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Abstract: The article deals with the process of intensification of the urban territory of a historically
formed city. The quarters of residential developments of different periods are analyzed and the indicators of
density are determined. The urban transformations of a city canvas, which influence the changes in the density

indices and their inter-dependence were investigated.
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1. Introduction

Urbanization processes of recent decades have been active in the formation of urban environment and
image of a modern city. Significant intensification of peopl€ s lifestyle leads to an increase in the density of the
city in its various manifestations. Cities of the metropolitan nature, such as Lviv, are maximally intensified
within their existing boundaries, taking into account the potential of the formed urban structures and
undevel oped territories, as well as outside them.

Fig. 1. Structural plan of a Lviv city building territory (interwar period) (Cherkes B., 2015)
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2. Basic Theory

Building intensification and its density are measured by a number of generally accepted indicators.
Territory is the basic indicator of the processing boundary needed to form the area of definition in the process of
calculating the density as a spatial indicator (Berghauser Pont, M. & Haupt, P., 2010). The territorial boundary
of determining the density indicator may be:

1. Main structural and planning elements of a city. For example, in Ukraine, within the township
territory, the main structural elements are formed: a residential quarter (housing complex) as the primary
structural element of the living environment; residential quarters and complexes form a residential area - a
structural element of a township territory within which the institutions and enterprises are located as well as the
objects of urban significance. Residential areas can also be formed as the separate structural units. The township
territory (residential region) is formed by the residential areas. This structural unit is typical for significant and
the most significant cities and is formed as a holistic structural organism with the placement of service facilities
for district and urban use there [English. Sate Building Sandards];

2. Boundaries of the territories, which are included into the cadastral register;

3. Designed boundaries, which are specified by a certain coordinate network, or determined by the given radius;

4. Limits determined on the basis of the morphological characteristics of the territory.

Taking into account the peculiarities of structural and planning elements of a city, it is possible to
intensify them by different methods, taking into account the density indexes (Cherkes B., 2015, p. 1-6), making
the most of the potential of the territory and effectively integrating it into the city structure.

Calculation of the density indexes of the territory
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Fig. 2. Cdculation of dengty indicators (performed by S. Konyk based on Berghauser Pont, M. & Haupt, P, 2010):

1. Floor Space Index (FS) reflectsin percentage the intensity of construction (total areaof buildings and Sructures)
tothetotd land ares; Floor Area Ratio (FAR); - reflectsthe same as FSl, but not in percentages 2. Ground Space | ndex
(GS) showsthe corrdation of the built-up areato thetotd area of theland plot; 3. Network densty (N) showsthe corrdation
of thearea of stregtsand roads of the processing areato thetotd area of thisterritory; 4. Open spaceratio (OSR),
the corrdation of thearea of the built-up territory to theterritory free from devel opment
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These indicators are standardized in the Ukrainian city-planning legislation as follows: the main
restrictions of the territory density are the establishment of the percentage of built-up area in accordance with
the defined function of the development. The density of population is established as well, because you can
determine the maximum capacity of a given territory in accordance with the chosen building typology, which
the future density of the development of the territory will depend on . The estimated population density in the
residential areais recommended to be 190220 people per hectare in the most significant cities, respectively, for
the zones of the city of different urban development value. (DBN 360-92**, 1992)

The research of Lviv building territory density based on a next methodol ogy.

The module for density calculation is aterritory of living district with the roads borders, which show us
the scale changes in territory building. We choose the areas of different building periods, to see the density
changes during the time from an old town (till X1X century) to 1980-1900 ties. The constant module isa 1 ha
sguare territory, which show us the scale of aliving building district.

City density isan indicator of urban development and demonstrates the quantitative and qualitative use of
the urban environment by man. The urban environment is a complex of dynamic physical, economic,
sociological and cultural factors that always affect people and communities. This feature allows us to follow the
changes that occur with the territory, with building and density indicators during certain time. In different
periods the city met needs of its inhabitants by creating relevant for a certain time comfort and forming
requirements and standards for the construction and organization of the territory of a given period. Such
transformations are especially brightly traced in the historical urban environment.

