hydeon, V.M. Habrel, V.M. Lomin,
guarantee of sustainable development of tht hM.bPlI(yesréka?r(l)vskal,_'V.O. Tym_gkhltqc, N.M. f
system is the harmony (mutual coherence eDEK and others. Mowever, identitying o

i : nalogies shown in Tab. 1 gave an opportu-
(1)1‘2]'[he aforementioned potential [4, 6, 9, 11nity to take the next very important step for

the development of city-planning science,
namely to translate key dimensions of eco-
ECO-PHYSICAL PARALLELS logical and city-planning system “population
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Table 1. The analogy between indicatorsexfological and city-planning system (ECPS)
mechanical and electrical quantities

Mechanical Electrical quantities Indicators of ECPS
mass i) inductancel() population P)
capacity = maximum num-
coordinate X) charge ) ber of stable population
(C=Pn)
speed current population dynamics
(v=x") (i=q) Gd)
acceleration electromagnetic waves in the circuit growth-rate decline
(a= x") @= -q/LQ (F")
elastic force : - environment resistance
(F.= k) resistance circufR) (1- P/Q)
spring stiffness reciprocal capacity stiffness of environment
(K) (1/C) (1/C)
potential energy electric field energy potential «electric» energy
(k X/2) (¢f/2C) (cr)t
momentum energy magnetic field implemented «magnetic»
(my?2) (Li%2) energy P,P%/2)
Notes.

1. Agreed with data of Y. Odum: "Optimal maintenanegacity that can be stored for a long time,
despite the whims of the environment, below thedgcal limit, perhaps by 50%" [4, part 1,
p.180].

2. May explain some mentioned attractiveness chudreas.

< environment" into the language of univer- It appears that in his time J. Maxwell in
sal spatial-temporall[l] physical quantities his treatise "On Electricity and Magnetism"
[3, p.47]. (1873) set the relationship of dimension of
It is well known that for the city-planning "mass" (with its designation in brackets) with
facilities the original [<—T] values are space and time [3, p.151]. According to
length Y], space [?], volume L% and time Maxwell, the spatial-temporal dimension of
[TY] of existence in the environmental areanass has dimensiorLT 4 — of volume
However, the question arises how the spatiglk>T°] with angular acceleratiorL{T4. The
temporal dimensions are related to the popUfunctional” similarities of population to
lation — an important characteristic of ecobody weight we found out (see Tab. 1) gave
logical and city-planning system? an opportunity to present the main indicators
According to O.L. Kuznyetsov, referringof ECPS development in the language of
to the article of R. Bartini "The Relation Be-universal spatial-temporal variables (Tab.3).
tween Physical Constants", "all physical The most important among the results ob-
quantities are of spatial-temporal nature andined is a measure of population density and
can be derived from two variables: lengtllemographic acceleration capacity as a pow-
and time" [3, p. 162]. He points to the opporer. These results coincide with the fundamen-
tunity to bring all physically measurabletal laws of historical development of
quantities from two major ones and preserd.L. Kuznyetsova: time saving law (display
them as a product of integer degrees aff acceleration of socio-economic develop-
length L] and time T, which under vari- ment) and net power growth law (expression
ous R and S give: dimensionless constantof cumulation of "free energy"” in system "na-
[L°T%, geometry objectsLftT ], "time" and ture — society— man"). The free energy of
"frequency and time" measurementsT] ECPS development, in this case, is the stock
(Tab. 2) [3,p.162]. of the demographic capacity. The specified
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Table 2.Periodic system of space-time physical quantitieRbBartini, P.G. Kuznyetsov

B Change Transfer
T rate
of power
of power
5 Change Surface Rate Transfer rate
T of pressure power of change FULLS of energy
of force
Change Angular Moment
4 . Transfer rate
T of current Pressure acceleration Force of force. EnA :
, . of action
density of weight ergy
Intensity of the | Current. Velocity Moment of
3 Current . Moment
T densit electromagnetic| Mass flow | of charge. | momentum, of action
y field. Gradient rate Pulse Action
Mass. Num-
2 : Potential ber of mag-| Magnetic Moment
T Acceleration . . ; .
difference netism and moment of inertia
electricity
. . Rate
T1 Speed Mc_)b|I|ty pf Volumetric of volume
2 dimensions flow rate )
displacemen
Length.
70 Self- Surface Volume
induction
Ll L2 L3 L4 L5 L6

result is of fundamental importance becaug®n of speed axis vector is two-stroke trans-
it coincides with the little-known definition fer from one axial invariant (in our casehe

of sustainable development as "free energpatial level of ECPS integrity) to another
sustainable growth” (UNDP "Sustainablevith increasing speed qualities (in this case
Development of Cities", Moscow, 1999) [3]. with the change of possibilities of movement

In the periodic system of physical quan®f in space the population, matter, energy and

ties in theLRTS interaction process, symmdnformation). During the first stroke of form-
try axis is formed, which has symmetricalitd, the leading vector in space is deter-
inverse LKTX «axial» invariants having thénined, in our case, the priority direction and
same dimensions, but different sign. "AxiapPatial level of territorial development of the
invariants differ in speed and are located on fily are determined: local by the resources
vels in the order of growth: Level 1 LY = of surrounding areas or regional, national and
[VY] speed: Level 2 [L2T? = [V¥ potential global (Global City)- at the expense of re-

_ . 3 _ sources away from the cities, areas. During
difference, "square-speed”; Level3L T

> > s = the second stroke, the leading vector in time
[VY] current "cub-speed”; Level 4 [L*T*] = s formed, in our case is determined by the

[V force; Level 5- [L°T°] = [V°] power; sequence of city-building regulatory effects,
Level 6 [L°T®] = [V7] transfer rate of powerdepending on the phase of the cycle of multi-
(see Tab. 2) [3, p.163]. For P.G. Kuznetdor, level city development in regional and global
system of physical quantities is hierarchy @fmensions of the environmental space [11,
nested measures a kind of "matryoshka"12]- By analogy with Tab. 2, we built a peri-

P [ tem of spatial-temporal changes oc-
measurements, the apex of which is the capitS SYS ) g€
: 5 C o curring in ECPS (Tab. 4). This table is likely
ity [L TE] in this case, it Is the der_nographg: to provide an opportunity to deeper pene-
UWite into the eco-physical nature of urban

ber of stab_le population [3’ _164]' and ecological processes of development and
According to the periodic system, forma-
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Table 3. Spatial-temporal dimensions of status indicatdirgction of changes and the potential
of development of ecological and city-planning eys$ and "populatioa> environment"

Ecological and city-planning

Units
of mesurement

Physical analog

LRTS coordinates

index .
or expression
Spatially () — 10
. Km, path length, LT
temporal ) distances between hours travel time L OT1
settlements
The period in questiorf} year, hour period LOT?
Travel speedl(T) km/h speed LTt
Population P) thous. people mass L3T2
thous. people
Capacity — maximum number |for a specified peod 5-5_
of stable populatioC) of time and a spe- power L"T "= const
cific territory
Population Dynamics?) thous. people/yeat current LT3
. | angular acceletsn
'rl'ehdeu::f;litc()enoé”p)opulatlon growth attraction— repulsior) of (deceleration) L3T14
weight
Resistance to the environment tension of electro-| L°T>/ L®T?=
(1-C/P) magnetic field LT3
Tightening of environment 1/thous. people _value of the L-5T5
(1/C) inverse power
The annual potential energy - . 5.5
ECPS (/2) electric field region LT
Implemented energy ECPS magnetic field | LT (LT )* =
(P-AP%2) of the city LoT8
Area of city, region%) thous.km surface, area L2T°
Dynamics of city area, region thous. knilyear mqblllty _of 2 271
(LS dimension
. . . L3T?/L°T% =
Population densitypEP/S) people/krm acceleration L1T-2
Ecological equilibrium space .
module of life support of a per- km? person no corresponding LiT2

son M =S/P

physical value now

Comparison of potential in possibility otential difference L>T>/(L3T?).T =
a specific period@/P-T) of growth P L*T?
Reserve of demographic capa¢- thous. people «free energy»
ity in a particular area for a spe- in a particular ared development of a L 5T
cified period for development for a specified | system in specifieg
(amount of time) ¢ — P-S/T®) period of time period of time
L . ) thous. people
y;?;%ﬁlgr;r?; ?r?g\ljﬁgﬁ)? (rtehe in a particular areg «mobility», speed
e) for a specified of transfer LT ®

number of people who moved
space with a certain speed

rberiod of time mov+
ing in space

of power
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Table 4. Spatial-temporal dimensions of change processesabgical
and city-planning systems

T® Mobility
T5 Acceleration Demographic
of number change capacity
T4 Rate of populatio
change

Changes in| Resistance Pooulation

T2 | population to the q pulat
densi : ynamics
ensity environment

Population

T2 density. of?:ﬁeelﬁdes PopulationGrowth
Acceleration g of constructed area
of area
of mowment

Movement Change . .

T! of area. | City construction
speed :
Active suface

70 Radius Area c_)f city, Spatial volume

of contacts region

Lt L? L® L* L° L®

take account of the impact of the next speepopulation dynamic °'T%T = L°T”] has
hierarchical level of mobilityl{°T°] that cap- physical value of current in ECPS. The
tures the speed capacity. In our case, it arapove defined indicates the likelihood of a
logous may be population mobility, whictnew dynamic characteristics of sustainable
greatly accelerates the life processes of pofgevelopment, which detects the oscillating
lation and transfers the development of t,hoyen distribution of density changes and
gntlre stystem to a new level of space deV(the population dynamics, which change cre-

pment. ates ripples and surges in business activity in
the ECPS.

3. Representing irL[T] dimensions of in-
dicator of changes in population density in
three-dimensional space, aSTF/L3=L2T7,
reveals the physical nature of this value as
the third derivative of the change in perme-
ability [L?T/T° = L?T% over time [3,
p.162]. Spatial uneven population density of
ECPS is "gravity-magnetic surge" of inten-
sity of land invasion at different levels of
spatial integrity. On the one hand, these
bursts contribute to the growth of cities
(benefits from population concentration and
production), on the other the accumulation
of regional differences in the land invasion
and "depopulation” regions.

CONCLUSIONS

1. The growth of population density that
has acceleration dimension, causes the gre
ual expansion of spatial limits of ECPS. The
abovedefined reveals the theoretical basis
scientifically proven management of sus
tainable development of ecological and city
planning systems due to city-planning op
portunity to accelerate and slow down urba
processes by changing their spatial bound:
ries and population density.

2. Representing irL[l] dimensions of in-
dicator of changes in population density ove
time, reveals the physical nature of this indi
cator as the current densityT%T = LT7].
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Summary.  Conservation zoning is
conducted and zones of protection of thef architecture and town planning, reconstruction
monuments of architecture and town planning atgime.
the historic towns are established to protect tl
monuments and their surroundings, to preser
their compositional value and perspectives « INTRODUCTION
view disclosure, to maintain the traditional char-
acter of planning and building of the historic en

vironment. The article shows how the territory o . : .
the historical town is divided by the degree of ththe restoration and reconstruction of the his-

historical and cultural value of planning, buildingtorlcal herltag_e, a very important question of
and landscape. The author analyzes the zonesth€ preservation, modern state and the mod-
protection of the monuments of architecture ar€rn use of the historical architectural envi-
town planning, reveals their task, shows, how ttronment appearsThis question is particu-
boundaries of these zones are established. Tlarly actual for the historic city centers as the
regime of reconstruction of the historical archimost attractive areas for the investment

tectural environment in a view of COﬂSGfV&tIOIStandpointThe desire of investors to use the

zoning of the historical city is determined in theI d allocated f tructi in th
article. The regeneration of the historical arch and aflocated for new construction in the

tectural environment applies to the territory af th MOSt expensive parts of the city as much as
monuments, to the complex protection zone arPOssible sometimes leads to ignoring the
to the protection zones of separate monumentraditional planning, volumetric, spatiahd
located outside the historic center. In zones functional features of these arelasthe pur-
building regulation is used the reconstruction resuit of profit and square meters the main
gime with varying degrees of interference decompositional principle of historical archi-
pending on the historical value of the environtectural environment is often not taken into
ment around the monument and the remotené;ccount - the subordination of the new ordi-
of tIQZySI\E\?O?;getSf:gnf:inSgt(::izraT] tgimt?;a?;ngnvi nary buildings to the existing historically
ronment, zones of protection of the monumenvalu‘fjlble buildings and dom.'”a.”t monu-
ments, and also the subordination to the
typical scale, superficiality and parcellation

Today, before the architects engaged in
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of facades of buildings which traditionally RESULTS AND DISCUSSION
were formed this town's historical centér.
is not a single case, where a new building Preserving the authenticity of the histori-
due to an incorrect selection of volume andtal cities, their architectural and town plan-
number of storeys becomes the cause of diging monuments is the leading issue in the
harmony of historical architectural environ-sustainable  development strategy  of
ment, and sometimes destroys all of itdJkraine's regions [20].
composition [15]. The protective zoning of the historical city
Exactly for the protection of monumentsis a town planning means of preserving its
and their surroundings, the preservation ohistorical and cultural heritage. The territory
their compositional value and perspective®f the historical city by the degree of the his-
of view disclosure, for keeping the tradi-torical and cultural value of planning, build-
tional character of planning and building ofing and landscape can be differentiated in
the historic environment the conservatiorthis way.
zoning of the historic towns is held and 1. The most valuable is the area of the his-
zones of protection the monuments of architorical center (as a complex monument of ar-
tecture and town planning are established. chitecture and town planning) as well as the
New construction, restoration or recon-territories of separate architectural and town
struction of the historic environment shouldplanning monuments, which are located out-
be carried out taking into account theseside the historic center.
zones of protection of the monuments. 2. The next in value are the areas that pro-
vide the visual perception of the historical
center or separate architectural monuments.
PURPOSE OF WORK These areas are adjacent to the historic center
or to the territories of separate monuments.
The purpose of this article is to show how 3. Also scientifically valuable are areas in
the territory of the historic city is divided bywhich the archaeological cultural layer was
the degree of the historical and cultural valu®und.
of planning, building and landscape, which 4. Low-value, based on historical and cul-
are the protection zones of the monumentsral values, are the territories of modern
of architecture and town planning in the hishigh-rise residential buildings.
toric city. How we determine the boundaries 5. The territories with disharmonious in-
of these zones and which are their tasks. Thlestrial and warehouse buildings and with
article considers in detail the possible regimandscape, which is destroyed by open devel-
of reconstruction of historical environmentopment, provide the negative impact to the
based on the protective zoning of the historirolume-spatial composition of the historic
cal city. towns.
Based on this classification of the city ter-
ritory by the degree of the historical and cul-
MATERIALS AND METHODS tural value, the protective zoning of the his-
torical city is determined. Zones of protection
Research on the choice of the appropriatke monuments of architecture and urban
methods of reconstruction and restoration gdflanning include:
the historical heritage should be carried out - the territory of the monument;
by using the method of graph-analytic his- - the complex protection zone, which is
torical and architectural analysis and analyslecated within the borders of the historical
of the current state of the monuments and tleenter and is composed of protection zones
environment, the method of comparativef the monuments of architecture and urban
analysis, synthesis and theoretical modelingplanning, which are located in the historic
center;
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- protection zones of separate monuments The territory of the monument - is the plot

located outside the historic center; where the architectural and town planning
- zones of building regulation; monument was located historically and
- zones of protected landscape; which is necessary for its conservation as the
- zones of the archaeological cultural layecultural heritage [2].

[16]. The protection zone of the monument is
Separately should be highlighted: the area which is necessary to preserve the
- the historical and architectural reserves; dominant in its immediate historical architec-
- the historical and architectural reservetural environment and to en

territory.

sure its optimal visual perception [11]. However, they are not in all historic cities.
If the protection zones of separate monuAccording to DBN 360-92 ** the separate
ments are crossed or zones are adjacentteoritories in the historic city, which are
each other, the complex protection zone camited by the one planning and volume-
be establishedThe complex protection zonespatial composition, which focus the differ-
can be organized as a zone of special regiraat types of monuments and well preserved
of protection and used for all historical centehistorical urban environment, are organized
(especially for small towns). This makes posn the historical and architectural reserves
sible to preserve the uniqueness and integri;md the historical and architectural reserved
of the whole ensemble of the historic centeterritories [1].
not just the separate attractions, which it in- The historical and architectural reserve - is
cludes. the complex or ensemble of objects of archi-
Zone of building regulation - is a territorytectural and town planning heritage, which
that surrounds or is adjacent to the compléxas significant historical, cultural and artistic
protection zone or protection zone of separalue and which is planning and spatially
rate  monument of architecture and towndedicated in the structure of the city [8]. The
planning. It is designed to preserve the tradierritory of the reserve is protected by the
tional character of the buildings of the hisstate.Its land has the historical and cultural
toric architectural environment, this meansdestination and more can’t be used any way.
preserving the right size and shape for ordi- The historical and architectural reserved
nary buildings which are the background oferritory - is the part of the historic city,
the architectural monuments, which have alwhich was historically formed and planning
ways been the city dominants and accenddlocated, which preserved the heritage of ar-
[11]. It must ensure a harmonious transitioghitecture and town planning and traditional
from the buildings of the historic center toarchitectural environment [8]. The historical
the modern buildings. and architectural reserved territory is pro-
Zone of protected landscape - is a territoriected by the state. Its land has the historical
outside the complex protection zone or praand cultural destinatiorhut is not excluded
tection zone of separate monument, designé&@m the economic use.
to preserve the historical landscape surround- According to the State building codes in
ing the monument, the unity buildings withthe zones of protection the monuments of ar-
nature and visual disclosure of the monumenhitecture and town planning are the limita-
from distant points [11]. tions to new building, reconstruction and
Zone of archaeological cultural layer is esspecial regime of usage [2].
tablished in the cities that were founded be- How are the protection zones delimitated
fore the 14-16 centuries, it is the area, wheend what are their tasks?
the remains of the cultural layer have been The territory of the monument - is the
found [16]. plot, which is immediately adjacent to the
It's necessary to allocate another twmonument and makes with it the historically
zones that are protected in the historic cityormed one unitThis can be:
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- the historic core of the town within the 1) physical conservation of the monu-

fortifications; ment;

- town square with its valuable buildings;  2) the best visual perception;

- castle, fortress, monastery; 3) the correct usage,;

- the territory of separate architectural 4)the improvement of the territory.
monument [16]. Typically, in the historic center (especially

The purpose of the allocation of these tein small towns) several different monuments
ritories — is the conservation the uniquenesare located near to each oth€ogether they
authenticity and integrity of the monument oorganize the ensemble of the historic center
the environment that have been preserved &b the small town [12]The complex protec-
these days. tion zone is established for them. In order to

To establish the borders of the territory ofdetermine its borders, exactly the same calcu-
the monument, the existing and lost elementstions as for the separate attractions must be
of planning that defined the historical plot of done. The radii of the protection zones of
the monument must be taken into account, separate monuments are combined into a sin-

that are: gle unit.
- fortifications; Zones of building regulation - are the next
- fences (to the monastery); in the importance level of the territory of the
- the historical limits of the quarter inhistorical city. These zones are designed to
which the monument is located; preserve the traditional character of the his-

- surrounding buildings (for town square).toric architectural environmenihe task of

The protection zone of the monument - ibuilding in these zones is:
the territory, which is necessary for the con- 1) to keep the dominant value of the
servation the architectural monument and itonuments;
immediate environment, and also for provid- 2) to provide the most favorable visual
ing its optimal visual perception. perception of the monuments;

The borders of the monument protection 3) to keep the scale ratio of the dominant
zone are determined by the radius equal smd background elements in planning and
two heights of the monument, but not lesbuilding. The territory of the monument is
than 50m.If the monument is not high, butalways more than the quarter with the ordi-
has a long facade, the borders of the protegary buildings.Space and volumetric size of
tion zone are determined by the radius of twihe monument is always greater than the
length of the facaddf the zone of the visual space and volumetric dimensions of the ordi-
perception of the monument is limited frormary building;
the closest points, the border of the protec- 4) to preserve the subordination of the
tion zone may be increased in the directioforms of the new ordinary buildings to the
from which the monument is seen in the mostominant monuments. The forms of the
beneficial waysThe protection zone may bedominant monuments are always richer than
an elongated shap&or the town planning the forms of the ordinary buildings (if the
dominant the limits of the protection zonenew building must form the background and
can be 350-500 m. shouldn’t become a new accent or a new

The protection zones for the separatdominant, which is missing in the overall
monuments which are not the town planningomposition);
dominants and lost its historic architectural 5) to provide the architectural and plan-
environment are defined within the limits ofing unity of the new buildings with the his-
the quarters or the plots that are occupied hgrically formed environment by saving the

these monuments. typical compositional devices of building,
The regime of using the territory mustistoric scale and parcellation of facades, tra-
provide: ditional materials and color.
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How to determine the borders of the zonesre usually established within the borders of
of building regulation?For separate monu- the streets adjacent to them.
ments the zone of building regulation in- According to DBN 360-92 ** for the his-
cludes the quarters, surrounding the proteterical and architectural reserves, on the his-
tion zone of the monument. By distance it itorical and architectural reserved territory, on
equal to a minimum of the two protectiorthe territory of the monument and in the
zones of the monumentor the complex complex protection zone is possible to apply
protection zone the zone of building regulathe mode of regeneration of the architectural
tion is at least 200 m from it. environment [1]. It's only possible to use the

The next by the value is the zone of prorestoration methoddn the zone of building
tected landscapdn the historical cities, es- regulation is distributed the mode of recon-
pecially in the small towns, the historic censtruction with different degrees of interven-
ter and the separate monuments usually hatien. You may use as the restoration methods
the close connection with the natural envias well the reconstruction methods, depend-
ronment. Together they form the architec-ing on the historical value of the architectural
tural and landscape complexeBor their environment around the monument and the
conservation it's necessary to establish thremoteness of the plot of design from the
zones of protected landscape. monumentFurther detail for each zone.

