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ARCHITEKTURA KIELC W PRZYSZLOSCI
W PROJEKTACH STUDENTOW LWOWSKIE) SZKOLY ARCHITEKTURY

DOI: 10.30540/sae-2019-007

Abstract

The article reflects the ideas of projects done by Lviv Architecture School students and created for the city of Kielce,

various architecturally typological directions.

Keywords: academic, culturally-educational, entertaining buildings and structures

Streszczenie

W artykule przedstawiono projekty studentow lwowskiej szkoly architektury stworzone dla miasta Kielce w roznych sty-

lach architektoniczno-typologicznych.

Stowa kluczowe: budynki i gmachy naukowe, kulturalno-o$wiatowe, rozrywkowe

Department of Architectural Environment Design was
created by the decree No. 183-10 by Lviv Polytechnic
National University rector 28 November 2003 at
execution of the university academic senate resolution
from 23 September 2003 (act No. 20). The first
bachelor’s graduation with the speciality architecture
took place in 2004. In December 2005 at the department
there was a successful defense of diploma projects with
the speciality architecture environment design. In 2007
the first graduation of masters took place.

During 15 years 7 doctors of Architecture (PhD), over
150 masters, hundreds of specialists, over 500 bachelors
defended at the department. Department teachers have
published tens of monographs and textbooks, over 300
articles. The department has participated in over 100
conferences and 100 exhibitions of all grades where
over 100 decorations have been received, a few Grand
Prix and 75 diplomas of | degree. Department teachers
and students have taken part in design and construction
of over 500 architecture objects.

Active work in academic cooperation with
architecturally-artistic schools of Vienna, Dresden,
Kielce, Dnipro, Kyiv, Toronto etc. has helped the
department gain such significant results [1, 2].

Katedra Projektowania Srodowiska Architektonicz-
nego zostata utworzona, zgodnie z decyzja rektora
Uniwersytetu Narodowego ,,Politechniki Lwowskiej”
nr 183-10, dnia 28 listopada 2003 roku na podstawie
uchwaty Rady Naukowej Uniwersytetu z dnia 23 wrze-
$nia 2003 (protokdt nr 20). W roku 2004 studia ukon-
czyli pierwsi licencjaci w specjalizacji architektura.
W grudniu 2005 roku w katedrze zakonczyta si¢ sukce-
sem pierwsza obrona projektoéw dyplomowych w spe-
cjalizacji projektowanie srodowiska architektoniczne-
g0. W 2007 roku studia ukonczyli pierwsi magistrowie.

Przez ponad 15 lat w katedrze obronito si¢ 7 dok-
torow architektury (PhD), ponad 150 magistréw, setki
specjalistow, ponad 500 licencjatow. Wykladowcy ka-
tedry opublikowali 10 monografii, ponad 300 artyku-
low. Katedra wzieta udziat w 100 konferencjach i 100
wystawach réznej rangi, w ktérych otrzymano ponad
100 nagrod 1 wyroznien, miedzy innymi Grand Prix,
a takze 75 dyplomow pierwszego stopnia. Wyktadow-
cy 1 studenci katedry wzieli udzial w projektowaniu
i budowie ponad 500 obiektow architektonicznych.

W uzyskaniu takich znaczacych osiagni¢¢ pomogta
katedrze miedzy innymi aktywna wspolpraca akade-
micka ze szkotami architektoniczno-artystycznymi
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Among various vectors of such cooperation -
scientific and research excursions, plein-air lectures,
scientific explorations of doctors and habilitation
scholars — mutual educationally projecting seminars,
which were first conducted by our Lviv architecture
school in Ukraine and later also in Austria, Germany,
Poland, have become especially important direction of
speciality development.

A special form of artistic cooperation has formed
between the department of architectural environment
design and the department of architecture and urban
planning at Kielce University of Technology. It was
happening particularly in the sphere of educationally
searching designing of public buildings by students
of these departments in Lviv and Kielce [3]. At the
beginning Ukrainian and Polish students conducted
such projects as their semester works, later on as
qualification bachelor’s and architecturally engineering
ones. Ukrainian students designed in the environment of
the city of Kielce, Polish ones—in Lviv. During drawing
plein-airs in Kielce Ukrainian students acquainted
themselves with its architecture, environment, spatial
organization, landscape, historical heritage, made
sketches, analysis and afterwards created projects of
both separate buildings and architecture ensembles or
landscape solutions, prevailing majority of which were
directed towards the future.

Among all the projects created by Lviv students within
the last 10 years — duration the agreement of cooperation
between Lviv Polytechnic National University and
Kielce University of Technology, three main projecting
directions have been formed, in particular: first direction
is connected with development of architecture, spaces,
environment of Kielce University of Technology
campus; second projecting of culturally educational
buildings and structures; third — projecting of buildings,
leisure and entertainment centres.

The following projects should be considered as one of
the best projects of the first direction: Development of
Kielce University of Technology campus environment
in Kielce by the student O. Urbanskyi (Fig. 1); Design
of architecture of the subject and spatial environment
of parking areas at Kielce University of Technology
campus in Kielce by the student I. Myroniuka, Design
of the landscape of Kielce University of Technology
campus in Kielce by the student H. Katola.

Projects of international student centres done by
the students O. Dmytrash, A. Stopachynskyi, Yu.
Klapchuk and of Polish-Ukrainian Culture Centre
suggested by V. Terletskyi may be considered as the
second direction projects (Fig. 2).

104

Wiednia, Drezna, Kielc, Dniepru, Kijowa, Toronto...
[1,2].

Wsrod roznych form takiej wspotpracy — wyjazdow
naukowo-badawczych, wykladow plenerowych, ba-
dan naukowych doktorantow i habilitantow — szcze-
g6lnie waznym kierunkiem w rozwoju specjalizacji
staly si¢ wspdlne seminaria naukowo-projektowe,
ktore lwowska szkota architektury prowadzita po-
czatkowo na Ukrainie w Austrii, Niemczech i1 Polsce.

Szczegodlna forma wspolpracy tworczej uksztalto-
wata si¢ pomiedzy Katedra Projektowania Srodowiska
Architektonicznego a Katedra Architektury i Urbani-
styki Politechniki Swietokrzyskiej. Dotyczy to przede
wszystkim procesu naukowo-poszukiwawczego pro-
jektowania budynkow uzytecznosci publicznej przez
studentéw tych katedr we Lwowie i w Kielcach [3].
Poczatkowo takie projekty polscy i ukrainscy studenci
wykonywali w ramach prac semestralnych, a poézniej
jako prace dyplomowe inzynierskie i magisterskie.
Ukrainscy studenci projektowali w Kielcach, a polscy
we Lwowie. Lwowscy studenci w czasie plenerdéw ar-
chitektonicznych zapoznawali si¢ z architekturg Kielc,
ich srodowiskiem, organizacja przestrzenna, krajo-
brazem, spuscizng historyczng, wykonywali szkice,
analizowali, a pdzniej tworzyli projekty zarowno poje-
dynczych budowli, jak i zespoldw architektonicznych
lub rozwiazan krajobrazowych, ktérych znaczna wick-
szo$¢ dotyczyta przysztosci.

Posréd wszystkich stworzonych w ciggu ostatnich
10 lat przez Iwowskich studentéw projektéw, od kiedy
obowigzuje umowa wspodtpracy pomiedzy Politechni-
ka Lwowska a Politechnika Swietokrzyska, wyksztat-
city si¢ trzy gldwne kierunki projektowania: pierwszy
zwigzany jest z rozwojem architektury, przestrzeni,
srodowiska kampusu Politechniki Swietokrzyskiej;
drugi dotyczy projektowania budynkéw kulturalnych
1 o$wiatowych; a trzeci skupia si¢ na projektowaniu
kompleksow wypoczynkowo-rozrywkowych.

Do najlepszych projektow pierwszego kierunku na-
lezy zaliczy¢ Rozwoj srodowiska kampusu Politechni-
ki Swictokrzyskiej w miescie Kielce O. Urbanskiego
(rys. 1), Projekt architektury srodowiska przedmioto-
wo-przestrzennego parkingdw kampusu Politechniki
Swietokrzyskiej w miescie Kielce studenta I. Myro-
niuka, Projekt krajobrazu kampusu Politechniki Swie-
tokrzyskiej w miescie Kielce studenta Katoty.

Do drugiej grupy mozna zaliczy¢ projekty migdzy-
narodowych centrow studenckich, ktére wykonali
studenci O. Dmytrasz, A. Stopaczynskyj, J. Ktapczuk,
oraz Centrum Kultury Polsko-Ukrainskiej autorstwa
W. Terleckiego (rys. 2).
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Fig. 1. Project Development of Kielce University of Technology campus environment in Kielce by the student O. Urbanskyi
under the supervision of a professor V. Proskuriakov

Rys. 1. Projekt Rozwéj srodowiska kampusu Politechniki Swietokrzyskiej w miescie Kielce autorstwa studenta
O. Urbanskiego, wykonany pod kierownictwem prof. W. Proskuriakowa

Fig. 2. Project Polish-Ukrainian Culture Centre in Kielce in Piotrkowska Street by the student V. Terletskyi under the
supervision of a professor V. Proskuriakov and an associate professor B. Goy

Rys. 2. Projekt Centrum Kultury Polsko-Ukrainskiej przy ul. Piotrkowskiej autorstwa studenta W. Terleckiego, wykonany
pod kierownictwem prof. W. Proskuriakowa i docenta B. Goja
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Fig. 3. Project Design of entertainment centre in Kielce within Krakowska—Ogrodowa streets by the student M. Mykyta
under the supervision of professor V. Proskuriakov and assistant T. Harashchak

Rys. 3. Projekt Centrum rozrywkowe w Kielcach pomiedzy ulicami Krakowskg a Ogrodowq autorstwa studentki M. Mykyty,
pod kierownictwem prof. W. Proskuriakowa i asystenta T. Haraszczaka

It is possible to consider the following projects to
the third direction: a project of entertainment centre in
the city Kielce within Krakowska—Ogrodowa streets
by the student M. Mykyta (Fig. 3) and a project of
shopping and entertainment centre in Kielce by the
student N. Mashkevych (Fig. 4).

In his project Development of Kielce University
of Technology campus environment O. Urbanskyi
suggested building up architecture, environment and
space of an existing academic institution complex
in a way to create a new main facade in Tysiaclecie
Panstwa Polskiego Avenue and to coordinate spatial
structure with both already existing buildings and
yard and with street axes and urban structure in
the direction of its central city part. The author
deliberately freed all the spaces and among them
those which had been planned near new buildings for
visual and physical connection of all internal space of
the campus as a whole, and as hereditary development
of historical and modern. Keeping existing symbols
which identify the university the author also suggests
a new one — office-tower in the shape of a cross as a
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Do trzeciego kierunku nalezy projekt centrum roz-
rywkowego w Kielcach pomiedzy ulicami Krakow-
ska a Ogrodowa autorstwa studentki M. Mykyty
(rys. 3) oraz projekt centrum handlowo-rozrywkowe-
go w Kielcach studenta N. Maszkewycza (rys. 4).

W swoim projekcie Rozwdj srodowiska kampu-
su Politechniki Swictokrzyskiej w miescie Kielce
O. Urbanski proponuje rozbudowe architektury, sro-
dowiska i przestrzeni istniejacego kompleksu uczelni
w taki sposob, aby stworzy¢ nowg gtowna fasade od
strony alei Tysigclecia Panstwa Polskiego, a struk-
tura przestrzenna zostalaby dopasowana zaréwno
do istniejacych gmachow i dziedzincéw, jak i do osi
ulic, i struktury miejskiej w Kierunku centrum mia-
sta. Autor Swiadomie uwalnia wszystkie przestrzenie,
wsrod nich te, ktore planowane sa pod nowe gma-
chy, aby osiagnac fizyczny i wizualny zwiazek catej
wewnetrznej przestrzeni kampusu jako jednej calosci
i jako kontynuacji rozwoju historycznego i nowocze-
snego. Zachowujac istniejace symbole, ktore iden-
tyfikuja Politechnike, autor proponuje takze nowy
biurowiec — w formie wiezy-krzyza — jako symbol
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Fig. 4. Project Shopping and entertainment centre in Kielce by the student N. Mashkevych under the supervision of professor

V. Proskuriakov and assistant T. Harashchak

Rys. 4. Projekt Centrum handlowo-rozrywkowe w Kielcach autorstwa studenta N. Maszkewycza, pod kierownictwem

prof. W. Proskuriakowa i asystenta T. Haraszczaka

symbol of belonging to the name of the institution as
well as spiritually spatial coordinate.

The project of an international student culture
centre by O. Dmytrash on the premises of Kielce
University of Technology has been determined by
the author as an inter-institutional object of culture.
Its purpose is to integrate university students into
a worldwide education network and provide access
and possibility to various conferences, congresses,
artistic events of national and international levels.
The author has designed her 5-level centre as a
combination of suprematist volumes of versatile
surface which are able to adjust to surrounding
architecture of environment of both University of
Technology and the one which forms the environment
along Tysiaclecie Panstwa Polskiego Avenue.

The centre of Polish-Ukrainian culture in Kielce,
done by V. Terletskyi, is designed as a crystal, fencing
constructions of which are made in the colours of the
national flags of Poland and Ukraine. The building

przynaleznos$ci do nazwy uczelni, a takze drogowska-
zu duchowo-przestrzennego.

Projekt miedzynarodowego studenckiego centrum
kulturalnego O. Dmytrasz znajdujacego si¢ na terenie
Politechniki Swietokrzyskiej zaproponowany zostat
jako miedzyuczelniany obiekt kulturalny. Jego funk-
cja mialaby by¢ integracja studentow Politechniki
z ogblnoswiatowg siecig oswiatowg oraz mozliwos¢
organizowania i korzystania z réznorodnych konfe-
rencji, kongresow, wydarzen artystycznych na pozio-
mie $wiatowym i krajowym. Autorka zaprojektowata
5-kondygnacyjne centrum jako kombinacj¢ suprema-
tycznych bryl i wysokosci, ktore mogg dopasowywac
si¢ do pobliskiej architektury, tak Politechniki, jak
1 tego, co ksztattuje srodowisko wzdhuz alei Tysiacle-
cia Panstwa Polskiego.

Centrum Kultury Polsko-Ukrainskiej w Kielcach
autorstwa W. Terleckiego zaprojektowane zostato jako
krysztal”, ktorego ogrodzenia i krawegdzie otrzyma-
1y kolory flag narodowych Polski i Ukrainy. Budynek
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is made as a bridge on two props, which symbolize
the unity of cultures of Polish and Ukrainian people,
going over Silniczna Street. In one of the props, the
bigger one, exhibitions and club spaces are designed,
in a small one — universal theatrically performing
space which can function in various modes and
genres.

Projecting his shopping entertainment centre in
place of acity marketin Tarnowska and Seminaryjska
streets N. Mashkevych has partially left the level
of soil commercial function as a “memory” of the
place and for servicing the residents of neighbouring
blocks of flats who during decades got used to
market services. However, having made over a
modern hypermarket a space with functions such as
performances of orchestras of various music genres,
exhibitions, theatric, sport, educational events and
performances the author has transformed the initial
space into a modern powerful architecture complex
which has also received an office, residential and
universal building. Obviously, such composition
solution could claim to participate in shaping the
city silhouette. However, unfortunately, the analysis
of possibility of integrating of a newly designed
complex with architecture of a central historical
part has not been performed by the author. Thus,
it cannot be stated that exactly such a solution of a
new building would be absolutely possible.

Analysis of the presented above projects by students
of Lviv Architecture School has proved the following:
— architecture of the city of Kielce has its own

unique genesis and development, and architecture
of separate buildings, squares, environments
of kindergartens and parks, spatial solutions of
complexes and ensembles are not at all worse than
in other European cities;

— clean air, forests and mountains, natural lakes
and rivers, unique drinking water, parcellation of
historical city building structure has been preserved,
architecture monuments are attractive not only to
modern investors, which objects are not always
tolerant towards formed city environment but also
to shaping the concept of a futuristic architecture of
a city-garden which Kielce could become;

— preliminary experience of academic, searching,
semester, conceptual projecting by the students
of Lviv Architecture School in the environment
of the city of Kielce has proven that it is and
stays topical at the department of architectural
environment design at Lviv Polytechnic National
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ma forme¢ mostu na dwéch pylonach, co symbolizu-
je polaczenie kultur narodow polskiego i ukrainskie-
g0, przerzuconego nad ulicg Silniczng. W wigkszym
z pylondéw zaprojektowano powierzchnie wystawowe
i klubowe, w mniejszym uniwersalng przestrzen te-
atralno-widowiskowa.

Projektujac centrum handlowo-rozrywkowe w miej-
scu obecnego targu miejskiego, przy ulicach Tarnow-
skiej i Seminaryjskiej, N. Maszkewycz zdecydowat si¢
czgs¢ kompleksu, znajdujacego si¢ na poziomie grun-
tu, przeznaczy¢ na obiekty handlowe, nawigzujac jed-
noczesnie do ,,pamigci’” miejsca, z ktérych mieszkancy
sasiednich osiedli, ktérzy przez dziesigciolecia przy-
zwyczaili si¢ do ushug §wiadczonych na targu, mogli
nadal korzysta¢ Jednak umieszczajac nad projekto-
wanym wspolczesnym hipermarketem powierzchnie
o réznorodnych funkcjach, od wystepoéw muzycznych,
reprezentujacych szeroka palete gatunkoéw, do wido-
wisk 1 wydarzen teatralnych, sportowych i oswiato-
wych, autor przeksztalcit wyjsciowg przestrzen w po-
tezny wspotczesny kompleks architektoniczny, ktory
otrzymat takze gmach biurowy, mieszkaniowy i uni-
wersalny. Oczywiscie takie rozwigzanie kompozy-
cyjne moglo pretendowa¢ do udziatu w ksztaltowaniu
sylwetki miasta. Niestety analiza mozliwosci integra-
¢ji nowo zaprojektowanego kompleksu z architektura
centralnej, historycznej czesci miasta nie zostala przez
autora przeprowadzona. Nie mozna zatem stwierdzic¢
w zaden sposob, ze wlasnie takie rozwigzanie w przy-
padku nowej zabudowy jest catkowicie realne.

Analiza przytoczonych wyzej projektéw studentéw

Iwowskiej szkoty architektonicznej potwierdza, ze:

— architektura Kielc ma swojg oryginalng geneze
1 rozwo0j, architektura poszczegoélnych budynkow,
placéw, srodowiska ogrodow i parkdéw, rozwigzania
przestrzenne komplekséw 1 zespotéw nie ustepuja
innym miastom europejskim;

— czyste powietrze, lasy i1 gory, naturalne zbiorni-
ki wodne i1 rzeki, unikalna woda pitna, zachowana
parcelacja historycznej struktury urbanistycznej, za-
bytki architektury sg atrakcyjne nie tylko dla wspot-
czesnych inwestorow, ktorych obiekty nie zawsze
sa tolerancyjne wobec uformowanego Srodowiska
miejskiego, ale takze dla ksztaltowania koncepcji
futurystycznej architektury miasta-ogrodu, ktorym
mogtyby sta¢ si¢ Kielce;

— poprzednie do$wiadczenie projektowania eduka-
cyjnego, poszukiwawczego, semestralnego, kon-
ceptualnego przez studentéw Iwowskiej szkoty
architektonicznej w srodowisku Kielc udowodnit,
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University currently and in the future. Results of
such projecting will benefit the evolution of both
educational and professional architecture thinking

ze jest ono i pozostaje aktualne w Katedrze Projek-
towania Srodowiska Architektonicznego Uniwer-
sytetu Narodowego ,,Politechnika Lwowska” teraz

in Poland, Ukraine and other European countries. iw przyszto$ci. Wyniki takiego projektowania bedg
sprzyjaly ewolucji tak o§wiatowego, jak i profesjo-
nalnego myslenia architektonicznego w Polsce, na

Ukrainie i w innych krajach europejskich.
REFERENCES

[1] Hpockypsxos B., Kadenpa HAC — tpiym¢p mporpecy. Big murymoro no maibytasoro, B.1. IIpockypsikoB, ApxiTekTypa:
Bicauk HY “JIpBiBchka nomitexuika” / Binm. pen. b.C. Yepkec: Bua-Bo JIbBiBcbKkoT momitexHiku. - Ne793. —2014. — C. 5-8.

[2] Ipockypsikos B., MixkHapoiHe KOHIENITyaJIbHE IIPOSKTYBAHHSI SIK METOJI TeHEpYBaHHsI IPOIPECUBHUX 1]IeH B apXITEKTypy
cyuacHoi Ykpainu, B.[TpockypsikoB, b. Uepkec, CoopHukHayuHBIXTpYn0BOI' ACA : PerronansHbIenpo0ieMbIapX UTEKTY Pbl
u rpagocTpoutenseTa. — Onecca: ActponpuHt, 2007. - Ne9-10. — C. 651-662.

[3] Proskuryakov V.1, Educational-research designing as a method of typology development of library buildings by ar-
chitectural schools of Lviv and Kielce polytechnics, V.1. Proskuryakov, I.S. Voronkova // “Structure and Environment”
2013, No. 1, Vol. 5, pp. 5-10, PL ISSN 2081-1500.

Acknowledgments:
The work was financed by Lviv Polytrchnic National

University Departament of Architectural Environment
Design.