Let's consider the change of the density index at the example of the territory of residential building in the
city of Lviv during different periods (Fig. 1). The medieval Lviv downtown was characterized by a very high
density of building, as well as the western and eastern parts of it; this also applies to the quarters outside the
walls, which were formed after applying of regulation of the development of Lviv by the Austrian
administration at the first part of the 19" century. From the second part of the 19" century up to the World War
| the expansion of building grew primarily by increasing the number of storeys of buildings and the size of the
districts (Petryshyn H. & lvanochko U., 2007, p. 16-27). In the interwar period, building in Lviv was formed
under theinfluence of functionalism. In the construction of the periphery of the city the principles of the garden-
city of E. Howard were used, actively promoted by I. Drexler, which influenced reduction of the density of the
building and creation of the comfortable environment (Sadowska, E. J., 2014, p. 21-32). After the Second
World War until 1990, Lviv quickly turned into an industrial center, which caused the construction of the new
mass housing, based on the principles of modernism and strict regulations adopted for the entire USSR. The
Soviet panel housing estate of Sykhiv in Lviv with its nearly 50 years of design, construction and transformation
has become one of the integral symbols of the city. This is the result of the activities of several generations of
residents and architects (Cherkes B., 2015., p. 1-6). The period of Independence began on the background of a
protracted economic crisis. The new construction was intensified only in the last decade.

The analysis of the density of the building is completed for time periods, which were characterized by the
clear urban building features. For the basic unit of study the smallest structural element was chosen, namely, the
development quarter. You can follow how the area of design was increased i.e. from 1 to 4 hectares or more
over the last centuries.

Having analyzed the density of development of residential quarters during different periods, it became
possible to follow the subsequent transformations of indicators GSI and FAR. In the period until the
XIX century residential development was represented by dense quarters of middle storey buildings with small
inner courtyards, which did not meet the modern requirements regarding the number of open space and public
service areas. Indicators GSI and FAR were high which indicated excessive density. At the beginning of the
XX™ century the approach for building of residential quarters was changed. Low-rise buildings and districts
with the buildings of mean height were built less densely and with patios, GSI and FAR showed an optimal
ratio. But already in the 60s the need for housing and the rules of regulation of the development process allowed
to use territory more intensively by increasing the height of buildings and forming large, non-scale spaces
between them. The GSI indicators were significantly reduced and the FAR was markedly increased in the
devel opment of residential quarters of the 80s. The district of Sykhiv is a clear example of such approach. This
process is well traced on the graph given bel ow.
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Fig. 3. Caculation of the density of developmental districtsin various yearsin Lviv. On the schemesthe provisional territory
with an area of 1 hectareis allocated by dotted line GSI, FAR-density indexes (look totable 2), L —height in floors
(inthis scheme, the “first storey” or “first floor” isthe level above ground level. The floor a ground level isusualy called “07)!

1 We have to say about floor numbering schemes. In European scheme, the “first storey” or “first floor” is the level above
ground level. Thefloor at ground level isusudly called “ 0. This schemeis used in the United Kingdom, most European countries,
Mexico, Cambodia and former British colonies.

In North American scheme the “first” floor isthe floor at the ground level and the floor above it isthe “second” floor. On
some buildings, floors below ground floor are usualy marked as basement (B) but some buildings aso marked these floors as
minus (-), for example; minus one (-1), minus two (-2) and so on. In few cases, the floors below ground floor are marked as lower
ground (LG) or sub basement (SB) though this is uncommon. This scheme is used in some part of the United States and Canada,
some Latin American countries, Russia and former Soviet Union countries, China (excluding Hong Kong and Macau), South
Korea, Japan, Singapore and parts of Indonesia.
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Change of the density indicatorsin residential devel opment quarters in the different time periods.