The task of the zones of protected land- 1. The territory of the monument.
scape: Within this territory is allowed only the

1) to preserve the historical landscapescientific restoration [19], which includes:
surrounding the monuments; - the preservation of planning, building

2) to preserve the historically formedand natural environment that are historically
unity of the urban environment with nature; formed,;

3) to disclose visually the sights from the - the regeneration of the lost elements of
distant points (within 27000m-3000m). planning, construction and natural environ-

The boundaries of the zone are establishedent;
taking into account the topographical condi- - the complete restoration of the monu-
tions of the arealhis zone must include thements and its environment;
areas of the landscape where you can enjoy- science-based reproduction of the lost
the valuable views of the historic townelements of the monument (for the square -
Within the zone it's necessary to keep andeproduction of the lost buildings);
replay the typical natural environment [16]. On the territory of the monument is pro-

The next are the zones of the archaeolodwbited any construction not connected with
cal cultural layer.For such archaeologicalit restoration and functional adaptation and
monuments as the ancient settlement; earthiemdscaping the plotAlso is forbidden the
walls and canals; mounds; the remains of thaying of transport communications, utility
foundations of the monuments the archeohetworks, that violate the underground parts
ogy protection zones are established as tbhé the monuments and the hydrological re-
territory of the monuments in their historicagime of the territory; installation the over-
range and their protection zorés$]. head transmission lines and transformer

The zones of the archaeological culturgboints [16]. All architectural and construc-
layer don’t depend on the protection zones ¢ion works must be performed by the ap-
the preserved monumenighey may enter as proved restoration project in the relevant au-
an integral part to the protection zones of thorities of cultural heritage.
monuments, to the zones of building regula- 2. The complex protection zone.
tion or to the zones of protected landscdpe. Designed to preserve monuments in their
most cases the geometrically exact dimemmistorical environment, their correct use and
sions of these zones are not possible and thegate optimal conditions for their visual per-

ception. For this, all territories that are in-
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cluded in the zone of visibility of the monu-tional preservation, recovery and adaptation
ments should be exempted from high greemwf the architectural monuments;

ery and from low-value disharmonious build- 6) the hidden restoration (works on re-
ings that hinder the sightseeir@r their dis- newal of the utility networks), which are:
harmonious influence must be neutralized by - don’t violate the constructions of the
reducing the size of high-rise. monument;

On the territory of the complex protection - don’'t give a dynamic impact on the
zone should fully preserve the architecturahonument;
monuments and traditional character of their - don’t violate the soil hydrology;
environment; it means the historical town 7) the reconstruction of the road networks
planning, buildings, landscape, the parcelldarranging of pedestrian zones, bicycle paths,
tion of facades, landscaping valuable elenstallation of parking areas for cars and
ments, that are found and are registered dunikes), that can’t violate and can restore the
ing the historical and architectural inventoryharacter of the historic environment;
of the historical area. 8) the works, associated with planting of

According to the state building codes irgreenery and landscaping of the monuments:
the complex protection zone only the regen- - the organization of parks, gardens;
eration of the historical architectural envi- - the installation of exterior lighting;
ronment, conservation, restoration, scientifi- - the establishment of small architectural
cally grounded reproduction, fragmentaryorms (signs, urns, benches, shelters, flower
and complete restoration of the monumentseds, stands, showcases, etc.) which are nec-
and their surroundings are allowed. essary to create quality environment for peo-

Regeneration - is a method of the towple [10];
planning restoration of the historic environ- 9) the demolition of disharmonious build-
ment with the science-based reproduction afigs and greenery that violate the traditional
its lost parts and disturbed structural elezharacter of the historic environment and
ments, with the adaptation them under thésual perception of the separate monuments
current requirementst is possible to add or and the ensemble as a whole.
change the functional decision of the histori- It may be substitution of the industrial
cal architectural environment by the point inplants, workshops, warehouses, that should
troducing of new buildings with the newbe deduced from the complex protection
functions or new functional adaptation of theone, and other buildings, that are subjects to
existing old buildings.The regeneration of demolish, by the new buildings or greenery
the historical architectural environment al{2], that:
lows the following: - don’t conflict with heritage architecture;

1) the preservation of the historic planning - help to preserve and restoration the his-
and volumetric-spatial structure; toric environment;

2) the preservation of the historical land- - don’t prevent the visual disclosure of the
scape; monuments.

3) recovery the lost elements of planning Thus, the new building in the complex
structure (for example, which often are: towmprotection zone is possible in the exceptional
square, walls, fortifications); cases, if it is necessary for the regeneration of

4) the restoration or scientifically the historical environment and does not con-
grounded reproduction of the lost elements dfadict with the monuments. This is usually
the volumetric-spatial structure (it can be athe point construction. For example:
destroyed dominant or accents, as the ele- - the house-insert, if it is necessary to re-
ments of background building); move unwanted compositional gap in the or-

5) the conservation, the rehabilitation, thdinary historical building;
fragmentary and complete restoration; func- - new accent building, which is necessary

for the completion of the general composi-
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tion, and when it is not possible to make scment are allowed, in zones of building regu-
entifically grounded reproduction of the lostation could be used more active methods of
accent historic building. town planning reconstruction, functional and

So, for the new building the historicalvolumetric reconstruction, namely the re-
module (volume, building area, height), parrewal and transformation of the environ-
cellation of facades, stylistic features, tradiment, partial and complete modernization the
tional materials and coloring should be sugiistorical and modern buildings and also the
tained. Analysis is done for the existing prerew construction.
served historic buildingdn accordance with  The measures of the reconstructive inter-
it the modules, typical for background buildventions are defined by the following:
ings, for accents and for dominant of the - by the degree of historical and cultural
given environment are definedfter deter- value of the object (the monument of archi-
mining the historical module for the newtecture and town planning, the valuable
building is determined the parcellation of théuilding, the low-value building, the dishar-
facade and architectural forms, materials arfigonious building), that is installed with the
color, which must meet the nearby histori®elp of the historical-architectural reference
buildings. Before designing of any newplan [3, 6];
building the historical and town planning - the degree of preservation of the object
substantiation must be precede [4, 17, 18nd the environment;

All documentation which is developed for - the modern requirements to the object
the regeneration of the territory of the comand to the environment;

plex protection zone must be agreed with the - the placement of the objects or the plot
central executive authority in the field of cul-Oof the reconstruction in relation to the protec-
tural heritage. tion zone of the monument;

In complex protection zone is prohibited:  In the zones of building regulation are

1) town planning transformation and refegulated:
structuring of the territory [19]; - the planning and volumetric-spatial

2) any new construction, not associateBomposition of the environment;
with the regeneration of the environment, - the compositional significance of the
restoration and adaptation of the monumentgaonument;

3) the construction of transport communi- - the compositional devices of building;
cations and utility networks that can disturb - the scale of the planning and buildings;
the underground parts of the monuments and - the height and length of buildings;
historic buildings and the hydrological re- - the character of green spaces.
gime of the territory; If the plot of reconstruction is near the

4) installation the overhead transmissiofifotection zone of the monument or in the
lines, ground transformer points [16], equipmost valuable part of zone of building regu-
ment and landscaping that does not meet ti@ion, additionally are regulated:
requirements of the monuments protection - the architectural coherence of the new
and preservation of the traditional charactduildings with the monuments and historical
of the environment. buildings;

3. Zones of building regulation. - the parcellation of facades;

The regime of use of these territories pro- - finishing materials and color for the new
vides for more active reconstruction of théuildings.
historical environment and of the buildings. The degree of reconstructive interventions
If in the monuments’ protection zone onlyn zones of building regulation provides:
the regeneration of the environment, preser- 1) the preservation of valuable historical
vation, rehabilitation, restoration and the sciPlanning and building, green spaces and
ence-based reproduction of the monumeni@ndscaping, expressive landscape elements;
and buildings that form the historic environ-
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2) the preservation and regaining of thaistoric small towns usually - 3-4 windows;
significance of the monuments in the archithe multisection typical houses - are prohib-
tectural and spatial organization of the envited, or sections should be different from
ronment [13].This means, the basic principleeach other in height, plastic facade and de-
of the subordination of the main and secorcor);
dary is kept.The monument is the dominant, - by the scale (according to the established
the rest of the buildings — are its backgroundh this historic environment for ordinary
and so by the planning, by the architecturdduildings, accent and dominant buildings);
and functional features everything should be - by the nature of the parcellation of fa-
subordinated to the monument or supplemeonades, the vertical and horizontal (should be

to it; close to the historical);
3) to ensure the best conditions for the vis- - by the plastic and coloristic decision
ual disclosure of the monuments; (can be new forms, new materials, but are

4) to ensure the compliance of all nevsimilar in coloring and in plastic decision to
buildings to the historical scale in the giverthe historical buildings of the given environ-
architectural environments. ment);

In zones of building regulation is allowed: - by their functional (new function should

1) addition the existing planning structurenot contradict the historical functions, should
by the new streets, driveways and accessmplement and develop them, should not
roads.The formation of the new streets mustause the destruction of the historic environ-
be after comparing the historical plans anchent [14]).
contemporary planning structure by way of The correct modern functional organiza-
their overlay and determining the optimal lotion of the historic environment is a very im-
cations; portant point in the mode of using the zone of

2) the formation of new quarters. Usuallybuilding regulationWhat function should be
on the undeveloped territory or liberated teremoved as disharmonious and which should
ritory from the industrial, warehouse or othebe add to improve the quality of the existing
disharmonious outbuildingg-he form of the architectural environment, actively develop
quarters is determined after comparing thi¢ but don’t harm in this activity.
historical plans and contemporary planning From zone of building regulation should
structure by way of their impositioithe size be removed the disharmonious industrial and
of the new quarters should be less than thearehouse buildingsThis can be done as
size of the territory of the monument, the siztollows:
of the new buildings in the plan and in the - by the conversion of the industrial enter-
volume — also less than the size of thprises; the enterprise is modernized, its area
monument; is declining, there is only harmless produc-

3) the new construction, but at the samion, which does not require the large storage
time, there is a distinct regulation of the nevacilities and transport load;
buildings: - by adapting under a new function with

- by the location; the change of the appearance; tiesv func-

- by the devices of planning organizatiortion should complement the historic town
(usually quarterly, dense buildings, perimeteznvironment based on the chosen direction of
with an inner courtyard); the contemporary development of the historic

- by height (in each historical city - in dif-town as a whole;
ferent ways, depending on the height of the - by demolition; after the deactivation of
monuments and number of storeys of the exae territory (clean from contamination) the
isting historic buildings); recreational, residential or public area should

- by the length of facades (not more thabe organized on its plac&€reation of the
the traditional length of the facade of the hisgreen recreational areas is aimed to balance
toric buildings in this historic city, for the the microclimatic conditions of the city [9],
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to preserve and to improve its environmental 4. Zone of protected landscape.
situation [7]. The territory of zone of protected land-

If for some reason the disharmoniouscape can be used:
building can’t be demolished or the full mod- - for the recreation which carry out works
ernization completely does not solve then landscaping;
problem (for example, reduce the altitude), it - for traditional economic activity, that
is possible to make the so-called "green cudoes not violate the landscape and does not
tain" which visually neutralizes the disharrequire the capital structures construction in
monious building, separate it from the histhis territory [2] (typically for the small his-
toric buildings. Exactly the same device istoric towns).
applied if it necessary to separate the histori- In the zone of protected landscape is al-
cal building from the transit highway, and idowed:
not possible to move this highway. - carry out the works on the strengthening

Also it is necessary to "get rid" from theof the river bank, with its modern update and
degraded, abandoned and empty territoriegdaptation (such as promenade);

There are many, especially in small towns. - carry out the works on the strengthening
The degraded areas need revitalizatibhe of the slopes [5], their greening, landscaping;
empty territories after studying and compil- - the preservation of existing individual

ing the historical and town planning substarmuildings, if they don't violate the historical

tiation can be built by the new buildings witHandscape;

the necessary functions for the given historic - the new construction of the individual

environment or be transformed to recreationresidential buildings in that part of the terri-

In zone of building regulation is prohib-tory where there are the individual buildings,
ited: if the new buildings will be not placed on the

- the placement of new industrial, transupper elevations of the slope, and their height
port and storage enterprises that generate thél not exceed 7m (2 floors).
large traffic flows [2];this requires the ex-  All industrial and warehouse buildings
pansion of the roads, construction of new irshould be removed from the zone of pro-
terchanges which can violate the intimacy dected landscap&here is forbidden:
the historic environment; - the construction of the new buildings

- the construction of new highwayswith the average number of floors and above;
bridges, interchanges, which can also damage- the construction of the roads, laying of
the traditional character of the historic envithe utility networks, overhead transmission
ronment [2]. lines;

If it is possible, the transport can set down - any other construction and earthworks,
underground, creating underground solutionshich are not connected with the protection
with a combination of several types of transand restoration of the historic landscape;
port. On the ground level there are only en- 5. Zone of the archaeological cultural
trances to the underground level, that can bayer.
designed as the separate elements (small ar-The regime of usage is the following:
chitectural forms) in the squares or streets, or 1) the construction and earthworks
be located in the new or in the reconstructemte conducted with the permission of the
ordinary building. state authorities of protection of cultural heri-

Before making any project of reconstructage and under the supervision of the archae-
tion of the historical town environment it'sologist;
necessary to do the pre-project cycle of re- 2) before the beginning of major construc-
searches of this environment [1Hll pro- tion or excavation in this territories, the ar-
jects must be consistent with the relevant aghaeological researches must be carried out
thorities of protection of the cultural heritageaccording to the plans of the construction
architecture and town planning. placement;
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3) after the completion of researches, tfcades, stylistic features, traditional materials
plot, on which there are the remains of oland color should be conditioned.

buildings, must be protected as the moni
ment of cultural heritage; should become tr
subject for museification [16]. Is prohibited
to build on this site.

If the remains of buildings in this territory1.

are not found, after the complete study ar
by the decision of state authorities for th
protection of cultural heritage, this plot is de
duced from the zone of archaeological cu
tural layer.New construction on it is possible
only according to the state building code
[1].

Zones of protection are specially allocate
to protect the traditional nature of the envi
ronment, the architectural and town plannin

monuments and the ensemble of the histo3.

cal center as a whole and for the regulation
the new construction and the reconstructic
of the historical architectural environment.

CONCLUSIONS

The new construction and the reconstru:
tion of the historical architectural environ-
ment should be carried out taking into ac
count the zones of protection of the mont
ments of architecture and town planning.

The protective zoning of the historical city
territory is determined based on the differer
tiation of the degree of the historical and cu
tural value of its planning, building and land
scape.

The regime of reconstruction and moder
use of the separate territory in the histori
city depends on to which protection zone

enters.Within the territory of the monument?7.

the scientific restoration is only possible; it
the protection zone of the monument — is

generation; in the zone of building regulatio.. :
gf Kodin V.0., 2009. Fundamentals of recon-

— are the renewal and the transformation

the historic environment, depending on the
value of the environment and the remoteneg™

of the plot of building from the monument.
Within the new construction for the new
building, the historical module (volume,
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Summary. To create competent reconstrucserve their genuine historic environment.
tion projects in historic urban environment it is«The historical center of a small town is
necessary to carry out pre-project analysis considered to be an indicator of the society’s
formation and development conditions and facgyo|ytionary development, its cultural tradi-

' ory of the nation. Each stage of the historical

viewed as an object of the research, the comg ‘s ch terized b ban d
nents of which have been created during a cert:PFOCESS IS characterized by a neéw urban de-

historical period of the town’s development. ThiVélopment according to the time require-

historical period must be characterized by certaments. The historic urban areas must be pre-
evolutionary development patterns. The aim (served with their inherited «atmosphere»

the historic urban environment redesign is to priwith all the essence and spirit of the past
serve the town’s originality in the process of hiscenturies» [13].

torical center reconstruction. Taking into consic  One of the most relevant issues today is

eration the results of preconception studies, it the problem of a small town’s historic center

essential to carry out further research of histdric \aconstruction. The urban environment is

center's values. The article deals with the anal .\~ ~terized by sporadic development, ab-

sis of the main formation and development cond A . oo
sence of preservation principles and individ-

tions of small towns’ historic environment. ld | t of the t I th
Key words: continuity principle, historic en- ual development ot the fowns as well as the

vironment originality, time-layers, forming fac- lack of awareness in studying of historic en-

tors, the evolutionary process. vironment morphology on various time
stages.

The studying of historic and archive

INTRODUCTION documentation as well as modern urban

planning are performed within the frame-

The architectural experience suggests thiwork of the pre-project research of the urban
numerous reconstructions of historicallyenvironment [17]. «The required and essen-
formed urban center environment results itial component of the pre-project research in
significant changes of traditional town’s the sphere of historic urban reconstruction is
space, which has been formed for centurie:the historic and genetic analysis. It provides
The towns are constantly developing anstudying and contrasting of historical plans,
never considered as completely constructerevealing of the most stable structural ele-
objects. As a result, it is impossible to prements, specific peculiarities of a certain
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town evolution» [13]. Its main objective is tion must be viewed as a principle of urban
to identify the genetic code of a town [17]. environment improvement and development,

The preservation of originality, individu- as the new construction objects have an in-
ality, identity and continuity of historic envi- fluence on the already formed parts of the
ronment of a small town is achieved onlytown and later can become the candidate re-
under the conditions that architecture is uneonstruction objects. The historic urban envi-
derstood as a process of historic environronment reconstruction is closely connected
ment formation. A research in this sphere isvith early layers of the town rather than with
an important, essential and qualitative stagthe construction of a new town or environ-
for understanding the process of smalment. To evaluate the morphology of trans-
towns’ historic environment reconstruction. forming environment and understand its fur-

ther development, it is essential to generalize
the conditions of small towns’ historic envi-

PURPOSE OF WORK ronment formation and development accord-
ing to the basic characteristics.