Podziekowania:

Praca byta finansowana przez Uniwersytet Narodowy —
Politechnika Lwowska, Katedra Projektowania Srodowiska
Architektonicznego

109



Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence available on the site: http://creativecommons.org/licenses/by/3.0/pl
Tresci z tej pracy moga by¢ wykorzystywane zgodnie z warunkami licencji dostepnej na stronie: http://creativecommons.org/licenses/by/3.0/pl

VADYM ABYZOV
Kyiv National University of Technologies and Design
e-mail: vaddimm77@gmail.com

Manuscript submitted 2019.01.17 — revised 2019.02.20,
initially accepted for publication 2019.03.07 published in June 2019

THE MAIN DIRECTIONS OF PREFABRICATED LARGE-PANEL
SYSTEMS’ IMPROVING

GLOWNE KIERUNKI DOSKONALENIA PREFABRYKOWANYCH
SYSTEMOW WIELKOPLYTOWYCH

DOI: 10.30540/sae-2019-008

Abstract

The article discusses the features of the formation and development of prefabricated large-panel systems in civil
engineering. Their advantages and disadvantages are given taking into account a variety of urban planning, architectural,
structural and technological solutions. The directions of their improvement are determined and considered, the main of
which are: optimization of parametric characteristics of building typing elements using modern computer technologies;
increasing the steps of bearing walls with the introduction of large-span systems, improvement of technical solutions for
enclosing structures and their joints; the use of combined panel-block systems based on local materials; improvement of
aesthetic qualities and means of architectural and spatial expressiveness.

Keywords: prefabricated large-panel systems, the main directions of systems’ improvement, housing construction,
architectural and technical solutions

Streszczenie

W artykule omowiono cechy tworzenia i rozwoju prefabrykowanych wielkoplytowych systemow w budownictwie. Ich
zalety i wady przedstawiono z uwzglednieniem roznych rozwiqgzan urbanistycznych, architektonicznych, konstrukcyjnych
i technologicznych. Zidentyfikowane i omowione zostaly kierunki ich doskonalenia, z ktorych gtowne to optymalizacja
charakterystyk parametrycznych elementow typowania budynkow przy uzyciu nowoczesnych technologii komputerowych,
zwigkszenie krokow scian nosnych dzieki wprowadzeniu systemow o duzej rozpietosci, doskonalenie rozwigzan technicznych
konstrukcje Scian zewnetrzne i ich polgczen stykowych, stosowanie kombinowanych panelowych i blokowych systemow
na bazie lokalnych materialow, poprawa walorow estetycznych i Srodkow wyrazu architektoniczno-przestrzennych.

Stowa kluczowe: prefabrykowane systemy wicloptytowe, gtdéwne kierunki doskonalenia systemow, budownictwo miesz-
kaniowe, rozwigzania architektoniczne i techniczne

1. INTRODUCTION

Systems are considered to be prefabricated large-
panel (PLP) if the vertical load-bearing elements are
the walls, built and assembled of large panels, as a
rule, no less than the size of the room. The main arca
of application of PLP systems of construction is the
mass residential construction. They have also been
used for construction of a number of public buildings
without large halls (Fig. 1).

After large-scale construction in the early 1960’s
in Eastern Europe typical five-storey large-panel and
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brick apartment houses with narrow step of bearing
walls, since 1965 the block principle has become
substantially prevalent, including block-cell method,
that provides a comparable variability of space-
planning and composition solutions. To overcome the
monotony of development, instead of typical building
the science of Architecture offered for the designers
a set of different block sections, that provides them
with some relative variability of individual residential
formations in length, configuration and number of
storeys. Offering at the first stage as the main element
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Fig. 1. Prefabricated large-panel systems
Rys. 1. Prefabrykowane systemy wieloptytowe

of the typing the block section, the authors of this
trend continued to go further by downscaling it
with the use of semi-block sections, block elements,
structural cells, etc. [1, 2].

At the same time, existing mass-scale, prefabricated
industrial systems need further improvement,
because in many respects they do not meet modern
and perspective requirements and do not always
allow to obtain complete architectural and urban-
planning solutions. These systems often are oriented
on outdated architectural, planning and technological
requirements and in many cases do not allow to take
into account numerous local conditions and factors.

2. PREFABRICATED LARGE-PANEL SYSTEMS

The main structural elements of the PLPS systems
are: bearing reinforced concrete panels for interior
walls, foundations, floor slabs; outer walls panels,
covering slabs (roof construction); partitions (non-
bearing panels); constructive elements of transport
communications (lift tubing, stairs); engineering
equipment and other non-bearing elements of the
system [2, 3].

The basis of the prefabricated large-panel system
construction is planar (frameless) construction
system that has three basic varieties: transverse-wall;
longitudinal-wall; cross-wall.

Prefabricated large-panel systems, according to
the selected distance between load-bearing walls, are
divided into: a narrow span of load-bearing walls —
short-run (from 2.4 m up to 4.8 m); the wide span of
load-bearing walls (over 4.8 m). Systems with a wide
span of load-bearing walls in connection with their
development in recent decades can be divided into the
system with a mid-span (from 4.8 mto 7.2 m) and with

a wide span (from 7.2 m to 18 m). The formation of a
certain type of prefabricated large-panel system and,
in particular, its load-bearing system, depends on the
functional purpose of buildings and their typological
requirements, configuration and size of buildings, of
their number of storeys (Fig. 2).

The largest spread in Eastern Europe has acquired
a system with narrow transverse load-bearing
walls, which has various modification combinations
of different parameters of load-bearing walls.
Such solutions have a high degree of industrial
development, ensuring the high technology level of
product manufacture and construction of buildings.
Narrow span systems have fine-cell regular layout
structure of the buildings, which makes their use
for the construction of low-cost housing with small
apartment areas, buildings of a hotel type and
dormitories, administrative and other buildings
without hall premises. For such buildings with fine-
cell structure the transverse and cross-wall systems
with transverse and longitudinal load-bearing walls
and floors of the size of the room are used. Design
scheme of the internal transverse load-bearing walls
allow to provide the distribution of functions of
bearing and enclosing structures. Their application
involves the use of lightweight wall panels of the
external walls and internal panels of transverse load-
bearing walls. Such panels are made of lightweight
concrete based on porous fillers, including keramzite,
shale porosity, slag pumice.
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Fig. 2. Projects of prefabricated large-panel systems, designed by the architect Vadym Abyzov (in a group of authors):
1 — project for a series of dwelling houses for low-rise and high-density development, 2 — series of dwelling houses for the
city of Zhitomir on the basis of local house-building plant

Rys. 2. Projekty prefabrykowanych systemow wielkoplytowych, zaprojektowanych przez architekta Vadyma Abyzova
(w grupie autorow): 1 —projekt dla serii budynkow mieszkalnych o niskiej zabudowie i wysokiej gestosci zagospodarowania,
2 — seria domoéw mieszkalnych dla miasta Zytomierza na podstawie lokalnego zaktadu budownictwa mieszkaniowego
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However, these systems of prefabricated large-
panel construction have a significant disadvantage
in regard to their moral and operational durability.
The fact is, that the narrow span of transverse load-
bearing walls is not able to conform a functional-
typological structure of buildings in compliance
with the typological requirements that are changing,
and the conditions of their operation. Strict regular
rational structure of short-span PLP systems in many
ways limits the ability of layout transformations that
are inevitable in connection with the change of socio-
demographic, urban, functional, technical, economic
and aesthetic conditions and factors. So, a strict
constructional and layout structure of prefabricated
large-panel residential buildings of the 1960s is now
quite obsolete. At the same time, the dynamics of the
coming changes on various conditions of housing
threatens by a massive reproduction of deficiencies
of prefabricated large-panel construction system with
narrow span of transverse load-bearing walls [1].

Longitudinal-wall systems feature the mandatory
inclusion of enclosing structures of panels of outer
walls of bearing system of buildings. Transverse walls
in these systems are the supporting elements and not
included in load-bearing systems. Unlike transverse-
wall, longitudinal-wall systems are characterized
by greater layout freedom and flexibility and the
possibility of transformation of architectural and
spatial structure. However, they are used for buildings
with a small number of storeys (up to 9 floors) in
connection with a limited load capacity of enclosing
structures. In addition, the use of these systems,
compared with transverse-wall systems, requires the
creation of a wider range of industrial products.

Prefabricated large-panel systems with a wide-span
load-bearing walls, are primarily used for residential
construction, where due to their implementation
the total number of sizes and brands of industrial
products had reduced and a new architectural quality
of the construction was reached. Prefabricated large-
panel systems with a wide-span load-bearing walls,
which provides the free planning of buildings with
large non-divided spaces have found their successful
use in residential construction in Denmark, Sweden,
Finland, the Netherlands [3-5]. These systems are
quite promising for prefabricated large-panel housing
construction also in the countries of Eastern Europe.

The range of application of prefabricated large-
panel structures for public buildings is limited
to organizations and enterprises, educational,
administrative, commercial and household, medical

and cultural purposes, which have a fine-cell structure
with the same type facilities and small hall premises.

In Western European countries the traditional
construction of single-family and sectional houses
and based on complete assembly construction of pre-
manufactured concrete structures has been withdrawn.
Prefabricated large-panel construction that developed
fast in the 1950s for solving housing problems after
World War II, mostly in France, Denmark, Sweden,
the Netherlands, turned out to be warranted for
these countries only in the presence of a large and
persistent in time volumes of construction. However,
in countries where the large production base of PLP
systems existed, the selective prefabricated large-
panel construction in various combinations with
other building systems continues, mostly for low-
rise construction and individual apartment houses for
people with low levels of income (Fig. 3).

Fig. 3. Large-panel housing construction in the Netherlands
(Rotterdam)

Rys. 3. Prefabrykowane budownictwo mieszkaniowe w Ho-
landii (Rotterdam)

Creation of powerful basis for PLP systems with
numerous residential building enterprises was crucial
in carrying out a large-scale housing program in
Eastern Europe, including the countries of the former
USSR. Development and mass implementation
of common projects of prefabricated large-panel
residential buildings accompanied by the constant
interdependent improvement of architectural-layout,
design and technological solutions with regard to
improving their technical and economic indexes.
Extensive work was carried out to ensure the reliability
of the butt joints, their air and water insulation.
Comprehensive development was aimed at increasing
the readiness of factory prefabricated elements,
reduction of weight and material consumption of
buildings, improvement of technologies of their
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production and installation, the use of outer panel
walls of light and porous concrete with different heat
insulators. Three-layer wall panels with mineral wool
or polystyrene insulation have become widespread.

The application of the PLP systems for the
mass typical residential construction in the view
of the high degree of efficiency and industrial
capability, adaptability to manufacture of products
and installation of the buildings turned out to be
economically effective enough. It should be noted that
the technical and economic performance of buildings
on the basis of prefabricated large-panel structures
largely depend on the number of storeys and the
configuration of buildings, their layout solution, the
level of engineering, degree of factory readiness of
products, conditions of construction.

3. THE MAIN DIRECTIONS OF IMPROVING

OF LARGE-PANEL SYSTEMS

Studying of various researches and publications
[2-9], own project experience, as well as multifactorial
analysis of design and implementation of large-panel
systems, allowed to identify the main directions of
improvement and prospects for the development
of these systems. Let us review the following main
directions of improving of prefabricated large-panel
systems (Fig. 4).

For the conditions of mass construction of residential
buildings, the issue of modular coordination and
typification of structural and layout parameters of the
PLP systems are crucial. The ultimate goal of such
development is drastically reducing the number of brands
of industrial products, improvement of their circulation,
and, consequently, increase the efficiency of production
and construction. This approach allows the maximum
use of the advantages of streaming technology in the
construction of a wide range of residential buildings
and a solution for a multi-choice architecture-urban
planning tasks. One of the main factors that determine
the effectiveness of the development and functioning
of architectural systems, industrial construction, is the
question of optimizing the range of items of typification
(block-sections, flats, etc.) of residential structures.
Solving it is aimed at providing the minimum necessary
number of source items of typification of maximum
architectural composition and urban variations of
the residential construction. A key requirement in
the development of methods for the formation of
prefabricated large-panel ABS is focusing on existing
technologies of PLP systems. But the organization of
technological process is actual, it ensures the creation
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and integration of various parts and products of specified
nomenclature with architectural qualities about the sizes,
shapes, finishes, etc.

The next direction of improvement of PLP systems
is to increase the span of internal load-bearing walls.
This allows to increase the demographic and planned
variation of residential cell sections, the level of
comfort of accommodation, as well as improve the
moral durability of buildings with their flexible
layout organisation. However, the economic benefits
of the systems with short-span floors come out
mostly in solutions of high-rise buildings, designed
for the construction in seismic and other difficult
geological conditions. The research and project
development are actual, relating to the possibilities
of the implementation of long-span architectural and
building PLP systems with the use of overlapping
slabs on two, three or more rooms of 9.0, 12.0, and
15.0 m long. Considering the technical difficulties of
creation of spatial rigidity for long-span systems of
high-rise residential buildings, these solutions can be
successfully applied for low-rise (up to 5 floors) high
density building development.

The progressive trend of development of
prefabricated large-panel systems in accordance to the
modern requirements is to improve technical solutions
for outer walls. For the solution of this problem the
important issue is the distribution of load-bearing and
enclosing functions between internal and external
load-bearing structures. The release of the outer
wall from the load-bearing functions will facilitate
the solution for such requirements, as independence
of the elements of enclosures from the support of
structural system, their interchangeability and, where
appropriate, disassembly, as well as facilitation of the
weight of building products. This will, in turn, apply
a variety of effective structures, including the multi-
layered panels for outer walls using traditional and
new building materials with high thermal insulation
properties. Along with this should be considered that
the low-rise construction and justified use of design
schemes with longitudinal load-bearing external walls
and the use of effective outer walls are advisable. An
important tool for promoting rational use of local
materials and construction resources, improvement of
the architectural quality of the residential environment,
which is formed on the basis of the prefabricated
large-panel system of construction, is the use of local
construction materials for external walls. In this case
in accordance to the resources available the rational
step is the application of various lightweight concrete
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Fig. 4. The main directions of improving of large-panel systems
Rys. 4. Glowne kierunki doskonalenia prefabrykowanych systemow
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blocks, blocks of limestone, sandstone, and other local
materials, including use of waste products of industrial
production. It can be widely used as a traditional brick,
as well as its various new modifications, such as face,
figured, hollow brick, as well as ordinary ceramic
modular stone.

This solution with a combination of different load-
bearing structures isacombined cell-panel architecture-
construction system [5, 6]. For the conditions of low-
rise dense building development, as well as mass
low-rise individual construction for categories of the
population with a low level of income, the conversion
of prefabricated large-panel system residential
construction to the application of ABS with external
walls made of local materials, is quite promising. So,
the proof is the development of the existing urban
environment in East Germany and in the Netherlands
with the low-rise residential buildings based on cell-
panel systems, either in the surroundings of historic
building development. Besides the possibilities to
solve various architectural and artistic problems, this
will improve the workability of production structures,
produced by construction enterprises, due to the
exclusion of the manufacture of panels of external

walls, expand the use of products, and reduce the
capital intensity of building production by the rational
use of local resources of building materials.

For buildings of more than 9 floors high with
wide span of bearing walls the rational step is the
introduction of reinforced concrete monolithic core
for spatial hardness. The application of staircase-
elevator unit in this vertical core (shaft), combined
with prefabricated large-panel build up is a combined
panel-monolithic system [5].

The search for various options of facade
fragmentation is quite promising, with various location
of loggias and balconies, entrances, stair-elevator units
that can be used as a turning and connecting elements
of block-sections in the compositional structure of
residential houses. Formation of architectural-spatial
and visual expressiveness of prefabricated large-panel
residential buildings is contributed by such tricks as
the creation of terrace development, 3D elements of
loggias, attic floors, shading, and other structural and
decorative items, as well as a variety of solutions to
the relief and colour processing of exterior panels,
facades, etc. (Fig. 5).

Various techniques of architectural and artistic

Fig. 5. Various options of facade fragmentation of prefabricated large-panel buildings
Rys. 5. Rozne opcje fragmentacji elewacji prefabrykowanych budynkow wielkoplytowych
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decisions of assorted elements for personalising the
facade are designed by the architects and builders
of the countries of Eastern Europe, in particular of
Poland. They include the use of triangular loggias
and balconies, that vary in length and depth, standing
out 3D elements, use of the plastic properties of
concrete to create relief panels, etc. Technology of
forming the concrete products in fibreglass forms
used in Riga (“Rigabeton™), is characterized with
the combination of the high technical and economic
indicators (low consumption of concrete, increased
density, impermeability, frost resistance) with
architectural qualities (a variety of shape, plastic,
high quality front surface). In France the “artbeton” is
widely used, which combines the efficient production
technology with plastic properties of concrete
mass. Prefabricated concrete products become the
independent artistic value. The surface can be smooth
or rough, fine-grained or coarse, with marble, granite
or other crumbs, covered with shredded ceramics,
glass mosaic.

The production and supply of such parts is provided
by special companies that in cooperation with
architects determine the required range of panels of
different options — by shape, colour, and textured
finishing and using new building materials [9]. For
example, modern decorative plasters ArtBeeton and
SaltBeton from the company RM Distrubition imitate
not only rough concrete structure, but also fading or
salt deposits on the surface.

Itshould be noted that overcoming the contradictions
between the architectural requirements and structural
and technological features in prefabricated large-
panel residential construction must occur in close
cooperation of architects, designers and technologists,
including modernization of residential construction

REFERENCES

enterprises and determining the optimal nomenclature
of industrial products. For this issue the experience
of foreign and particularly Czech architects and
builders is useful, they master the programme of new
construction and prefabrication of various parts based
on periodic (every 3-5 years) forms, equipment, and
products updates.

4. CONCLUSIONS
Due to the cost-effectiveness, the high degree

of industrialization, the technological efficiency
of manufacturing products and the installation
of buildings, the use of prefabricated large-panel
systems for social housing construction remains quite
effective. The main characteristics of these systems
are determined by their differentiation according to the
constructive scheme (transverse-walls, longitudinal-
wall, cross-wall) and the distance between the bearing
walls (narrow span, mid-span, wide span of load-
bearing walls). The main directions of large-panel
systems’ improvement are the following:

— optimization of parametric characteristics of series
of residential houses and elements of their typing,
using modern computer technologies;

— increasing the steps of bearing walls with the
introduction of large-span prefabricated systems;

— improvement of technical solutions for enclosing
structures and their joints;

— the use of combined panel block systems based on
the use of local building materials;

— improvement of aesthetic qualities and means
of architectural and spatial expressiveness of
prefabricated large-panel systems.

[1] Abyzov V., Theory of Architecture-&-Construction Systems Development, KNUKiM, Kyiv 2010.
[2] Maksimenko V.A., Industrial engineering and technical systems of residential and public buildings, Higher School,

Moscow 1987.

[3] Tofiluk A., Systemy prefabrykacji dla wielorodzinnego budownictwa mieszkaniowego — ,,wielka plyta” wczoraj
i dzis, ,,Prefabrykacja — Jako$¢, Trwato$¢, Roznorodnosc¢” 2017, z. 5, Warszawa.

[4] Stodolny L., Prefabrykowane budynki mieszkalne wedlug systemu Pekabex, prezentacja dla projektantow, Warszawa

2017, <www.pekabex.pl>.

[5] Kvashnin-Samarin S., Combined systems of industrial houses, L.: Stroyizdat, 1986.
[6] Knaack U., Chung-Klatte S., Hasselbach R., Prefabricated Systems. Principles of Construction, Birkhéauser, Basel

2012.

[7] Deplazes A., Constructing Architecture: Materials, Processes, Structures, Handbook, Birkhduser — Publishers for

Architecture, Basel-Boston—Berlin 2005.

[8] Jopek D., Dom jako produkt. Nowe wyzwania prefabrykacji, ,,Przestrzen i Forma” 2011, 15.

117



) an
Strut ur THE MAIN DIRECTIONS OF PREFABRICATED LARGE-PANEL SYSTEMS' IMPROVING

[9] Toflic A., Betonowe fasady a efekt architektoniczny — mozliwosci ksztattowania prefabrykowanych i monolitycznych
elewacji. Wprowadzenie, ,,Prefabrykacja — Jako$¢, Trwatos¢, Roznorodnos¢™ 2017, z. 5, Warszawa.

Acknowledgments: Podziekowania:
The work was financed by work Kyiev’s National University ~ Praca byla finansowana przez Narodowy Uniwersytet
of Technologies and Design Technologii i Projektowania

118



Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence available on the site: http://creativecommons.org/licenses/by/3.0/pl
Tredci z tej pracy moga by¢ wykorzystywane zgodnie z warunkami licencji dostepnej na stronie: http://creativecommons.org/licenses/by/3.0/pl

IRYNA L. KRAVCHENKO
Kiev National University of Construction and Architecture

Manuscript submitted 2019.02.15 — revised 2019.03.20,
initially accepted for publication 2019.04.07, published in June 2019

e-mail: kravchenko.il@knuba.edu.ua

WAYS OF FORMATION OF ARCHITECTURE OF EDUCATION’S
NON-FORMAL INSTITUTIONS IN MODERN CONDITIONS IN UKRAINE

SPOSOBY KSZTALTOWANIA ARCHITEKTURY
NIEFORMALNYCH INSTYTUCJI 0SWIATOWYCH W NOWOCZESNYCH
WARUNKACH NA UKRAINIE

DOI: 10.30540/sae-2019-009

Abstract

Ways of formation of architecture of education’s non-formal institutions in modern conditions in Ukraine are discussed
in the article. The aim of the article is to describe some problems of architectural formation of non-formal education
establishments and determine main ways to resolve this problem. In Ukraine, the existence of non-formal education covers
the following areas: out-of-school education, postgraduate and adult education, civic education (diverse activities of
public organizations), school and student self-government (due to the possibility of obtaining managerial, organizational,
communicative, and other skills) educational initiatives aimed at developing additional skills and abilities (computer and
language courses, hobby groups, etc.). The adaptation method for regulatory framework to do more flexible typology
of non-formal education institutions is proposed. This method is called “related typology” detection and it lies in the
typological field and is based in world tendency of cooperation of functions.