The growth of the status of Lviv affected the intensification of the construction processin the city, which
was considerably accelerated from the 19" century. The number of inhabitants of Lviv was gradually growing.
Intensification of the urban environment, in particular in the field of housing construction, became matter-of-
fact, and an increase in the density of the development of the territory started to be a positive practice of
devel oping European cities. Today, the process of intensifying of the territory of a city is due to the increase in
the number of storeys of the building, respectively, forming large unmanaged space gaps that are non-scale in
terms of human feelings and affect the quality of the urban environment. Therefore, it is important, taking into
account historical experience, to determine the optimal parameters of the density of the urban environment.
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Fig. 4. Grgph of changes of the density indicators in residential devel opment blocks
during the different time periods (based on the data from Fig. 3).

The city suffered the greatest crisis during the Second World War, when burgers of Jewish nationality
were exterminated, Polish — took out, and Ukrainian — subjected to repression. The population of Lviv resumed
only in the 1970s due to its transformation into an industrial center, which also resulted initsterritorial growth.
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Fig. 5. Putting of housesinto operation in Lviv (in thousands of sq. meters of total area).

The number of available population of Lviv, according to the estimates, as of April 1, 2016 had
grown to 757.2 thousand people. Thus, in 2016 in Lviv (including satellite small towns of Vynnyky,
Bryukhovychi and Rudno), residential buildings with a total area of 475.4 thousand square meters were put
into operation. The city of Lviv accounts for 55.3 % of the total residential housing of Lviv region and
633.3 sg. meters of total housing area was constructed per 1,000 inhabitants of the city. In 2016,
403.2 thousand sq. meters of total housing area in residential buildings with two or more- room flats and
72.2 thousand sg. meters in the houses with one- room flats were put into operation. In general, in 2016,
315 new residential buildings for 6,265 flats were put into operation in the city. The average area of one
newly built flat was 70.9 sq. meters. Such volumes of housing construction require the active development
of infrastructure and an increase in the number of service facilities. However, only one pre-school
institution for 160 places, the educational and rehabilitation center for 1.3 thousand square meters of total
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area, the outpatient clinics for 56 visits per shift and the memorial museum complex of 5.8 thousand square
meters were put into operation (Main Statistics Department of Lviv region, 2016).

G 5 S- ) nd by the F5l, which mcreases by the GS1, which mncreases
(Ground Space Index ) the number of total areas of the number of built-up area ;
buildings and structures;

Fs1 A
=" w7
/ r
Transport network ) P

-the intensification of transport infrastructure: the indicator
of linear density, a need for optimization of transport
network ( formation of a pedestrians and roads network)

FSI oy GSI
/__ — —_—— -
/ ’ — ! 7
Engineering networks L oo __/ L_._ _!_I

-intensification (additional load on existing engineering
networks)

- engineering support of non-equipped territories.

GsI
ﬁ J o=
Transport ) )
____J LR 2N
- need for parkings;
FSI GSI
PR T R | i S 7
AL g o
Population L Lt Mt

- functional intensification, which is a direct dependence to
the increasing of people number on the territory ( permanent
and temporary stay) and ensuring of their needs

s e o A
1o e, ;0"
{

Pollution Lo 2T
Concentrated localization of | Dispersed localization of
po]lunon sources: pollution sources:

- noise; - noise;
-air Po]lutlon -air Pollution;
-visual po]lutlon -visual pollution.

Fig. 6. Intensification of theterritory by different density indicators (illustrated by S. Konyk).



Intensfication of building the territory of a higtorical formed city using the example of Lviv 7

Such volumes of construction create a heavy burden on the city infrastructure and do not always take into account
the formed environment exacerbating the urban problems (Petryshyn H. & Hanets S, 2014, pp. 141-149). This
approach to designing is a parasitic attitude to the city. Today, the regulation of the development of urban facilities is
carried out within the framework of free areas of the territory allocated for the design and in areas planned for
reconstruction. This approach leads to the following changes: condensation of building; loading on transport
infrastructure; additional pressure on engineering networks; increase in a number of sources of noise pollution; air
contamination; visual pallution; closure of production; spontaneous building in suburban green aress; the decline of the
natural landscape caused by anthropogenic influence; social and domestic conflicts.