Under the conditions of reconstruction, A significant role on this stage of research
small towns’ historic environment should beis played by the analysis and importance of
studied from the perspective of its mainthe following objectives:
characteristic features and values, the impor- - recognition of town’s historical center
tance of which is analyzed in the article.value;

These indicators can be used in the process - recognition of town’s historic environ-
of analyzing small towns’ historic environ- ment originality;
ment formation and development in dynam- - application of historical and cultural con-
ics, its evolution peculiarities, and reasonginuity principles;
for existence of its various properties in or- - comprehension of town’s historic envi-
der to evaluate them properly and to developpnment formation process in the result of
the forward-looking master plans. cultural layers with the course of time;

- consideration of factors, which influence

town’s historic environment formation and
MATERIALS AND METHODS development;

The significance of every abovementioned

Research of small towns’ historic envi-objective warrants their further analysis.
ronment and its main characteristics should
be carried out with using the method of Recognition of town’s
graphic and analytic analysis of the condi- historical center value
tions and factors of small towns’ historic en-
vironment formation and development, the Towns are considered to be the centers of
method of comparative analysis and, as a reational traditions and continuity principles.
sult, the generalization method for drawindhey are also characterized by large open
up the result recommendations schemes. spaces, social structure and a way of life, the

features, which are not peculiar to cities.
Towns are considered to be historical if
RESULTS AND DISCUSSION they have the longest period of formation and
development as well as cultural heritage, in

Changes and reconstruction of the historjgarticular architectural [5]. Every «small his-
urban environment can be observed on dbrical town has its distinct character, deter-
stages of their evolutionary developmenmined by its history; level of economic de-
The considerable portion of modern redevelrelopment, industrial arts and trade; people’s
opments of historic towns takes place undeultural awareness; natural resources of the
the conditions of reconstruction. Reconstrucsicinity; geographical location; level of
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communication access; landscape, whido the Convention, heritage authenticity is de-
creates the town’s ground; peculiarities afermined not only by the integrity of material
planning and architecture» [19]. heritage, but also by the preservation of its

However, the influence of various factorgunctions, immediate surrounding, language
and changes of society demands require thed other forms of immaterial heritage, spirit
systemic analysis and new approaches to thad beliefs as well as other inner and outer
organization of historic environment of smalfactors» [13].
towns. Since its formation, historic environment

Each stage of evolution and transformasf a small town is characterized by its special
tions of every historic urban environmentgenetic» code, character of a town, which is
part, which appear on various stages of hipassed on from generation to generation.
torical development, should form the inteThis code is defined as originality of a town.
grated harmonious space. It depends on rec-
ognition of this process as a spatiotemporal Application of historic and cultural
system. continuity principles

The main emphasis is put on the historical
center, as it is also a cultural, business, reli- Despite its history and values, constant
gious and commercial center with all its maimmprovement of the environment, which is
and important monuments of different peribased on social, economic, scientific and
ods and styles. The image of every town igchnical changes, must include such a con-
associated with the impressions created by gtituent element as historical and cultural
historical center, the «heart» of the towncontinuity [12]. Historical and cultural conti-
Each historic environment is characterized byuity maintain the preservation and devel-
the range of unique peculiarities, which inepment of the integrated environment, its

fluence the specifics of its research: identity, distinctive character, originality and
- individual character and uniqueness; value of every historical tow center.
- multifunctionality and permanence; The end of the XIX century was charac-
- multiplicity and historical continuity terized by some changes in architecture,
[19]. which influenced the formation of historical
and cultural continuity.
Recognition of town’s historic «The dominant values, which guided the
environment originality bourgeois-democratic society, were personal-

ity instead of class hierarchy; the freedom of

Originality and architectural uniquenesshoice instead of set rules; variety of behav-
are considered to be the main value detdapr patterns and self-expression forms instead
miners of historical town center. of canons of style. The most important

The complex of identifying characteris-change of this period, which is significant for
tics, which have been formed in the processderstanding the nature of architecture and
of historical development and depend oaorban development, is historical thinking.
conditions and factors of urban developmenithe modernity was considered as the logical
as well as the character of evolutionary proconsequence of the past and a motivation for
esses, maintain the town’s originality, whichthe future» [13].
is identified as a unique artistic value of As a result, historical thinking encouraged
every historic urban environment. the architects and urban development con-

«The UNESCO World Heritage Convenstructors to apply the art of the past. Apply-
tion (February 5, 2005) declared the necesig the continuity principle, the architects of
sity of monuments’ preservation as well athe historic urban environment, based on the
saving of all social, cultural and historicahistoric experience, have created many theo-
evidence, traditions and records, which formetical and practical building patterns, which
the construct of a historical town. Accordingcombined present, past and future.
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A. Hutnov gives the following description Patrick Geddes emphasized the impor-
of this period: «A town is viewed as a proctance of local values and studied them in
ess, which takes course in certain spatial ecennection with architecture. In the book
vironment, but not as an environment by it«Cities in Evolution» (1915) about the de-
self or as an inactive special characteristic @elopment of urban environment, the re-
this process. The process implies the «seearcher claimed that every generation con-
cialization» or «humanization» of a town as #&ributes to the physical space of a city, chang-
design and research object and is considergd) and adding new structures and imparting
to be the main distinctive feature of the modit with new functions [6].
ern evolution stage in urban development Gustavo Giovannoni made the greatest
thinking. Earlier the urban planning projectontribution into the investigation of histori-
dealt with the question of spatial town orcal continuity principle. «He introduced the
ganization. Today an urban planning archimportant principle of necessity to preserve
tect has to take into account not only spacthe town’s tissue, historically built-up urban
but also time, which is the most importanenvironment, which reflects all the time-
characteristic feature of the process of townlayers. Within the framework of a new para-
life-sustaining activity» [11]. digm, a town was considered as the territory,

The idea of a historical town as an objeathich could be imparted with new functions
of heritage was studied and carried out in theat had to conform to the town’s traditional
projects by the range of architects. morphology» [21].

The most outstanding architect of that pe- The 70s-80s of the XX century were the
riod was Camillo Sitte (1843-1903). Sittgoeriod of inobservance to the preservation of
was the first who started to study a towiraditions and heritage. Kevin Lynch in his
from the historical perspective in the end obooks claimed that the historic heritage had
the XIX century. According to his ideology,to be preserved, but at the same time, people
the first step was to investigate the morphokhould start a new life on the territory of his-
ogy and typology of the environment andorical centers. However, this new life must
then to offer modern ways and models of itsonform to the values of previous historical
development [22]. His idea of continuityperiods [18].
played a significant role in further develop- The wide range of documents and charters
ment of historic towns’ principles and envi-on protection and development of historic
ronmental protection. urban environment are based on the above-

His ideology was supported by the leadinghentioned approaches and conceptions.
architects and theorists. Among them were
Raymond Envin (England), Werner Hege- Comprehension of town’s historic
mann (Germany), Patrick Geddes (Scotland),  environment formation process
Gustavo Giovannoni (Italy), Kevin Lynch in the result of cultural layers
(the USA) and the others [11, 8, 6, 21, 18]. with the course of time

Werner Hegemann (1881-1936) investi-
gated the universal character of town forma- «The town-planning formation exists not
tion principles in various countries at differ-only in space, but also in time. Space is the
ent period of historical development. Hegeform of material environmental components
mann described a town as a collage, withiexistence, which characterizes their proper-
which all the components, preserving theities, structure, co-existence and interaction of
authenticity, interact for creating a new conthe elements. Time designates the town-
ceptual environment, where a town is vieweglanning formation period of existence, the
as a specific physical outcome of the longsuccession of condition changes in the proc-
term formation process and serves as an a&ss of transformation and development of all
chitectural statement for its future developmaterial components. The course of time can
ment [8]. be clearly observed in formation, and the ar-
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chitectural monuments are considered to lm®nsidered to be the traces of certain social
the documentary sources of historical andnd cultural processes, historical events; they
cultural information prior to correspondingare the witnesses of history, but only within
period. Usually the environment of town-definite chronological dimension. Conse-
planning formations is created and developeglently, there is a problem of measuring the
during many centuries. The duration of it€hronological rate of historically developed
development, chronological inhomogeneityspatial frame of formation within the frame-
connection between formations of differentvork of which is appropriate to emphasize
periods and styles are becoming the impothe authenticity of its material basis» [20].
tant features of the environment» [3].

Town’s historic environment in the proc- Consideration of factors, which
ess of its formation and further developmel influence town’s historic environment
is characterized by various changes, whic formation and development

can be defined as certain tendencies of evo
tion theory. The town-center reconstructio To determine the consistency of town’s
projects must be based on this evolutionahistoric environment formation and devel-
approach. The latter provides the analysis opment, it is essential to emphasize the factor
the environment’'s long-term developmenanalysis, which implies the description of
the designation of initial reasons and condfactors basing on the role of town-planning
tions of such development, its characteristduring various time periods, the influence
periods with specific peculiarities. The geand interaction of factors and time dynamics.
netically conditioned factors of historic urbar  The research in this article is also carried
environment development are preserved. out on the materials, which are studied in
The town-planning principle of variousvarious related fields, such as history, geog-
historic periods reintegration was alreadraphy and the others. It requires a compre-
discussed during the Brest Colloquiunhensive analysis of the territory [7, 16, 24].
(France, 1983) [2]. The discussion was di  Town’s historic environment is based on
voted to the preserved and lost types of tovhuman activity, demand of society and the
centers during various periods. These typway of life, that is why it is constantly chang-
must be analyzed in unity and in terms of uing. It is impossible to stop these changes, as
ban environment reconstruction. To unite ait contradicts the development of the envi-
the chronological periods together in a mocronment in general. An interdiction of
ern town, it is essential to combine variouchanges causes the destruction or substitution
time samples with definite homogeneity. of the existing environment. Moreover, in the
Value, significance and intensity of reconprocess of transformation only some stable
structed environment are defined by variotand relatively permanent elements are pre-
layers of historical periods and by theiserved.
chronological rate. «N. Hulyanitskiy describes a range of fac-
«The material basis of historical towntors, which influence the individual charac-
planning formations in temporal dimension iters of a town and have stable or relatively
not homogeneous. Constant reconstructiorstable nature. These factors include local
transformations and redesign have led to nnatural and climatic conditions, traditional
merous built-ups in development, redoundepeculiarities of architecture and town-
upon streets and squares’ planning projecplanning techniques. The researcher also sin-
However, inherited built-ups on the materiegles out national architectural originality,
basis of space frame formations or generatwhich is considered to be a slowly varying
on the course of historical development afactor. Historical elements of a modern town
chitectural and stylistic updates of variouwith valuable architectural heritage should be
periods to the design of these formations athe natural part of the whole. According to
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N. Hulyanitskiy, natural landscape is alsimain forming factor of a town is its historic
an important factor, as its diversity an(center, which also includes other factors that
uniqueness are the basing elements of hinfluence differently the evolution and rea-
torical town’s individual character» [10]. sons of formation of various spatial peculiari-

Preservation of stable and permanent faties.
tors, which are the basis for formation an All these problems were taken into ac-
development of town’s historic environmentcount when developing the project of recon-
is the guarantee of proper comprehension struction of the historical center of the small
historic heritage, originality, continuity andtown of Bar in Vinnytska regionF{g. 1). A
settings, which imply transformation of som«project envisages creation of architectoni-
most permanent elements. As a result, the ically-spatial accents of market, temple and
alization of conditions and factors, which intown hall area. They are the center of attrac-
fluence the formation and development ction for citizens, habitants of nearby cities,
town’s historic environment, is possible onhtourists and unite the historical, cultural,
under thorough analysis of the interaction bitrade, business, recreational, tourist, dwelling
tween stable and dynamic components. Tland spiritual function of the city.

Explication
residential territories development .
. . main town squares
Main attraction’s places
cultural

trading
o recreational, park o recreational, river

Fig. 1. The project of reconstruction of the historical teerof the small
town of Bar in Vinnytska regiorVelichko Svetlana, 2013
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The factors can be divided into threimunication with other towns; resource en-
groups: forming, stable and obligatory; dydowment; well-being);

namic, changing, but having relatively lon¢ - political (town-planning politics; town
influence; dynamic, changing, but havin¢symbols);
fast influence. - technological (traditional material proc-

Forming, stable and obligatory factors: essing techniques; building opportunities; the

- geographic (geographical location; innumber of experienced builders);
fluence of climatic conditions; isolation re- - technical (infrastructure of the town cen-
gime; temperature conditions and charactter);
of precipitations); - ecological (protection level against

- natural (the amount of local natural harmful impacts).
appearing materials; the spirit of the place
available water resources (rivers, seas) a
peculiar relief; type of planting; soil struc- CONCLUSIONS
ture).

Dynamic, changing and durable factors: Thus, small towns’ historic development

- cultural (peculiarities of traditional cul- under conditions of reconstruction is deter-
ture, religion, art; character of traditional urmined by various peculiarities, value and im-
ban development; human-created materiportance of which are analyzed in the article.
and spiritual values); All these peculiarities provide the analysis of

- historic (events; historical figures; mili- small towns’ historic environment formation
tary activity places; memorial events; placand development in dynamics of its creation,
mythology, formed under the influence ocharacter of its evolution, reasons of forma-
historic memory; character of environmentions of various characteristic features for
depending on people lived there); evaluating them properly in future.

- town-planning (architectural and spatie 1. Value of the historical town center.
peculiarities; historic block size; streets loce Generalization of importance and features of
tion; landmarks and background develofthe historical town center environment.
ment); 2. Originality of small towns’ historic en-

- social (predominant sector of employvironment. Designation of importance of
ment; social status of the citizens; the actown’s individual character preservation.
structure of a population; security situatior 3. Principle of historical and cultural con-
hospitality); tinuity of a town. Continuity principle pro-

- architectural (primary urban structurevides the preservation and development of
arrangement of important historical objectsthe integrated environment and its identity.
landmarks; character of environment; scall 4. Process of small towns’ historic envi-
various architectural styles; stylistic peculironment formation in the result of cultural
arities); layers in the course of time.

- national (mentality of the citizens, whick 5. Factors, which influence the formation
influences their way of life and the characteand development of small towns’ historic en-
of urban development); vironment. Analysis of the main factors, their

- religious (temples, which were built asimportance depending on the level of influ-
landmarks in the center of a historic town; inence on the historic town center.
teraction of various faith-based communi

ties);
- ethnic (traditions; folklore). REFERENCES
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CYILIECTBOBAHUS TOPOJA, KOTOPBIA HMMEET Ompe-
JIETICHHBIE

3aKOHOMEPHOCTH  3BOJIIOIIMOHHOT'O



CONDITIONS OF SMALL TOWNS' HISTORIC
ENVIRONMENT FORMATION AND DEVELOPMENT

passutusa. Llenbio Tpanchopmanuu Takoil cpeasl
ABJSIETCSL COXpaHEHHe CcBoeoOpas3us ropoxa B
IPOLIECCe PEKOHCTPYKLUU HCTOPUYECKOIO LIEH-
Tpa. IlpuHuMas BO BHHUMaHHE PE3yJIbTaThl MPO-
BEJICHHBIX IIOMCKOBO-aHAJIUTUIECKUX PabOT IIpo-
BOJIUTCA JajbHEHIIee ONpeiesieHne LEHHOCTH
9TOH TeppuTOpUHu. B craThe mpoBOOUTCS aHATIN3
OCHOBHBIX IICHHOCTHBIX XapaKTEpPHUCTHK (popMmu-
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pPOBaHHS W Pa3BUTHS HCTOPUYECKOW Cpellbl Ma-
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KuioueBble cji0oBa: MPUHINIT IPEEMCTBEHHO-
CTH, cBoeoOpa3ue HCTOPHYECKOH cpenbl, Bpe-
MCHHBIE HACJIOCHUs, (GopMHUpYOIHE (PaKTOPHI,
SBOJIIOITMOHHBIN Mpoliecc.
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Summary. The coastal territory is the most INTRODUCTION
valuable for using for urban purposes. The city
and its water area has a strong influence on eachThe hijstory of the development of most
other, their intersection is the coastal zone, thgties is inextricably linked to water spaces
bg;sg; tﬁgtr‘?’;ﬁ?e the built environment and thnin their structure, rivers, lakes or seas.
P : Therefore, an integral part of the city with

Relevance of the study of coastal areas in bi i t ) tal Wid
cities is being connected to their high "deman CCESS 10 waler areas 1S coastal areas. Wide

in different historical stages. Particular plannin%xl:’anseS of water (big rivers, lakes, seas)
structure of big cities is largely determined bg thhave the greatest impact on the image of the
nature of coastal areas and natural affinity arfity.

economic conditions. Overview of urban devel- The city and its water area are in parallel

opment of coastal areas shows growing interest dotificial and natural environment, but they

them everywhere in the world. These areas afpave a clear border crossing. Various com-
seen as the contact zone of the natural and urgdnents of the origin of the border produce

landscape. _ _ specific issues which need to be addressed
The present article considers how much thﬁ)day's society

relationship between man and water area of the The attitude to the city water area was
city was changed over the time, and what issu y

e : .
exist in the shaping of the coastal areas of citi(@,anged very dramatlcglly In recent years.
nowadays. Initially, water was considered as an obstacle

The article provides a classification of areat? the development of the city and its connec-
of city embankments upon configuration and intions. But with the development of science
teraction with area waters. and technology people began to use the city

The author identifies the basic principles ofvater area and coastal areas for their own
the coastal areas of cities, uses the integrated Rirposes.

proach to the study of coastal areas, where they The coastal area is valuable for using
are considered as an integral part of urban spacgyem for urban purposes.

Key words: coastal spaces, waterfront area, \yhen planning city decisions, located on

coastal landscape, water front of the city. the shores of large bodies of water, people

tend to bring them to the downtown and resi-

dential development, create embankments
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which serve the city decoration, place wat¢ Recently, the widely used term "coastal
near large planted area. Beaches, recreatzone" or "coastal area". They are not strict
and sports water facilities are located on ttuniform concept. For the boundaries of coast-
banks of ponds [6]. al areas on the coast and the sea in different
In the current situation the deindustrializecountries and in different disciplines used
tion of cities and perception of nature as edifferent principles. For example, the width
integral part of the human condition, thiof the coastal zone in different countries var-
guestion the role of water space in the struies from tens of meters to hundreds of miles
ture of the city, related to the importance cand difficult to detect that definition, which
cross-border regions between "natural’ aris most common. Also important to highlight
"artificial” is an important aspect of urbaran optimal allocation principle of the coastal
planning. territory.
According to the main trends of the
coastal areas of the city we can talk about
PURPOSE OF WORK them as about areas with specific economic,
social and environmental resources in the
The purpose of this paper is to define trurban structure. Question of worsening of the
basic principles of coastal areas of big citieecological situation in the cities that deviate
and show that for the time being there is neifrom the standard indicators, requires a solu-
to move from individual development oftion. The level of air pollution, lack of green
coastal areas and landscapes (parks, eareas needs to revise the approaches to
bankments, harbors, etc.) to programmircoastal areas creation, which first of all, must
and complex concepts that take into accoucomply with the requirements of people.
the basic issues of coastal areas of big citie:  Objective factor in building urban land-
scape is the size and configuration of the
area.
MATERIALS AND METHODS Use sculpturesque properties of natural
factors areas, conservation of landscape ar-
Research of coastal areas of big cities aieas, additional planting green space can cre-
their development should be done through ate a coherent system of green spaces and
comprehensive use of the historical, cartiwater that contributes to the formation of in-
graphic, statistical and comparative analysitegrated architectural expressional urban en-
allowing identifying patterns of developmentsembles.
In today's urban planning major role is
dedicated to ensemble, not a separate build-
RESULTS AND DISCUSSION ing. Therefore, designing new embankments
or their parts, must take into account the
The role of the embankments in the city ioverall architectural and spatial ensemble of
complex and versatile, so comprehensive sthe whole embankment.
lution to all issues related to its establishme It's advisable to create accents for circuit
and operation, is particularly important [4]. prospects of embankments on their ends that
Embankments are space-planning corgive the completeness and architectural ex-
plexes near water bodies that occupy lar(pression to the embankment.
urban areas. They are directly connected wi It's important to take into account pano-
urban development, and water area. Erramic perception of the city extended through
bankment complex includes community fathe water surface both the opposite bank and
cilities, natural or artificial coastal landscapethe water. On the banks of narrow rivers spa-
as well as underground and above-grourtial development should be used for creating
engineering, communications and equipmegreen margins, gaps, organizing various