Keywords: non-formal education, institutions of non-formal education, cooperation of functions, related typology

Streszczenie

W artykule omowiono sposoby ksztattowania architektury nieformalnych instytucji oswiatowych w nowoczesnych wa-
runkach na Ukrainie. Celem artykufu jest opisanie niektorych problemow formowania architektonicznego placowek
ksztalcenia pozaformalnego i okreslenie gtownych sposobow rozwigzania tego problemu. Na Ukrainie istnienie edukacji
nieformalnej obejmuje nastepujgce obszary: edukacje pozaszkolng; ksztalcenie podyplomowe i dla dorostych, edukacje
obywatelskq (roznorodne dziatania organizacji publicznych), samorzqd szkolny i studencki (ze wzgledu na mozliwosé
uzyskania umiejetnosci kierowniczych, organizacyjnych, komunikacyjnych i innych) inicjatywy edukacyjne majgce na
celu rozwijanie dodatkowych umiejetnosci takich jak kursy komputerowe i jezykowe, grupy hobbystyczne itp.

Proponuje si¢ metode adaptacji ram regulacyjnych do bardziej elastycznej typologii placowek ksztatcenia pozaformalne-
go. Metoda ta jest nazywana wykrywaniem ,, powigzanej typologii”, znajduje si¢ w obszarze typologicznym i opiera si¢
na swiatowej tendencji do wspolpracy funkcji.

Stowa kluczowe: edukacja nieformalna, instytucje edukacji pozaformalnej, wspotpraca funkcji, typologia powiazana

1. INTRODUCTION

In recent decades, the complexity and speed of social
development has been constantly increasing. And the
faster changes occur in society, the sooner the previously
acquired knowledge and existing competencies
become obsolete. In the late 80s and early 90s of XX
century the period of mass informatization of society
has started. Scientists paid attention to the amount of
information produced by mankind. So, in the 1970s the

total amount of human knowledge has been doubling
in 10 years, in the 1980s — in 5 years, in the 1990s —
annually, at the beginning of the XXI century that has
become a matter of months [1]. The French sociologist
P. Berto introduced the concept of “half-life period
of competence”, which means that after a certain
period of time about half of the knowledge acquired
by a person during his studies becomes outdated. In
the 1950s this period lasted approximately 10 years,
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now scientists are talking about 3-5 years, and in some
areas of professional activity this process goes even
faster (Fig. 1) [2].

Fig. 1. Dependence of the “half-life period of competence”
(P. Berto) from the growth of the amount of information.
Source: The scheme developed by Iryna L. Kravchenko
according to sociological and pedagogical researches [1, 2]

The current situation led to the notions of
“continuous education” and “lifelong education” [3].
The implementation of the concept of continuous
education, in turn, made it necessary to pay attention
to various types of education, since the existing
education system was clearly late in responding to the
challenges of the post-industrial information society,
which requires constant growth and/or changes in
competences from a person [1].

2. BASIC THEORY

The concept of non-formal education has several
definitions. A common definition is: non-formal
education is an educational process that takes place
outside educational institutions (schools, colleges,
universities, etc.) and, as a rule, does not lead to
official certification. And, at the same time, non-
formal learning is systematic; it defines goals,
learning outcomes, learning duration. According to
the “Law of Ukraine of 05.09.2017 No. 2145-VIII
On Education”: non-formal education is education
that is acquired, as a rule, according to educational
programs and does not provide awards of educational
qualifications recognized by the state according to
educational levels, but may result either in acquisition
of professional and/or in being awarded with partial
educational qualifications [4].

In Ukraine, the existence of non-formal education
covers the following areas: out-of-school education;
postgraduate and adult education; civic education
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(diverse activities of public organizations); school
and student self-government (due to the possibility of
obtaining managerial, organizational, communicative,
and other skills) educational initiatives aimed at
developing additional skills and abilities (computer
and language courses, hobby groups, etc.). Recently,
several third age universities have begun providing
educational services to senior individuals (Fig. 2) [5].

Fig. 2. Types and periods of education. Source: The scheme
developed by Iryna L. Kravchenko according to educational
system existing in Ukraine [4, 5]

Usually, during the educational process in a general
education institution, children and teens attend
circles and clubs of various kinds. This, for example,
may be a combination of various sports sections of
primary and secondary educational levels, as well as
after-school activities of artistic, scientific, technical
or artistic-aesthetic nature. Such an approach not
only contributes to the child’s diverse development,
but also helps to determine the future direction of
education and professional orientation.

But, ensuring the optimal combination of such
functions in educational institutions and making sure
that continuous access to additional education for
all groups of the population remains unhindered, if
necessary, are quite problematic questions. A number
of factors influence the formation of educational
institutions of a new type. These are, in particular,
social, demographic, territorial, political (education
reform and  decentralization), technological,
economic and ecological factors of influence [8].
Factors cause problems, and they, in turn, the
emergence and development of certain trends that are
partially or fully designed to optimally solve these
problems. In the course of the study, several major
trends in the development of the architecture of non-
formal education institutions in Ukraine are identified
in this article by the author. Largest of those trends
are: cooperation, in-depth specialization, integration,
and adaptive architecture. Further in the article it is
proposed to consider the most powerful trend, which
is cooperation, more thoroughly.
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3. RESULTS AND DISCUSSION

From an architectural point of view, the problem
of forming a typological network of non-formal
education institutions is as follows.

Firstly, as mentioned above, pedagogically and
according to scenario of the functioning of non-
formal education institutions, they are very similar
to other educational institutions and, basically, at first
glance, they do not require special buildings. In our
time, such centers arise almost spontaneously and
function in premises, adapted, rented, and the like.
But this does not always mean optimal functioning.

Secondly, on the part of pedagogical science, out-
of-school education is fairly allocated by a separate
link, since it covers the age groups of children and
adolescents who are at the stage of identifying their
interests and acquiring skills of primary and basic
educational level of out-of-school education and
receiving formal education in general educational
institutions. From the architectural point of view,
according to the author, it makes sense to conduct
research in a direction that typologically combines
the notions of extra educational institutions (extra-
curricular, non-formal, life-long education, etc.),
since processes occurring in buildings with such
specificity are the same — Educational. The functional
and planning difference will be in the direction of the
non-formal education itself: artistic and aesthetic,
artistic, scientific and technical, sports, etc. So here
exists a problem associated with a large number of
typological branches, and in combined establishments
— with capacity, location and mode of operation.

Thirdly, the system of functioning of non-formal
education establishments is closely connected with
the institutions that provide formal education at all
levels. There is a question of schedule — the lessons
are ending, various circle classes can be held at the
school premise, which, in fact, happened during the
USSR and is happening now. At higher educational
institutions, small academies of sciences and various
institutions of non-formal higher education carry out
similar work. But at the same time, the education
reform in Ukraine has shown a number of problems
in such way of functioning. In connection with the
processes of decentralization, the formation of united
territorial communities in the regions, the network
of out-of-school institutions is being optimized by
combining specialized institutions into multipurpose
ones [6, 7]. Ungraded schools are closing, and with
them the out-of-school education institutions that
functioned on the premises of these schools. That is,

for the time being, such optimization does not help
to bring the possibilities of out-of-school education
closer to people, but alienates the non-formal/out-
of-school education services geographically from
potential users.

These problems force us to reconsider the
functioning of institutions of additional education and
closely look at the trend of cooperation, that appears
here in several aspects: cooperation of functions,
various age groups, architectural and planning
techniques, architectural volume and landscape. In
order to bring the services of non-formal education
institutions closer to potential users and while relying
on the global tendency of cooperation of various
typological units [8], it was proposed to investigate
the degree of symbiotic combination of non-formal
establishments, including out-of-school education
(according to the updated list of Ministry of
Education and Science of Ukraine) of various levels
and capacities, with buildings that typologically
belong to different categories and are regulated by
Ukrainian state building codes. For comparison, the
chosen method of detection, the so-called related
typology. It lies in the following and consists of four
parameters:
first parameter — to identify from the types of
buildings that are compared, the main groups of
premises which are necessary for the educational
process (classes, laboratories, workshops, etc.) or to
determine the possibility of their design;
second parameter is to identify groups of premises
necessary forthe full functioning of the maininstitution
and symbiotic establishments (dining room, buffets,
WC, ancillary rooms, etc.) in accordance with the
schedule (mode) of operation and throughput;
third parameter — to determine the normative
presence of recreational zones of the main institution
theoretically, or to determine the possibility of their
arrangement, with the aim of building a common
communicative space with a symbiotic establishment;
fourth parameter is to determine the normative
availability of the main institution’s territorial
resources in order to arrange a common public
informative space.

These parameters are identified not just for new
educational buildings, but also for existing ones, which
should be adopted for the new educational concepts.

It was revealed that certain typological “flexibility”
as symbiotic objects in this combination is inherent
of  multifunctional  out-of-school  education
establishments, primary specialized art educational
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institutions, children’s and youth clubs of various
orientations, andthelike. Itisassumed thatthe buildings
of the institutions of formal education for various
purposes and different capacities will theoretically be
attracted to the symbiotic combination — they have
a high degree of typological integration and tend to
become more open pedagogically, so it is necessary to
be careful about the development of new structural and
functional models of such types of buildings. It is not
only about taking into account the above factors when
designing new educational buildings. It is impossible
to ignore the adaptation of existing building types
to new conditions. The processes of non-formal
education can take place in classrooms, laboratories,
lecture classrooms and sports halls of buildings of
formal education institutions. Yes, we understand that
such processes are a matter of scheduling, but there isa
need to find opportunities and to design architecturally
a more optimal educational environment.

A comparative analysis of existing architectural
objects is one of the ways of this research. The
analysis includes educational buildings that, to the
author’s opinion, are similar in function to institutions
of non-formal education of a new type. Let’s analyze
a couple of such objects according to parameters
shown above.

First of them is Jatkdsaari School in Helsinki,
Finland, the winning in two-phase open competition
2015. The project made by Lundén Architecture
Company in collaboration with Ramboll Finland
Oy and Granlund Finland Oy (Fig. 3). The proposal
“Three Cities’ explores how a paradigm shift in school
education can affect the physical learning spaces.
The proposed school is composed of three different
“cities”: ‘The Street’, a city for culture, expression
and community, ‘The Learning Landscape’, a city
for creating knowledge and ‘The Lab’, a city for
environmental and natural discovery. All three “cities”

Fig. 3. Helsinki, Finland, Jitkdsaari School. Winning in two-phase open competition 2015. Lundén Architecture
Company, in collaboration with Ramboll Finland Oy and Granlund Finland Oy [9, 10]. Source: The scheme developed
by Iryna L. Kravchenko according to analysis of the architectural object [4, 5] and “related typology” method, presented

by the author
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Fig. 4. Adult education centre for the VUC FYN & FYNS HF courses in Odense, Denmark CEBRA in collaboration with
E. Pihl & Son and Hundsbcek & Henriksen [11, 12]. Source: The scheme developed by Iryna L. Kravchenko according to
analysis of the architectural object [11, 12] and “related typology” method, presented by the author

have distinct identities. The atmosphere of each ‘city’
manifests through spatial organization and materiality
of the learning spaces. ‘The Street’ on the ground
floor aims for openness. Its facilities are shared with
the community during the school day. ‘The Learning
Landscape’ on the first floor consists of student home
cells that are accessed through a communal glazed
terrace. The landscape evolves from the traditional
classroom model by offering a wider variety of spaces
with different conditions for learning. ‘The Lab’ on
the second floor allows students to learn about the
natural world, such as nutrition and sciences, through
the use of laboratories and a green roof terrace with
energy and food production [9, 10].

The object is typologically positioned as a
comprehensive school, but not in the usual sense. This
concept is interpreted much more widely in the way
of this object’s functioning. In addition to our usual
understanding of this object, there is a combination of
educational processes arises for adults as well, which
is the lifelong education.

The second object is the Adult education centre in
Odense, Denmark (Fig. 4). Danish firm CEBRA has,
in collaboration with E. Pihl & Son and Hundshak

& Henriksen, won the competition for the new
teaching building for the VUC FYN & FYNS HF
courses. Located in a central position near the train
station and harbor in the city of Odense, the HF &
VUC Fyn adult education centre ties the inner city
with the harbor side. The building’s unassuming
exterior contrasts with its interior openness, which
creates a unique and varied learning environment for
1.300 students. Carsten Primdahl, architect and co-
founding partner of CEBRA says: “The basic idea
was to design a school that doesn’t look like a school.
The general conception of a completed educational
degree as a security to fall back on is subjected to a
fundamental review. We have realized that we must
learn constantly in order to adapt to an ever-changing
reality. An adult education centre like HF & VUC Fyn
will play an essential role in maintaining a society’s
competences in the future. Therefore, it is essential
that it is built on lasting values that revolve around the
individual. The building has to adapt to the student
and not the other way around [11, 12].

That is why the project focuses on creating a
building with specialized, yet diverse environments,
where students can find spaces and settings that match
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their own preferred learning style”. The design aspires
to create a versatile framework for a learning culture,
in which lifelong learning and education form an
inherent part of the adult individual’s personal growth.
The building is organized around a central space, the
Agora, which functions as a forum for social activities.
The rounded shapes form a series of balconies and
platforms with shifting overlaps across the atrium in
order to create single, double and triple height spaces
with varying degrees of daylight, transparency and
intimacy. Along the building’s outer edges are quieter,
more intimate spaces for studying or reading and
learning. Roofed outdoor spaces and terraces on upper
floors provide views over the city as well as relaxation
areas and outdoor study areas. This vivid and bright
building at the heart of the community keeps adults
up to date with the latest educational trends and
encourages lifelong learning [11, 12].

This architectural object is combined premises
for traditional forms of education (classes and
laboratories, premises for group and individual
learning, etc.) with modern learning activities space.
The symbiotic combination here is taking place both
in the educational concept and in the interpretation of
the architectural space for education.

The main architectural planning characteristic
of these two objects shown and analysed above is,
according to the author, the new way of creating
educational environment by combination of recreation
places, learning premises and communication spaces
into the one functional architectural environment.

4. CONCLUSIONS

The current trend towards cooperation of functions
in various educational institutions is closely related
to the rethinking of education as a process. It is
transforming and acquiring other forms in the modern
world. Similarly, the educational space should be
transformed and adapted to the needs of today.
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THE EFFECT OF WMA ADDITIVE ON BASIC PROPERTIES OF 35/50
AND 50/70 FOAMED ROAD BITUMEN
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SPIENIONYCH ASFALTOW DROGOWYCH 35,/50 150,70
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Abstract

The need to use asphalt additives along with the reduction in the temperatures of asphalt mixes results mainly from the
need to ensure the durability of asphalt pavements. The use of foamed asphalt for warm mix asphalt (WMA) enables
reducing the temperatures of asphalt mixes by approx. 30—40°C in relation to traditional hot mix asphalt. The article
presents an analysis of the impact of a liquid chemical additive that is currently used in the WMA technology on changes
in foamed asphalt properties. The assessment embraced the basic features of bitumens and the parameters of the asphalt
foam manufactured based on them. The base bitumen used in the testing included road asphalt 35/50 and 50/70, whereas
the modification of their properties was carried out using the WMA additive content of 0.3% to 0.6% in relation to the
asphalt mass. The asphalt foam parameters were measured after foaming at 155°C and with the foaming water content
(FWC) of 1.5% to 3.5% with increments of 1.0%.

Keywords: foamed bitumen, WMA — Warm Mix Asphalt, FWC — Foaming Water Content

Streszczenie

Potrzeba stosowania dodatkow do asfaltu wraz z obnizaniem temperatur technologicznych mieszanek mineralno-
asfaltowych wynika gtownie z koniecznosci zapewnienia trwalosci nawierzchni asfaltowej. Stosowanie asfaltu spienionego
do technologii na ciepto (WMA) umozliwia obnizenie temperatur mieszanek mineralno-asfaltowych o okoto 30—40°C
wzgledem tradycyjnej technologii na gorqco. W artykule przedstawiono analize wplywu dodatku chemicznego w postaci
plynnej, ktory stosowany jest obecnie do technologii WMA, na zmiany wlasciwosci asfaltow spienionych. Ocenie poddano
podstawowe cechy lepiszczy oraz parametry wyprodukowanej na ich bazie piany asfaltowej. W badaniach jako bazowe
lepiszcze zastosowano asfalty drogowe 35/50 oraz 50/70, natomiast do modyfikacji ich wlasciwosci zastosowano dodatek
WMA w ilosci od 0,3% do 0,6% w stosunku do masy asfaltu. Pomiar parametrow piany asfaltowej przeprowadzono przy
temperaturze wyjsciowej asfaltu (przed spienieniem) wynoszqcej 155°C oraz przy zawartosci wody spieniajgcej (FWC —
Foaming Water Content) w zakresie od 1,5% do 3,5% ze wzrostem co 1,0%.

Stowa kluczowe: asfalt spieniony, WMA — Warm Mix Asphalt, FWC — Foaming Water Content

1. INTRODUCTION

The quick increase in car traffic and the increasing
requirements of road users in Poland and globally
contributed to the development in the road industry
of new technologies and modifiers used as additives
for road bitumen to improve the performance of
asphalt mixes and prolong the road pavement

126

1. WPOWADZENIE

Szybki wzrost nat¢zenia ruchu samochodowego oraz
coraz wigksze wymagania uzytkownikow droég w Pol-
sce, jak 1 na $wiecie przyczynily si¢ do rozwoju w dro-
gownictwie nowych technologii i modyfikatorow sto-
sowanych jako dodatki do asfaltow drogowych w celu
poprawy wiasciwosci uzytkowych mieszanek mine-
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lifetime. Bitumens are thermo-plastic materials
with viscoelastic properties and in road pavements
they are exposed to traffic loads in various climatic
conditions [1, 2]. Due to the above, it is necessary
to take into consideration the behaviour of asphalt
mixes in both low and high service temperatures [3].
Ensuring increased durability requires increasing the
road pavement resistance to permanent deformation,
cracking, ageing, fatigue and impact of external
factors [4].

The Warm Mix Asphalt technologies are currently
gaining in popularity. A substantial benefit of using
this type of technologies is the reduction in the
amount of energy needed to manufacture the mix
asphalt. In the hot mix asphalt technology, high
temperature is required to lower the bitumen’s
viscosity that allows obtaining the suitable
bitumen enclosure and workability enabling the
correct asphalt mix compaction. The currently
used method of manufacturing asphalt mixes
with lowered temperature can be divided into two
primary groups: asphalt mixes using additives for
the bitumen (affecting the bitumen’s rheological
properties, facilitating aggregate coating, improving
workability) and mixes utilising the asphalt foaming
phenomenon (with the addition of water) [6].
Another method of asphalt foaming is the use of
zeolites which are classified as aluminosilicates
due to their chemical structure. The mineral’s
crystalline structure allows for water absorption
[8], while asphalt foaming using a zeolite additive
is possible thanks to the slow release of water from
their structure, thereby causing the formation of
asphalt foam [9]. Today, the market features many
asphalt foaming technologies and the most popular
one is based on foaming hot asphalt with cold water
under pressure in a foaming chamber, where the
process is executed in a controlled environment.
As result, it is possible to obtain asphalt foam with
low viscosity and ability to coat the aggregate in
lowered temperatures. In the process of foaming
and manufacturing mix asphalt with foamed asphalt,
the hot bitumen is affected by water vapour and
atmospheric pressure, which can potentially affect
the bitumen’s ageing.

Currently, there are attempts at using various
methods allowing for process temperature reduction
at the same time during the construction of asphalt
roads including, among others, foaming of bitumens
and the use of WMA additives [5, 10]. The purpose
of this paper is to present the results of testing the

ralno-asfaltowych (mma) oraz wydtuzenia okresu eks-
ploatacji nawierzchni drogowej. Lepiszcza asfaltowe
sa materiatami termoplastycznymi o wiasciwosciach
lepkosprezystych, a w nawierzchniach drogowych
narazone sg na obcigzenie ruchem w réznych warun-
kach klimatycznych [1, 2]. W zwigzku z tym nalezy
uwzglednia¢ zachowanie si¢ mieszanek mineralno-as-
faltowych zaréwno w niskich, jak i wysokich tempe-
raturach eksploatacyjnych [3]. Zwigkszenie trwatosci
wymaga zwigkszenia odpornosci nawierzchni na trwate
odksztalcenia, pgkanie, starzenie, zjawisko zmeczenia
oraz na oddzialywanie czynnikéw zewnetrznych [4].

Popularnos¢ zdobywaja technologie mieszanek wy-
twarzanych na ciepto (WMA — Warm Mix Asphalt).
Istotng korzyscig ze stosowania tych technologii jest
zmniejszenie ilosci energii potrzebnej przy ich produkcji.
W technologii wytwarzania mma ,,na goraco” (HMA —
Hot Mix Asphalt) wysoka temperatura niezbedna jest do
obnizenia lepkosci lepiszcza, pozwalajacej uzyskaé od-
powiednie otoczenie mieszanki mineralnej lepiszczem
oraz urabialno$¢ zapewniajgcg poprawne zaggszczenie
mieszanki. Stosowane obecnie metody wytwarzania
mieszanek o obnizonej temperaturze mozna podzieli¢
na dwie zasadnicze grupy: wykorzystujace dodatki do
lepiszcza asfaltowego (wpltywajace na wilasciwosci re-
ologiczne lepiszcza, utatwiajace otaczanie kruszywa,
poprawiajace urabialnos¢) oraz wykorzystujace zjawi-
sko spieniania asfaltu (wprost dodatkiem wody) [6].
Inng metoda spieniania asfaltow jest stosowanie dodat-
ku zeolitow, ktore z uwagi na swojg chemiczng budowe
zaliczane sg do grupy krzemianow. Budowa krystaliczna
tego mineratu pozwala na absorbcje wody [8], a spie-
nianie asfaltu dodatkiem zeolitéw jest mozliwe dzigki
powolnemu uwalnianiu wody z ich struktury, powodu-
jac powstanie piany asfaltowej [9]. Dzi$ rynek oferuje
wiele technologii spieniania asfaltu, a najpopularniejsza
znich polega na spienianiu goracego asfaltu zimng woda
pod cisnieniem w komorze spieniania, gdzie proces ten
jest realizowany w sposob kontrolowany. W wyniku
tego powstaje piana asfaltowa o matej lepkosci i zdol-
nosci otaczania kruszywa w obnizonych temperaturach.
W procesie spieniania oraz wytwarzania mieszanki z as-
faltem spienionym na gorace lepiszcze asfaltowe oddzia-
huje jednoczesnie para wodna oraz powietrze atmosfe-
ryczne, co potencjalnie moze mie¢ wpltyw na przebieg
starzenia technologicznego lepiszcza.