Urban planning warranties and restrictions on land devel opment in Ukraine should provide indicators for
the foll owing requirements (Urban planning conditions and restrictions, 2011):

— maximum permissible height of buildings;

— maximum allowabl e percentage of land plot development;

— maximum permissible population density (for residential devel opment);

— distance from the object being projected to the limits of red lines and lines of regulation of the building;

— planning restrictions (zones of protection of monuments of cultural heritage, protected landscape aress,
boundaries of historical habitats, coastal protective strips, sanitary protection and other protection zones);

— minimum allowable distances from the objects being projected to other buildings and structures;

— protected zones of engineering communications;

—requirements for the need for engineering surveys in accordance with state building regulations;

— reguirements for lanndscaping (including restoration of |andscapes);

— provision of transport and pedestrian communication conditions;

—reguirements for providing of the necessary number of places for safekeeping of motor vehicles,

— requirements for the preservation of cultural heritage.

Designing of the quarters of buildings depends to a large extent on the needs of people, modern criteria that form
a subjective assessment of a comfortable environment. Today, each devel oper, for an advertising purpose, denominates
the projected quarter as the greenest, the most comfortable for families with children, or a separate cluster, which will
form a certain model of the environment of livelihoods. Therefore, there is a question of the objectivity of such
advertising estimation and the need to determine what significant transformeations have taken place in the approaches to
building residential quarters. Wefollow two approaches to the intensification of devel opment on theterritory: increase of
the area of development and growth of a number of storeys. In these two versions, we proceed from the existing state of
the environment which forms the planning restrictions for us, as wel as the area of the site for the projected quarter.
Today, the fact that the site for designing of one quarter islessthan the other is not an indisputable reason for calculating
resdency in it for a smaller number of people. Let's consider this approach on the example of some new quarters of
residential development in Lviv (lun.ua, 2008-2017).

Increasing amount of buildings near central part of Lviv is changing primary idess of area congtruction, its
purpose and functional usage. It traces changes in development trends on the one of central dreets of the city -
Vyachedav Chornovil avenue by the end of 19 century till today (Kryvoruchko V., 2017, pp. 5-13). Free or neglected
areas adjacent to the main transport connections which form the planning framework of the city were chosen as the
territory for devel opment of residential neighborhoods: Shevchenko gtr., Volodymyr the Great str., Princess Olga str.,
Pasichna dtr. and others. Within adjacent to the territory of the named gtreets, the sites of different sizes - from
2.5 hectares to large plots of 15 hectares were alocated. The quarter type of building remains the main trend, whichis
formed by the groups of sectional houses of the same, or a various number of floors. Morphologicaly, this can be
building formed around enclosed courtyards with 2 or 3 houses (“ Semotsvit”, “America’), or the area built up a
perimeter (“VillaMagnalia'), or a more dispersed organization of the territory (“ Pasichna’). Despite the various number
of storeys of building and various planning principles and FAR and Gl Sindices, the following results were obtai ned:

— having various area of the site, the percentage of the built-up area is approximately 20-40 %, followed
by a tendency to increase the area of development with a smaller total area of site, thus we vividly notice the
intensification according to GIS indicator;

— number of storeys of residential building is a parameter that is adjusted to obtain the desired density of
a quarter, often without taking into account planning constraints and leveling out the importance of the
requirements for comfort of residence appealing to a person’ s subj ective perception;

—FAR index is indicative for a developer, because it is a number of square meters that can be put into
operation, and it also gives grounds to talk about the number of people who will live there, limited by this area.
For example, the residential quarter of “Dobra Osdia (Good Abide)”, which has FAR index close to 3, that is,
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the area of all the storeys of the building is three times larger than the total area of the site, gives grounds to say
that there is not enough space for recreation and service of the residents;

— a large number of people living in these quarters will require an increase in the number of service
facilities, places in educational and pre-school institutions, which, however, are projected less intensively than
new residential complexes,

— these residential buildings are the focus for attracting people and, therefore, additional traffic flows,
which stimulates the appeal to theissues of parking, organization of transport and pedestrian traffic;

—thereis atendency of aslow transition of mono-functional housing complexes to poly-functional ones.
It is evidenced by projected public spaces on the ground floors of some residential buildings.