[4].
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transversal perspectives, enriching the archareas. In walking alleys, the greenery is usu-
tectural composition of embankments. ally placed on the inside of the mall.
Depending on the size of water space and Berths, stairs to the water, parapets,
its shape, location, length of embankmerfences, rotunda and benches, decorative
and its functional content itself coastal aresases which are harmoniously inserted and
may look like boulevard with landscape garartistically executed are to replenish the ar-
dening or type a regular grand esplanade. chitecture of embankments, giving them pic-
If embankments are converted into tranguresque identity. Stairs with sightseeing
port arteries, they must have a protectivplatforms not only connect the walking mall,
dense greenery of the residential area. Thelsgd at different levels of the slope or com-
conditions should take all possible measurdsne embankments with water, but are by na-
to ensure that this forced decision has a nture of embellishment of embankments.
nimal effect on the coastal landscape, and The picturesque embankments have a ma-
eventually use mainly embankments for lejfor impact in creating a unique identity of
sure of urban residents. coastal cities. They are paid special attention
Improvement of embankments involveslso because they are favorite walking place
creating pedestrian alleys of areas for recrefor citizens and in resort cities - tourists, be-
tion, playgrounds, squares, parks and bouleeming essentially a well-ordered city recrea-
vards and improvement of road transportion park.
landscaping and lighting, laying of under- Please note that in forming marine city's
ground utilities, installation of protectiveskyline the length of the coast, its outlines
drainage etc. contribute greatly on its perception from the
The main role in the design of embanksea.
ments is given to green spaces. Planting of Concave configuration of the terrain al-
greenery in embankments is performed witlows perceiving dominants in expanded form
the maintenance of existing mature trees andth both water and land, convex - right op-
shrubs in rows, individual trees or groups gbosite - reduces visibility. The steep hilly
free shapes so that trees do not interfere witloast makes panorama of the city diverse and
panorama of the water reservoir, but ratheraturally divided into spatial components.
emphasize the openness of perspective on tdainlines, approaching embankments, or-
water surface. ganize access to water of residential areas
The conditions for a short rest and walkand architectural planning connection with
in the green near the water have to be creesidential development.
ated, where you can enjoy the most expres- Boundary space is an integral part of the
sive picturesque panorama of the urban landreation of waterfront zones of cities.
scape. While selecting green plants the heigtBoundary spaces" is a natural dominant
of trees and shrubs, their shape, the color @fver, bay and sea), industrial area, office
leaves and change its color at the time of fland residential buildings, transport infrastruc-
wering should be taken into consideratiorture in all parts of the embankments [9].
The range of trees, shrubs, flowers and their "Water front" is also very important con-
composition in combination with lawns,cept for coastal zones of cities. This part of
small architectural forms can be most dieity faces or borders by water: river, lake or
verse. Lawns and flower gardens are widelsea. Urban areas along the banks of large bo-
used in the design of obligue embankmentdjes of water can be divided into the follow-
creating a thick green carpet of bright spotsg functional areas:
flowers. 1) on the embankments used as recrea-
When planting the greenery on embanktion, parks, gardens, sports facilities are cre-
ments the orientation must be taken into comted- to support favorable ecological condi-
sideration. On the embankments, which at#ns in the urban environment. Green plants
facing south, it is necessary to create shadeatk placed on the embankments considering
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the overall architectural and planning deci- 2) two-stage and multistage embankments
sions for territory, which depends on theare build, based on engineering and eco-
functionality of the embankment, its shap@omic reasons. Embankments should be pro-
and size, construction of coastal slopes amided tiered shape with vertical walls or a
retaining walls. They are placed symmetricombination of the bevel and the wall that
cally on the sides of the roadway, or asynfertified or landscaped with stone having a
metrically usually dominated landings, comslope of 1:1- 1:1,5 [6].
pletion boulevards directly from the side of A broader intermediate level offers spaces
the water; for lingering be the waterside and temporary
2) traffic use of the embankments is neaises such as summer cafes. This element,
essary to ensure access to social and furfrequently used over longer sections of a
tional business or industrial zones, located wiver, is conceivable when space is limited.
the coastline; The divisive character of a vertical riverbank
3) residential embankments are designdd ameliorated and the flood area is improved
to ensure communication with the waters dfy broadening the cross-section [13].
residential development, which favorably A staged transition to the water over sev-
affects the psychological and physical healtéral broad terraces usually permits several
of people; users to coexist. The design emphasizes the
4) public embankments, which include thewofold function of this area, on one hand
structure of public buildings of different des-access to the river and on the other an inter-
tination: administrative, sports or any otheesting recreational area beside the river. To
buildings and structures; develop its effect fully, this approach is suit-
5) industrial embankments which are loable for longer stretches of a river. A gradual
cated in large industrial areas and include #ransition to the adjacent urban space can be
its structure factories, manufactures warereated, without a perceptibly hard border-
houses and other areas [14]. line. Broad riverbank steps create public
Classifications of embankments are alsspace beside the water, offering direct con-
defined by their configuration and interactionact with the river at various water levels. By
with water area: opening new sightless they can achieve strik-
1) compact organization of embankmenihg connections between the urban surround-
space is determined by the effect on watétigs and the river. Diverse structuring of the
reservoir area, which surface exceeds consisteps enhances their various functions as
erably the length of the coastline and speamovement spaces and pleasant places to lin-
fies a functional orientation for coastal area; ger, similar to the tiers of a sport stadium
2) the linear configuration of the em-[13].
bankment is more common for linear cities The combination of upper and lower em-
and has a small difference of its length withhankments creates a wonderful game of con-
an area of territory that affects its space. Theasts of environments if they are allotted dif-
coast line type has a focus and often peferent functions.
forms a certain function; However, when constructing territories,
3) batch water development is focused othe question of economic feasibility is a key
cooperation of individual sections of coastene [3].
line, due to territorial or functional zoning. When designing or remodeling coastal ar-
Depending on the horizon and boundargas certain principles of zone creating, are
waters and high altitude embankments are: used, helping to make architectural environ-
1) the single-stage - these embankmenisent more comfortable for human beings in
are arranged at the height of the watt 5,5 it.
m. Higher walls are inappropriate for build- Among the main principles of coastal
ing from architectural point of view [1]; zones are:
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1) the principle of humanization of thef
space environment; ‘

2) the principle of parity of artificial and
natural components;

3) the principle bio positive spaces [15]; b

4) the principle of creation a single water,
green frame (ecological frame of the city);

5) the principle of architectural and plan-
ning solution "approach of the city to the wa *

ter" [9]; gl g
6) the principle of aesthetic harmoniza: &
tion; e
7) the principle of the city environmental = -

sustainability; , . Fig. 1. The principle of humanization of the
8) the principle of investment attractive-space environment. Cheonggyecheon river linear

ness [3]; park, Seoul, South Korea
9) creation of innovative urban-art image
(innovative ultramodern city image) [5]. Creation of equipped places for people

The principle of humanization of the space  staying at the coastal strip (pad recreation,
environment (Fig. 1) means the implementaseasonal service centers and children’s play
tion of the principle of philosophy, which isspaces) could help reactivate the embank-
based on respect for people, caring for thements landscape, implementing their unique
and their belief in the great potential for imnatural resource.
provement. In general terms, it is about hu- The most powerful way to create a com-
manizing when the focus of all activities iSortable environment is a landscape im-
given to the person and its needs [2]. Duringrovement. Cultural development of effective
the process of humanization of the space eRmndscaping of coastal areas is extremely im-
vironment, so it is meant to achieve important for big cities.
provement of physical, psychological and The forms of vegetation used to solve
spiritual comfort for human in both artificial sych issues: linear structure of coastal sys-
and natural environments [11]. tems, creation of separate visual barriers,

The transformation of social and ecoemphasis of ceremonial areas, scaling of en-
nomic conditions leads to changes of the rolgronment depending on the nature of space.
and place of human in the modern world. Thehe transition to a consistent replacement of
variety and rapid change of the needs of dibld with new plantings of vegetation is one
ferent social groups in organizing of theibf the options for coastal areas restructuring,
material and spatial environment are thgycused on building of effective natural
main reasons for creating modern city-builgrame. It is appropriate to create multilevel
objects for civil purpose [7]. All this deter-frame with green plants (trees, shrubs,
mines the need to review the existing amushes) in coastal and adjacent areas.
proaches of architectural and landscape crea-For the perception of architectural envi-
tion of coastal areas of city. ronment as an extension of the natural using

of natural materials such as natural stone and
wood are needed.

This applies primarily to embankments
bevels and berms surface treatment, shore
strengthening constructions that are in close
visual and tactile contact with people. Espe-
cially wood has great humanized possibilities
[11].

59



MYKYTA HUSIEV

Demonstrative practice of coastal areas The principle of bio positive space (Fig. 3)
creation in all major cities of modern worldprovides maximum inclusion of natural in-
shows that natural materials are used widelredients in the framework of reconstruction
everywhere. and new spaces designed by coastal spaces

Humanization of coastal spaces is also aand respect for the existing natural resources.
sociated with "the concept of sustainable dd&io positive spaces principle is the founda-
velopment» (sustainable development) [8] dfon and basis for enhancing the role of natu-
cities which is actually becoming popularal frame in refilling of coastal spaces and is
due to signs of crisis which can be observetie preferred choice for the natural compo-
in relations between human and environmenents for the purposes of ecological renova-
While the elements of nature are inserted imon and new urban embankments [17].
the urban landscape and when the visual andA significant role is also given to the re-
functional transformation is dedicated to ingeneration and renovation of postindustrial
crease the level of comfort this should not beoastal areas.
limited by external order and decoration only
[11].

The principle of parity of artificial and
natural components (Fig. 2) consists in equal
use of natural and artificial elements in theg & .
design, reconstruction and regeneration @&
coastal areas of big cities. Using both syrg&s
thetic and natural ingredients provides th
most harmonious habitat for humans.

. T— 4
- \i & '*
- b

-

nH

Fig. 3. The principle of bio positive space. 723 E
Ashby PI, San Antonio, Texas, USA

The principle of bio positive space implies
for architecture the need to improve energy
efficiency of buildings and structures within
the coastline and the use of alternative energy
systems, economic lighting (increase of natu-
ral light due to light scattered by the internal
Fig. 2. The principle of parity of artificial and surfaces of the building).
natural components. Jack Evans boat harbor, It is essential introduction to architectural
Coolangatta, Brisbane, Australia concepts theory of "green buildings plastics»

(green architecture) [12] and ecological con-

Application of means of architecture intesstruction.
gration and landscape art (in the structure of Aesthetic harmonization principle (Fig. 4)
the coastal space) is based on environmenigloriented to improve perceptions of visual
and semiotic approach. quality of the coastal environment in order to

The principle of parity of artificial and achieve unity of composition of buildings,
natural components destined to ensure enyjreen space systems, means of visual orienta-
ronmentally sustainable and identically vistion, small forms, etc.
ual field with an optimal ratio between the The using of this principle allows ensuring
architectural and natural components. of historic preservation and conservation of
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the "spirit of place" in large cities all over theter front of the city and maintaining ecologi-
world. cal balance" [19].

Reducing of the number of potential
sources of environmental stress (industry and
transport) in the structure of the waterfront
area is a priority direction of urban develop-
ment. Reducing the anthropogenic impact on
nature and human beings is directly related to
the improvement of environmental coastlines
quality. The modern city can’t be considered
humane environment in case if it doesn't use
all measures to reduce the negative impact on
the biosphere.

Fig. 4. Aesthetic harmonization principle.
Ipswich River Heart City Parklands, Ipswich,
Brisbane, Australia

Creation a single water-green frame (eco-
logical frame of the city) (Fig. 5) is an inte- |
grated approach to the design of the coast
area of cities and shows that these areas &
tied very closely economically and sociall
with the city itself.

Fig. 6. The principle of environmental sustain-
ability. Saint Martin channel, Paris, France

City planning coastal development is an
integral part of environmental safety of the
city [18].

Functional organization quality of the
coastal areas of big cities do not fully meet
the basic requirements of a modern, ecologi-
cal safety, comfort space, aesthetic appeal in
terms of contact of urbanized environment
with the natural landscape. Due to the growth
of cities — especially big ones, special atten-
Fig. 5. Creation a single water-green frame (ecdion should be given to natural complexes of

logical frame of the city). Madrid Rio Landscapecoastal zones, as their reducing under the
Arganzuela, Madrid, Spain pressure of urbanization leads to the need to

create methods and guidelines for the main-

The principle of environmental sustain- tenance of the environment at the city plan-
ability (Fig. 6) is dedicated for creation ofning level [10]. The creation of a single wa-

"conditions for sustainable city developmenter-green city frame as a basic planning mean

feasibility for high environmental quality of to ensure ecological balance of the urban en-

coastal areas, renovation (restoration) of waironment foresees maintenance and creation
of significant natural areas in the structure
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coastlines performing recreational, environ- With the development of coastal areas, it

mental and health related functions. is important to understand that their func-
Architecture and planning solution of "ap-  tional saturation must meet the needs of citi-

proach of the city to the water" (Fig. 7) is an zens, justify costs of investors and not to de-

important principle of planning coastal areastroy the environment.

of big cities. It is primarily based on transport

and economic aspect of the city.

Fig. 8. The principle of investment attractive-
ness. Nyhavn, Copenhagen, Denmark

Fig. 7. Architecture and planning solution of "ap- o _ _ _
proach of the city to the water". East River Park, 1he princ ple.of creation of innovative ur-
New York, USA ban-art image (innovative ultramodern city

image) (Fig. 9)consists in creation of a water

The principle of investment attractiveness front and embankments prospective and
(Fig. 8) consists in the most efficient and sussoastal areas.
tainable using of coastal resources, assumingA new urban sprawl is normally devel-
encouragement of investments to in order fped, spatially following in a linear direction
change the properties of adjacent areas to thiem the coast. This phenomenon is a direct
level which will ensure their profitability. effect of the improvement of transport sys-
Clarification of legal aspects that make théems, the increase of living standards and the
basis for encouraging of investments at varimportance of tourist activities and has led to
ous levels can ensure the appearance of addégative effects on coastal biodiversity, a
tional resources for focused and economsteady increase on demands for water re-
cally justified development of urban coastsources and an increase of waste production
lines [16]. and pollution.

Coastal zones are the ones the most ex-By including coastal zone issues in the
ploited and attractive investment areas due tity’s development plans, an integrated ap-
its rich historical resources. Domestic angroach could be generated taking into ac-
foreign experience of cities "near the watertount all the essential matters for the
can distinguish two types of coastal spac@chievement of effective policies for both
first - an industrial or commercial zone, bertltoastal/marine and urban activities.
for water transport; secone beach and
walking park, full of comfortable seating and
IS a picturesque street, which hosts various
cultural events. As a rule, the cities with "wa-
ter front" combine both functional loading of
the coastal zone, distinguishing them geo-
graphically.
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planning; disclosure of modern luxury devel-
» opment to the river or artificially created har-
' bor, etc.

CONCLUSIONS

. The coastal area of the city is one of the

most attractive areas for humans; they need a
complex approach in order to solve specific
issues and problems that have been formed
over a long period of time.

Urban areas along the coast can perform
Fig. 9. The principle of creation of innovative différent functions - an embankment func-
urban-art image (innovative ultramodern city im{ion, used for urban parks and recreational
age). Crimean embankment, Moscow, Russia areas; waterfront function that is only used

for commercial or transport purposes. The

Analysis of the cities that have their waissue of zoning of coastal territories is very
ters-rivers, lakes coast, bays, sea allows setaportant according to these types of em-
regating of two main issues of urban landeankments for the correct and harmonious
scape and coastal areas creation: functioning of each of them.

1. Functional development of embank- The issue of spatial and functional correc-
ments. Contradictions in appropriate function of the urban environment is an important
tional applicability of coastal territory on issue to create the coastal areas of big cities
the one hand industrial and commercial aré@s Well as environmental rehabilitation of
of the city - a place for freight and passengé©astal zones in big cities and ergonomic and
water transport; at the same time the en@esthetic harmonization of architectural and
bankment is a walking zone. landscape environment of coastal areas of big

There is a task to create for pedestrian§ities.
chamber and cozy environment of coastal
areas: pedestrian zone, running zone, cultural
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Summary. The problem of possible combina-activity. Complex geotechnical natural and
tion of soil base substantial differential Sett|eanthropogenic conditions which result in
ments and seismic action is characterized. Ttgypstantial differential settlements of base
theme is extremely urgent subject to S'gn'f'ca’(SDSB) are widely spread too. They include
negative influence of soil base substantial diﬁe‘slumping soils. undermined territories. karst
ential settlements evolution on the constructio P . ’

and other suffosion kinds, creeps, new

system seismic stability. The article’s aim is t(b iding infl tc. Combinati : h
consider features of such influence. The consiPUldiNg Influence, etc. Lombinalion of suc

ered spectrum of the influence aspects include€Omplex influences is natural and common.

initiation of a complex stress-strain state, whic Thus, the protection of constructions affected

loads additionally structural system when seism by such combination is relevant.

loads are emerging; reduction of the structur. Both earthquake and substantial differential

system energy capacity to take and absorb tsettlements of base create significant load
seismic vibration energy; abatement and ruptuinfluence on the construction system and

of seismic stabilifty elements in the constructio respective stress-strain state (SSS) with a high
system; substantial change of a dynamic analy gy of the constructions or all system collapse.

Ciferential setfements oucurtence before eart 2N Into account its extreme hazard, it s
logical to consider a possibility of such

guake is selected for being studied as the mc. L
influences combination.

probable and destructive. Design procedure f ) .
construction systems under combination of sc AN increased complexity of research and

base substantial differential settlements influencconsideration of SDSB and  seismic
and seismic action on the basis of capacity specombination results, as a rule, either in all-out
trum method proposed by author is shortly intrcremoval of SDSB causes (typical of West
duced. Europe or North America) or in avoidance of

Key words: differential base settlements,prob|em consideration by a standardized
seismi_c action, combination, construction systernegation of such combination possibility
capacity spectrum method (typical of the post-Soviet countries).

Individual attempts of studying seismic and
different SDSB kinds combination occur on
the exSoviet Union territory, for example,

Large areas of Earth's surface are papers [I- 5 et al.]. Series of studies 59 et

characterized by significant seismic hazanal']' which had been performed by Ukrainian

that is basically associated with a tectonit,zonal Scientific and Research Design Institute

INTRODUCTION
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of Civil Engineering (KyivZNIIEP) from SDSB high level involves abatement and
1982 to 2009 with interruptions, was the mosrupture of seismic stability elements including
thorough. This series was started for thithe reduction of overloaded structure elements
purpose of developing protection methods farigidity with efforts redistribution in the
buildings in the slumping soils conditions of construction system.
Odessa seismic region. Eventually, the ranc Plastic  deformations and  ruptures
of problems had thoroughly been highlightedaccumulation in the construction system and
the series of substantial differential basiprobable residual changes in the soil base
stiffness influence effects on the buildingrigidity distribution may cause a substantial
seismic reaction had been revealed and ttanalytical model change.
propositions for building analysis and Three variants of the seismic and SDSB
resistance in the slumping soils conditions itcombination are theoretically possible: SDSB
seismic areas had been suggested. Howeveloccurrence before earthquake; earthquake
great number of questions and problems, fcduring the active phase of SDSB; SDSB
example, consideration of other SDSB causeinfluence after structural system abatement by
taking into account a standardized prohibitiorseismic loads. The first variant is the most
of peculiar (abnormal) influences probable and destructive, because earthquake
combination, applied engineering analysi¢probability during the active phase of SDSB
methods development, more solid theoretici(the largest duration — up to 1...2 years till
substantiation of the problem and its solutionscomplete attenuation), all the more its peak, is
etc. remained unexamined. In this connectioconsiderably less. And SDSB influence after
the author conducts a complex of studies tearthquake applies “only” to risk of their loads
solve the above problems (some results aon damaged buildings until their repair or
presented in the article). dismantling completion.
Damage and rupture of building structures
and elements responsible for seismic stability
MATERIALS AND METHODS (main  wall's sites, reinforced-concrete
inclusions of walls, beams, columns, nodes,
The article’s aim is to consider SDSBetc.) are the most apparent effects of SDSB
features influence on the building structurainfluence. These effects initially drew
system seismic stability. Methods of build-attention to the problem of base deformations
ing literature analysis, inspection of existinginfluence on construction system seismic
buildings, modelling in bundled software, stability, specifically, damages of residential
theoretical analysis, quantitative and qualitaand other buildings by slumping of soil base at
tive data handling are applied in researclthe South-west of Odessa region in Ukraine or
whose results are introduced in the article. in countres of Central Asia, which are
considired in research works [$013 et al.].
Typical example®f damages in walls of ma-
RESULTS AND DISCUSSION sonry buildings are representedrig. 1.
The conclusion about causes of revealed
Sources analysis and the author’s researibuilding damages was made on the ground of
have shown the following features and effectanalysis of cracks allocation and trajectories
of SDSB influence on the building structuralaround sites of base slacking and availability
system seismic stability: of SDSB evolution causes. Cracks allocation
Initiation of complex SSS, which in this case correlate good with generalized
additionally loads the structural system undetable of deformations variants in Fig. 2 [14].
seismic effects.
Reduction of the structural system energy
capacity and ability for taking and absorption
of the seismic vibration energy.
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Fig. 1. Damages of buildings bearing walls in

seismic areas by substantial differential d

settlements of soil base

Reduction of rigidity in the construction
system and, as a result, increase in natur
vibrations periods and change in its modt
become obvious consequences of plasti
deformations and damages in bearin
structures. Residual slacking of the soil bas

for example, by a stable high level of subscFig

water or sluggy formation may also lead t
such effect. Numerical effect of the natur
vibration period increase resulting fromr
rigidity reduction of elements in the dynamic
design model generally obey the well know

law: T=2/m/M /K . That is the system
natural vibration period increase is directl
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proportional to square root of the system
overall rigidity reduction. Influence of
construction system slacking goes down by
soil base suppleness influence when rigidity of
the base is taken into account (that is
particularly important for the rigid buildings
with low natural vibration period).
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. 2. Kinds of cracks allocation in masonry

walls and causes of their occurrenae:
soil base slacking under the building
midsection;b — soil base slacking under
the shorter side of a building; — hard
spot in soil base under the building mid-
section;d — stepped soil base slackirey;

— different pressures under attached
building blocks
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According to the author's numerousof numerical experiments in software package
experiments, SDSB occurrence causeLIRA-SAPR with models of building with up
reduction of general rigidity in masonry rigid to 10 stories height (Fig. 4) were made. In the
building construction system up to 30% (dowr process resulting dynamic parameters were
to 70% from starting values) due to theircompared for the models with and without
slacking and relevant increasing of summar slacking of soil base.
periods of the natural vibration basic form up
to 15% (subject to soil base rigidity). To that
end nonlinear analysis was used by thi
principles of the capacity spectrum methoc
(CSM) [15], specifically, generalized formulas
for single degree of freedom (SDOF) system:
(Fig. 3) were used for building slacked by
SDSB influence.