Podejmowane sg proby jednoczesnego stosowania
roznych metod pozwalajacych redukowac temperatu-
ry technologiczne podczas budowy drog asfaltowych,
W tym m.in. spienianie lepiszczy asfaltowych oraz uzy-
cie dodatkdéw WMA [5, 10]. Przedmiotem niniejszego
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impact of the WMA additive on the properties of
(non-foamed) road asphalts and asphalt subjected to
water foaming.

2. MATERIALS AND RESEARCH METHODOLOGY

The starting material for the laboratory testing
included road asphalts 35/50 and 50/70 derived
from a domestic manufacturer. The WMA additive
was the liquid Rediset LQ agent, which is a mix
of surface-active substances, organic additives
and other compounds affecting the rheological
and adhesive properties, allowing for lowering the
asphalt mix manufacturing temperature by 20-30°C
[7]. It was dosed into hot bitumen in the amount
of 0.3% to 0.6% in relation to the asphalt mass,
with increments of 0.15% for basic testing of non-
foamed and foamed bitumens, as well as of 0.3%
during measurements of the asphalt foam’s physical
properties (expansion and half-life).

The properties of bitumens including a variable
WMA additive content were tested both prior to and
after foaming with the use of 2.5% foamed water.

The scope of testing related to determining the
impact of the WMA additive on the properties of
non-foamed and foamed asphalts features several
stages. The first stage featured the determination of
the basic parameters of asphalts prior to foaming,
i.e. penetration at 25°C (Pen,) acc. to PN-EN
1426, softening point (T, ) acc. to PN-EN 1427
and breaking point (T__.) PN-EN 12593. Then,
the bitumens were foamed using 2.5% water and
thereafter the foaming water remains were removed
by heating the foamed bitumen in a dryer at 140°C
for 3 hours in slender vessels, including 5 cycles of
intense mixing. No substantial bitumen foaming was
observed after this treatment. Then, the prepared
samples featured designation of the same basic
parameters as in the case of non-foamed bitumens.
The last stage of testing featured the measurement
of the asphalt foam’s physical features, i.e. ER —
Maximum Expansion Ratio and HL — Half Life with
varying foaming water content, i.e. 1.5%, 2.5% and
3.5%. Then, the obtained results were used to develop
the mathematical dependencies between the ER and
HL dependent variables and the tested FWC factor
for each of the tested bitumens.

The results of the aforementioned designations
were analysed in terms of the dependent variables:

— bitumen: meaning the type of the base bitumen:

35/50 or 50/70;
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artykutu jest przedstawienie wynikéw badan wptywu
zastosowania dodatku WMA na wiasciwos$ci asfaltow
drogowych (niespienionych) i poddanych procesowi
spieniania woda.

2. MATERIALY | PROCEDURY BADAWCZE

W badaniach laboratoryjnych jako material wyj-
sciowy wykorzystano asfalty drogowe 35/50 i 50/70
pochodzace od krajowego producenta. Jako dodatek
WMA stosowano plynny srodek Rediset LQ, ktéry jest
mieszaning substancji powierzchniowo aktywnych,
dodatkoéw organicznych i innych zwigzkow wptywaja-
cych na witasnosci reologiczne oraz adhezyjne, pozwa-
lajacy uzyskaé obnizenie temperatury produkcji mma
0 20-30°C [7]. Dozowano go do goracego lepiszcza
w ilosci od 0,3% do 0,6% w stosunku do masy asfaltu,
z krokiem co 0,15% dla badan podstawowych na le-
piszczach niespienionych i po spienieniu oraz co 0,3%
na etapie pomiaru cech fizycznych piany asfaltowej
(ekspansji oraz okresu pottrwania).

Wiasciwosci lepiszezy zawierajacych zmienng
ilos¢ dodatku WMA badano zaréwno przed, jak i po
spienieniu z zastosowaniem 2,5% wody spieniajacej.

Zakres prac badawczych zwigzanych z ustaleniem
wptywu dodatku WMA na wlasciwosci asfaltow nie-
spienionych i spienionych obejmowatl kilka etapow.
W pierwszym okre§lono podstawowe parametry asfal-
tow przed spienieniem, tj. penetracje w 25°C (Pen,,)
wedtug PN-EN 1426, temperature mieknienia (T, )
wedtug PN-EN 1427 oraz temperatur¢ tamliwosci
(T, ...) PN-EN 12593. Nastepnie lepiszcza spienio-
no dodatkiem 2,5% wody, a pdzniej usunig¢to pozo-
stalosci wody spieniajgcej poprzez ogrzewanie spie-
nionego lepiszcza w suszarce w temperaturze 140°C
przez 3 godziny w smuklych naczyniach, mieszajac
je intensywnie pieciokrotnie. Po zabiegach tych nie
obserwowano juz istotnego pienienia. Nastepnie na
tak przygotowanych prébkach oznaczono te same
podstawowe parametry co dla lepiszczy asfaltowych
niespienionych. Ostatnim etapem prac badawczych
byt pomiar cech fizycznych piany asfaltowej, tj. ER —
maksymalnej ekspansji (Maximum Expansion Ratio)
oraz HL — okresu pottrwania (Half Life) przy zmia-
nie ilo$ci wody spieniajacej (FWC — Foaming Water
Content), tj. 1,5%, 2,5% i 3,5%. Nastepnie na pod-
stawie uzyskanych wynikow opracowano zaleznos$ci
matematyczne pomi¢dzy zmiennymi zaleznymi ER
i HL a badanym czynnikiem FWC dla kazdego z ba-
danych lepiszczy.

Wyniki powyzszych oznaczen byly analizowane
w konteks$cie zmiennych niezaleznych:
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— type: specifying whether the bitumen was subjected
to foaming: N (non-foamed) or F (foamed);

— WMA: meaning the content of WMA additive:
0.00%, 0.30%, 0.45%, 0.60%.

3. RESULTS AND ANALYSIS
3.1. Properties of non-foamed and foamed
bitumens

The average results of designation of the basic
parameters for non-foamed and foamed bitumens are
presented in Figures 1 and 2. Figure 1a—1c present the
average values of tested parameters, whereas Figure 2
features a graphic representation of the impact of the
analysed factors (with/without additive, non-foamed,
foamed).

— bitumen: oznaczajacej rodzaj bazowego lepiszcza
asfaltowego: 35/50 lub 50/70;

— type: wskazujaca czy lepiszcze asfaltowe byto
poddane spienieniu: N (non-foamed) lub F (foamed);

— WMA: oznaczajacg ilo$¢ zastosowanego dodatku
WMA: 0,00%, 0,30%, 0,45%, 0,60%.

3. WYNIKI BADAN | ICH ANALIZA
3.1. Wtasciwosci lepiszczy asfaltowych niespienionych
i spienionych woda

Srednie wyniki oznaczen podstawowych parame-
trow dla lepiszczy niespienionych oraz spienionych
przedstawiono na rysunkach 11 2. Na rysunku la—1c
pokazano $rednie wartosci zbadanych parametrow,
natomiast na rysunku 2 zaprezentowano graficznie
wplyw analizowanych czynnikow (bez/z dodatkiem,
niespieniony/spieniony).
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Fig. 1. Results of parameter designations: a) Pen,, b) T, ,,

Rys. 1. Wyniki oznaczen parametréw: a) Pen,, b) T, .. c) T,
spieniania

oT,

raass

for non-foamed and foamed asphalts

raass

dla asfaltow niespienionych oraz poddanych procesowi
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b)

c)

Fig. 2. Impact of the analysed factors (with/without additive, non-foamed/foamed) on the average values of parameters:
a) Pen,, b) Ty ©) T, The error columns present 95% of the confidence interval

Rys. 2. Wplhyw analizowanych czynnikow (bez/z dodatkiem, niespieniony/spieniony) na wartosci Srednie parametrow:
a) Pen,;, b) Ty, ©) T, ... Stupki bledow prezentujq 95-procentowe przedzialy ufnosci

&B raass’
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When analysing the results for bitumens not
subjected to foaming, based on the 50/70 bitumen, it
is possible to state that the use of the WMA additive
resulted in a reduction in penetration from 63.5
(0.1 mm) for the base bitumen to 61.2 (0.1 mm)
for asphalt with 0.60% additive. When comparing
the results for the 35/50 bitumen, it is possible to
state that the increase in the WMA additive content
featured a reduction in penetration from 49.5 (0.1
mm) to 47.6 (0.1 mm) at the additive content of
0.30%, whereas further increase in its content caused
an increase in Pen,, to 48.8 (0.1 mm) at the additive
content of 0.60%.

Similar dependencies can be observed for asphalts
subjected to foaming. In this case, the observations
featured a noticeable reduction in penetration of all
bitumens, which indicated the stiffening of foamed
bitumens. However, taking into consideration the
adopted sample preparation procedure, it is difficult
to clearly determine which of the factors contributed
mostly to the change in the penetration value: the
foaming process or the sample heating process aimed
at removing the foaming water remains.

Another analysed asphalt property was the
softening point, which plays a significant role in
bitumen classification and evaluation of pavement
resistance to permanent deformation. When analysing
the results of softening point designations, it was
ascertained that adding the WMA agent to the 35/50
asphalt caused a slight increase in the softening
point from 53.8°C for the base bitumen to 55.8°C at
WMA additive content of 0.60%. The difference in
extreme measurements amounted to 2°C. A different
dependence was observed in the case of bitumen with
penetration of 50/70. The WMA additive caused a
slight increase in the softening point at the lowest
dosage level, i.e. 0.30%. However, a reduction in
the softening point was observed at increased dosage
of 0.45% and 0.60%. The difference between the
extreme results amounted to 0.9°C.

In the case of bitumens subjected to foaming
featured a similar tendency to standard asphalts. The
35/50 asphalt demonstrated an increase in softening
point along with the increase in the WMA additive
content and the highest softening point was observed
with the WMA additive content of 0.60% and the
increase amounted to 2.20°C. In the case of the 50/70
asphalt, the increase in softening point occurred
again with the WMA additive content of 0.30% to
50.4°C, and then a reduction when the dosage was
increased. The use of the additive content of 0.60%

Analizujac wyniki lepiszczy niepoddanych proceso-
Wi spieniania na bazie asfaltu 50/70, stwierdzi¢ mozna,
ze zastosowanie dodatku WMA spowodowato zmniej-
szenie wartosci penetracji z 63,5 (0,1 mm) dla lepisz-
cza bazowego do 61,2 (0,1 mm) dla asfaltu z 0,60%
dodatku. Poréwnujac wyniki dla asfaltu 35/50, mozna
stwierdzi¢, ze wraz ze wzrostem ilo$ci dodatku WMA
poczatkowo wartos¢ penetracji zmniejszyta sie z 49,5
(0,1 mm) do 47,6 (0,1 mm) przy ilosci dodatku row-
nej 0,30%, natomiast dalsze zwickszenie jego ilosci
spowodowato wzrost wartosci cechy Pen, do 48,8
(0,1 mm) przy zawarto$ci 0,60% dodatku.

Podobne zaleznos$ci mozna zaobserwowac dla as-
faltow poddanych procesowi spieniania. W tym przy-
padku zaobserwowano zauwazalny spadek wartosci
penetracji wszystkich lepiszczy asfaltowych bedacy
oznaka usztywnienia lepiszczy spienionych. Majac
jednak na uwadze przyjeta procedure przygotowywa-
nia prébek, trudno jest jednoznacznie okresli¢, kto-
ry z czynnikow mial przewazajacy wplyw na zmia-
n¢ wartosci penetracji: proces spieniania czy proces
wygrzewania probek w celu usunigcia pozostatosci
wody spieniajace;j.

Kolejng analizowang wlasnoscig byla temperatura
migknienia, ktéra odgrywa istotng role w klasyfikacji
lepiszczy 1 ocenie odpornosci na deformacje trwate
nawierzchni. Analizujac wyniki oznaczen temperatury
migknienia, stwierdzono, ze dodanie srodka WMA do
asfaltu 35/50 spowodowalo nieznaczny wzrost tempe-
ratury mi¢knienia z wartosci 53,8°C dla lepiszcza ba-
zowego do 55,8°C przy jego zawartosci 0,60%. Roz-
nica skrajnych pomiaré6w wyniosta 2°C. W przypadku
lepiszcza asfaltowego o penetracji 50/70 zaobserwo-
wano odmienng zalezno$¢. Dodatek WMA spowodo-
wal nieznaczny wzrost temperatury w najnizszym po-
ziomie dozowania, tj. 0,30%. Jednak przy zwiekszeniu
dozowania do 0,45% 1 0,60% zaobserwowano spadek
temperatury mi¢knienia. Zréznicowanie dwoch skraj-
nych wynikéw wyniosto jedynie 0,9°C.

W przypadku lepiszczy poddanych spienianiu zo-
stala zaobserwowana podobna tendencja co w przy-
padku asfaltéw zwyklych. Asfalt 35/50 wykazywat
wzrost temperatury migknienia wraz ze wzrostem
dozowania dodatku WMA, najwieksza temperaturg
migknienia zaobserwowano przy jego zastosowaniu
w ilo$ci 0,60%, a wzrost ten wynidst 2,20°C. W przy-
padku asfaltu 50/70 ponownie wystapit wzrost tem-
peratury migknienia przy dozowaniu dodatku WMA
w ilo$ci 0,30% do warto$ci 50,4°C, a nastgpnie spa-
dek przy zwigkszeniu jego dozowania. Zastosowanie
dodatku w ilosci 0,60% spowodowato obnizenie tem-
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caused a reduction in softening point by 0.50°C in
comparison to asphalt without additive.

The Fraass breaking point prior to and after foaming
was designated to determine the WMA additive’s
and foaming process’ impact on the low-temperature
properties of bitumens. In each case, asphalt with
35/50 penetration was characterised by higher
breaking point than the 50/70 asphalt. In the case
of both bitumens, a slight positive impact of using
the WMA additive content of 0.3% was observed,
resulting in a reduction in the breaking point by
1.75°C and 1.25°C respectively for the 35/50 asphalt
and 1.75°C for the 50/70 bitumen. The increase in
WMA additive content in the case of both bitumens
resulted in an increase in breaking point to values
similar to the values of base bitumens.

As for foamed bitumens, a similar tendency was
observed as in the case of non-foamed asphalts. For
each of the applied additive quantities, the 50/70
asphalt demonstrated a lower breaking point than
35/50 asphalt. Similarly to the previous case, a slight
positive impact of using the WMA additive content
of 0.3% was observed, resulting in a reduction in the
breaking point by 1.0°C and 1.5°C respectively for
the 50/70 and 35/50 asphalt in comparison to asphalt
without additives. The increase in WMA additive
content above 0.3% caused an increase in the
breaking point to base values in both cases. Taking
into consideration the narrow range of changes in
the Fraass breaking point caused by the use of the
WMA additive, the positive effect of its use must be
deemed in the analysed case as confirmed, however
irrelevant.

Another aspect of deliberations concerned the
significance of the differences between the average
values of the analysed independent variables (Pen,,
Trgnr Teass) 10 four unrelated groups (WMA: 0.00%,
0.30%, 0.45%, 0.60%) for both base bitumens,
i.e. 35/50 and 50/70 depending on the levels of
the independent variables (type of bitumen, WMA
additive content and bitumen foaming). Due to the
conformity of the variables’ distribution with the
standard distribution and meeting the assumption
of variance uniformity, it was possible to use the
F (Fisher-Snedecor) parametric test that enables
comparing several average values simultaneously.
Table 1 presents the results of a multi-dimensional
analysis of variance.

132

peratury migknienia o 0,50°C w poréwnaniu z asfal-
tem bez dodatku.

Do okreslenia wpltywu dodatku WMA oraz pro-
cesu spieniania na wlasciwosci niskotemperaturo-
we lepiszczy asfaltowych wykonano oznaczenia
temperatury tamliwosci Fraassa przed i po procesie
spieniania. W kazdym przypadku asfalt o penetracji
35/50 charakteryzowat si¢ wyzsza temperatura tam-
liwosci niz asfalt 50/70. W przypadku obu lepiszczy
asfaltowych zaobserwowano niewielki pozytywny
wplyw zastosowania dodatku WMA w ilosci 0,3%,
skutkujacy spadkiem temperatury tamliwosci odpo-
wiednio 0 1,75°C i 1,25°C dla asfaltu 35/50 i 1,75°C
dla lepiszcza 50/70. Zwigkszenie dozowania dodatku
WMA w przypadku obu lepiszczy skutkowato wzro-
stem temperatury tamliwosci do wartosci bliskich
wartosciom charakteryzujacym lepiszcza bazowe.

W przypadku lepiszczy spienionych zaobserwo-
wano podobng tendencj¢ jak w przypadku asfaltow
niepoddanych procesowi spieniania. Dla kazdej ze
stosowanych ilosci dodatku asfalt 50/70 wykazywat
nizszg temperaturg tamliwosci niz asfalt 35/50. Po-
dobnie jak w poprzednim przypadku zaobserwowano
niewielki pozytywny wpltyw zastosowania dodatku
WMA w ilosci 0,3% skutkujacy spadkiem tempe-
ratury tamliwo$ci odpowiednio o 1,0°C i 1,5°C dla
asfaltu 50/70 i 35/50 w poréwnaniu z asfaltem bez
dodatkéw. Zwigkszenie ilosci dodatku WMA z za-
warto$ci powyzej 0,3% spowodowato podwyzszenie
temperatury tamliwosci do warto$ci bazowych w obu
przypadkach. Bioragc pod uwage niewielki zakres
zmian temperatury tamliwosci Fraassa, spowodowa-
ny zastosowaniem dodatku WMA, pozytywny efekt
jego zastosowania nalezy uzna¢ w analizowanym
przypadku za potwierdzony, jednak mato znaczacy.

Kolejnym elementem rozwazan byto wnioskowa-
nie o istotnosci réznic migdzy Srednimi wartoscia-
mi rozpatrywanych zmiennych niezaleznych (Pen,,
Teen Trms) W cCzterech niepowigzanych grupach
(WMA: 0,00%, 0,30%, 0,45%, 0,60%) dla obu le-
piszczy bazowych, tj. dla 35/50 1 50/70 w zalezno-
sci od poziomoéw zmiennych niezaleznych (rodzaju
lepiszcza, ilo$ci dodatku WMA i poddaniu lepiszcza
procesowi spieniania). Z uwagi na zgodno$¢ rozkta-
du zmiennych z rozktadem normalnym oraz speie-
nie zatozenia jednorodnos$ci wariancji mozliwe bylo
uzycie testu parametrycznego F (Fishera-Snedecora)
pozwalajacego na przeprowadzenie jednoczesnego
poréwnania kilku $rednich. W tabeli 1 zamieszczono
wyniki wielowymiarowej analizy wariancji.
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Table 1. Analysis of variance for the tested dependent variables: Pen,, T, T

25 7 R&B’  Fraass

Tabela 1. Analiza wariancji dla badanych zmiennych zaleznych: Pen,, T, ., T,

25 7 R&B’ ~ Fraass

Effect ‘ Degr. of Freedom ‘ SS ‘ MS ‘ F ‘ p

Pen25
Intercept | 1 | aessms | aessrs | om0 | <0.001
Bitumen 1 7635.6 7635.6 31835 <0.001
Tipe | 1 | 353.1 | 353.1 | 1454 | <0.001
WA 3 8.1 284 17 <0.001
Bitumen*Type | 1 | 0.0 | 00 | 0.0 | 0930454
Bitumen WA 3 1424 475 195 <0.001
Type WA | 3 | 83 | 28 | 1 035679
Bitumen*Type*WMA 3 30.5 10.2 4.2 0.007107
Error | 144 | 3498 | 24 | |
Total 159 8604.8

TR&B
Intercept 1 2639746 2639746 1761039 <0.001
Bitumen | 1 | 7033 | 7033 | 4692 | <0.001
Tipe 1 63 63 0 <0.001
WA | 3 | 108 | 36 | u4 | <0.001
Bitumen*Type 1 0.1 0.1 0 0.546025
Bitumen* WA | 3 | 210 | 7.0 | 7 | <0.001
Type WA 3 00 00 0 0.978674
Bitumen*Type*WMA | 3 | 01 | 00 | 0 0%
Error 80 120 0.1
Total | % | 7536 | | |

Fraass
Intercept | 1 | wsses | msses | s | <0.001
Bitumen 1 2025 2025 40.50 <0.001
Type | 1 | 025 | 025 | 0.50 0482919
WA 3 19.31 6.44 1288 <0.001
Bitumen*Type | 1 | 0.06 | 0.06 | 012 | o
Bitumen™ WA 3 462 1.54 308 0.035995
Type* WA | 3 | 038 | 0.13 | 0.5 | 0860939
Bitumen™Type*WMA 3 0.06 0.02 0.04 0.988528
Error | 48 | 24.00 | 0.50 | |
Total 63 68.94

The analysis of variance demonstrated a significance
of impact of the type of base bitumen, foaming
process and WMA additive content on the penetration
designations at 25°C and softening point. Furthermore,
a statistical significance of the interaction between the
type of bitumen and WMA additive content as well
as of the interaction between all three tested factors
was demonstrated, which indicates that they had a
substantial impact on the value of the Pen,, dependent
variable. On the other hand, in the case of the T,

Analiza wariancji wykazata istotno$¢ wptywu ro-
dzaju bazowego lepiszcza asfaltowego, procesu spie-
niania oraz ilosci dozowanego dodatku WMA na
warto$ci oznaczen penetracji w 25°C oraz tempera-
tury micknienia. Wykazano ponadto istotnos¢ staty-
styczng interakcji rodzaju lepiszcza asfaltowego i ilo-
sci dodatku WMA oraz interakcji pomigdzy wszyst-
kimi trzema badanymi czynnikami, co wskazuje ze
mialy one istotny wptyw na ksztattowanie wartosci
zmiennej zaleznej Pen,.. Natomiast dla cechy T, .
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feature, aside from the significance of all main effects
(type of bitumen, WMA additive content, foaming),
the significance of impact of the interaction between
the type of asphalt and WMA additive content on the
designated dependent variable was demonstrated. In
the case of the breaking point, the achieved p-value
is smaller than the assumed significance of 0.05
for the bitumen and WMA factors as well as their
interactions, which indicates a significance of the
impact of the type of bitumen and the WMA additive
content. At the same time, the significance of impact
of the foaming process or the interaction between
other independent variable combinations on the T
dependent variable was not confirmed.