"Semycvit" "Ameryka" "Dobra Oselia"
Shevchenka street 60 Volodymyra Velykoho street 10 | Knyahynya Olgal/s str
Archimatika Architects Zelemin Architects Dobra Oselia
FAR 1,884 FAR 1,727 FAR 2.869
GIS 0.214 GIS 0,233 GIS 0,353

"Pasichnyi" "Misto Trav" "Villa Magnolia"

Pasichna street 133, 171 Kulparkivska street 226 |Pasichna street]50
Archimatika firm Zotov Architects, ATO-BEL firm,
Architects/Mistoprockt AVR Development Architect Thor Hnes
FAR 1.884 FAR 1,865 FAR 1,678
GIS 0.226 GIS 0,529 GIS 0,382

Fig. 7. New building quartersin Lviv with the calcul ation of density indicators (LUN)
(Cherkes B, Petryshyn H., Kolomeytsev A., Konyk S., 2017).
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3. Conclusion

Intensification of the urban environment during the period of growth of urbanization should take into
account the needs of the city, take into account its problems and maintain the concept of sustainable
development. Formation of quarter development should be considered in the city context and create a high-
quality urban environment. There is even more responsible task: to find approaches to the intensification of
building of historic cities, especially their central parts.
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bozoan Yeprec, I'anuna lempuwun, Anmon Konometiyes, Conomis Konux

IHTEHCU®IKAIIA 3ABYJ1OBU ICTOPUYHO CO®OPMOBAHOI'O MICTA
HA ITPUKJIAAI JIbBBOBA

Anomauia. Micma mempononitinoco xapaxmepy, 30kpema JIb6ig, MaKxcumaibHo IHMEHCUPIKYIOMbCA y IXHIX ICHYIOYUX
Medicax, 8paxogyrouu nomeHyian copmosanux micmoOyOi6HUX YmeopeHb ma HeoC80CHUX mepumopiil, sk i noza numu. Micoka
WITLHICIb € NOKA3HUKOM MICbKO20 PO3GUMKY | OeMOHCIPYE KITbKICHE MaA AKICHEe GUKOPUCMAHHS MICbKO20 cepedosuiyd Ti00UHOIO.

Kinvxicmo nassnoeo nacenenns y Jlvgosi, 3a oyinkoro, na 1 keimms 2016 poxy cmanosuna 757,2 mucsu oci6. Biomak, y
2016 poyi y Jlvsosi (sxuouarouu micma-camenimu Bunnuxu, bproxosuui ma Pyowno), 6Y10 30aHO 6 eKCNiyamayilo JHcumiogi
6younku 3azanvhoio nioweio 4754 muc ke. m. Ha Jlvsie npunadac 55,3 % 3aeanvhoobnacnozo 66edenns scumad, a y po3paxyHKy
na 1000 mewikanyie micma 6yno 30yoosano 633,3 k6. m 3a2anvbhoi niowi sxcumia.

Tepumopieto 3a6y006u HCUMLOBUX KEAPMANI6 00paHO GUNbHI uu 3aHedbani OLNAHKU, WO NPUsAeaiomb 00 OCHOBHUX
MPAHCROPMHUX CRONYYeHb, AKI (opmyloms nianysanvhuli kapkac micma:. eyn. Illesuenka, eyn. Bonooumupa Benukozco, eyn.
Kuseuni Onveu, eyn. Iaciuna ma inwi. B medxcax npuneenux 0o yux @ynuyb mepumopiti euoineni OLIAHKU pi3HOI niowji 6i0
2,5 2a ma senuxi keapmanu 0o 15 ea.