Fig. 3. Transformation of dynamic multiple de-
gree of freedom (MDOF) system to single
degree of freedom (SDOF) system

Slacking of certain masonry constructions
as a result of overloads or damages by SDS
and seismic influence, in spite of a final
collapse absence, reaches according
experimental data (for example, in [16])
increasing of period of the natural vibration
basic form 4 times (2 times in average), an
rigidity (which determines dynamic behavior
and effect in general system) goes down t
10% of the initial values according to Fig. 4. Examples of building models for studies
calculation data. of influence of residual reduction of soill

As regards a residual reduction of soil bas base rigidity after SDSB evolution com-
rigidity after SDSB evolution completing pleting
(except sluggy formation), numerical studies
indicate that a significant (more than by
10...15%) increase of periods of the nature
vibration basic form occurs in low-rise rigid
buildings during reduction of soil base parts
rigidity down to 65% of the initial value. With
an increased building flexibility and for the

Determination of laws of changes in
rigidity and periods of buildings natural
vibration in general and of their individual
structures depending on damages development
enables to estimate a degree of damage and
slacking of various parts of the “building-soil
base” system on the bases of measured

upper vibration forms the influence of suct q o ch teristi I 0 locat
slacking is substantially lower or is practically@YNamic characleristics, as well as 1o locate
areas of their development.

absent. For detection of such regularities serics
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On the grounds of features of under loarstresses in this case may rise up to 2 times (by
materials (except perfectly brittle) deformatior commensurability of vertical and horizontal
diagrams it is commonly known, that rigidity shear forces of sidesway).
reduction in constructions is sign of their For example, a significant efforts increase
active or occurred before (with partial damagin some frame constructions elements by
of material structure) overload. It can be alsiadverse variant of combination of shear
non-mechanical damages by a chemical (sidesway  forces directions occurs.
biological aggression, freezing-defreezin¢Particularly, efforts increase for shear forces
cycles and other occurrences [17 — 19]. Thesand bending moments in some elements
occurrences affect on constructions, as a rulamount to 1.5...2 times. The most expected
in the form of cross-section loss, innervariants of  construction  destructions
damages and material microstructuredepending on its features are: by eccentric
disruption. All of that are origin of compression of columns; bending or bending
construction rigidity reduction too. Thus in- with tension of beam; by shear force in beam.
situ measurements of dynamic characteristic For flat wall constructions adverse variant
of construction system and their elements aiof combination of shear sidesway forces
universal method of technical state assessmedirections involves the occurrence of:
and have gotten certain development i- increase of shear stresses up to 2 times;
practice of inspection and monitoring of- increase of normal stresses in the central
buildings and structures [16, 20 — 23]. It i zone approximately to 2 times;
important in this case to have base values - additional boundary normal stresses by
dynamic characteristics based on initia bending action in the vertical direction.
measurements or analysis of building with ou In this case the most expected variants of
accounting of damages and defects. construction destructions depending on its

Application of dynamic characteristics features are: by normal tension stresses in the
monitoring also can be utterly effective forboundary or central zones for a material with
estimate of reduction of seismic stabilitylow tension strength; by normal compression
(resistance) of structural system damaged tstresses in the boundary or central zones (as a
both earthquakes [16, 20 — 23] and otherule, exceed modulo of normal tension
influences, including SDSB. Series ofstresses); by shear stresses in the central zone.
calculations has to be done for quantitativi One of the seismic analysis features is
estimation of extent of structural systemrallowance of significant plastic deformations
seismic stability reduction by SDSB, for and controlled construction damages. Positive
example, with application of CSM. As aeffect by plastic deformations consists in
result, generalized numerical laws betwee absorption of seismic vibration energy by
increase in natural vibration periods ancrelevant destruction of material
seismic stability reduction of different kinds microstructure. According to Ukrainian,
structural systems will be determined forRussian and other post-USSR countries
estimation of extent of structural systerrbuilding norms such effect is allowed by
seismic stability reduction by SDSB. reduction coefficient of admissible damages

It appears that efforts and stresses by SD<for seismic forces (as a rulg < 1 [24]).
(residual) and seismic combine with eactPhysical interpretation of this coefficient can
other and bring to a substantial increase ibe presented on the base of Fig. 5.
their level in comparison with separate effec Determination of the admissible damages
of the influences. Overall load-bearing effec coefficient k and other similar factors which
by such influence on partial sites of verticadescribe the ability (capacity) of seismic
bearing elements of construction systems cevibration energy absorption for construction
be described as sidesway in two directionssystem under SDSB influence is a separate
vertical and horizontal. Theoretical numerica problem. However, on the one part, there
experiments show that level of efforts ancdevelop plastic deformations and construction
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material local damages, which reduce enercSDSB evolution completing can be corrected)
capacity of the system. On the other part, dumust be used except sites with loss of contact
to SDSB prestressing and local damages ttbetween soil and underside of foundation.
evolution a yield point stress (forcé) for These sites have to be determined subject to
horizontal shear forces perception decreasecreep of construction system materials
This combination generates conditions for thi(directly or indirectly). Multiplied dynamic
lack of fundamental changes of the systerrigidity of soil base have to be taken into
ductility and coefficient k For example, both account by appropriate coefficients of rigidity
values Py and P in the formulak; = PJ/P. or by generation of soil base finite elements
decrease. Indirectly, this effect is confirmecmassif.

by lack of the coefficienk; variation in the

norms for equivalent type construction 4
systems by the same level of seismi = S I
influence, though specifications of specific
constructive solutions for the same type ma
be numerous. Thus, standard set of th B o --_
admissible damages coefficiekisand elastic

coefficients (of yielding)u can be used for “’E_
seismic analysis of construction systems unde | -
SDSB influence. ¥ ¥
Design procedure for construction systerr a
under combination of SDSB influence an A

seismic action on the basis of CSM wa
proposed and then improved by author.
involves following stages:

- Generation of construction system nor
linear model with accounting of soil base (it
rigidity or massif of finite elements). Creep o
materials isn’'t taken into account except cas
of its significant influence on change of
construction system design model.

- Stepwise application of static loads
according to norms for seismic analysis.

- Preliminary seismic calculation of
construction system without SDSB influence
Main result — diagrams of CSM and seismi
spectrum ir§,— §(ADRS) coordinates.

- Non-linear analysis on the most likely
variants of SDSB influence. It is performed by
special stepwise loading (by displacements ¢
equivalent forces) or by soil base rigidity
changing.

- Determination of horizontal seismic dy* dy
forces allocation (vibration modes) is C
performed by spectral method. Analysis mus
be done for independent orthogonal horizont:

-
d*

* - e

Fig. 5. Energy by: equivalent elastia)(and elas-

axes of building, in the line of which rigidity tic-yielding () behavior of system
and stability of construction system can b (W,=W,); CSM diagram constructior)(
considerably different. In this case stabilize Indexes:e denote elasticy denote yield-
rigidity of soil base (base characteristic afte ing
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- After determination of horizontal seismicaccounting for 6 points) can be used for rigid
forces allocation they are imposed in norbuildings by SSS analysis of their walls (or
linear model after SDSB influence (SDSEother similar braced systems). Level of
postaction is allowed). Total value of seismiseismic load vertical component is estimated
loads has to be assumed “with reserve” fiby preliminary analysis of building under
obtaining of collapse of construction systenmhorizontal seismic loads. The vertical
By stepwise application of seismic loads it icomponent in non-linear analysis is specified
necessary to determine floor displacemerby separate loading, which is simplistically
with its following converting in the generalimposed before horizontal seismic or
equal spectral displacemeft for SDOF with specifically stepwise in breaks of horizontal
floor masses and seismic forces. Theseismic. After such correction by additional
appropriate  spectral acceleration§, is loading analysis of horizontal seismic loads is
estimated. Overall result must be generated carried out repeatedly and for refinements of
the form of CSM diagrar,— S;. preliminary results.

- Plastic deformation’s horizontal branch o
CSM diagramS, — & (from limit of liquidity
point a;) can be made on the basis c CONCLUSIONS
experimental data. Also allowable by norm
limits of elastic coefficients (of yielding) and 1. Despite a widespread disregard of the
limit constructive floor sidesways (withoutproblem of possible combination of soil base
additional rotation by soil base rigidity) can beubstantial differential settlements and seismic
references for the horizontal branch oéction that is observed in regulations and
diagram. Before this it is important to converpractice, this theme is extremely urgent subject
CSM diagram to the bilinear form and tao significant negative influence of SDSB
estimate limit of liquidityar. evolution on the construction system seismic

- It is necessary to choose the most likely (tstability.
predictable building seismic stability) peak 2. The considered spectrum of such
level of seismic influence spectrum accordingnfluence aspects includes: initiation of a
to area seismic hazard for searching of crosemplex stress-strain state, which loads
point of CSM and seismic influence spectruradditionally structural system when seismic
diagrams inS, — S coordinates. Selectedloads are emerging; reduction of the structural
diagram of seismic influence spectrum can ksy/stem energy capacity to take and absorb the
corrected subject to calculable buildingeismic vibration energy; abatement and
features. rupture of seismic stability elements in the

- Reduced diagram of seismic influenceonstruction system; substantial change of a
spectrum is made corresponding o Final dynamic analytical model.
cross point of CSM and reduced seismic 3. The version of SDSB occurrence before
influence spectrum diagrams is generated.  earthquake is selected for being studied as the

- If necessary, vertical component ofmost probable and destructive.
vibration is estimated by spectral method 4. Design procedure for construction
according to norms subject to changing obystems under combination of SDSB influence
construction rigidity by SDSB influence andand seismic action on the basis of CSM
to capability of loss of contact between soilproposed by author is shortly introduced.
and underside of foundation (these sites have
to be determined subject to creep of
construction system materials). Simplifiec REFERENCES
accounting of the vertical component by
addition or subtraction of portion of vertical 1. Instructions of projecting of non-frame residen-
static loads (15% for 7 and 8 points of tial buﬂdmgs, _Wh|ch are bUI|'t with .comple{( of'
earthquake intensity, 30% for 9 points and no protective actions on slumping soils in seismic
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fibre reinforced polymers (CFRP). 1st ECEES PaccMOTpeHHBIH CIEKTp HamlpaBlICHUI BO3-
Geneva, paper 634. NCHCTBHS 3HAYUTENIBHBIX Aedopmanuii OCHOBa-
22.Savin S.N., 2011Results of dynamic monitor- aust Ha CeHCMOCTOMNKOCTh BKIIFOYAET: CO3JaHHE
ing of long span precast concrete constructior cnoXHOro HanpsHKeHHO-1e()OPMUPOBAHHOTO CO-
Building constructions, Kyiv, NDIBK, Vol. 74, crosuus, ¢ IOIOIHUTEIBHBIM IOTPYKEHHEM

b. 2, 424-432 (in Russian). KOHCTPYKTHBHOM CHCTEMBI TIPH CEHCMHUYECKOM
23.Buildings and constructions. Rules of inspecBo3aeiicTBuy; yMEeHbIICHUE YHEPTETHUCCKOH eM-
tions and monitoring of the technical conditionkocTn KOHCTPYKTHBHOW CHCTEMBI AJISI BOCIIPH-
General requirements: GOST R 53778-201 satust v MOTJIOMIEHAS YHEPTUH CEHCMHYECKHUX KO-
2010 Moscow, Standartinform, 90 (in Russian) ne6anmii; ociabiieHre U pa3pyIlIeHIe dIEMEHTOB,
24. Construction in seismic regions of Ukraine: otBeyarommx 3a pasHbIe acIeKThl CEHCMOCTOM-
DBN V.1.1-12:2014,2014. Kyiv, Minrehion xocTu KOHCTPYKTHBHON CHCTEMBI, BO3MOXXHOCTD
Ukrainy, 110 (in Ukrainian). CYIIIECTBEHHOTO M3MEHEHMs IUHAMUYECKOM pac-
4eTHON cxeMbl. TeopeTnuecku BO3MOXKHBI 3 Ba-

pHaHTa COBMEIICHHS BO3JCHCTBHI HEpaBHOMED-

OCOBEHHOCTU BO3JIEMCTBHAI HBIX AcopManuii OCHOBAHUS M CEHCMHUKH. BO3-
SHAUUTEJIbHBIX HEPABHOMEPHbIX HUKHOBEHHE JedopManuii A0 3eMIeTpsceHus,
JIE®@OPMALINIA OCHOBAHHS 3eMJICTPSCEHUE Ha JTale akTUBHOW a3kl Jie-
HA CEMCMOCTONKOCTb KOHCTPYK- dopmanmii u neiicTBue mehopMauuii mocae oc-
TUBHBIX CUCTEM Ja0JIeHMS] KOHCTPYKTHBHOM CHUCTEMBI TIPH 3eMJIe-

Tpsicenun. Kak Hanbosee BEepOATHBIN U OMAaCHBII
AnHoramusi. OxapakTepu3oBaHa mpoOjemMa I paCCMOTPEHHUS B UCCIICIOBAHUAX BBHIOpAH Ba-
BO3MOJKHOTO COBMEIIEHHUS] 3HAYUTEIBHBIX HE- PHAHT BO3HUKHOBEHHS nedopMannii OCHOBaHUS
paBHOMEpHBIX AedopMaluii OCHOBaHUS M ceiic- A0 3emierpsaceHus. KopoTko mpencraBieHa
MHUYECKUX Harpy3ok. J[laHHas Tema sBISieTCS MpeNIOKEHHAs aBTOPOM METOJMKA pacyeTa KOH-
KpaifiHe aKTyaJbHOH 1O MPUYMHE CYIIECTBEHHOTO  CTPYKTHUBHBIX CHCTEM Ha COBMECTHOE [IEHCTBHE
HETaTHBHOT'O BIMSHUS, KOTOPOE OKA3bIBACT pa3- 3HAYUTENbHBIX HEpaBHOMEPHBIX AedopMauuii u
BUTHE 3HAYMTEIFHBIX HEPAaBHOMEPHBIX nIepop- CEHCMHKH Ha OCHOBE METOJa CIEKTpa Hecylueit
Manuid Ha CEHCMOCTOMKOCTh KOHCTPYKTHBHBIX  CIOCOOHOCTH.

cucteM. Llenpio cTaThu SBISCTCS PACCMOTPEHHUE KiroueBble cjioBa: HepaBHOMEpHbIC aedop-

0COOEHHOCTEN TAKOr'O BIUSIHUA. Mallid OCHOBAHHS, CEHCMHKA, COBMEIIEHHE,
KOHCTPYKTHBHAsI CUCTEMa, CIIEKTP HECYIIEH CIIo-
COOHOCTH.
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Summary. Dependence between radiuses of The existing assessment of planning solu-
curves of off-ramps and transport energy contions of crossings is defined by transport and
sumption within left- and right-turning directionsyggg expenses. Their value, substantially, is
of traffic of flyunder crossings with the engineeryefined by radiuses of off-ramps curves

ing and planning solution of “cloverleaf’ typep, _ ; : )
with the help of software system PTV VIS-SIMReSSfm(;/ﬁ)t' g}t trgilijsénse ;;mfdrsgslrgﬂagnﬁ'
is investigated. Optimum values, from the poin% i ft £ TE ?y
of view of minimization of energy consumptionCOnSump ion of transport flow (TF) as one o

of a transport flow, of their radiuses of curves arth€ indices of operation of transport is not
defined. considered. As within different types of

Key words: traffic flow, prediction model, Crossings impact o¥, on transport energy
transport energy costs, radiuses of curves, flyusonsumption is shown unequally, and on the
der crossings. same type of crossing energy consumption of

TF changes depending on geometrical pa-

rameters of crossing and value of intensity
INTRODUCTION and density of traffic of forward and turning

flows, for reasonable acceptancevgfwithin

Street and road flyunder crossings witlflyunder crossings (both on forward and turn-
complete and incomplete traffic junctionsng directions) it is necessary to conduct de-
depending on management of traffic and peail research. Energy consumption of TF
destrians’ motion and recommended refewhich values can be determined by means of
ence speedsVf) at left-turning off-ramps special computer programs shall be one of
divided into 5 classes [12]. Irrespective ofhe criteria for assessment of a choicevpf
junction class elements of left- and rightindeed in the conditions of considerable for-
turning off-ramps shall be calculated angign economic dependence of Ukraine on
assigned on the basis of recommendgdn suppliers of energy carriers (the import share
off-ramps [12]. Choice o¥, within flyunder in structure of deliveries of primary types of
crossings in each case shall be executed energy carriers in different years was equal
the basis of detail technical and economifom 53 % to 72% [10] energy saving in
calculations taking into account perspectivgansport branch acquires special relevance
intensity of traffic in all directions [7]. for general increase of economic efficiency

of national economy.
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MATERIALS AND METHODS widespread of which are AIMSUN, PA-
RAMICS, IHSDM, Emme/4, MITSIM Tran-
Optimization of radiuses of curves of off-scad, VISSIM, PLANSIM-T, AUTOBAHN,
ramps crossings with engineering and plafFRANSIMS, DRACULA, SISTM, INTE-
ning solution (EPS) of “cloverleaf” type from GRATION, FLEXSYT-II, SimTraffic 6 [1,
the point of view of minimization of trans-6, 17].
port energy consumption in their limits. In the articles of A.V. Kochetkov, M.M.
In the world of modern information tech-Bekmahambetov, A.V. Yatskiv, E.A. Yur-
nologies in planning and analysis of transpoghchevich., N.V. Kolmakova [1, 19] it is
systems of cities, implementation of differengiven a comparative assessment of the most
technical and economic calculations, improwvidespread software products for simulation
ing of traffic management and optimizatiormodeling on the major criteria for the analy-
of system of routes of public transport, etc. is of transport situations. If to enter indexes
IS impossible to do without instrument offor simulation objects and phenomena:
simulation (simulation modeling) by meansveather conditions (1); inspection for park-
of special computer programs. Their use img spaces (2); parked cars (3); specification
simulation modeling of TF dynamics considof engines models (4); commercial cars (5);
erably simplifies process of its study andbicycles and motorcycles (6); pedestrians (7);
control. Instruments allow us to visualizeoad traffic accidents (8); public transport
motion of each motor vehicle in the flow, to(9); measures for stabilizing of flows (10);
evaluate the effectiveness of decisions aimeliffusions of bunching (11); weaving of
at improving traffic management. flows (12); out-of-straight (13), possibilities
Recently, TF modeling in the transporbf software as for their accounting will be
network of the city is paid much attentionmarked in the Tab. 1 with symbol X. If to
Thus theoretical ideas of TF dynamics deenter the indicators designating the whole
velop generally in two directions. On the onsimulations according to Tab. 2, possibilities
hand, micromodels which describe certaiof software as for the accounting of these
specific situations of motion of motor vehi-purposes will be provided similarly in Tab. 3.
cles (MV) in the areas of transport network As a result, due to ease of use, polyfunc-
but which at the same time can't characterizmnality, high adaptability, ability to build
status of TF [4, 9] are considered. On ththe most detailed models which are closest to
other hand, there are many macromodels fogal for further research it is chosen the Ger-
description of TF dynamics which howeveman model of software family PTV VISION
aren't intended for analysis of motion of MMwhich combines full software package for
on certain specific areas of transport netwonlanning, analysis and traffic management
[3; 5; 8]. Today in the world there are aboufl14].
30 software products for simulation the most

Table 1.Possibility of objects and phenomena description

Software 1 2 3 4 5 6 7 8 9 10 11 12 13
AIMSUN2 - - - - - - - X X - X X X
CORSIM - X X - X - X X X - X X X
DRACULA X - - - X - - X X - X X X
FLEXSYT-II - - - - X X X X X X X X X
PARAMICS X X - - X - - X X X X X X
SYSTEM X - - - X - - X - - X X -
VISSIM - - X X X - X X X X X X X
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Table 2. Simulation purposes

Purpose Indicator Purpose Indicator
E1: modal division Sl: headways
E2: motion time 2: overtaking
E3: motion time changes S3: time of the incident
- E4: speed Safety SA: number of accidents
Efficiency ES5: bunching 5: speed / incident conse-
guence

—

E6: frequency of public transpor
E7: queue length

$6: interaction with pedestrian
F1: bodily comfort

[72)

Convenience

V1: emissions release F2: stress
, V2: level in case of trunk pollu- . T1: fuel consumption
Environment tion Technical
- features -
V3 noise level: T2: operation costs

Table 3.Target capability of models

Software |E1 E2 E3 EA E5 E6 ET V1 V2 V3 SIL ¥ S8 94 S S F1 F2 T1 T2
AIMSUN2 XX - X - - X X - - - - < - o oo X -
CORSIM - X X X X - X X - - - X - - < - - X -
DRACULA |- X X - - - - X - - - - < - - . - -x -
FLEXSYT-Il | - X X X X X X X X - X - - - - X - - X -
PARAMICS | - X X X X X X X - X X - - - - - X -
SYSTEM - X X X X - X - - - X X - - - - - oo«
VISSIM XX X X X X X X - - X X X - - X - - X -

Principal components of PTV VISIONthe one hand, create TF status, and on the
system are VISEVA module, VISUM andother hand shall conform to requirements of
VISSIM models [20]. VISSIM model which TF for support of the transport utilization
allows to model TF motion as on microproperties are considered [11].