Fraass

3.2. Physical parameters of foamed bitumens

The foaming process featured a measurement of
two physical parameters of the asphalt foam: the ER
expansion ratio and the HL half-life according to
[10]. The results of testing the foaming features of
the tested bitumens are presented in Figures 3 and 4,
respectively for 35/50 and 50/70. During the testing,
the WMA additive content for the 35/50 and 50/70
asphalts was reduced from 0.15% to 0.30%.

poza istotnoscig wszystkich efektow gtownych (ro-
dzaj lepiszcza, ilo$¢ dodatku WMA, spienianie) wy-
kazano istotno$¢ wptywu interakcji rodzaju asfaltu
oraz ilo$ci dozowania dodatku WMA na oznaczone
warto$ci zmiennej zaleznej. W przypadku temperatu-
ry tamliwosci uzyskana wartos$¢ p-value jest mniejsza
od zatozonego poziomu istotnosci réwnego 0,05 dla
czynnikow bitumen i WMA, jak réwniez ich interak-
cji, co wskazuje na istotno$¢ wptywu rodzaju asfaltu
bazowego oraz ilosci dozowania dodatku WMA. Nie
potwierdzono jednocze$nie istotnosci wptywu procesu
spieniania ani interakcji pozostatych kombinacji oce-
nianych zmiennych niezaleznych na warto$¢ zmiennej
zaleznej T_ .
3.2. Wtasciwosci fizyczne piany asfaltowej

Podczas procesu spieniania dokonano pomiaru
dwoch parametrow fizycznych piany asfaltowe;j:
wskaznik ekspansji ER oraz czas polowicznego
rozpadu HL zgodnie z [10]. Wyniki badan charak-
terystyk spieniania badanych lepiszczy asfaltowych
przedstawiono na rysunkach 3 i 4, odpowiednio dla
35/50 i 50/70. Na tym etapie prac badawczych krok
dozowania dodatku WMA wzgledem asfaltow 35/50
1 50/70 zostal zmniejszony z 0,15% do 0,30%.

WMA =0.0% WMA =0.3% WMA = 0.6%
Parameter
Function Pearson (r) Function Pearson (r) Function Pearson (r)
ER(-) y=5.633+4.582-x 0.9546 y=10.707 + 2.379 - x 0.9321 y=12.546 +2.055-x 0.8948
HL (s) y=36.722-3.000 - x —0.9522 y=59.806-9.833 - x —-0.9937 y=50.472-8.500 - x —-0.9629

x=FWC y=ERorHL

Fig. 3. Dependency of ER and HL on the dosage of foaming water for 35/50 with and without variable WMA additive content
Rys. 3. Zaleznos¢ ER oraz HL od poziomu dozowania wody spieniajgcej dla 35/50 bez i ze zmienng iloscig dodatku WMA
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WMA = 0.0% WMA =0.3% WMA = 0.6%
Parameter
Function Pearson (r) Function Pearson (r) Function Pearson (r)
ER(-) y=12.189 + 1.895-x 0.6658 y=>5.782+4.720x 0.9355 y=9.759+3.201-x 0.7120
HL (s) y=19.667 — 2.333:x -0.9272 y = 23.389 - 4.000-x -0.9878 y=20.014-3.583-x -0.8812

x=FW(Cy=ERorHL

Fig. 4. Dependency of ER and HL on the dosage of foaming water for 50/70 with and without variable WMA additive content
Rys. 4. Zaleznos¢ ER oraz HL od poziomu dozowania wody spieniajgcej dla 50/70 bez i ze zmienng iloscig dodatku WMA

Based on the obtained dependencies of the expansion
ratio and half-life on the foaming water content (Figs.
3, 4), itis possible to designate a foaming water content
that allows for obtaining similar values of both of these
features, i.e. optimal foaming water content at the
intersection of the expansion ratio and half-life curves.
It can be noted that for the 35/50 bitumens with and
without a variable WMA additive content, the optimal
foaming water content amounted to 3.5%, whereas for
softer bitumens, based on the 50/70 asphalt — it was
2.0%. This dependency corresponds to those achieved
for asphalts with other additives, including the Fischer-
Tropsch synthetic wax [5, 10]. The foamed asphalt
parameters obtained for the optimal FWC factor levels
amounted to approx. ER = 18-22 and HL = 24-27 s
as well as ER = 15-17 and HL. = 13—16 s respectively
for bitumens made from 35/50 and 50/70 asphalts.
For bitumens based on the 35/50 asphalt, across the
full range of the WMA additive content, these are
satisfactory results (ER > 17 and HL > 13 s acc. to
[11]) in terms of using them for manufacturing mixes
in lowered process temperatures.

A model in the form of a second degree multinomial
was adopted for the evaluation of the impact of
changes in the tested factors (FWC, WMA) on the
properties of bitumens.

Na podstawie uzyskanych zalezno$ci wskaznika eks-
pansji i czasu potowicznego rozpadu od ilosci wody
spieniajacej (rys. 3, 4) wyznaczy¢ mozna takg zawar-
to$¢ wody spieniajacej, przy ktorej uzyskuje sie zblizo-
ne wartosci obu tych cech, czyli optymalng ilo$¢ wody
spieniajacej na przecieciu si¢ krzywych ekspansji oraz
czasu pottrwania. Zauwazy¢ mozna, ze dla lepiszczy
35/50 bez i ze zmienng iloscig dodatku WMA optymal-
na zawartos¢ wody spieniajacej wyniosta 3,5%, nato-
miast dla lepiszczy bardziej migkkich na bazie asfaltu
50/70 wyniosta 2,0%. Zalezno$¢ ta jest zgodna z tymi,
ktore uzyskiwano dla asfaltow z innymi dodatkami,
w tym z woskiem syntetycznym Fischera-Tropscha [5,
10]. Uzyskane dla tych optymalnych poziomoéw czyn-
nika FWC parametry asfaltow spienionych wyniosty
od okoto ER = 18-22 i HL =24-27 s oraz ER = 15-17
i HL = 13-16 s odpowiednio dla lepiszczy wytworzo-
nych z asfaltu 35/50 oraz 50/70. Dla lepiszczy na bazie
asfaltu 35/50, w pelnym zakresie dozowania dodatku
WMA, sa to wartosci zadowalajace (ER > 17 i HL >
13 s wg [11]) z punktu widzenia przeznaczenia ich do
wytwarzania mieszanek w obnizonych temperaturach
technologicznych.

Do oceny wplywu zmian poziomu badanych czyn-
nikow (FWC, WMA) na wtasciwosci lepiszczy asfal-
towych przyjeto model w postaci wielomianu stopnia
drugiego.
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The graphical interpretation of the surface
responses to changes in the expansion ratio and half-
life depending on the WMA additive content and
the foaming water content for the tested bitumens is
presented in Figure 5a-5d.

a)

ER=7.6962+3.1217-FWC+6.6451-WMA+0.2293-FWC?4.2105- FWC-WMA+8.1288-WMA?
R?=0.87416

c)

ER=17.5026-3.7605-FWC-2.4591-WMA+1.2759-FWC?*+2.1772- FWC*WMA-2.6531-WMA?
R?=0.74726

Graficzng interpretacje powierzchni odpowiedzi
zmian wskaznika ekspansji oraz okresu poéttrwania
w zalezno$ci od ilosci dodatku WMA oraz zawartos$ci
wody spieniajacej dla badanych lepiszczy przedsta-
wiono na rysunku 5a-5d.

b)

ER=49.431462.9167-WMA-12.6944- FWC-66.6667-WMAZ-9.1667-WMA-FWC+1.666T*FWC,
R?=0.92708

d)

HL=28.7546+6.875-WMA-10.0417-FWC-10.4938-WMA?-2.0833-WMA-FWC+1.4722-FWC?
R?=0.92296

Fig. 5. Impact of the changes in the WMA and FWC factor levels on the parameters (ER, HL) of asphalt foam manufactured

from the 35/50 (a—b) and 50/70 (c—d) bitumen

Rys. 5. Wplyw zmiany poziomu czynnika WMA oraz FWC na parametry (ER, HL) piany asfaltowej wyprodukowanej

z lepiszcza 35/50 (a—b) oraz 50/70 (c—d)

The presented results suggest that the foaming
water content during the foaming process as well
as the change in the WMA additive content in both
base bitumens had a substantial impact on the HL
dependent variable. The increase in the additive
and foaming water content caused an accelerated
decay of the asphalt foam. On the other hand, in the
case of the ER feature, the above analysis does not
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Przedstawione wyniki sugeruja, ze ilos¢ dozo-
wanej wody spieniajacej podczas procesu spienia-
nia, jak rowniez zmiana zawarto$ci dodatku WMA
do obu lepiszczy bazowych mialy istotny wptyw
na zmienng zalezng HL. Zwickszanie zawartosSci
dodatku jak rowniez ilo$ci wody spieniajacej po-
wodowato przyspieszenie rozpadu piany asfalto-
wej. Natomiast w przypadku cechy ER powyzsza
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confirm the significance of the impact of the WMA
additive content.

4. CONCLUSIONS
Based on the analysis of the test results, it is possible

to formulate the following conclusions:

— the use of the WMA additive had statistically
important impact on the values of penetration,
softening point and breaking point of the tested
binders;

— the evaluation of the aforementioned dependent
variables concluded no interactions between the
impact of the foaming process and the type of
bitumen and WMA additive;

— the foaming process had substantial impact on the
penetration of the tested bitumens with the WMA
additive lowering the asphalt mix manufacturing
temperature;

— 1n each of the described cases, the use of the WMA
additive had a statistically substantial impact on
the penetration reduction in relation to the 50/70
and 35/50 base asphalts with simultaneous increase
in softening point for the non-foamed and foamed
35/50 asphalt;

— the additive used in the testing had a statistically
substantial, positive impact on the reduction of
the Fraass breaking point in both foamed and non-
foamed asphalt, however the degree of changes
(max 1.75°C) made the effect to have a limited
relevance;

— bitumens made from the 35/50 asphalt were
characterised by more favourable foaming
parameters in comparison to the 50/70 asphalt in
the full range of the WMA additive dosage;

— the foaming process had a statistically substantial
impact on the penetration, softening point and
breaking point of the tested bitumens, however the
differences between the foamed bitumens and base
bitumens in terms of the softening point did not
exceed 1°C and as for the breaking point —0.5°C;

— a statistically important impact of the change in
the WMA additive and foaming water content on
the ER parameter was observed for both bitumen
groups, whereas the change had no major impact
on the asphalt foam’s half-life.

analiza nie potwierdza istotnosci wptywu ilosci
srodka WMA.

4. WNIOSKI
Na podstawie analizy wynikow badan mozna sfor-

mutowac nastepujgce wnioski:

— zastosowanie dodatku WMA miato istotny staty-
stycznie wplyw na wartos$ci penetracji, temperatur
mig¢knienia oraz temperatur tamliwosci;

— w ocenie powyzszych zmiennych zaleznych nie
zaobserwowano interakcji migdzy wptywem pro-
cesu spieniania a rodzajem lepiszcza asfaltowego
oraz dodatkiem WMA;

— proces spieniania miat istotny wptyw na wartosci pe-
netracji badanych lepiszczy asfaltowych bazowych
oraz z dodatkiem srodka WMA obnizajacego tempe-
ratur¢ produkcji mieszanki mineralno-asfaltowe;;

— w kazdym z opisanych przypadkoéw zastosowanie
dodatku WMA mialo istotny statystycznie wptyw
na zmniejszenie penetracji w stosunku do asfal-
tow bazowych 50/70 i 35/50 przy réwnoczesnym
wzroscie temperatury migknienia dla asfaltu 35/50
niespienionego i po spienieniu wodg;

— dodatek stosowany w badaniach wplywa w spo-
sOb statystycznie istotny pozytywnie na obnizenie
temperatury tamliwosci wedlug Fraassa, zar6wno
w asfalcie niespienionym, jak i spienionym, jednak
wielkos$¢ tych zmian (maksymalnie o 1,75°C) spra-
wia, ze jest to efekt o ograniczonym znaczeniu,

— korzystniejszymi parametrami spieniania charakte-
ryzowaly si¢ lepiszcza wytworzone z asfaltu 35/50
w stosunku do 50/70, w petnym zakresie dozowa-
nia dodatku WMA;

— proces spieniania miat istotny statystycznie wpltyw
na warto$ci penetracji, temperatury migknienia
oraz temperatury tamliwo$ci badanych lepiszczy
asfaltowych, jednakze réznice miedzy lepiszczami
poddanymi procesowi spieniania oraz lepiszczami
bazowymi w przypadku temperatury migknienia
nie przekraczaly 1°C, a w przypadku temperatury
famliwosci 0,5°C;

— zanotowano istotny statystycznie wpltyw zmiany
ilosci dodatku WMA oraz wody spieniajgcej na
parametr ER dla obu grup lepiszczy asfaltowych,
natomiast zmiana poziomu wspomnianych czynni-
kow nie wptynela znaczaco na okresy poéttrwania
piany asfaltowe;j.
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INNOVATIVE SEQUENTIAL BATCH REACTOR SOLUTIONS
FOR WASTEWATER TREATMENT

INNOWACYJNE ROZWIAZANIA SEKWENCYJNYCH REAKTOROW
PORCJOWYCH STOSOWANE W 0CZYSZCZANIU SCIEKOW

DOI: 10.30540/sae-2019-011

Abstract

Sequential Biological Reactors (SBR) are widely used for wastewater treatment, which is becoming increasingly
contaminated with new and more complex substances. Therefore, it is beneficial to include various configurations and
operational modifications in order to purify wastewater more effectively. The paper presents a basic description of the
SBR process and its modifications, which lead to better removal of the resulting contaminants. The Cyclic Activated Sludge
System (CASS) was characterized as one of the most popular sequential reactor (SBR) processes used for the treatment of
municipal wastewater and sewage emissions from a variety of industries, including refineries and petrochemicals. Another
example presented in this paper is the Unitank biological wastewater treatment system, which combines the advantages
of a traditional process with activated sludge and an SBR reactor. The last example of SBR technology modification,
presented in the article, is ICEAS (Intermediate Cycle Extended Aeration System) process, which processes continuous
sewage inflow. The variable inlet is supported by a distribution box which distributes the flow evenly over all the tanks in
order to avoid overloading a single tank. In each case, the benefits of using a given modification are presented.

Keywords: wastewater treatment, modern wastewater treatment methods, acrobic reactors, SBR, CASS, UNITANK, ICEAS

Streszczenie

Sekwencyjne biologiczne reaktory (SBR) sq szeroko wykorzystywane do oczyszczania sciekow, ktore obecnie stajg sie
zanieczyszczone coraz to nowymi i bardziej ztozonymi substancjami. Korzystne zatem staje sie wlgczenie roznego ro-
dzaju rozszerzajgcych sie konfiguracji oraz modyfikacji operacyjnych, aby efektywniej oczyszczac¢ Scieki. W pracy
przedstawiono podstawowy opis procesu SBR oraz jego modyfikacji, ktore prowadzq do lepszego usuwania powstajg-
cych zanieczyszczen. Scharakteryzowano cykliczny system osadow czynnych (CASS), ktory jest jednym z najpopular-
niejszych procesow reaktorow sekwencyjnych (SBR) stosowanych do oczyszczania sciekow komunalnych oraz Sciekow
z roznych branz, w tym rafinerii i zakladow petrochemicznych. Kolejnym przyktadem przedstawionym w pracy jest bio-
logiczny system oczyszczania Sciekow Unitank, ktory gczy w sobie zalety tradycyjnego procesu z osadem czynnym oraz
reaktora SBR. Ostatnim przyktadem modyfikacji technologii SBR, jaki przedstawiono w artykule, jest proces ICEAS
(Intermediate Cycle Extended Aeration System). W reaktorach ICEAS zmienny doplyw jest obstugiwany przez skrzynke
rozdzielajgcq, ktora rozdziela przeptyw rownomiernie na wszystkie zbiorniki tak, aby unikng¢ przecigzenia pojedynczego
zbiornika. W kazdym przypadku przedstawiono korzysci ptyngce z wykorzystania danej modyfikacji.

Stowa kluczowe: oczyszczanie $ciekow, nowoczesne metody oczyszczania $ciekdw, reaktory tlenowe, SBR, CASS,
UNITANK, ICEAS
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1. INTRODUCTION

Asdemandsonthe quality of wastewater discharged
into the environment increase, the continuous flow
biological treatment of wastewater poses a major
challenge. The SBR (Sequencing Batch Reactor)
batch sequencing technology is a modification of
a popular ASP (Activated Sludge Process) process
[1]. This conversion of the continuous sludge-
based treatment process into a batch process as
in SBR improves the flexibility and control of the
processes involved to meet the requirements for
discharging wastewater to the collector. Modern
development of wastewater treatment with activated
sludge in portioning systems was achieved through
the research of Irvine and his co-workers in the
sixties of the twentieth century. Irvine first used the
name sequential biological reactor for a single-tank
reactor, which he designed in 1969 for large-scale
industrial wastewater treatment at Corpus Christi,
Texas [2]. In the first years of its operation, SBR
was mainly used in municipal domestic sewage
treatment plants. Due to the flexibility of design
and better process control, which can be achieved
by modern technology, the use of the SBR process
was not limited to urban wastewater treatment, but
was also widely used in the biological treatment of
industrial wastewater containing organic compounds
which are difficult to treat [3]. As the SBR process
can be effectively automated, it saves more than 60%
of the operating costs required for a conventional
activated sludge process and is able to achieve high
wastewater quality with a short aeration time [4]. In
highly populated countries such as India and Europe,
SBR is considered a BAT technology due to its low
space and labour requirements. The SBR process is
often preferred over the Continuous Flow Process
(CFP) due to reduced energy consumption, nutrient
removal and control of filamentous bacteria [1]. For
these reasons, the SBR process has become more
and more popular in recent years. Over the past few
years, SBR has undergone several minor and major
modifications to effectively treat the rapidly growing
number of new pollutants in wastewater. This article
provides an insight into the technology as well as an
overview of the latest developments in the design
and application of SBR technology.
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1. WPROWADZENIE

W miare jak rosng wymagania w zakresie jako$ci
sciekow odprowadzonych do srodowiska, biologiczne
procesy oczyszczania $ciekow musza by¢ stale udo-
skonalane. Technologia sekwencjonowania wsado-
wego reaktora SBR (Sequencing Batch Reactor) jest
modyfikacja popularnego procesu z osadem czynnym
ASP (Activated Sludge Process) [1]. Taka konwersja
cigglego charakteru procesu oczyszczania opartego
na osadzie czynnym na proces wsadowy, jak w SBR,
poprawia elastyczno$¢ oraz kontrole zachodzacych
procesow, tak aby osiggna¢ wymagania w zakresie
odprowadzania $ciekow do odbiornika. Wspotcze-
sny rozwoj oczyszczania $ciekow osadem czynnym
w systemach porcjowych dokonat si¢ dzigki badaniom
Irvine’a i jego wspotpracownikow w latach szescdzie-
sigtych XX wieku. Irvine po raz pierwszy uzyt nazwy
sekwencyjny reaktor biologiczny dla jednozbiorniko-
wego reaktora, ktory zaprojektowat w 1969 roku do
oczyszczania na duza skale Sciekow przemystowych
w Corpus Christi w Teksasie [2]. W pierwszych la-
tach technologia SBR byta wykorzystywana gltownie
w gminnych oczyszczalniach sciekéw bytowo-gospo-
darczych. Ze wzgledu na elastycznos¢ projektowania
i lepszg kontrole, ktéra mozna osiagna¢ dzigki nowo-
czesnej technologii, zastosowanie procesu SBR nie
ograniczylo si¢ tylko do oczyszczania $ciekow komu-
nalnych, ale znalazlo réwniez szerokie zastosowanie
w biologicznym oczyszczaniu $ciekow przemysto-
wych zawierajacych trudne do oczyszczenia zwiazki
organiczne [3]. Poniewaz proces SBR mozna skutecz-
nie zautomatyzowac, pozwala on zaoszczegdzi¢ ponad
60% kosztow operacyjnych wymaganych w przypad-
ku konwencjonalnego procesu z osadem czynnym,
a takze mozna osiagnac¢ wysoka jakos¢ sciekow przy
krotkim czasie napowietrzania [4]. W gesto zaludnio-
nych krajach, takich jak np. Indie, oraz w Europie SBR
jest uwazany za technologie BAT ze wzglgdu na niskie
zapotrzebowanie na powierzchni¢ oraz sitg¢ robocza.
Proces SBR ze wzgledu na zmniejszenie zuzycia ener-
gii, usuwanie sktadnikow odzywczych i kontrole bak-
terii nitkowatych jest czesciej preferowany niz proces
cigglego przeptywu [1]. Z tych powodéw proces SBR
zyskuje w ostatnich latach na popularnosci. Technolo-
gia SBR w ciagu ostatnich kilku lat przechodzita kilka,
zarowno drobnych, jak i powaznych modyfikacji, aby
skutecznie oczyszcza¢ gwaltownie rosnaca liczbe no-
wych zanieczyszczen w $ciekach. Ten artykut przed-
stawia wglad w technologie, jak réwniez przeglad
najnowszych postepéw w projektowaniu i stosowaniu
technologii SBR.
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2. SBR PROCESS
SBR systems should therefore be understood as

biological processes of wastewater treatment, whose

common feature is:

— application of the activated sludge process to
biological wastewater treatment,

— the process of biological treatment and separation
of the activated sludge from the treated wastewater
takes place in the same tank,

— the water level in the tank is raised by the supply of
wastewater for treatment,

— the treated wastewater is discharged from the tank
in portions [4].