Ochognoio menoenyicio 3a6y006U 3a1UMACMbCA 3ACMOCYBAHHS KBAPMAIbHO20 Muny 3a6y008u, wo Gopmyemuvcs 3 epyn
cexkyiinux Oyounxie oomiei abo dc piznoi nosepxogocmi. Mopghonoziuno ye mooice Oymu 3a0yoosa, c@opmosana HABKONLO
3amrHymux 0opie y meacax 2—3 oyounkie (* Cemuymesim” , * Amepuka”), abo nepumempanvro 3a6ydoeana mepumopis (* Binia
Maznonis™ ), uu 6inbw pozocepedicena opeanizayis mepumopii (* Iaciunuii” ). Hezeadicaiouu na pizny nogsepxosicme 3a0y006u ma
Pi3HI nIany8anbhi npuHyunu, 6Y10 OMPUMAHO MAKi Pe3yIbmamu. y 00CTIONCCHUX KApMAiax 8iocomok 3a6y0oearnoi mepumopii
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cmanosums 2040 %, maxooic npocniokogyemovcs menoenyisi 00 30inbulents niowi 3a0y008u npu MeHWiil 3a2anbHil naowi
OLNAHKU, NOBEPXOBICb JHCUMNOB0I 3a0Y008U € NAPAMEMPOM, AKULL KOPE2YIOmb, W00 ompumami 6axcany witbHicmos Keapmany,
4acmo He 6paxo8ylouU NIAHYBANbHI 0OMedNCeHHs. MA HIBeNOI0YU 8ANCTUBICING 8UMO2 00 KOMGPOPMHOCMI NPOUCUBAHHS, 6€UKA
KinbKicmb m100ell, Wo npodicusamume y yux Kgapmanax, nompeodysamume 30invuennss Kiibkocni o6’ €kmig 06¢iy208y8amnHsl, Micyb
Y 0c8imHiX ma OOWKIIbHUX 3aKAA0AX, AKI OOHAK NPOEKMYIOMbCS MeHW IHMEHCUBHO, HIJC HO8I JICUMIOBI KOMWIEKCU; HOBI
JHCUMNIOB] YMBOPEHHA € (POKycamu npumseanHs niooel, d, 3HaA4umv, 000amKOBUX MPAHCHNOPMHUX NOMOKIE, WO CMUMYIIOE
3a6e3neuents NAPKOMICYAMU, OP2aHi3ayii MpaHcnopmHO20 Mma NIOXIOHO20 PYXY; NPOSABIAEMbC MEHOCHYIs NOGILILHO20 NEPexooy
MOHOQYHKYIUHUX JHCUMTOBUX KOMNILEKCI8 00 NOMQYHKYIUHUX, NPO WO CEiOHamb 3anpoeKmosani 2pomMaocbKi NPUMILYeHHs )
Nnepuiux no8epxXax OesiKUx JHCUMI08Ux OyOUHKI.

Inmencugpixayis micokoeo cepedosuwya y nepiod 3pocmants pighs ypoawizayii noguHHA 6paxosysamu nompedou micma,
38adicamu Ha U020 npodnemu ma NIOMPUMY8AmMU KOHYenyilo cmanozo pos3eumxy. Dopmyeanns keapmany 3a0y006u mae
PO3270AMUCH Y 3A2ANbHOMICOKOMY KOHMEKCmI I cmeoplosamu sKicHe micvke cepedoguwye. Llle eionogioanvhiuum 3a60aHHAM €
8iOHatiOenHs nioxo0ie 0o inmeHcugikayii icmopuyHux micm, 0cooaUB0 IX YEHMPATLHUX YACMUH.

Knrouogi cnosa: micvka 3a6yoosea, ypbanizayis, wineHicme, inmencugixayis