(within separate crossings), and macro- (on TF prediction model considers psycho-
the scale of all city) level due to implementaphysiological model of passing after “vehicle
tion of traffic simulation model is applied toahead” according to Wiedemann by means of
support the solution of the tasks planned bynplementation of parameters, based on sto-
us on optimization of EPS choice of flyundechastic allocation of TF and considers motion
crossing from the point of view of minimiza-of all MV types: motor-cars, trucks and pas-
tion of expenditure of fuel and energy resenger cars. Allocation of their intensities is
sources (FER). established by means of percentage alloca-

Prediction model is constructed on the baion of each type of MV in the general TF.
sis of time intervals, microscopic model inThus further class division for trucks depend-
which unit “driver MV” is considered as theing on their loading capacity, for buses —
smallest unit. capacity, and for cars — engine displacement

For determination of energy consumptioms accepted according to standard North
of TF within the projected versions of planAAmerican fleet of motor vehicles.
ning solutions of crossings in the program Vissim prediction model enables simula-
system PTV Vissim TF motion in their limitstion of TF motion in the most common op-
is modelled. Thus road conditions which, oeration modes of automobile engines in the
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conditions of city traffic: idling and partial steps (Minimum— Maximum). Data for ac-
loads [2]. Depending on MV type nature oteleration away were compared to the results
their motion within the given area of a wayf MV testings, received in 2004 within the
will differ. Indeed for each type of MV in European research project RoTraNoMo. For
Vissim in case of different specific transportrucks curves for acceleration and braking
situations nature of change of acceleratiowere optimized taking into account data of
and braking will be different. In all caseshe European research project CHAUFFEUR
acceleration or braking is a function of actua?, 1999. For buses curves correspond to the
speed. data provided by transport enterprise of the
One of the factors of transport energyity of Karlsruhe, 1995. At the same time
consumption formation is MV loading capacrated value of acceleration (irrespective of
ity. As the loading capacity of motor andVV type) is optimized depending on value of
passenger MV is largely determined by tha gradient on the given area [18]:
number of passengers, in case of TF energy- on 0,1 m/sq.s on a gradient percent
consumption assessment within crossings wfith a sign “+”;
city trunks (CCT) it is necessary to consider - on -0,1 m/sq.s on a gradient percent
their fullness. Indeed transport energy CORgijth a sign “”.
sumption of the same MV under the same Frequency distribution function of in-

initial conditions, depending on its fullnesstended speeds within CCT is especially im-
will differ. Vissim prediction model allows portant parameter influencing throughput of
us to establish average fIIIIng coefficient OErossing and transport energy Consumption in
motor and passenger MV. According to th@s |imits. As intended speed the reference
opinion poll conducted for development okpeed regulated by norms (depending on the
transport model by Kyiv International Insti-category of trunk and class of junction) is
tute of Sociology from December, 2014 tillaccepted. Frequency distribution of intended
March, 2015, by the specialists of JSC “A+(gpeeds is defined irrespective of MV type.
Ukraine” it was found that average fllllng Entering TFs in prediction model are dis-
coefficient of motor-cars for the city of Kyiv triputed by the principle of distribution of
is 1,51 which will be accepted for furtherpoisson. Thus transport energy consumption
research. According to own on-site investigayithin all elementary areas of crossings
tions filling coefficient of buses is acceptedright- left-turning, swing and forward direc-
as 25,0. Thus within prediction model thergons) needs to be calculated separately,
are no stops of public transport. changing, thus, priority of passage of a con-
Formation of transport energy consumpfiict zone (textures and branch rouds) for
tion of trucks doesn't consider their fullnessorward and turning TF. Indeed nature of
but it is defined by ratio capacity / weight. Inchange of TF energy consumption for each of
metric units minimum is 7 kW/ton, and maxthe given intersection elements the different.
imum is 30kW/ton. Weight of trucks is de-at the same time calculation is performed for
fined with the help of mass distribution. FOlTF of different intensity, indeed energy con-
each truck Vissim in a random manner s&ymption of a single MV on a certain area
lects the appropriate value from the assigneg|| differ from energy consumption by the
mass distribution and power distributiorsgme MV as a part of TF in case of a certain
[18]. mode of motion on the same area. Thus re-
Functions offered in Vissim for motor-search is carried out in strictly fixed limits of
cars for maximum acceleration approxicrossing on a dry asphalt concrete covering.
mately correspond to functions in MV model within turning traffic directions on CCT
Wiedemann 74. For motor-cars results of th@]ere are areas of a way (Zone of |0W_Speed
measurements taken before 1974 in Germagrgffic) where MV driving speed will be low-
were a little optimized due to the restrictiorgr, than the set reference speed. Within these
set by the user in the field of short temporg{reas corresponding speed which is valid for
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this area of a way is set. Herewith MVs, al*cloverleaf” type in the city of Kyiv for dif-
ready before the zone of low-speed traffiderent groups of crossings are given (Tab. 4).
automatically reduce the speed and drive For each of the given groups of crossings
with the lower speed in this zone. After itdull-scale survey are conducted to determine
overcoming MVs recover the set referencthe parameters of TF within its limits. Be-
speed and automatically accelerate. cause combined groups of crossings have

Calculation of expenditures of FER forsimilar, to some major groups of crossings,
any TF is performed by means of standarstructure of TF, for implementation of further
formulas for values of MV expenditure withresearch we will integrate them:

TRANSYT 7-CB, program for optimization « On the approaches to the citywith
of temporal signals, as well as data on thailway lines— on approaches to the city;
value of emission OakRidge National Labo- « |n the central zone of the city with
ratory US Department of Energy. railway lines— in the central zone of the city
» Bridge-crossings- with railway lines
— bridge-crossings.
RESULTS So, typical for specific group of crossings
structure of TF is given in Tab. 5.

Analysis of influence of radiuses of curves In case of identical characteristics of en-
of off-ramps on transport energy consumprance TF the change of percentage distribu-
tion was checked on flyunder crossings Withon of TF by the directions causes the
engineering and planning solution “cloverchange of index of transport energy con-
leaf” type. They should be used on junctionsumption within crossing. However in this
of classedl, 1l andIV with intensity of left- research for all prediction cases we accept

turning TF less than 15% [12]. In this regarcthe following percentage distribution of TF:
according to the Tab. 3.3 [12}/, at left- e 67% — forwardl'F;

turning off-ramps is accepted within 15...60 , 1504 _ |eft- and fight-turning TFs:
km/h., and on forward directions (according , 3q — swing TF. ’

to Tab. 7.1 [13] - 60...80 km/h. Thus, accords,iys of curvature and gradient are set as
Ing to th_e category of trunk, on forward d'_'key parameters of impact on TF energy con-
rections it is accepted from 4 to 8 lanes IQumption on the turning directions. Thus the

both directions_ [13]. . ..Speed of the curvilinear motion of a car is
On the basis of earlier developed Class'f'ccepted as constant throughout the whole
cation of flyunder crossings dependingon T

. : . rn. When reviewing all path of motion of
composition, location and assignments [15
data on number of crossings with EPS of

Table 4.Distribution of crossings with EPS of “cloverleafpe on groups

Group of crossings Number, pcs.
On the approaches to the city 5
with railway lines 2
In the central zone of the city 3
Bridge-crossings 1
Other crossings 7
Integrated

On the approaches to the cityith railway lines 1
In the central zone of the citywith railway lines 3
Bridge-crossings with railway lines 2

Total 24
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Table 5. Structure of TF

Intensity, %
Group of crossings Motor-cars Trucks Passenger
vehicle
On the approaches to the city 73,2 23,0 3,8
With railway lines 78,6 9,3 12,1
In the central zone of the city 84,0 3,0 13,0
Bridge-crossings 75,0 15,8 9,2
Other crossings 77,0 12,4 10,6

MV on the given direction it is necessary t@and long stops in case of the given structure
consider transport energy consumption botbf TF. In this regard some variants of cross-
on entry point, and pulling-out from off-ings with EPS of “cloverleaf’ type with,
ramps. At the same time change of a gradieah turning and forward directions which con-
on the turning directions in case of adjusform to requirements of State Construction
ment of radiuses of off-ramps wasn't considstandards B.2.3-5-2001 are designed and
ered. analysed for this purpose.

During the research of flyunder crossings Nature of change of transport energy con-
with EPS of “cloverleaf’ type it was definedsumption for the left-turning motion direc-
transport energy consumption within crossions whenNs,m. = 6000 cars/hour, intensities
ings depending on radiuses of left-turningf incoming flow (Ninc) 1500 cars/hour and
off-ramps R = f(Vy)). Radiuses of horizontal variable structure of TRy, = 60 km/h and 4
curves R), depending on the accept¥d at lanes in a forward direction (by provision of
off-ramps, are accepted in compliance witpriority of motion to forward TF), is pro-
Tab. 6 [12]. vided on Fig. 1.

Calculation is performed for right- and Nature of change of transport energy con-
left-turning TF in case of different predictionsumption for the left-turning motion direc-
intensities within crossings, indeed the modigons when Ngyn,= 11000 cars/hourNine.=
of motion is one of the factors influencingd000 cars/hour and variable structure of TF,
transport energy consumption [16]. Researd¥, = 60 km/h and 4 lanes in a forward direc-
is carried out for cases, when summary intetion (by provision of priority of motion to
sity of TF (Nsum) within crossing exceeds forward TF), is provided on Fig. 2.
6000cars/hour that conforms to normative At right-turning off-ramps, proceeding
requirements necessarily for arrangement &fom conditions of motion safety/, shan't
flyunder crossings [12] and doesn't exceeelxceed 60 km/h and should be most ap-
maximum intensity of TF (11000 cars/hourproached to the speed on forward directions
that leads to formation of bunchingd12]. In this regard transport energy con-

sumption on the right-turning motion direc-

Table 6.Radiuses of curves tions in case of different radiuses of border
crossings and branch roads of right-turning

V,, km/h R m off-ramps which correspond to the range of
15 15 reference speeds within 30...60 km/h and

20 15 steady radius of left-turning off-ramps was

30 35 defined R = 35 m). Nature of change of

40 65 transport energy consumption for the right-

50 110 turning motion directions wheNgm= 6000
60 160 cars/hour,Ninc.= 1500cars/hour and variable

structure of TFV,= 60km/h and 4 lanes in a
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forward direction (by provision of priority of reference speeds within 30...60 km/h and
motion to forward TF), is provided on Fig. 3.steady radius of left-turning off-ramps was
At right-turning off-ramps, proceedingdefined R =35 m).
from conditions of motion safetyy, shan't Nature of change of transport energy con-
exceed 60 km/h and should be most agumption for the right-turning motion direc-
proached to the speed on forward directiori®ons whenNg,,, = 6000 cars/hourNie. =
[12]. In this regard transport energy coni500cars/hour and variable structure of TF,
sumption on the right-turning motion direc-V, = 60 km/h and 4 lanes in a forward direc-
tions in case of different radiuses of bordeion (by provision of priority of motion to
crossings and branch roads of right-turninfprward TF), is provided on Fig. 4.
off-ramps which correspond to the range of
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Fig. 3. Nature of change of TF energy consumption in itjetiturning direction when
Nsum.= 6000 cars/hour
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Fig. 4. Nature of change of TF energy consumption in ijet+turning direction when
Nsum.= 11000 cars/hour

CONCLUSIONS the turning directions is influenced by radi-
uses of curves of off-ramps. It is established
In the analysis of results of TF energyhat the smallest transport energy consump-

consumption research under the given mintion (for all groups of crossings) arises under

mum (Nsym. = 6000 cars/hour), maximumradiuses of left-turning off-ramps 15m avigl
(Nsum.= 11000 cars/hour), as well as interme= 20 km/h. Thus the structure of TF doesn't
diate (Nsum. = 7000 cars/hour,Nsym. = influence nature of distribution of TF energy

8000cars/hourNsym. = 9000 cars/hour, and consumption. At the same time, with growth

Nsum.= 10000 cars/hour) intensities of TF it iof Ngym.the range of change of indices of TF

established that TF energy consumption @&nergy consumption grows both in the left-
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turning, and in the right-turning directions(transport, road, given expenses, etc.). How-
Within right-turning off-ramps (with growth ever, today, among the existing evaluation
of Nsym) directly proportional linear depend-indices there is no transport energy consump-
ence of TF energy consumption reducingon. On the basis of the conducted research it
from increasing in radiuses of curves ois established that TF energy consumption in
right-turning off-ramps is seen, that is thehe left- and right-turning directions is de-
characteristic for all groups of crossings. Afined by radiuses of curves of off-ramps and
a result, optimum (on the index of transpoiy the extent of TF. As far as specified pa-
energy consumption) the radius of rightrameters, except for transport energy con-
turning crossings, depending dlg,n,, ranges sumption, influence the other technical and
within 65...160 m and doesn't depend oaconomic indices, for an objective assess-
structure of TF. ment of the planning solution of crossing by
One of selection criteria of the engineerthe separate evaluation criterion should ap-
ing and planning solution of flyunder crosspear TF energy consumption.
ing are technical and economic indices
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Summary. The research of the effect of dif-A more generalized research of the effects of
ferent types of cracks in the elements on thetypica| defects and damages of masonry
bearing capacity according to t_he calculati_ons tstructures and buildings on their bearing ca-
past and current codes — Building Regulatiins hacity  conducted by the author, is described
22-81 (SNiPII-22-81) and State Building Codesin [4]
of Ukraine V.26-162:2010 (DBN V.26- "\ "ype puplication [5] the author deter-

162:2010) respectively, has been conducted. T . o
effect of the three types of cracks in the ma:sonmlned that one of the specific types of dam-

structures — through vertical (single, not the con@3€S Of masonry that affect the bearing ca-

pressive overload ones), through horizontal arPacity the most are cracks in the body and
inclined ones along indents on the bearing capejoints of structures. The research of the re-

ity of masonry has been analyzed. The paper pisults of the inspection of a large number of
vides the numerical example in which the bearirpuildings in Ukraine [6- 10] has shown that
capacity of the masonry pier in the initial staty very substantial part of masonry buildings
(before cracking) and after cracking has bet¢gre sybject to the occurrence of through ver-
analyzed according to the calculations by e inclined and horizontal cracks. The
ab?g/:ycvc\)/g?dsé: masonry structures, cracks, bea/PreSENCE of the$e cracks in the_ structures un-
ing capacity, central and eccentric compressiodou_btedly n_ega_tlvely gffects_ their be_arlng ca-
principal tensile stresses. pacity and rigidity. This subject requires a re-
search because it is necessary to assess the
degree of reduction of the bearing capacity of
INTRODUCTION the structure with cracks for a particular type
of load. In the previous studies of this subject
Throughout Ukraine a large number o([11 — 13]) the consideration of cracks when
masonry buildings is erected and activelassessing the bearing capacity and seismic
used. During the operation buildings receivresistance of masonry structures is frag-
different types of damages caused by numemented and (or) indirect (either too isolated
ous factors. The features of the negative ¢or too general cases and indicators are con-
fects on building structures and conditions csidered) with the lack of clear systematiza-
their non-destruction are specified in413]. tion of their effects.
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MATERIALS AND METHODS into two separate parts. Therefore, when
checking the bearing capacity of the element
The aim of the study the results of whiclfor the central and eccentric compression its
are outlined in this paper is to determine, giseparate sections are use instead of the solid
neralize and systematize the effects of cracone. The following formula is given for the
in the masonry structures on their bearing ccalculation of the eccentrically compressed
pacity. elements according to SNiP [14] (hereinafter
The main method of the study is the anaall symbols are in accordance with [14]):
ysis of the effect of cracking on the compc
nents of the formulas of the check of the mi N < myd:1RA . (1)
sonry bearing capacity.
With the reduced cross-sectional area of
the element the value of all the factors of the
GENERAL PROVISIONS formula (1) will decrease, except far(but it
can also be reduced according to p. 341,
The most crucial checks of the bearin[14]). Thus, when the parts of the solid sec-
capacity of masonry structures according tion are separated, the flexibility of the ele-

SNiIP 1I-22-81 [14] are the checks of: mentA andA. increases. This entails the re-
1) the eccentric compression; duction of values of the buckling factogs
2) the shear, . and¢., and thusp,, which is the half of their
3) the principal tensile stresses. sum.

As to the calculation by the current star The reduction of the compressed afe@s
dards of Ukraine DBN V.2.6-162:2010 [15}evident at the reduced section.
adapted to Eurocode 6 [16] the essence of | The formula for determining the, factor
eccentric compression and shear checks icontains the cross-sectional heightwhich
cording to them remains. The main differwj| be lower at the reduced thickness of the
ence in the bearing capacity check betweiglement, and the factor, the value of which
the past and current standards is that DEjncreases with the increase of the flexibility
V.2.6-162:2010 [15] has no analogues of tt of the element.
calculation of the principal tensile stresse However, the formula (1) contains a fac-
for the unreinforced masonry. Instead DBltgr, the value of which increases with the de-
contains calculations for the bending ChE(Crease of the cross-sectional helbh't(ﬂ fac-

of the masonry. tor, which takes into account the cage effect
Let us analyze the effect of the three typeand is determined as 1

of cracks in the masonry structures —throu¢  The following formula is given for the

vertical (single — not the compressive ove calculation of masonry for shear in the hori-
load cracks), through horizontal and incline zontal untied joints and the tied joints for the
ones along indents according to the abo'rybble masonry according to SNiP [14]:
bearing capacity checks on the example of

their formation in a pier. Q< (Ry + 0,81100)A. ()

Similarly to previous check the design
THE EFFECTS OF CRACKS ON THE  ¢rgss-sectional ared and its compressed

BEARING CAPACITY OF MASONRY part A. (with decreasing of the cross-
STRUCTURES ACCORDING TO THE  ggctional height) will reduce (however the

CALCULATIONS BY SNiP 11-22-81 proportion of the shear force on the isolated

area will reduce as well), but the value of the

Sngle vertical through cracks (not the ayerage stress from the compressive foice
compressive overload ones). When a crack of jj| slightly increase. A significant reduction

this type appears, a solid section is divided
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in the total bearing capacity of the generithe second member of the formula (2) which

pier from two separate parts is not expectedis responsible for the friction forces will be
The following formula is provided for the involved in the check.

calculation of the elements for the principe When checking the masonry for the prin-

tensile stresses according to SNiP [14]: cipal tensile stresses its cleavage along the
inclined indent is analyzed. When the cleav-

R.A age of the masonry with a horizontal crack

Qs—— (3)  occurs, in the place with a crack along which

vV . )
the cleavage indent passes there is no contact

The formula of determinindq contains between chipping parts. Therefore, when this

the multiplierco — the average stress of thCN€ck of the masonry is performed, it is ad-
PlIeroo g -‘wsable to exclude the area with the width of

compressive force, the influence of which i . ) . .

similar to the shear verification of the ma2 b_”Ck siz€ on which the cleavage m_dent co-

sonry, so at the decrease of the design croIrlCIdes with .the crack from the Qe5|gn area
Y g A.. The maximum value of the width of the

sectional are#®. we obtain a slight increase .
in the value of the design resistarieg that excluded area corresponds to the maximum
.size of a brick of 250 mm.

is offset by an expected decrease in the si Lo :
y P Cracks along inclined indents. In the case

of the value ofA. itself (with decreasing of i . .
the cross-sectional height). Whe_n the masonry Wlt_h this type o_f crack is
Horizontal through cracks. With the pres- subject to the eccentric compression on the
ence of this type of cracks when verifying th &€& Of the design section of the masonry
where a part (step) of the indent passes, there

masonry of the eccentric compression the. dhesi d | tact bet
are certain features for the determination ('S N0 adhesion and normal contact between

the o factor, which takes into account th(the parts of the element §eparated by a crack.
cage effect. In this case the part of the secti | "erefore, when calculating the masonry for
A in the limit state works with the sameth€ €eccentric compression it is necessary to
stresses equal to the local compresshus.e the weak_ened CrOSS'S.eCt'On"?‘I afea
(crushing) strength limiR [17, 18]. For the with the reduction of the design resistance by
masonry of small stones outs:ide the ratio b2°%° in the area with the width of a brick size
tween the breaking points of the crushing arwhere the crack indent passes along the de-

the compression is: sign section (u_p t0.250 mm). .
P The determination of the factor in the

situation of the inclined crack does not
&:3ﬁ (4) change and is conducted according to the
R A provisions of [14].