Depending on the scale of operations, the SBR
system, with its variants and hybrids, may include
single-tank or multi-tank reactors, each with
five basic operating phases [1]. The duration of
each phase in the tank can be adapted to different
treatment requirements, such as low COD in the
wastewater, biological removal of nutrients, etc.
Figure 1 schematically shows the different operating
modes of the SBR system. The number of phases
also provides information on a number of alternative
solutions that can be applied at each of the individual
stages in order to achieve the assumed purification
objectives [4].

During thefilling phase, the tank receives wastewater
that comes into contact with the active biomass
left in the reactor at the end of the previous cycle.
Depending on the characteristics of the wastewater,
the target organic matter and the biological removal
of nutrients, three variants can be used individually
or in combination: static filling, mixing and aeration.
During static filling, the incoming wastewater is
added without mixing to the biomass already present
in the SBR, which is almost similar to the batch flow
situation, creating a high nutrient-microbial ratio
(F/M), similar to the selector chamber used in the
ASP, stimulating the growth of floccogenic bacteria
by suppressing those that provide good sedimentation
properties [3].

2. PRZEBIEG PROCESU SBR
Jako systemy SBR nalezy zatem rozumie¢ procesy

biologiczne oczyszczania $ciekow, ktorych wspolny-

mi cechami s3:

— zastosowanie procesu osadu czynnego do biolo-
gicznego oczyszczania $ciekow,

— przebieg procesow biologicznego oczyszczania
i oddzielanie osadu czynnego od oczyszczonych
sciekow nastepuje w tym samym zbiorniku,

— zwierciadto wody w zbiorniku podnosi si¢ na sku-
tek doprowadzania przeznaczonych do oczyszcza-
nia Sciekow,

— oczyszczone $cieki odprowadzane sg ze zbiornika
porcjowo [4].

W zalezno$ci od skali dziatania system SBR, wraz
z jego wariantami i hybrydami, moze obejmowac re-
aktory jedno- lub wielozbiornikowe, z ktorych kazdy
posiada pig¢ podstawowych faz pracy [1]. Czas trwa-
nia kazdej fazy w zbiorniku moze by¢ dostosowany
do roznych potrzeb oczyszczania, takich jak niskie
ChZT w $ciekach, biologiczne usuwanie sktadnikow
pokarmowych itp. Rysunek 1 schematycznie przed-
stawia rozne tryby pracy systemu SBR. Liczba faz
informuje rowniez o kilku alternatywnych rozwigza-
niach mozliwych do zastosowania na kazdym z po-
szczegolnych etapow, tak aby osiagna¢ zatozone cele
oczyszczania [4].

Podczas fazy napehiania zbiornik odbiera surowe
scieki, ktore kontaktuja si¢ z aktywna biomasa pozo-
stawiong w reaktorze pod koniec poprzedniego cyklu.
W zaleznosci od charakterystyki sciekow, docelowej
substancji organicznej i biologicznego usuwania
sktadnikow pokarmowych mozna stosowac pojedyn-
czo lub lacznie trzy warianty: napelnienie statyczne,
mieszanie i napowietrzanie. Podczas napetnienia sta-
tycznego wptywajace Scieki sa dodawane bez miesza-
nia do biomasy obecnej juz w reaktorach, co przypo-
mina prawie sytuacje przeptywu wsadowego, czego
efektem jest wysoki stosunek pozywki do mikroor-
ganizmow (F/M), podobnie jak w przypadku komo-
ry selektora uzywanej w metodach osadu czynnego,
promujac wzrost bakterii flokogennych poprzez wy-
thumienie tych, ktore zapewniaja dobre wlasciwosci
sedymentacji osadu [3].
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Reaction phase — in this phase, aerobic and
anaerobic conditions are alternately generated. The
load on the activated sludge increases with the flow
of wastewater.

Sedimentation phase — operation of the aeration
and mixing device is stopped. The process of sludge
sedimentation and wastewater clarification begins.

Decantation phase — once the sedimentation process
is complete, the activated sludge accumulates in the
bottom layer, revealing the clarified wastewater layer.
Pumped or static decanting of treated wastewater
takes place. Excess sludge is removed at the end of
the decantation period.

The dead phase — this is the time between
decantation and filling. This phase is often necessary
when several reactors are operating in parallel. At
this stage, depending on the exploitation strategy,
biomass mixing may be used to condition the reactive
content [3].

3. DIFFERENT SBR TECHNOLOGY OPTIONS
3.1. Cyclic Active Sediment System (CASS)

The Cyclic Activated Sludge System (CASS) is
one of the most popular sequencing reactor (SBR)
processes used to treat municipal wastewater and
wastewater from various industries, including
refineries and petrochemical plants [5].

Comparedtothe traditional activated sludge process,
it offers a number of operational and performance
advantages. The CASS SBR process fulfils all the
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Fig. 1. Concept of operation of the SBR reactor [4]
Rys. 1. Koncepcja pracy reaktora SBR [4]

Faza reakcji — w tej fazie wytwarzane s na prze-
mian warunki tlenowe oraz niedotlenione. Obcigze-
nie osadu czynnego ros$nie wraz z iloscig doplywaja-
cych sciekow.

Faza sedymentacji — wstrzymana jest praca urzadze-
nia napowietrzajaco-mieszajacego. Rozpoczyna sie
proces sedymentacji osadu oraz klarowania §ciekow.
Faza dekantacji — po zakonczeniu procesu sedymen-
tacji osad czynny gromadzi si¢ w warstwie przyden-
nej, odstaniajgc warstwe sklarowanych Sciekow. Na-
stepuje pompowa lub statyczna dekantacja $cickow
oczyszczonych. Po zakonczeniu dekantacji usuwany
jest osad nadmierny.

Faza martwa —to czas pomi¢dzy fazg dekantacji ana-
petnieniem. Potrzeba takiej fazy jest czesto konieczna,
gdykilkareaktoréw pracujerownolegle. Natymetapie,
w zaleznosci od strategii eksploatacyjnej, moze by¢
stosowane mieszanie biomasy w celu kondycjonowa-
nia zawarto$ci reaktywnej [3].

3. WARIANTY TECHNOLOGII SBR
3.1. Cykliczny system osadow czynnych (CASS)
Cykliczny system osadow czynnych (CASS) jest
jednym z najpopularniejszych proceséw reaktoréw
sekwencyjnych (SBR) stosowanych do oczyszczania
sciekow komunalnych oraz $ciekow z r6znych branz,
w tym rafinerii i zaktadow petrochemicznych [5].
W poréwnaniu z tradycyjnym procesem osa-
du czynnego ma on wiele zalet eksploatacyjnych
i wydajnosciowych. Proces CASS SBR spehia
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functions of a conventional sludge installation by
using a single tank with variable volume in variable
mode of operation, thus eliminating the requirement
to use wastewater treatment and highly efficient
pumping of activated sludge [1].

The Cyclic Activated Sludge System (CASS)
combines a high level of process sophistication in
a cost-effective, space-saving configuration that
offers a methodology that is simple to use, flexible,
reliable, not available in conventionally configured
activated sludge systems. Its unique design provides
an effective means to control sludge swelling, which
is a common problem in conventional processes and
other activated sludge systems [5].

The CASS SBR reactor tank is partitioned into three
parts (zone 1 — selector, zone 2 — secondary aeration,
zone 3 — main aeration) as shown in Figure 2. Sludge
biomass is periodically recycled from Zone 3 to
zone 1 to remove easily degradable soluble substrate
and favouring the development of floccogenic
microorganisms [5]. The design of the system shall
be such that sludge return results in an approximate
daily life cycle of the biomass in the main aeration
zone through the selection zone. No special mixing
devices or formal anaerobic mixing sequences are
required to achieve the required discharge values. The
configuration and operation mode of the tank enables
the application of combined nitrogen and phosphorus
removal mechanisms by means of a simple “one-
time” aeration control [5].

3.1.1. Advantages of CASS
SBR CASS maximizes ease of use, reliability and
flexibility. Important reasons why CASS SBR is used
compared to conventional aeration and treatment of
fixed volume activated sludge include [6]:
— ability to work under continuous reduced load
thanks to simple cycle adjustment;

wszystkie funkcje konwencjonalnej instalacji osadu
czynnego poprzez zastosowanie jednego zbiornika
0 zmiennej objetosci w zmiennym trybie pracy, elimi-
nujac w ten sposodb koniecznos$¢ stosowania doczysz-
czania $ciekéw oraz wysokowydajnego pompowania
osadu czynnego [1].

CASS taczy w sobie wysoki poziom zaawansowania
procesu w konfiguracji, ktora jest ekonomiczna i zaj-
muje mato miejsca oraz oferuje metodologie, ktora jest
prosta w obstudze, elastyczna i niezawodna, niedostep-
na w konwencjonalnie konfigurowanych systemach
osadu czynnego. Jego unikalna konstrukcja zapewnia
skuteczne $rodki kontroli speczniania osadu, co jest
czestym problemem w konwencjonalnych procesach
1 innych systemach osadu czynnego [5].

Zbiornik reaktora CASS SBR podzielony jest prze-
grodowo na trzy czesci (strefa 1 — selektor, strefa
2 — napowietrzanie wtorne, strefa 3 — napowietrzanie
gtéwne), co jest przedstawione na rysunku 2. Bioma-
sa osadowa jest okresowo poddawana recyrkulacji ze
strefy 3 do strefy 1 w celu usunigcia tatwo degrado-
walnego rozpuszczalnego substratu i sprzyjania roz-
wojowi mikroorganizmow flokotworczych [5]. Nie
sa wymagane zadne specjalne urzadzenia mieszajace
ani formalne beztlenowe sekwencje mieszania, aby
osiggna¢ wymagane wartosci w zakresie odprowa-
dzania $ciekow. Konfiguracja i tryb pracy zbiornika
umozliwia stosowanie potgczonych mechanizmow
usuwania azotu i fosforu poprzez prostg ,,jednorazo-
w3a” kontrole napowietrzania [5].

Fig. 2. The operating cycle of the CASS SBR reactor [5]

Rys. 2. Cykl pracy reaktora CASS SBR (opracowanie
wlasne na podstawie [5])

3.1.1. Zalety CASS
SBR CASS maksymalizuje prostot¢ obstugi, nie-
zawodnos¢ 1 elastycznos¢. Do waznych powodow,
dla ktorych CASS SBR jest stosowany w porowna-
niu z konwencjonalnym procesem napowietrzania
1 oczyszczania osadu czynnego o stalej objetosci,
mozna zaliczy¢ [6]:
— mozliwo$¢ pracy pod ciaglym zmniejszonym ob-
cigzeniem dzigki prostej regulacji cyklu;

145



environment

INNOVATIVE SEQUENTIAL BATCH REACTOR SOLUTIONS FOR WASTEWATER TREATMENT

— possibility of So/Xo operation (control of substrate/
microbial ratio), aeration intensity to prevent
sludge swelling and ensure endogenous breathing
(removal of all available substrates), nitrification
and denitrification with increased phosphorus
removal;

— possibility of working in conditions of simultaneous
(co-current) nitrification and denitrification through
variability of aeration intensity;

— highly tolerant of organic and hydraulic load
variations. The system is easily configurable and
operated in order to adapt to short-term and long-
term seasonal changes;

— elimination of secondary settling;

— no separate load compensation. The SBR CASS
container is itself an equalisation tank and a settling
tank;

— the ability to remove nutrients without the addition
of chemical compounds (calcium, PIX) by
controlling the oxygen demand;

— capital benefits and low operating costs;

— effectively treats wastewater contaminated with
oil;

— easy extension of the installation due to simple
modular construction and common wall [2, 6].

3.2. Unitank technology

Unitank is a biological wastewater treatment system
that combines the advantages of a traditional sludge
process with those of an SBR reactor. The basic
Unitank configuration consists of one tank divided
into three hydraulically connected chambers [7]. The
capacity of each chamber is the same, and it has an
aeration system and there is no possibility of external
recirculation of sludge. The outer compartments
act alternately as aeration and sedimentary settling
tanks and the central compartment as aeration units.
Asingle operational cycle consists of two main stages.
An advanced Unitank variant is used to remove
nitrogen and phosphorus compounds. Wastewater is
delivered to all three tanks, while after treatment it
is collected from the central tank. This configuration
has one or two additional anaerobic chambers with
internal recirculation of mixed sludge [8]. Unitank is
more suitable for small and medium sized wastewater
treatment plants with the advantages of simple design,
reduced space requirement, economical and reliable
operation. Unitank is used in both square and round
configurations, as shown in Figures 3 and 4. Unitank
is most commonly used in countries such as China,
Mexico, Argentina, Brazil, Vietnam and others [7].
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— mozliwos$¢ trybu pracy So/Xo (kontrola stosunku
substratu do mikroorganizmow), intensywno$¢ na-
powietrzania w celu zapobiegania spgczniania si¢
osadéw i zapewnienia endogenicznego oddycha-
nia (usunigcie wszystkich dostepnych substratow),
nitryfikacji 1 denitryfikacji wraz ze zwigkszonym
usuwaniem fosforu biologicznego;

— mozliwos¢ pracy w warunkach jednoczesnej
(wspotpradowej) nitryfikacji i denitryfikacji po-
przez zmienno$¢ natg¢zenia napowietrzania;

— duza tolerancja na zmiennos$¢ obcigzenia organicz-
nego i hydraulicznego. System jest fatwo konfiguro-
walny 1 obstugiwany w celu dostosowania do krot-
kotrwatych i dlugotrwatych zmian sezonowych;

— eliminacja osadnika wtornego;

— eliminacja oddzielnego wyrdéwnania obcigzenia.
Zbiornik SBR CASS jest sam w sobie zbiornikiem
wyréwnawcezym i osadnikiem;

— zdolno$¢ do usuwania sktadnikéw odzywczych
bez dodatku zwigzkoéw chemicznych (wapno, PIX)
poprzez kontrole zapotrzebowania na tlen;

— niskie koszty inwestycyjne;

— skutecznie oczyszcza zanieczyszczenia olejami;

— latwa rozbudowa instalacji dzigki prostej konstruk-
cji modutowej i §cianie wspdlnej [2, 6].

3.2. Technologia Unitank

Unitank to biologiczny system, ktdry taczy w so-
bie zalety tradycyjnego procesu z osadem czynnym
oraz reaktora SBR. Podstawowa konfiguracja Unitank
sktada si¢ z jednego zbiornika podzielonego na trzy
seryjnie potaczone hydraulicznie komory [7]. Pojem-
no$¢ komor jest jednakowa, posiada system napowie-
trzania i nie ma mozliwosci zewnetrznej recyrkulacji
osadu. Przedzialy zewngtrzne dziatajg naprzemiennie
jako osadniki napowietrzajacy i osadowy, natomiast
srodkowy jako jednostka napowietrzajgca. Pojedynczy
cykl sktada si¢ z dwoch gtownych etapéw. Do usunig-
cia zwigzkoéw azotu i fosforu stosuje si¢c zaawansowany
wariant Unitank, ktory wprowadza dodatkowa komore
anoksyczng z wewngtrzng recyrkulacjg wymieszanego
osadu [8]. Scieki doprowadzane sa do wszystkich trzech
zbiornikow, natomiast po oczyszczeniu odbierane sg
z $rodkowej komory. Unitank jest bardziej odpowiedni
dla matych i §rednich oczyszczalni $ciekéw z zaletami
prostej konstrukcji, mniejszego zajmowania terenu,
oszczednej 1 niezawodnej pracy. System Unitank jest
stosowany zaréwno w konfiguracjach prostokatnych,
jak 1 okragtych, co przedstawiajg rysunki 3 oraz 4. Uni-
tank najczesciej stosuje si¢ w krajach takich jak: Chiny,
Meksyk, Argentyna, Brazylia, Wietnam itp. [7].
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Features of Unitank:
— advanced treatment to achieve stringent requirements
for wastewater treatment;
— compact installation — easy to integrate anywhere;
— low noise and odour emissions;
— fully automatic, reliable and flexible operation;
— economical use of energy and chemicals;
— thebasic concept for rapid design and construction;
— suitable for a wide range of wastewater types;
— favourable price/quality ratio [1, 8].

3.3. Intermediate Extended Air System
Cycle (ICEAS)

A further improvement of the SBR batch technology
is the ICEAS (Intermediate Cycle Extended Aeration
System) process, which processes a continuous flow
of wastewater. The variable flow is supported by a
distribution box that distributes the flow evenly over
all vessels to avoid overloading a single reactor. Pre-
reaction zone with a high nutrient/microbial ratio
acts as a selector. In this way, better sedimentation
and flocculation inhibition can be achieved [4]. The
main reactor zone, located in the pre-reaction zone,
operates in three basic operating modes (reaction,
sedimentation and decantation). Uniform loading of

Zalety systemu Unitank:

— zaawansowane oczyszczanie, spelniajace surowe
wymagania dotyczace oczyszczania sciekow;

— kompaktowa instalacja — tatwa do zintegrowania
w kazdym miejscu;

— niska emisja hatasu i odorow;

— w pelni zautomatyzowana, niezawodna i elastycz-
na obstuga;

— oszczedne zuzycie energii i chemikaliow;

— podstawowa koncepcja, umozliwiajgca szybkie
projektowanie i budowg;

— przydatny do szerokiej gamy rodzajow Sciekow;

— korzystny stosunek ceny do jakosci [1, 8].

Fig. 3. Basic Unitank configuration in the square module.
Pemex, Mexico, oil company [9]

Rys. 3. Konfiguracja Unitank podstawowa w module pro-
stokgtnym. Koncern naftowy Pemex, Meksyk [9]

Fig. 4. Unitank configurationintheroundmodule. Rousselot,
Argentina [9]
Rys. 4. Konfiguracja Unitankw module okrgglym. Rousselot,
Argentyna [9]

3.3. Posredni cykl rozszerzonego systemu
napowietrzania (ICEAS)

Kolejnym udoskonaleniem technologii wsadowego
SBR jest proces ICEAS (Intermediate Cycle Exten-
ded Aeration System), ktory przetwarza ciggly doplyw
sciekow. Zmienny doptyw jest obstugiwany przez
skrzynke rozdzielajaca, ktora rozdziela przeptyw row-
nomiernie na wszystkie zbiorniki, aby uniknaé prze-
cigzenia pojedynczego reaktora. Strefa przedreakcyjna
o wysokim stosunku substancji odzywczych do mi-
kroorganizmoéw F/M dziata jak selektor. W ten sposob
mozna osiggnac lepsze osadzanie osadu i zahamowa-
nie wzrostu ktaczkow [4]. Glowna strefa reaktora, znaj-
dujaca si¢ po strefie przedreakcyjnej, dziata w trzech
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all tanks with continuous inlet simplifies operation and
control of the process. It also facilitates maintenance
[10]. Compared to the conventional SBR process, the
investment costs are much lower as only one set of
tanks is required. ICEAS is becoming increasingly
popular in China, USA, UK, Peru, Qatar, etc. due to
the replacement of old wastewater treatment plants or
the construction of new plants with limited space or
better wastewater quality requirements [11]. Figure
5 shows a schematic representation of the ICEAS
process cycle.

Advantages of ICEAS:

— capacities from 100 m*/d to 300.000 m®d with the
possibility of handling large flow fluctuations;

— minimises energy consumption by up to 50%;

— there is little usable floor space;

— simple, intuitive control;

— removes nitrogen and phosphorus;

— capable of acting as a single container to facilitate
maintenance and/or to provide shutdown if the
system is operated below design loads [10].

4. PROCESS CONTROL

The SBR process outperforms the activated sludge
processes due to its superiority in many respects, such
asimproved COD quality in wastewater, better control
of filamentous bacteria and low energy consumption.
These achievements were made possible by the
excellent process control in the SBR. SBR process
control technologies have evolved steadily over the
past 30 years, leading to the development of a wide
range of control systems to balance the complexity of
the SBR process [2].
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podstawowych trybach pracy (reakcji, osadzania oraz
dekantacji). Rownomierny zatadunek wszystkich
zbiornikdéw przy ciggtym doptywie upraszcza obstuge
1 kontrole procesu. Utatwia réwniez konserwacje [10].
W pordéwnaniu z konwencjonalnym procesem SBR
koszty inwestycyjne sg znacznie nizsze, poniewaz
wymagany jest tylko jeden zestaw zbiornikéw. ICE-
AS cieszy si¢ coraz wigksza popularnoscig w Chinach,
USA, Wielkiej Brytanii, Peru, Katarze itp. ze wzgledu
na zastepowanie starych oczyszczalni sciekow lub bu-
dowe nowych zaktadow, w ktorych dostepna jest ogra-
niczona przestrzen lub wymagana jest lepsza jakos¢
sciekow [11]. Rysunek 5 przedstawia schematycznie
cykl dziatania procesu ICEAS.

Fig. 5. ICEAS operation diagram [12]
Rys. 5. Schemat dziatania ukiadu ICEAS [12]

Zalety uktadu ICEAS:

— wydajnosci od 100 m*/d do 300,000 m*/d z mozli-
woscig obstugi duzych wahan przeptywu;

— minimalizuje zuzycie energii nawet o 50%;

— niewielka powierzchnia uzytkowa;

— proste, intuicyjne sterowanie;

— skutecznie usuwa azot i fosfor;

— zdolno$¢ do dziatania w charakterze pojedyncze-
go zbiornika w celu utatwienia konserwacji i/lub
zapewnienia wylgczenia, jezeli instalacja pracuje
ponizej obciazen projektowych [10].

4. KONTROLA PROCESU

Proces SBR przewyzsza proces osadu czynnego
w wielu aspektach, takich jak lepsza jako$¢ Sciekow
pod wzgledem ChZT, lepsza kontrola bakterii nit-
kowatych oraz niskie zuzycie energii. Osiggnigcia
te byly mozliwe dzigki doskonatej kontroli procesu
w SBR. W ciggu ostatnich 30 lat technologie sterowa-
nia procesem SBR stale si¢ rozwijaty, prowadzac do
opracowania szerokiej gamy systemow sterowania,
aby zrownowazy¢ zlozono$¢ procesu SBR [2].
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The classic SBR control is performed with a fixed
time cycle, which has the disadvantage that it does not
allow the length cycle to be adjusted to compensate
for the effect of process deviations and changes in
the composition of the delivered wastewater. On the
other hand, real-time control should provide greater
flexibility to adjust the optimized control under
different conditions [13]. Precise process control in
real time requires feedback at least at the beginning
and the end of the different biological reactions
within the SBR. Real-time monitoring of direct
parameters such as COD or BOD and various forms
of nitrates and phosphates may not be sufficiently
accurate with currently available technology [14].
Monitoring of parameters, such as pH, dissolved
oxygen and redox potential, may successfully
indicate reaction processes that occur during carbon
and nitrogen removal in SBR processes [13]. Figure
6 shows the time dependence of these parameters
during one typical conventional SBR cycle, as well
as the concentration values of COD and various
forms of nitrogen.

The redox potential is directly related to the
nitrification rate and other biological reactions
under aerobic or anaerobic conditions [13]. Under
normal conditions, the redox potential is positive and
increases in the aeration phase, and negative in the
anaerobic phase. The normal range of redox potentials
is from 0 mV to 50 mV under aerobic conditions and
from 0 mV to =300 mV under anaerobic conditions.
In the anaerobic phase, the redox potential decreases
with time; there is a steep slope, known as the nitrate
knee, which signifies the end of denitrification, so

Klasyczng kontrole SBR przeprowadza si¢ przy usta-
lonym cyklu czasowym, co ma t¢ wadg, ze nie pozwala
na dostosowanie cyklu dtugosci w celu skompensowa-
nia wptywu odchylen procesu i zmian w sktadzie dostar-
czanych $ciekow. Z drugiej strony, sterowanie w czasie
rzeczywistym powinno zapewni¢ wigksza elastycznosé
w celu dostosowania zoptymalizowanego sterowania
w roznych warunkach [ 13]. Precyzyjna kontrola procesu
W czasie rzeczywistym wymaga informacji zwrotnej
przynajmniej na temat poczatku i konca réznych reak-
cji biologicznych zachodzacych w ramach SBR. Moni-
torowanie w czasie rzeczywistym bezposrednich para-
metrow, takich jak ChZT lub BZT, oraz r6znych form
azotandw i fosforandw moze nie by¢ wystarczajgco do-
ktadne przy obecnie dostepnej technologii [14]. Moni-
torowanie parametrow takich jak pH, tlen rozpuszczo-
ny oraz potencjat redoks moze dostarcza¢ informacji na
temat reakcji, ktore zachodza podczas usuwania wegla
1 azotu w procesach SBR [13]. Na rysunku 6 przedsta-
wiono zaleznos$ci tych parametréw od czasu podczas
jednego typowego cyklu uktadu SBR, a takze wartosci
stezenia ChZT oraz roznych form azotu.

Fig. 6. Curves of dissolved oxygen values, pH, redox
potential and NH-N, NO,N and NO-N concentrations
during the nitrification and denitrification process in the
SBR reactor [13]

Rys. 6. Krzywe wartosci tlenu rozpuszczonego, pH,
potencjatu redoks oraz stezenn NH-N, NO-N i NO-N
podczas procesu nitryfikacji i denitryfikacji w reaktorze
SBR (opracowanie wlasne na podstawie [13])

Potencjal redoks wykazuje bezposredni zwigzek
z szybkoscig nitryfikacji 1 innymi reakcjami biologicz-
nymi w warunkach tlenowych lub beztlenowych [13].
W normalnych warunkach potencjat redoks jest dodat-
ni i wzrasta w fazie napowietrzania, a ujemny w fazie
beztlenowej. Normalny zakres wartosci potencjatu re-
doks wynosi od 0 mV do 50 mV w warunkach tleno-
wych oraz od 0 mV do —300 mV w warunkach beztle-
nowych. W fazie beztlenowej potencjat redoks maleje
w zaleznosci od czasu; wystepuje strome opadanie,
znane jako kolano azotanowe, ktore oznacza koniec
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that the anaerobic phase can be safely stopped and

the next step started [15].

During denitrification, the pH increases and
decreases during the nitrification process [13]. There
are two important points on the pH-value curve with
respect to time:

1. Ammonia valley. As ammonia is oxidised to
nitric acid in the first phase of nitrification, the pH
gradually decreases at the beginning of the process.
When all the ammonia is oxidised to produce a peak
concentration of nitrites, the acid production process
is stopped, the pH curve reaches a minimum value,
which is referred to as the “ammonia valley” [15].

2. Nitrate apax. During the anaerobic phase, the pH
increases and forms a steadily increasing graph.
Maximum achievement is achieved when all nitrate
is converted to nitrogen, indicating the end of the
denitrification phase. The “tip of nitrate” exactly
corresponds to the “nitrate knee” as observed in the
redox potential value curve [15].

Studies show that the pH profile is the best indicator
of changes in the value of microorganisms occurring
inside the SBR reactor [13]. However, the overall
alkalinity of waste water often provides a significant
buffering capacity which minimizes noticeable
fluctuations in pH which reduces the pH value as an
indicator [15].

During aeration, when COD is reduced, dissolved
oxygen is consumed. In the case of nitrification,
which takes place in two stages, the oxygen
consumption in the first stage of the process is
three times higher than in the second stage. In the
second stage of the process, the level of dissolved
oxygen increases noticeably. The point where the
nitrification process steps change occurs at the same
time as the “ammonia valley” [14]. After aeration,
the oxygen value drops rapidly to zero and keeps it
until the end of the anaerobic phase.

Oxygen controls (OUR) are becoming more and
more popular. OUR is the consumption of oxygen
in a time unit per reactor volume unit, which can
be calculated by a PC or PLC (Programmable
Logic Controller) from oxygen sensor-based
measurements. OUR was used to control new SBR
processes such as short-chain nitrification and
intensification of biological phosphorus removal
(EBPR). The point of refraction of the OUR signal
curve (the first OUR derivative), from negative
to positive, indicated the end point of phosphate
uptake [16].
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denitryfikacji, dzigki czemu mozna bezpiecznie za-

trzymac faze beztlenowg i rozpocza¢ kolejny etap [15].
Podczas denitryfikacji pH wzrasta i spada podczas

procesu nitryfikacji [13]. Istniejg dwa wazne punkty

na krzywej wartosci pH w odniesieniu do czasu:

1. Dolina amoniaku. Poniewaz w pierwszej fazie nity-
ryfikacji amoniak jest utleniany do kwasu azotowe-
go(III), pH na poczatku procesu ulega stopniowemu
obnizeniu. Gdy caly amoniak zostanie utleniony
w celu wytworzenia szczytowego stezenia azoty-
néw, nastepuje zatrzymanie procesu wytwarzania
kwasu, krzywa pH osigga minimalng wartos$¢, ktéra
okresla sie jako ,,dolina amoniaku” [15].

2. Wierzcholek azotanowy. Podczas fazy beztleno-
wej pH wzrasta. Maksimum osigga si¢, gdy caty
depozyt jondw azotanowych zostaje przeksztatco-
ny w azot, wskazujac koniec fazy denitryfikacji.
»Wierzcholek azotanowy” doktadnie odpowiada
,,kolanowi azotanowemu”, co zaobserwowano na
krzywej wartos$ci potencjatu redoks [15].

Badania pokazuja, ze profil pH jest najlepszym
wskaznikiem zmian liczebno$ci mikroorganizmow
zachodzacych wewnatrz reaktora SBR [13]. Jed-
nakze zasadowos$¢ ogoblna $ciekdw czesto zapewnia
znaczng zdolno$¢ buforowania, ktéra minimalizuje
zauwazalne wahania pH, co zmniejsza wartos¢ pH
jako wskaznika [15].

Podczas napowietrzania, gdy ChZT ulega obnize-
niu, zuzywa si¢ tlen rozpuszczony. W przypadku ni-
tryfikacji, ktéra zachodzi dwuetapowo, zuzycie tlenu
W pierwszym etapie procesu jest trzykrotnie wigksze
niz w drugim. W drugim etapie procesu poziom tlenu
rozpuszczonego zauwazalnie rosnie. Punkt zmiany
etapow procesu nitryfikacji nastepuje w tym samym
czasie co ,,dolina amoniaku” [14]. Po zakonczeniu
napowietrzania warto$¢ tlenu gwattownie spada do
zera 1 utrzymuje go do konca fazy beztlenowe;.

Z racji prostej obshugi i doktadnosci pomiarow
coraz popularniejsze staja si¢ kontrole poboru tlenu
(OUR). OUR jest to zuzycie tlenu w jednostce cza-
su na jednostke objetosci reaktora, ktore moze by¢
obliczone przez komputer PC lub sterownik PLC
(programowalny sterownik logiczny) na podstawie
pomiarow tlenu opartych na czujnikach. OUR zasto-
sowano w kontroli nowych proceséw SBR, takich jak
nitryfikacja krétkotancuchowa oraz intensyfikacja
biologicznego usuwania fosforu (EBPR). Punkt za-
lamania krzywej sygnalu dOUR (pierwsza pochodna
OUR), od ujemnej do dodatniej, wskazywat punkt
koncowy pobierania fosforanu [16].
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At the end of the twentieth century, mathematical
modelling became popular to optimise performance
and effectively control contaminant removal in SBR
by simulation, instead of experimenting with trials
and errors on a full scale. Model IAWQ ASM?2 with
further modifications can be used for modelling
of long-term nutrient removal in SBR with better
phosphorus dynamics [16].

5. CONCLUSIONS

The use of various variants of SBR reactor
improvements allows for better treatment of
wastewater depending on the requirements of a
given treatment plant. In case of problems with
swelling sludge and high variability in the amount
of incoming wastewater, it is beneficial to introduce
the CASS system, which additionally does not
require a large area for expansion. Another solution
is Unitank technology, which is ideal for smaller
plants with a high diversity of inflowing wastewater.
However, in order for the system to effectively treat
wastewater with high nitrogen and phosphorus
content, additional anaerobic chambers must be
introduced. The most recent configuration presented
is the ICEAS system, which has an unquestionable
advantage of up to 300.000 m?/d with the possibility
of handling large flow fluctuations. It is very popular
due to lower investment costs as well as energy
savings of up to 50% compared to the classical
system. The main disadvantage of SBR reactors is the
cyclical removal of daily sewage load, which makes
the system sensitive to daily and hourly irregularity
in the sewage inflow.

However, in order to correctly estimate which
modernization is most beneficial for a given plant,
simulation models are used, with the latest and most
popular being the IAWQ ASM2 model. It allows,
among other things, to simulate the operation of the
plant after each of the available upgrades and to select
the most efficient one.

Modelling programs also allow advanced process
control, which is at the heart of the SBR system.
The introduction of a real-time control strategy can
enable the SBR process to achieve greater robustness,
reliability and optimized performance. This will
increase energy efficiency and help widen the scope
of'the SBR process. Future research on SBR strategies
should include the development of an intelligent
monitoring system that evaluates feedback in real
time. In this way, the SBR process adapts to changing
environmental conditions and the changing quality of

Pod koniec XX wieku popularne stato si¢ modelo-
wanie matematyczne w celu optymalizacji dziatania
1 skutecznej kontroli usuwania zanieczyszczen w SBR
poprzez symulacje zamiast przeprowadzania ekspery-
mentéw metoda prob i1 bledow na peing skale. Obec-
nie czesto stosowany jest model do symulacji reaktora
SBR, tj. model IAWQ ASM?2. Model pozwala na prze-
prowadzenie symulacji pracy oczyszczalni pod wply-
wem parametréw znacznie odbiegajacych od normy,
pozwala rowniez na przewidywanie skutkéw ewentu-
alnej awarii oraz na przetestowanie korzysci ptynacych
z modernizacji oczyszczalni. Moze on by¢ skutecznie
wykorzystany do modelowania dlugoterminowego usu-
wania sktadnikow pokarmowych w SBR z uwzglednie-
niem szerokiej dynamiki zmian st¢zenia fosforu [16].

5. WNIOSKI

Zastosowanie roznych wariantow usprawnien reak-
toré6w SBR pozwala na lepsze oczyszczanie Sciekow
w zaleznosci od potrzeb danej oczyszczalni. W przy-
padku problemdéw z pgczniejagcym osadem oraz du-
zych zmienno$ci w ilosci doptywajacych Sciekow
korzystne jest wprowadzenie ukladu CASS, ktory
dodatkowo nie wymaga duzej powierzchni w ramach
rozbudowy. Kolejng propozycja jest technologia Uni-
tank, sprawdzajaca si¢ idealnie w mniejszych oczysz-
czalniach o wysokiej roznorodnosci sciekéw dopty-
wajacych. Jednakze aby uktad skutecznie oczyszczat
scieki z wysoka zawarto$cig azotu i fosforu, nalezy
wprowadzi¢ dodatkowe komory beztlenowe. Ostatnig
przedstawiong konfiguracja jest uktad ICEAS, ktore-
go niewatpliwg zaletg jest wydajno$¢ do 300 000 m*/d
z mozliwo$cig obstugi duzych wahan przeptywu. Cie-
szy si¢ on duzg popularnoscig ze wzgledu na nizsze
koszty inwestycyjne, jak rowniez oszczednos$¢ zuzy-
cia energii nawet do 50% w stosunku do klasycznego
uktadu. Gtéwng wadg reaktoréw SBR jest cykliczny
zrzut dobowego tadunku $ciekéw, przez co uktad jest
wrazliwy na nierownomierno$¢ dobowg i godzinowa
w doptywie Sciekow.

Jednakze aby poprawnie oszacowaé, jaka moder-
nizacja jest najbardziej korzystna dla danej oczysz-
czalni, stosuje si¢ modele do symulacji, przy czym
najnowszym i najbardziej popularnym jest model
IAWQ ASM2. Pozwala on mi¢dzy innymi na prze-
prowadzenie symulacji dziatania pracy oczyszczalni
po kazdej z dostepnych modernizacji i wybraniu naj-
bardziej efektywne;.

Programy do modelowania pozwalajg réwniez na
zaawansowang kontrolg procesu, ktéra jest sercem
uktadu SBR. Wprowadzenie strategii sterowania
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waste water in order to maintain optimal quality of
treated waste water while maintaining a high degree

W czasie rzeczywistym moze umozliwi¢ procesowi
SBR osiagniecie wiekszej solidno$ci, niezawodnosci

of reliability. i zoptymalizowanej pracy. Zwickszy to efektywnos¢
energetyczng i pomoze poszerzy¢ zakres stosowania
procesu SBR. Przyszte badania nad strategiami sys-
temu SBR powinny obejmowac opracowanie inte-
ligentnego systemu nadzoru, ktéry w czasie rzeczy-
wistym dokonuje ewaluacji informacji zwrotnych.
W ten sposob proces SBR dostosowuje si¢ do zmie-
niajacych si¢ warunkow $rodowiskowych oraz do
zmieniajacej si¢ jakosci §ciekow, tak aby utrzymac
optymalng jako$¢ Sciekdw oczyszczonych przy za-
chowaniu wysokiego stopnia niezawodnosci.
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Abstract

The subject of the article is the measurements of normal height (H) of the western top of Mount Lysica (Swietokrzyskie
Mountains, Poland), carried out using the GNSS and geometric leveling methods according to standards for geodetic
control network. As the elevation system EN-KRONS86-NH was assumed. The reference data was the result of earlier
measurements made using different methods: ALS, GNSS RTN and geometric levelling between selected points of Mount
Lysica. The analysis of the survey results showed differences between the DEM from ALS measurement and the actual
height reaching up to 0.47 m on small boulders and not exceeding the value of 0.17 m in the flat area. Differences between
GNSS RTN measurement and geometric leveling based on GNSS static measurement did not exceed 0.03 m. An inventory
of former state geodetic control network point “12 Gora Lysica” was also conducted. The point was found to be partially
destroyed, and located 12 m south and 1.5 m below the actual top of the mountain. Therefore it was assumed, that a new
geodetic control network point should be located on the top for the needs of forest inventory as well as setting the actual
height of Mount Lysica.

Keywords: Aerial Laser Scanning, DEM, GNSS static

Streszczenie

W artykule opisano wyniki pomiarow wysokosci normalnej H wybranych punktow na wierzchotku zachodnim gory Lysicy
w pasmie Lysogér (Gory Swietokrzyskie), przeprowadzone metodami GNSS i niwelacji geometrycznej wedlug standardéw
dla osnowy wysokosciowej. Jako uktad wysokosciowy przyjeto PL-KRONS86-NH, a wyniki zestawiono z wczesniejszymi
pomiarami ALS, GNSS RTN i niwelacjg geometryczng miedzy wybranymi punktami wysokosciowymi na masywie Lysicy.
Analiza wynikow pomiaréw wykazata rozbieznosci pomiedzy modelem terenu z pomiaru ALS a wysokoscig rzeczywistq
osiggajqgce wartosci do 0,47 m na niewielkich wypuklych formach terenu i nieprzekraczajqce wartosci 0,17 m na terenie
plaskim. Rozbieznosci pomiedzy pomiarem GNSS RTN a niwelacjg geometryczng w oparciu o pomiar GNSS static nie
przekraczaly wartosci 0,03 m. Przeprowadzono rowniez inwentaryzacje stanu starego punktu osnowy geodezyjnej 12
gora Lysica. Wobec faktu, ze punkt ten jest czesciowo zniszczony i znajduje sie w odleglosci 12 m w poziomie i 1,5 m
ponizej rzeczywistego wierzchotka, zasadne wydaje si¢ zalozenie nowego punktu osnowy, ktory stuzylby m.in. pomiarom
w ramach inwentaryzacji stanu lasu, a takze wyznaczal rzeczywistq wysokos¢ szczytu Lysicy.

Stowa kluczowe: lotniczy skaning laserowy (ALS), numeryczny model terenu (NMT), pomiar statyczny GNSS

1. INTRODUCTION 1. WPROWADZENIE

Mount Lysica, is the highest peak of the Wysoko$¢ Lysicy, najwyzszego szczytu Gor Swig-
Swigtokrzyskie Mountains, withelevationofthe611.8m  tokrzyskich, jest na wspélczesnych mapach topogra-
a.s.l. according to contemporary topographic maps. On  ficznych okreslana na 611,8 m n.p.m. Na podstawie
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the basis of an analysis of DEM data of ALS survey,
and GNSS measurements it was shown that this
value is not exact [1]. Moreover, the relief of Lysica
massif is more complicated than the mentioned
maps presented. The massif of Lysica, lying in the
western part of Lysogéry between The Krajenska
pass in the West and the Kakoninska pass to the
East, has two tops: the western one (main), having
the same name as Mount Lysica, and the eastern
one, named Skata Agaty (The Rock of Agatha).
Altitude of the western and easern tops, measured
using GNSS RTN referenced to PL KRON8S6-NH
geoide are as follows: 613.4 and 613.7 m a.s.l., and
differ from the values on the older maps, or on the
DEM of contemporary ALS survey. Due to this fact,
and for the need of an update of the database of the
Swietokrzyski National Park (SPN), an inventory
and measurement works were conducted in 2017.
It was a part of the statutory work of the Geomatics
Department of the Kielce University of Technology.
The aim was to estimate the geodetic control
network in the Lysica massif, and to determinine the
elevation and horizontal coordinates of inventoried
control points, which are the basis for surveys for
update of forest digital maps (LMN). The part of
this work was also the calculation of the height
above the sea level of the western peak of Lysica
with high accuracy. The purpose of the work was
to specify the height of the western peak of Mount
Lysica in the state altitude reference system, based
on the latest measurements of this area using the
satellite leveling method, in relation to previous
works. Although the western top is 0.3 m lower
than the eastern one, it is treated as the main one,
due to its relief, the location at the border of forest
divisions and the location of the sign of geodetic
control network (presently deleted from the current
state database). Since the main top is formed as a
fairly large peak platform, this location of the point
has been considered as correct. The summit is not
visibly eroded or denudated, which is normal for
the relief of low mountains. The rock basement
is dominated by hard and resistant to weathering
quartzites of the Cambrian age. It is considered as
tectonically stable, the same as the entire area of the
Swietokrzyskie Mountains [2]. Therefore, it can be
assumed, that geomorphological processes should
not affect the results of altitude measurements
carried out in this area during the last 150 years, as
well as now. The survey works were undertaken to
determine the actual height of the main Lysica peak
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analizy danych NMT z pomiaré6w ALS oraz pomiarow
GNSS wykazano, ze warto$¢ ta nie jest $cista [1], a po-
nadto ze topografia masywu Lysicy jest bardziej skom-
plikowana, niz przedstawialy to dotychczasowe opra-
cowania. Masyw Lysicy, lezacy w zachodniej czesci
pasma Lysogor, pomigdzy Przetecza Krajenska na za-
chodzie a Przelgczg Kakoninska na wschodzie, posia-
da dwie kulminacje: wierzchotek zachodni (gtéwny),
do ktérego odnosi si¢ nazwa gory Lysicy, oraz wierz-
chotek wschodni, czyli tzw. Skale Agaty. Wysokosci
nad poziomem morza tych wierzcholkéw pomierzo-
ne metoda RTN GNSS w uktadzie PL-KRON86-NH
wynosza odpowiednio 613,41 613,7 m n.p.m. i r6znig
si¢ od wartos$ci na starszych opracowaniach kartogra-
ficznych oraz (w mniejszym stopniu) wspotczesnych
opracowaniach na podstawie skaningu ALS. W zwigz-
ku z tym faktem oraz potrzebg uaktualnienia bazy da-
nych dla Swigtokrzyskiego Parku Narodowego (SPN)
przeprowadzono w 2017 roku, w ramach pracy statuto-
wej Zakladu Geomatyki Politechniki Swigtokrzyskie;j,
pomiary majace na celu oszacowanie stanu osnowy
geodezyjnej na terenie masywu Lysicy oraz okresle-
nie wspohrzednych wysoko$ciowych i poziomych od-
nalezionych i zinwentaryzowanych punktéw osnowy
pomiarowej, bedacej baza dla aktualizacji leSnej mapy
numerycznej (LMN). Czescig tych prac bylo rowniez
okreslenie z wysoka doktadnoscig wysokos$ci nad po-
ziomem morza wierzchotka zachodniego gory Lysicy
w aktualnym ukladzie wysokosciowym, w oparciu
0 najnowsze pomiary tego terenu metoda niwelacji
satelitarnej. Pomimo ze wierzchotek ten jest nizszy
0 0,3 m od Skaty Agaty, ze wzgledu na uksztattowanie,
polozenie na granicy oddzialéw lesnych oraz umiesz-
czenie na nim znaku osnowy geodezyjnej (obecnie
skreslonego z ewidencji w banku osnéw) jest trakto-
wany wciaz jako gtowny. Poniewaz wierzchotek ten
ma posta¢ do$¢ rozleglej platformy szczytowej, taka
lokalizacja punktu zostata uznana za poprawna. Szczyt
nie podlega w widoczny sposob niszczacym procesom
geomorfologicznym, co jest typowe dla rzezby gor ni-
skich. W podtozu dominuja twarde i odporne na wie-
trzenie kwarcyty wieku goérnokambryjskiego. Jest ono
traktowane jako stabilne, podobnie jak caty obszar Gor
Swigtokrzyskich [2]. Mozna zatem przyjaé, ze procesy
geomorfologiczne nie powinny mie¢ wptywu na wyni-
ki pomiaréw wysokosciowych prowadzonych na tym
terenie w ciggu ostatnich 150 lat, jak rowniez obec-
nie. Celem artykutu jest zestawienie rzeczywistej (tzn.
pomierzonej precyzyjnie metodag GNSS static 1 niwe-
lacji geometrycznej) wysokos$ci wierzchotka glow-
nego Lysicy w aktualnym uktadzie wysoko$ciowym
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in the current altitude system, as well as to verify
the accuracy of the height of the geodesic control
point “12 Goéra Lysica”, in the context of the update
of cartographical studies, as well as for assessment
of the accuracy of DEM made using ALS survey.