When the masonry element with an in-
It follows from the above and furtherclined crack is subject to the shear there is a
transformations that in this case theratio Similar effect as for the eccentric compres-

can be determined by the formula: sion. In this case the design areasshould be
weakened by excluding the area of the design
A section of a brick size (of the width up to 250
a):i/: (5) mm) in which there is no contact between the
parts of the element.

When the principal tensile stresses act in
When checking the masonry for shear aghe masonry with an inclined crack its cleav-
cording to the formula (2) the value of its reage resistanc®& is equal to zero since the
spective design resistan&y, in the section resistance in the indent of both components
with a horizontal crack will be equal to zerr,, (tensile and shear at tension) is equal to
due to the lack of adhesion between the pattegro:
that are shifted relative to each other. Only
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R, = R,(R, +0,) =0 npu Ry, = 0.(6) Similarly to SNiP [14] if there is a vertical

crack, the calculation of the separate sections
However, if a vertical compressive stres§ performed as We”.’ and in the result the
is detected,in the respective area along tr\{glues of the respective factors in t.h g.formu-
indent (for example, when calculating in theIas (7). .(8.) and (9), such as the flexibility and

X eccentricity factor®, the length of the com-

e e o oL essec partof the well and he esistance
q momentZ experience significant losses.

and it can be estimated by the formula (2). Horizontal through cracks. When per-

forming the calculations according to DBN
[15] the horizontal crack is taken into ac-
count in the checks for central, eccentric
compression and shear in the similar way as
for SNiP [14]. In the bending check by the
formula (9) the bending strength of the ma-
sonryf,q: will be equal to zero since there are
. , no connections between the separated parts,
pagt(; ncaecrg(l)r:girt]ge t%hegésNO]c\/tgeG?fgzr'.ggl%qﬁerefore only the component pf the bending
o ' Fesstance from the compressive stresses re-

[15], the calculations and the effects OBnains and this formula will have the follow-
cracks are quite similar to those performeIng form:

according to SNiP [I-22-81 [14], except for
the absence of the consideration of the prin-
cipal tensile stresses and the existence of the
bending check. The absence of the first check
in the current standards is a disadvantage bef

icnausszi:r:(ijce:)r?:;t)a':[:esgg(s:'ltl;lgcggr?c(g?te(rl]n?;ukoeﬁéal and eccentric compression checks in the
9 =7 : Similar way as for SNiP [14]. If the element
place at the principal tensile stresses (cross

inclined cracks). However, the conventionat Xperiences the shear load, then the resis-

. . . ance to the horizontal force on the area of a
analogue in DBN is the bending check of thSrick size along which the crack indent

ot Ot raouits aoemrding (6 the earcy/DASSes must be equal to zero. However, i
tion by DBN V.2.6-162-2010 of the presenca ere are compressive _stresses on the_ hori-
of 3 types of cracks considered above. zontal areas of .the indent, .the residual
Vertical through cracks. This effect is strength of the.h(.)rlzontal force is present be-
: : . cause of the friction forces in these areas. In

taken into account in a similar way as a

cording to SNIP [14]. The following formu-cthe case of a bending load the bending resis-

) . tance in the horizontal section will not reduce
las are provided for the calculation of ele-. ..
significantly.

ments under the vertical, shear and bendin The assessment of the effect of cracking

loads respectively according to DBN [ls]in the material of structures on the reduction

(hereinafter all symbols are in accordancgf the power consumption and plasticity of a

THE EFFECTS OF CRACKS
ON THE BEARING CAPACITY
OF MASONRY STRUCTURES
ACCORDING TO THE CALCULATIONS
BY DBN V.2.6-162:2010

MRd = cst. (10)

'Cracks along inclined indents. An in-
ined crack is taken into account in the cen-

with [15]): structural system with a possible correspond-
ing increase of the damage tolerance fakior
Neg < @ t fo. (7) according to DBN [19] requires a separate
consideration and research.
Vi < fug tle. (8)
Meq < fxa Z. 9)
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AN EXAMPLE OF DETERMINING THE ciples. The dimensions of the separated sec-
EFFECT OF CRACKS ON THE BEARING tions for the calculation with consideration of
CAPACITY OF THE MASONRY PIER  vertical cracks are taken as 0,51x0,46 m and
0,51x0,31 m.

To understand the effect of cracks on tt  The results of the calculation are pre-
bearing capacity of the element we analy:sented in Tabs. 1, 2 and graphically in
the bearing capacity of a brick pier with theFigs. 1, 2. The following designations are
sizes of 0,51x0,77%2,8 m before and after ttused in this tables\,, Nrq — the initial bear-
formation of cracks of the foregoing typesing capacity of the pier for the vertical force;
The pier is built of bricks with the sizes o'Ny, Nrg1 — the bearing capacity for the pier
0,25x%0,12x0,065 m. The calculation for thwith a crack of the vertical forc&),, Vrq —
effect of vertical and horizontal forces wathe initial bearing capacity of the pier for the
performed according to the past codes SNhorizontal force;Qu, Vrn — the bearing ca-
[1-22-81 [14] and the current ones DBNpacity of the pier with a crack for the hori-
V.2.6-162:2010 [15]. The cases of the centrzontal forceky = Nu1/Ny (Nrg1/Nrg) — the re-

(e = 0) and eccentrice(= 0,1/ = 0,131 m — duction factor of the bearing capacity for the
the eccentricity is on the border of the crosvertical force;ky = Qui/Qu (Vrat/Vrd) — the
sectional core) application of the verticareduction factor of the bearing capacity for
compressive force are considered. Verticethe horizontal force.

horizontal and inclined cracks were taken It be seen from the results of the calcula-
into account according to the foregoing prindon that the greatest loss of the bearing

Table 1.The bearing capacity of the masonry pier befodkaiter the crack formation
(according to SNIP 11-22-81 [14])

Thecracktype | Nu kN | No kN | ke | QukN | QukN | ky
The cenrtal compression
Vertical 440,42 0,771 96,37 0,889
Horizontal 571,5 571,5 1 108,44 76,85 0,709
Inclined 525,11 0,919 0 0
The eccentric compression
Vertical 157,1 0,356 32,3 0,42
Horizontal 441,22 433,13 0,982 76,94 46,52 0,605
Inclined 405,41 0,919 0 0

Table 2. The bearing capacity of the masonry pier befodkaiter the crack formation
(according to DBN V.2.6-162:2010 [15])

The cracktype | Ne, KN | Nea, kN | ky | Ve KN | Vag, kN ky
The cenrtal compression
Vertical 452,58 0,856 153,35 0,91
Horizontal 528,56 528,56 1 168,54 79,28 0,47
Inclined 485,66 0,919 139,56 0,828
The eccentric compression
Vertical 169,46 0,447 34,73 0,387
Horizontal 379,25 379,25 1 89,78 36,99 0,412
Inclined 348,47 0,919 72,64 0,809
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before the crack formation before the crack formation
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Fig. 2. The graphs of limits of the bearing capacity of tesonry pier before and after the crack
formation at the eccentric compression (accordingBN V.2.6-162:2010 [15]):
a — of a vertical cracky — of a horizontal crack

before the crack formation

after the crack formation
600+ 600

so0 / 500t

400] 400]

before the crack formation

3004 3004

2004 2004

1004 1004 after the crack formation

25 50 75 100 125 QKN 25 50 75 100 125 0 kN
a b

Fig. 1. The graphs of limits of the bearing capacity of tesonry pier before and after the
crack formation at the central compression (acogrtd SNiP 11-22-81 [14]):
a — of a vertical cracly — of a horizontal crack

capacity occurs at the eccentrically applied A significant loss of the bearing capacity
compressive force when there is a verticdibr the shear force also occurs when there is a
through crackKy = 0,356,ky = 0,42 accord- horizontal crack at the calculation by DBN
ing to SNIP 11-22-81 [14]kn = 0,447,ky = [15] (kv = 0,47 at the central compressi@q,
0,387 according to DBN V.2.6-162:2010= 0,412 at the eccentric one) since in this
[15]). This is due to the rapid reduction of thesituation the shear bearing capacity does not
compressed area in both separated parts and@ude the adhesion force between the sepa-
great flexibility in a smaller separated partated parts and the friction force is reduced
(with the cross-sectional sizes of 0,51x0,3due to the reduction of the maximum com-
m).
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pressive stress, which occurs at the decreasih the existence of a vertical through crack
of the compression bearing capacity. (ky = 0,356,ky = 0,42 according to SNIP II-

Since based on the analyzed provisior22-81 [14],ky = 0,447 ky = 0,387 according
regarding the presence of an inclined crack io DBN V.2.6-162:2010 [15]). This is due to
a masonry element and formula (6) we obtaia sharp decrease in the area of compressed
that when calculating the strength for theones in the two separate parts and a great
principal tensile stresses according to SNiffexibility in a smaller separated part
[1-22-81 [14] the cleavage resistanBg, of 4. A significant loss of the bearing capac-
the masonry is equal to zero, we have thdy of the element of the transverse force is
according to these standards the strength fibaced at the existence of a horizontal crack
the shear force is equal to zer@u{ = 0) according to the calculation by DBN [154(
when there is an inclined crack in the sectiom 0,47 at the central compressién,= 0,412

A through horizontal crack does not affecat the eccentric one) as in the bearing capac-
the bearing capacity for the central compresty of the shear in this situation the adhesion
sion (according to SNiP [14]) and the centradtrength between the separated parts is com-
and eccentric compression (according tpletely absent and the friction force is re-
DBN [15]). The slight reduction of the bear-duced due to the reduction of the maximum
ing capacity for the eccentric compressionompressive stress, which occurs at the de-
according to SNiP [14] occurs due to the efereasing of the bearing capacity of the com-
fect of the clarifiedo factor, which takes into pression.
account the cage effect. 5. With the existence of an inclined crack

Thus, the cracks in the masonry structurdglere is no strength of the transverse force in
and buildings can be taken into account dthe section of the elemer®( = 0) as when
rectly and comprehensively when checkingalculating the principal tensile stresses
their bearing capacity by means of the abowstrength according to SNiP 11-22-81 [14] the
approaches. cleavage resistance of the masomry is

equal to zero.
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Summary. The analysis of complex installa-large-size coverage, namely, they allow the
tion mechanization using adjusting hoistingvorkers, for the whole period of construct-
module (VPVM) has been conducted. Hoistinghg to perform many single-type operations
systems allow basic assembly operations, namelyq techniques: installation, concreting, veri-
many single-type operations. Namely: 'nSta"at'o(gcation, placing, welding, bolts installing,

of structural coverage, verification of adjuste . . .
elements and constructions position, final attac 1. The most [abor-intensive operations can

ing of the constructions. The main task at higHe_ aut_omated, such as lifting and moving
size structural coverage lifting is to increase th&ting jack systems. The number of units
productivity of installation. Determination of depends on the total weight of the coverage
constructional features during installation usin@nd is determined by calculation. Installation
adjusting hoisting module (VPVM). The pro-of the devices on the columns is performed at
posed installation enables the lifting due to thkow project marks, directly before lifting
fact that the most labor-intensive operations cagpverage after completion of the final con-
be automated. Coverage installation according tg)lidated collection.
the way of lifting jack systems ejecting has the The |ist of basic operations and methods
major advantage over existing methods of cons conducting the consolidation of high-size
struction — installation can occur while arranging - i . . :

g structures and installation of lifts

the permanent supporting elements (columns). . : ) :
Key words complex mechanization; hoisting&r€ defined by the engineering maps. The list

system: assembling/installation: structural coveRf Pasic operations for at low coverage scaf-
age. fold include:

* installation of high-size covering struc-
tures according to the technology bundling in
Hoisting system is a mechanism which atthe engineering map;
lows to perform in cycles basic installation * Verification of adjusted elements and
operations and lifting techniques (movemengonstructions position;
with the help of a single or multiple lifting ¢ temporary and final attaching;
jacks, as well as placing and installation of * installation of adjusting hoisting module
structural coverage in the project. Adjustindlifts) on all columns that will serve as opera-
hoisting modules have several advantagénal;
over other mechanization systems of lifting
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« verification of adjusting hoisting mod- The work on establishing VPVM perform
ules and attaching them for inclusion in thé the following way:[2]
further operation.

Lifting of the covering is performed with
the help of legged locomotion hoisting mod- w— w w-w
ules cyclically while arranging permanent ! 2 3 o
columns. This technology allows to perform w w T T

5 & T 8

consistently (due to the specially designed

program the following cycles of blocks OrFig. 2. Collection (VPVM: 1- preparation of the

coverage mounting, such as: 1st e e o .
s . gged hoisting module lifting jack
« lifting of the coverage to the height ofinstaliation; 2- installing of the 1st lifting jack
the stroke of lifting-jack piston; due to the turning regarding the 1st point of turn,

* assembling and temporary attaching th@ installing of the 1st lifting jack due to the 2nd
following element on the head of the bearingoint of turn,4- preparation of the 2nd lifting
column (lifting height is due to the calculajack, 5- installing of the 2nd lifting jack due to
tion, depending on the scheme and the estdbe turning regarding the 1st point of tum,
lishment of jacks and it should be sufficientnstalling of the 2nd lifting jack due to the

for installing the column element in projecfUning regarding the 2nd point of tur’:
position); installing of the set that keeps the legged haistin

S . . module lifting jack, 8- the final form of the
« verification — determines the position Oflegged hoisting module (VPVM)
the block in plan, down, across; captures,
monitors and ensures adherence of the pro-Tthe way of installing the facilities
ject requirements; controls correspondinggyering using (VPVM):[3]
correcting by the deviations;

« attaching and transfer of the load fron

the covering on the new column head; cor

sistent repeating of all the cycle operation -

with the covering installation to achieving

the intended design point. The number ¢ ] " . "

cycles is determined by the ration of the prc
ject point height to the column elemen

height.
The adjusting/setting hoisting module: -
2y 1-1 s r -

Fig. 3. Lifting stages (VPVM),: 1 - the original
condition of the legged hoisting module
(VPVM), 2 - the start of the hoist cycle (VPVM),

z 3- withdrawal of the first hoist rod (VPVM}-
the assembling and fastening of the first part of
the column, supporting of the first part of the
column by the first rod5- withdrawal of the
second hoist rod (VPVM)- the assembling and
fastening of the second part of the column, sup-
porting of the second part of the column by the
second rod,7- beginning of the next cycle of

Fig. 1. The adjusting/setting hoisting module hoist work (VPVM)

(1 - 1- the setting hoisting module sectiofh):

- base,2 - column, 3 - jack foot,4 - jack Work on the VPVM dismantling is per-

rod,5 —band for the lower stoppes,— frame formed as follows:[3]

7 — lower stopper8 - top stopper9 - jack,

10 - trv squar
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Whered; is the level of operation mecha-

W W W w nization,%:VY . is the specific weight of the
1 2 3 4

operation;

NV W ¥ - =5 200,

ty

Fig. 4. Dismantling (VPVM),: 1- the original wherety is the spending of mechanized la-

widawal of the mounting hoking seting histO4" O (e operations completon using se-
ing module lifting jack (VPVM).3- pushing the lected mechanization methods, person/hour;

1st lifting jack 1st through the 2nd turning pointlo ~ 9éneral labour intensity of the operations
4- pushing the 1st lifting jack due to the turning@mpletion, pers./hour.

regarding the 1st point of tur®: complete re- t, — “coverage lifting” is characterized by

moving of the first jack, 6- pushing the 2nd lift-the ratio of the velocity of the hoist to a

ing jack through the 2nd turning poi; push- modular step of the supporting elements:
ing the 2nd lifting jack due to the turning

regarding the 1st point of turf; removal of 2nd Vv
setting hoisting module lifting jack (VPVM) tg=—AL—
I + vz
The sequence of stages fulfillment: wherely is a modular step of the supporting

element],,; is the mounting limits height.
L N In contrast to the proposed lifting method,
— | | | | to is sufficiently influenced by external natu-
— | ral factors: wind, ice, moisture etc, when
e liting the load with the help of the devices
7 with flexible link (the method of pulling up).
_,_J When selecting values for module stgmne
should consider the following: an increase in
Fig. 5. The scheme of stages completion se- the value of step reduces the total time of
guence installation, however, it reduces the stability
of constructions at the in-process stages and
increases the size of the mounting devices.
Here the value of tim®...ts — meet stages Conversely, though excessive reduction of
of installation work sequence 0...6. Thus: ththe modular step leads to the construction
duration of the zero cycle preparation doegsistance, however it significantly increases
not affect the speed of installation coveringhe duration of the installation and the mate-
but only determines the start of the liftingial capacity of the supporting elements, be-
cycle. Initial fastening of the hoist on thecause of the presence of a big quantity of
support element head with the work duratioslements in the bearing element.
t1 depends [30...30/3] on the method of in- The present study found that the best val-
stallation work and is reduced through inue modular stefx is 0,8 ... 1,2 m.
creased mechanization level at the section « The duration of the stage 3, correspond-
[5]. This level (%) is found with the follow- ing t3, depends on the level of mechanization
ing formula: of the operation elements.
» The duration of stage 4 can be approxi-
Vi W+ v+ v ) mately determined by the formula:

10C '

yMP
t4 :V_H,
IMH
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wherel,; is the mounting limits heighi. satisfy the following essential requirements
e The durationts of the phase 5 dependsdefined: load-carrying capacity
on the lifting lack speed characteristics:
GH = GK /n ,

wheren is the number of jacks (in the case of
the use of proposed hoist device for the con-

wherelp is the value of the hydraulic cylinderditions of lifting large-covering shown in
rods moving forward at which the output ofigure 6), distributed between 2 hydraulic
the forks from the projection of the supportcylinders G, =4F;,, lifting  velocity
ing elements occurs, m; the duratigrof the  (Fig. 7)V;;

stage 6 is determined by the speed character-
istics of the lifting mechanism. Empirically
found that the velocity of rods pulling Ms

is determined by the formula:

Vg =V, (15...20).

At the projecting stage it is necessary:

1. To determine the construction features
of the high-size covering and places of its
leaning on the supporting element head, cov-
erage weight, maximum spans a and b, afdg. 7. The calculating liting device scheme
projected coverage lifting height H.

The allowable load by the calculations for
resistance should not exceed the value:

We believe that the load forcing the rod is
static, then we can use the formulae to calcu-
late the critical (Euler) forces (Fig. 8) for the
analysis of rod resistance.

This condition should be kept:

Fig. 6. The calculating covering scheme:
1 - lifting jack, 2 - covering

2. To set the operating parameters of the
hoist hydraulic system due to the jack techni-

cal indicators (nominal pressur@,, and the

flow of the working fluidQy) and to select . ]
power hydraulic cylinders according to thdVhere —oke critical pressurejF — cross-
data. sectional areaE — modulus of longitudinal
3. To determine the necessary quantity &asticity of the _materiaIE(:ZEIL(_)S_for steel
hoist devices and their technical characteri§daterials);A =ul/iq, — the flexibility of the
tics (according to the number of resistand@ngitudinal rod when bending lengthwise;
places of the high-size coverage (number &fin — the smallest radius of inertia of the
columns or supporting elements) that wouldross sectionp — coefficient of the given
length (1=2); 1 — the length of the rod.
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COMPLEX MECHANIZATION OF STRUCTURAL COVERAGE
LIFTING USING SETTING MODULE

In general case of the compressed homuwherepy is the nominal pressure in hydraulic
geneous rod, the critical force is determineddrive, Pa;S; is the area of the piston in the
pressure chamber,’m
P = EJmin — ﬂEJmin
kp =1 12 (u)? S, =mD?/4,

whereJni, — is the smallest of the main cenWhereD is the diameter of the piston in the

tral moments of inertia of the section; L- fullPressure chamber, m.

rod length: n = (T/1)? — the coefficient of Under the terms of GOST 12445-80 the
. .g =k values are selected from a number of normal

the critical load.

) ) _ values of the nominal pressure:
In view of the above given materials, we

find the maximum height of load-lifting with

. =16,3...; 10; 12.5; 16; 20; 25; 32; 40;
the help of the jack systems. Py =1

50; 63 ...] MPa.
| = /&mlzn Then the values are determined from a
PcpH number of normal values of the piston cylin-

der diameters to the GOST 6540-68 condi-
When lifting load the cylinder rod workstions:
for compression. Strength condition:
D =[... 150; 160; 180; 200; 220;
250; 280; 320; 360...], mm.

Ocr = s [UCT] :

nd?/4 . :
In the given figure the curves show the ac-
Consequently, the diameter of the rod caiy@l efforts data on the hydraulic cylinder rod

different pressures.

4F

d= . F. Kkt
Ocr 4x10” Py, tlla
—— 50
The safety factor of stability 2 3
- 2
, 2x7g]ﬁ e — e —— ?/ji
= e Y s
§] = 124]]. | | e
%g%\i
Where [S] is the coefficient of safety, [S]=3. - |
We can determine the diameter of the rot 70 200 250 0 [ M
with Euler's formula (taking into considera-
tion the maximum height of lifting jack) Fig. 8. Dependence of the actual efforts on the

hydraulic cylinder rod on the diameter at pres-

> sures from 6.3 to 50 MP
=S Fe
T°E

Conclusion: A new lifting jack system is a

Effort on the hydraulic cylinder rod isdevice and method having advantages over
given by the formula: other systems of mechanization of lifting
F, =pa 05, large-coverings, namely, provides the work-
ers (for the duration of lifting coverage) with

many of the single-type operations and tech-
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niques: installation, concreting, verification,
placing, welding, bolts installing, etc. And

mation. TEKA: com. Mot. Energ. Agric., vol.
13(3), 175-181.

the most labor-intensive operations can b)-Smirnov M., Harkavenko O. M., Fomin A.

automated, such as lifting and moving lifting
lack systems. The proposed adjusting hoist-
ing module (VPVM) enables step-by-step U

A., 2015. Hidro- ta pnevmo pryvody
budivelnykh mashyn: pidruch. [dlia stud.
vyshch. navch. zakl.] V.: KDTUBA, 328. (in
krainian)

lifting due to the fact that the installation can 1 chernenko K V.. Hiushchenko 1.V 2011
take place while arranging the permanent apajiz i kiasyfikatsiia tekhnolohii pidiomu

supports (columns).
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KOMIIJIEKCHASI MEXAHU3ALIMA
[IOABEMA CTPYKTYPHBIX
TIOKPBITUI I'PY30ITOIbEMHBIM
YCTAHABJIMBAIOIIIMM MOJYJIEM

AHHOTanusA. BEIIONIHEH aHanmM3 KOMILIEKC-
HOW MEXaHW3aI[Ml MOHTaXka C TIOMOIIBIO TPY30-
MOHEMHOI0 YCTaHABIMBAIOIIETO MOJTYJIS
(BIIBM). TI'py30omomgbeMHbBIE CHCTEMBI ITO3BOJIS-
IOT BBITIOJNTHATH OCHOBHBIC MOHTaXXHBIE OIlEpa-
IIUY, 2 IMEHHO MHOTO OJTHOTHUITHBIX OTlepamui. A
MMEHHO. MOHTaX KOHCTPYKITUI TTOKPBITHSI, BbI-
BEpKa IIOJIOKCHMS DJICMEHTOB M KOHCTPYKITHH,
MOHTHPOBAJINCh, OKOHYATEIBHOE 3aKpEIUICHUE
KOHCTpYKIui. OCHOBHOH 3amaueil Mpu Moabeme
KPYIHOPa3MEPHBIX  CTPYKTYPHBIX  ITOKPBITHHA
SIBJIICTCS  TIOBBIMIEHUE  TPOU3BOJAUTEIBHOCTH

99

MoHTaxa. OrmnpeneneHne KOHCTPYKTUBHBIX OCO-
OEHHOCTEM IpU MOHTaXe C IOMOIIBIO IPY30-
[OTbEMHOTO yCTaHaBJIMBAIOILETO MOy
(BIIBM). IlpemntoxeHHbIII MOHTa)X MO3BOJSCT
BBINOJIHATH [IOJIBEM 3a CUET TOro, 4TO Hauboiee
TPYAOEMKHE OIepald MOT'yT OBbITh aBTOMAaTH3U-
poBanbl. Crioco® MOHTaXa MOKPBITHS METOJ0M
BBITJIKMBAHUS TOMKPAaTHBIMUA CHCTEMaMU UMEET
OCHOBHOE IIPEUMYIIECTBO HaJ CYLIECTBYIOIUMHU
METOAAaMHU BO3BEIEHHS - MOHTaX MOXET IPOUC-
XOAWT C OJHOBPEMEHHBIM YCTPOHCTBOM IOCTO-
SIHHBIX OTIOPHBIX 3JIEMEHTOB (KOJIOHH).

KiroueBbie €/10Ba: KOMIUIEKCHAs MEXaHU3a-
ous, TPY3OMOABEMHBIE CHCTEMBI, MOHTaX,
CTPYKTYPHBIE TIOKPBITHS.
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Summary. In this paper, basic geological Therefore, the activities in studying condi-
processes and factors affecting the formation amidns for the development, extension, activa-
activation of geological processes are discussaihn, and control of geological processes are
With consideration for the effects of these facyiso considered as high-priority and urgent
tors, the classification system for geologica{Ssues

processes s proposed. In order to more objec- Geological processes are of interest with
tively estimate geological processes according to 9 P

this classification system, the cIassiﬁcatior{esi:)ect to protection, developrr.len.t, planning,
schemes of exogenic and endogenic proces&¥dd management of urban territories, as such
have been developed. These classificatidfocesses affect existing and design buildings
schemes may be used in the analysis of geologind structures.

cal processes, in respect with the engineering At the present time, the land plots that are
measures for preparation and protection of urbactively used in urban development include

areas with complex engineering and geologicgnd plots, both low-convenient and incon-

processes selection evaluation. venient for construction, where geological

Key words: geological process, exogeniChrgcesses are present, were present, or could
process, endogenic process, cryogenic procegs, present in favorable conditions.
eolian process.

ANALYSIS OF PAST STUDIES

INTRODUCTION AND PUBLICATIONS

The enhancement of the density of the ur- The results of the analysis of geological
ban areas, the development of the areas with y 9 9

difficult terrain are leading to the changes "ﬁ)rocesses have been discussed in various

! : ublications and attracted attention. At the
geological and hydrogeological processes i : L

. present time the local classification systems
such areas. In most cases, any changes in €x: .
o : o With respect to geological processes, and
isting geological conditions cause deforma- . )
) causes of geological processes are being ana-
tion of ground surfaces.

The works for protection and developmenlyzed’ and basic principles and methods of

. : r;%)rotection against negative effects of geo-
of land, which are necessary in order to en- . .
logical processes have been determined.

sure comfortable living conditions for urban Geological processes have been studied

population, are high-priority and ﬁrst-orderb hd : d forei h
roblem in the reconstruction and develop-y such domestic and foreign researchers as
P Savarenskiy F.P., Kolomenskiy M.V., Nay-

ment of urban territories. feld L.R. [4], Viadimirov V.V. [5], Naza-
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renko LI. [7], Nishchuk V.S. [8], Bakutis esses and develop their classification (see
V.E. [6], Kaplan L.Z. [9], Gorshkov G.P. Figure 1).
[17], Peredelskiy L.V. [14], Sergeyev E.M. Lets consider in more detail each group of
[12] and Lomtadze V.D. geological processes.
Endogenic processes are caused by
changes within the internal geological struc-
STATEMENT OF THE PROBLEM tures of the Earth, that is, within the litho-
sphere, mantle, and core of the Earth. En-
The purpose of this paper is implementingogenic processes result from internal forces
the classification system for geological procinside the Earth and virtually do not depend
esses having effect on the development of lowly depend on external factors. En-
urban territories, determining new methoddogenic processes promote tectonic stresses
for solving problems; developing and usingf the Earth crust and, for this reason, are as-
of classification schemes as means for enswociated with various processes which cause
ing quality and efficiency of activities inthe nonuniformity, expansion, and bedding or
solving problems associated with the meanscks [16].
for information support, research activities, Exogenic processes are characterized by
science-based complex engineering sole@hanges of rocks and mountain structures and
tions, and methods with respect to the deveageneral appearance of the earth surface under
opment of urban territories subjected to ththe influence of the energy of the sun, planets
effects of geological processes. of the solar system, and space environment
Only complex studies of geological proc{16].
esses can provide the possibility to obtain The basic sources of the energy of exo-
improved knowledge about the characteriggenic processes are the continuous movement
tics and causes of geological processes, aswater and air masses, circulation of water
well as methods for predicting geologicaln the atmosphere, on the earth surface, and
processes. in the entrails of the Earth, chemical and
physical transformation of substances under
the influence of the vital activity of living or-
CLASSIFICATION OF GEOLOGICAL  ganisms, and human activity. Therefore, any
PROCESSES exogenic process is characterized by the fol-
lowing three stages of development: destruc-
The term"geological process’ means a tion, transfer, and deposition of materials.
change of components of the geological envi- Exogenic processes are interconnected.
ronment in time and space under the influFhe formation of any exogenic process caus-
ence of natural and technogenic factors [20]es the formation of another exogenic process.
Depending on the source of changes drherefore, only analysis of exogenic proc-
forces causing dynamic forces these proesses in combination allows all changes on
esses are divided for the internal endogentbhe Earth surface to understand and the laws
processes, and external exogenic processts.which s changes are subjected to deter-
Therefore, the first stage in studying geologimine. This conclusion applies also to both
cal processes is to divide the geological prothe exogenic and endogenic processes. These

GEOLOGICAL PROCESSES

EXOGENIC PROCESSES ENDOGENIC PROCESSES

Fig. 1. Classification of geological processes
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processes are interconnected and, accordined. The factors that directly promote the
ingly, represent the complexity, diversityformation of geological process in a favor-
and, at the same time, the unity of the dyable environment may be used in grouping
namic forces acting on the Earth. geological processes and creating groups
The most important feature of geologicalith common characteristics.
processes is the nonuniformity of their ef- For the first time, the classification of geo-
fects on the earth surface in different districtlogical processes and events was proposed by
and regions due to different physical an&.P. Savarenskyi in 1937. The classification
geographic conditions, surface relief, rockystem developed by F.P. Savarenskyi in
anisotropy, and location of tectonic structure$941 was based on the diversity of causes of
[16]. formation and development of geological
All geological processes occur and varprocesses and events. Later, this classifica-
depending on the characteristic actions arbn system was complemented by M.V. Ko-
mode of interaction of underground tectonitomenskyi in 1956. The classification system
processes, stressed-deformed state of roeKective at the present time is presented in
masses, changes of rock properties, tempeiiab. 1.
ture conditions at the upper part of the earth In the proposed classification system, the
crust and at the earth surface, hydrogeologiauses of geological processes and events are
cal conditions, and surface water. Such effestdicated. Due to this, the classification sys-
of diverse factors affecting the formation otem has practical value, as the actions re-
natural, technogenic, and combined geologguired for protection against these processes
cal processes is the characteristic feature ahd events shall be focused, first of all, on
geological processes. the removal of the causes and consequences
While studying geological processes, thef the processes and events. If such removal
causes of and the conditions for the formas not possible, for example, in case of earth-
tion of geological processes were detequakes, the actions shall be focused on re-

Table 1. Classification of geological processes

Nr Cause of occurrence and development Geological processor event
' of a geological process or event
1 Activity of factors inducing weathering Weatheyin

2 | Activity of surface water (sea water, lake wdJnderwashing and slide of banks (marine and
ter, river water, channel water) fluvial abrasion)

Water erosion of slopes (formation of ravines
and gullies), earth flow

3 Activity of surface and underground water Swammmpriation, subsidence, karst formatior

4 Activity of surface and underground water oRock displacement

slopes
5 Ac'lt?vity of underground water Subsoil erosiorniftiing sand
6 Freezing and thaw of soail Freezing and thawingodlf
Permanently frozen soil and its effects
7 Activity of internal forces of Earth Seismic ev@n
8 Industrial activity of human beings Land subsmercompaction, bulking. surface

and underground deformations in mine openings
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ducing the effects of processes and events opment of the classification scheme of proc-
buildings and structures. esses (see Figs. 2 and 3).

The results of the studied sources analysis In developing the classification schemes,
were used for the classification of geologicahe basic factors to be considered are factors
processes with consideration for the basic aff natural origin. Anthropogenic factors are
fecting factors. not considered.

I. Exogenic processes: The processes associated with climatic

1. Processes associated with climatic fadactors are weathering and eolian processes
tors. (deflation, corasion, denudation, and accu-

2. Processes associated with activity ahulation).
surface water. These processes are characterized by

3. Processes associated with activity ofhanges in rocks and rock minerals in the
underground water. thermodynamic conditions on the earth sur-

4. Processes associated with activity dice under influence of natural factors.
gravitational forces on slopes. Eolian processes are processes of blow-

5. Processes in regions with permanentlgut, transfer, and accumulation of sandy and
frozen soil (cryogenic processes). silty rocks under action of wind.

II. Endogenic processes: The geological action of wind appears as

1. Processes associated with activity of indeflation, corasion, denudation, and accumu-
ternal forces of the Earth. lation.

The classification of geological processes Eolian processes cause the formation of
is performed with consideration for factorspecific objects of surface relief, such as
that cause the formation and development barkhans, barkhan patterns, sand ridges,
processes. The final result of the study afunes, and hilly sands [16].
geological processes consists in the devel-

EXOGENIC PROCESSES
\

[

[

[

[

\

PROCESSES PROCESSES PROCESSES ASSOCIATED PROCESSES IN REGIONS
PROCESSES
ASSOCIATED WITH ASSOCIATED WITH ASSOCIATED WITH WITH ACTIVITY OF WITH PERMANENTLY
CLIMATIC FACTORS ACTIVITY OF SURFACE ACTIVITY OF GRAVITATIONAL FORCES FROZEN SOIL
WATER UNDERGROUND WATER ON SLOPES (CRYOGENIC PROCESSES)
CORASON | | /™™ | —/—/—/——/

o DU

ACCUMILATON

DR U

CCTMILATION ACCTMILATION

Fig. 2. Classification scheme of exogenic geological psees
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ENDOGENIC PROCESSES

PROCESSES ASSOCIATED
WITH ACTIVITY OF
INTERNAL FORCES OF
EARTH

[ |
SEISMIC TECTONIC MAGMATIC
PROCESSES PROCESSES PROCESSES

*{ EARTHQUAKE ‘ FIASTROPHISM

—  MAGMATISM

| SEAQUAKE \ SUBDUCTION

—  VOLCANISM |

—{  PLUTONISM

ABDUCTION

SPREADING

#
4{
| SEISMICSEAWAVE | -{  COLLISION
_{
#
4{

ABDUCTION

| CONVECTION |

Fig. 3. Classification scheme of endogenic geological gsees

The classification schemes include reesses in areas with permanently frozen soil
peated processes, for example, denudatieryogenic processes, such as ice formation,
and accumulation processes. This repetiticoil creep, thermoabrasion, thermokarst,
is possible due to that these processes d@hermoerosion, and exaration).
formed under some elements: the effect of In the process of transfer of products of
climate, surface and underground water, graeck degradation, the products accumulate
vitational forces, and internal forces of thaccording to the size, density, and chemical
Earth. The process results in the movemeabmposition of the products. The accumula-
of material from the higher areas to the loweion of products of rock degradation and for-
areas of the surface relief. Denudation proenation of rocks occur at settlings of the sur-
esses cause changes in the surface relief tfete relief, therefore, the final stage of the
promote the relief leveling. Denudation proceorresponding processes is accumulation.
esses include processes that are formed in theThe processes associated with activity of
result of climatic factors (eolian processesurface water include inundation, erosion,
such as deflation) and activity of surface weearth flow, ravine formation, abrasion, mud
ter (inundation, erosion, earth flow, abraaccumulation, and subsidence.
sion), activity of underground water (subsoil These processes are characterized by a
erosion, karst formation), and activity offree water surface on land plots due to the in-
gravitational forces on slopes (rock diserease of water levels at waterways and water
placement, rockslide, snow slide), and procstorage reservoirs and due to the accumula-
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tion of water at settlings of the surface reliefstrength of rocks in some layers due to the

In this case, both the permanent and tempmcrease of the ground water level or de-

rary formation of a free water surface is possrease of filtration pressure to the rocks.

sible. As a result, rocks are being destructed The cryogenic processes are represented

due to water flow or land drainage. by thermophysical, mechanical-and-physical,
The effects and activation of this group oand chemical processes in frozen and thawed

processes result in formation of unfavorablgrounds and ground rocks [20].

surface relief. Frozen water present in soils and rocks
The main medium that activates thesand seasonal and daily changes of the aggre-
processes is surface water. gative state of the water cause various cryo-

The processes associated with activity ajenic processes.
underground water include underflooding, Such cryogenic processes are: the frost
subsoil erosion, karst formation, swamp forswelling, ice formation, thermoabrasion,
mation, peat accumulation, subsidence, artdermoerosion, thermokarst, soil creep, de-
swelling. cerption, exaration, defluxion, frost cracking,
These processes are characterized by thaid frost contraction.
effects in certain conditions of the natural The extent and intensity of the cryogenic
environment, including urban environmentprocesses depend on atmospheric precipita-
and are caused by various factors having ndien characteristics, heat and moisture ex-
ural and technogenic origin, specifically duehange in the upper layers of rocks, and dy-
to the increase of the soil humidity or groundhamical characteristics of freezing and thaw-
water level to the limit values beyond whichng.
the environmental conditions become unfa- Cryogenic processes occur in combination

vorable. and interact with other exogenic processes.
The main medium that activates thes&@hese processes have different effects in de-
processes is underground water. nudation, accumulative, and relatively stable

The subsidence processes are caused drgas.
different factors promoting these processes. In mountain areas, where denudation
For this reason, these processes pertain goounds are dominant, weathering products,
both the group of "processes associated witluch as column-like rocks of irregular shape,
activity of surface water" and the group ofind exaration — the stone streams as deposits
"processes associated with activity of undeof stony or crushed stone material are
ground water". The main media for the subformed. On mountain slopes, stony terraces
sidence processes are surface and undand strips are formed. If the slope contains
ground waters. soft rock deposits, solifluction surface relief
The processes associated with activity afan be formed in cases when the thawing sur-
gravitational forces on slopes include rockace soil layer creeps down. The characteris-
displacement, rock slide, rock fall, and snouic feature of horizontal surfaces and flat beds
slide. is the formation of structural surface relief
These processes are characterized by ttepresented by such equitable polygonal ob-
relatively slow or, in specific cases, fasjects as stony polygons, rows, rings, and oth-
movement of earth masses, rock fractions, er like objects with a diameter from 10 cm to
snow masses down the hill slopes due to tiseveral meters. Such structural relief appears
change of physical properties of hills and adue to seasonal changes, when the surface
tion of surface and underground waters agound water freezes in autumn, with the
well as atmospheric precipitation. formation of polygonal cracks and soil swell-
The causes of reduction of the resistangeg, and in winter, frozen ground fractions
of a slope to these processes can be overlca®@ squeezed out to the surface. In spring,
of the slope surface, underwashing of theuch fractions move downhill and accumu-
slope base due to abrasion, or decrease of the
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