2. THE HEIGHT AND RELIEF OF THE MAIN PEAK

OF MOUNT LYSICA IN THE PREVIOUS STUDIES

The oldest height measurements in the first half of
the 19th century [3] were not conducted on Mount
Lysica, but on the more accessible Lysiec (currently
named Lysa Gora), where the triangulation tower
was located. Later cartographic studies show the
following heights of Mount Lysica: 612 m a.s.l.
on the Austro-Hungarian map of 1910 [4], 611.5 m
a.s.l. on the German map of 1914 [5] and the map of
the Polish edition WIG of 1936 [6]. The difference
in the values of the shown height results from the
application of different altitude systems at different
times on this territory. Also the accuracy of leveling
measurements was variable. The applied signatures
indicate that the shown heights refer to the geodetic
control point (there is even no information about
the name of the mountain on the Austrian map) so
it does not have to exactly coincide with the highest
point of the terrain. In 1935, a topographic survey of
the Lysica massif was prepared for the needs of the
forest economic map (Fig. 1 part B), which shows the
heights of the massif’s tops as follows: western one
612.13 m a.s.l. and the eastern one 612.3 m a.s.l. [7].
The fact that the eastern top is 17 cm higher, proves
that the given heights refer not to geodetic control
points but to actual tops. The height of the top of
Mount Lysica on the contemporary topographic
map in the scale 1 : 10000 [8] is 611.8 m a.s.l. and
there is no marked control point there (as it was
on older maps), but only a spot height (Fig. 1, part
A). The latest elevation data for this area is DEM,
available in the Centre of Geodesy and Cartography
Documentation (pol. CODGIiK), which was extracted
from ALS measurements conducted in 2014 as a part
of the ISOK project (IT System of Country Shield)
[14]. The height of Mount Lysica (main peak) on this
modelis 613.14 m a.s.l. and it is 20 cm lower than the
height measured using GNSS RTN technique at the
highest point (a boulder next to the cross, marked as
“C” on Fig. 3) of the summit. It is worth mentioning
that the height of the eastern peak (Skata Agaty),
1s 613.4 m a.s.l. on this DEM, and the GNSS RTN
measurement shown 613.7 m a.s.l. in the same place.
However, for practical reasons, the westernmost

z pomiarami wczesniejszymi i weryfikacja wysokosci
punktu osnowy geodezyjnej 12 gora Lysica, w kontek-
scie mozliwos$ci uaktualnienia istniejgcych opracowan
kartograficznych, jak i okre$lenia rzeczywistej doktad-
nosci pomiaru tego typu punktdw na numerycznym
modelu terenu otrzymanym metodg ALS.

2. WYSOKOSC | UKSZTALTOWANIE GLOWNEGO
WIERZCHOLKA GORY LYSICY W SWIETLE
DOTYCHCZASOWYCH OPRACOWAN
Najwcezesniejsze pomiary wysokosciowe w 1 poto-

wie XIX wieku [3] nie byly prowadzone na gorze Ly-

sicy, lecz na tatwiej dostgpnym LysScu (obecnie Lysa

Gora), gdzie zlokalizowana byta wieza triangulacyjna.

Pdzniejsze opracowania kartograficzne podajg naste-

pujace wysokosci gory Lysicy: 612 m n.p.m. na ma-

pie austro-wegierskiej z 1910 roku [4], 611,5 m n.p.m.

na mapie niemieckiej z 1914 roku [5] 1 mapie polskiej

wydawnictwa WIG z 1936 roku [6]. Roznica w war-
tosciach podanej wysokosci wynika ze stosowania na
tym terytorium na przestrzeni lat réznych uktadow
wysokosciowych oraz doktadnosci wykonania pomia-
row niwelacyjnych. Zastosowane sygnatury wskazuja,
ze podang wysokos¢ stosuje si¢ do punktu osnowy
geodezyjnej, zatem nie musi si¢ doktadnie pokrywac
z najwyzszym punktem terenu. Na wspomnianej ma-
pie austriackiej brak jest nawet informacji o nazwie
gory. W roku 1935 sporzadzono rowniez zdjecie topo-
graficzne masywu Lysicy na potrzeby lesnej mapy go-
spodarczej (rys. 1, czes¢ B), z ktorego wynika, ze wy-
sokosci wierzchotkéw masywu wynosza odpowied-

nio: zachodni 612,13 m n.p.m. i wschodni 612,3 m

n.p.m. [7]. Fakt, ze wschodni wierzchotek jest o 17 cm

wyzszy wskazuje, ze podane wysokosci dotycza nie

punktow osnowy, lecz rzeczywistych wierzchotkow.

Wysokos$¢ wierzchotka gltownego goéry Lysicy na

wspotczesnej mapie topograficznej w skali 1 : 10000

[8] wynosi 611,8 m n.p.m. i nie ma tam oznaczonego

punktu osnowy jak na opracowaniach wczesniejszych,

a jedynie pikieta wysokosciowa (rys. 1, cz. A). Naj-

nowsze dane wysokosciowe, dotyczace tego terenu

a dostgpne w panstwowym zasobie geodezyjnym to

NMT, udostgpniony przez Centralny Osrodek Doku-

mentacji Geodezyjnej i Kartograficznej (CODGIiK),

ktory zostal opracowany z pomiarow ALS przepro-
wadzonych w 2014 roku w ramach projektu ISOK

(Informatyczny System Ostony Kraju) [14]. Wyso-

ko$¢ gory Lysicy (glownego wierzcholka) odczytana

z tego modelu wynosi 613,14 m n.p.m. i jest 0 20 cm

mniejsza niz wysoko$¢ pomierzona technikg GNSS

RTN na najwyzszym punkcie (glazie obok krzyza)
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Fig. 1. The comparison of the contours and spot heights on the topographic map 1 : 10000 (black contours, part A), to the
contours generated from DEM (orange and red contours, part A) and forest economical map 1 : 5000 of 1935 (part B);
for comparison, printout of the PODGIK data on the geodetic control point on the top of Mount Lysica is given (part C)

Rys. 1. Porownanie warstwic i punktow wysokosciowych na mapie topograficznej 1:10000 (czarne warstwice, czes¢ A),
warstwic z NMT (pomaranczowe i czerwone warstwice, czes¢ A), na lesnej mapie gospodarczej 1:5000 z 1935 roku (czes¢
B) oraz wydruk z PODGIK danych dotyczqcych punktu osnowy geodezyjnej na szczycie gory Lysicy (czes¢ C)

top is considered to be the most suitable point for
founding the geodetic control point [1]. Height is
defined in the PL-KRONS86-NH altitude reference
system. The contours generated from the DEM are
shown in Figure 1, part A.

A documentation of the geodetic control point
on Mount Lysica could be found in the Office
of Geodesy and Cartography Documentation
(PODGIK) in Kielce. The point appears in the office
database as the 3rd class one (Fig. 1, part C). The
printout of the document contains information about
coordinates x, y, H and coordinate systems for point
“144.312-12 gora Lysica”. The x and y coordinates
were given in the “1965” and “2000”” layouts — it
is the previously (“wz 1965”) and currently used
(PL-2000) coordinate system in Poland [9, 10]. In
the PODGIiK documentation, another description of
the geodetic control point named “12 Gora Lysica
AB4940” appears, with the coordinates x, y given
in the “1965” layout. The same coordinates was
also found, assigned to the point “144.312-12 Gora
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szczytu. Warto nadmieni¢, ze wysokos¢ wierzchotka
wschodniego, czyli Skaty Agaty, wynosi na tym NMT
613,4 m n.p.m., natomiast pomiar RTN GNSS wyka-
zat wysokos¢ 613,7 m n.p.m. Jednakze ze wzgledow
praktycznych jako najbardziej odpowiedni punkt do
zalozenia osnowy uwaza si¢ wierzchotek zachodni [1].
Wysoko$¢ zdefiniowana jest w uktadzie wysokoscio-
wym PL-KRONS86-NH. Warstwice wygenerowane
z modelu przedstawiono na rysunku 1, czes¢ A.

W dokumentacji osnow PODGiK w Kielcach istnie-
je takze dokumentacja punktu osnowy na gorze Lysicy.
Figuruje on jako punkt 3 klasy w Banku Osnéw, co jest
uwidocznione na wydruku ze stosownego dokumentu
(rys. 1, cz. C). Miesci si¢ tam informacja o wspotrzed-
nych x, y, H oraz uktadach wspoétrzgdnych dla punk-
tu 144.312-12 gora Lysica. Wspotrzedne x i y podano
w uktadach ,,1965” oraz ,,2000” — aktualnie stosowa-
nym uktadzie wspotrzednych ptaskich prostokatnych
PL-2000 w Polsce [9, 10]. W dokumentacji PODGiK
natrafiono réwniez na inny opis punktu osnowy o na-
zwie 12 gora Lysica AB4940 i wspotrzgdnych x, y
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Lysica”, which means that the points are identical.
In this document, also the height # = 611.78 m
a.s.l. of point “12 Goéra Lysica” is given, but there
is no information about the height reference system.
Probably this system is the “Kronstadt 60, which
was created as a result of height measurements in
the years 1947-1955. This point was found using
the GNSS RTN method according to the coordinates
given. A significant damage to the geodetic sign (Fig.
2b) was found, that explains why it is no longer in
the CODGIK database, and has only the status of an
archival point. It is located at a distance of 12 m in the
south direction from the highest point on the main top
of the mount (Fig. 2a).

To sum up: there is a former point of the horizontal
geodetic control network of 3 cl. “12 gora Lysica”
AB4940 (also named “144.312-12 goéra Lysica”) on
the western top of Mount Lysica. Normal height of
this point is H = 611,78 m a.s.l. The height reference
system of this point is probably the “Kronsztadt 60”.
Currently the sign on the point is damaged.

podanych w uktadzie ,,1965”, identycznych ze wspot-
rz¢dnymi punktu 144.312-12 géra Lysica, co oznacza,
ze s3 one tozsame. W tym dokumencie rowniez po-
dano wysoko$¢ punktu 12 géra Lysica, ktora stanowi
H=611,78 m. Nie ma w nim zadnej informacji o ukta-
dzie wysokosciowym. Prawdopodobnie uktadem
tym jest uktad Kronsztad 60, ktory powstat w wyni-
ku wykonania pomiaréw wysokosciowych w latach
1947-1955. Punkt ten zostat odszukany metodg GNSS
RTN wedhig podanych wspotrzednych, przy czym
stwierdzono znaczne uszkodzenie znaku geodezyjne-
go (rys. 2b), co wyjasnia, czemu nie figuruje on juz
w bazie danych osnow CODGiK i ma jedynie status
punktu archiwalnego. Znajduje si¢ on w odleglosci
12 m w kierunku potudniowym od najwyzszego punk-
tu na gtéwnym wierzchotku gory (rys. 2a).

Podsumowujac powyzsze informacje, mozemy za-
lozy¢, ze na zachodnim wierzchotku gory Lysicy znaj-
duje si¢ dawny punkt poziomej osnowy geodezyjnej
3 kl. 12 gora Lysica AB4940 (144.312-12 géra Lysi-
ca). Wysoko$¢ normalna tego punktu H = 611,78 m
n.p.m. Uktadem wysokosciowym tego punktu praw-
dopodobnie jest uktad wysokosciowy Kronsztadt 60.
Aktualnie punkt jest uszkodzony.

Fig. 2. Situational sketch map of selected spot heights on the background of contours generated from the DEM (a),
condition of the geodetic control point “12 Gora Lysica” on March 10th, 2017 (b) (photo by the author)

Rys. 2. Szkic sytuacyjny rozmieszczenia wybranych punktow pomiarowych na tle warstwic wygenerowanych z NMT (a),
stan znaku punktu osnowy geodezyjnej 12 gora Lysica w dniu 10.03.2017 (b) (zdjecie autora)
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3. THE SELECTION AND MEASUREMENT OF CONTOL

POINTS USING SATELLITE AND GEOMETRIC LEVELING

Due to the significant damage to the former geodetic
control network point 12 Gora Lysica AB4940, it was
not possible to use it (after converting the coordinates
of the heights from the “Kronsztadt 60” to the PL-
KRON&86-NH height reference system) as a reference
point for geometric leveling to measure the actual
height of the Lysica peak. In this situation, the
methods of satellite and geometric leveling were used
as the fastest and not complicated, and allowing an
accurate measurement of the normal height A of the
western top of Mount Lysica, in the currently used
PL-KRONS&6-NH height reference system.

A series of static GNSS measurements at selected
points of the Lysica peak were carried out in the period
from March to July 2017. The location of the points
was conditioned by the visibility and reception of
signal of GNSS satellites. Some of the measurements
were carried out before the leaf appearance on trees.
The location of the points is indicated in Figure
2a. The horizontal coordinates of the spot heights
were obtained by the GNSS static measurement of
the P1-G. Lysica and P2-G. Lysica points, which
were the base for survey of spot heights: Kamien-
Lysica, Krzyz-Lysica, 12 Goéra Lysica. Point of the
horizontal geodetic control network of 3 cl. 12 Gora
Lysica AB4940 top (marked as “B” in Fig. 3) has
an unfavorable GNSS measurement conditions, so
its direct measurement was not possible. Therefore,
satellite leveling was made only for point P2-G.
Lysica — as having the most favorable measurement
conditions (good visibility of the satellites). The
point is located on a boulder, north-east from the
top of the mount. It was stabilized using a geodetic
nail driven into a rock crevice. The measurement
conditions on mentioned points are illustrated by a
photograph made of UAV (Fig. 3). The geometric
leveling was carried out between point P2 and the
remaining points.

The measurement of the point P2-G. Lysica was
made on July Ist, 2017. GNSS measurements were
carried out with the reception of satellite signals
NAWSTAR, GPS and GLONASS navigation systems.
In the measurement a Sokkia GRX1 dual-frequency
GNSS receiver was used, with an integrated satellite
antenna. The antenna was placed on a tripod, 1.402
m above the spot height. The angle (mask) of the
reception of satellites was 10° above the horizon for
both systems.
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3. WYBOR | POMIAR PUNKTOW OSNOWY METODA

NIWELACJI SATELITARNEJ | GEOMETRYCZNEJ

Ze wzgledu na znaczny stopien uszkodzenia daw-
nego punktu osnowy 12 gora Lysica AB4940 nie
bylo mozliwe wykorzystanie go (po przeliczeniu
wspotrzednych wysokosciowych z uktadu Kronsz-
tadt 60 na uklad wysokosciowy PL-KRON86-NH)
jako punktu nawigzania do niwelacji geometrycznej,
w pomiarach rzeczywistej wysokosci wierzchotka
Lysicy. W tej sytuacji zastosowano metody niwela-
cji satelitarnej i geometrycznej jako najszybsze i naj-
mniej skomplikowane, a jednoczesnie umozliwiajace
doktadny pomiar wysoko$ci normalnej H zachodnie-
go wierzchotka gory Lysicy, w aktualnie stosowanym
uktadzie wysokosciowym PL-KRONS86-NH.

W okresie od marca do lipca 2017 przeprowadzo-
no seri¢ pomiarow statycznych GNSS na wybranych
punktach wierzchotka Lysicy. Wybdr punktow podyk-
towany byt warunkami odbioru i widocznos$ci sateli-
tow GNSS. Pomiary przeprowadzono w porze przed
ulistnieniem drzew. Lokalizacja punktéw jest wska-
zana na rysunku 2a. Wspodtrzedne poziome punktow
pomiarowych uzyskano przez pomiar statyczny GNSS
punktow P1-G.Lysica i P2-G.Lysica, wzgledem kto-
rych mierzono potozenie punktow Kamien-G.Lysi-
ca, Krzyz-G.Lysica, 12 gora Lysica. Punkt poziome;j
osnowy geodezyjnej 3 kl. 12 goéra Lysica AB4940
(oznaczony jako ,,B” na rys. 3) znajduje si¢ w nieko-
rzystnych warunkach pomiarowych, wymaganych dla
pomiarow GNSS, wobec czego nie byt mozliwy jego
pomiar bezposredni. W zwiazku z tym niwelacja sa-
telitarna zostata wykonana dla punktu P2-G.Lysica —
jako punktu z najbardziej korzystnymi warunkami
pomiarowymi (lepsza widoczno$¢ satelitow). Punkt
znajduje si¢ na gotoborzu, w poéocno-wschodnim
kierunku od szczytu wierzchotka. Dla pomiaréw zostat
on zastabilizowany przy pomocy gwozdzia geodezyj-
nego wbitego w szczeling skalng. Warunki pomiarowe
na nim oraz na pozostatych punktach ilustruje fotogra-
fia wykonana z UAV (rys. 3). Nast¢pnie przeprowa-
dzono niwelacje geometryczna pomiedzy punktem P2
a punktami pozostatymi.

Pomiar punktu P2-G.Lysica wykonano 1 lipca
2017 roku. Pomiary GNSS przeprowadzono z od-
biorem sygnatoéw satelitow nawigacyjnych systemow
GPS NAWSTAR i GLONASS. W pomiarze wyko-
rzystano dwuczestotliwosciowy odbiornik GNSS
Sokkia GRX1 z zintegrowang antena satelitarng.
Antena GNSS byla ustawiona na statywie, 1,402 m
nad punktem. Kat (maska) odbioru satelitow nad ho-
ryzontem dla obu systemow byt rowny 10°.
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Fig. 3. An aerial photo of the Lysica peak made using UAV (direction of the photo marked in Fig. 2) with marked spot
heights: A— P1, B— 12 Gora Lysica, C— Kamien-G.Lysica, D — P2-G. Lysica, E — spot height next to the cross (photo by

Karol Krawczyk)

Rys. 3. Zdjecie szczytu Lysicy z UAV (kierunek zdjecia zaznaczony na ryc. 2), z zaznaczonymi punktami pomiarowymi.
A—Pl, B— 12 gora Lysica, C — Kamien-G.Lysica, D — P2-G.Lysica, E — miejsce pomiaru pod krzyzem (zdjecie: Karol

Krawczyk)

The post-processing of measurement results at the
point P2-G. Lysica was made with the use of Topcon
Tools software. Observational files of the ASG-
EUPOS reference stations were used, as well as exact
ephemeris of the NAVSTAR and GLONASS GNSS
systems [11], and the GNSS antenna calibration file
[12], the Goad-Goodman troposphere model, the GPT
(Global Pressure and Temperature) meteorological
model. The duration T of measurement was 4 h 39 m
40 s with the observation interval t of 10 s. For the
calculation of normal heights H, the current quasi-
geoid PL-geoid-2011 model was used [13]. The
data of reference stations involved in measurements
and studies are presented in Table 1. The files used

Opracowanie wynikow pomiarow (post-proces-
sing) na punkcie P2-G.Lysica wykonano oprogramo-
waniem Topcon Tools. W opracowaniu wykorzysta-
no pliki obserwacyjne stacji referencyjnych systemu
ASG-EUPOS, pliki doktadnych (precise) efemeryd
satelitow GNSS systeméw NAVSTAR i GLONASS
[11], plik kalibracji anten GNSS [12], model tro-
posfery Goad-Goodman, meteomodel GPT (Global
Pressure and Temperature). Czas trwania pomiaru
AT wynosit 4 g 39 m 40 s z interwatem zapisywania
obserwacji At = 10 s. Dla obliczenia wysoko$ci nor-
malnych H zastosowano aktualny model quasi-geo-
idy PL-geoid-2011 [13]. Dane stacji referencyjnych,
uczestniczgcych w pomiarach i opracowaniu, znajdu-
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in the post-processing of the measurements of point
P2-G. Lysica are presented in Table 2. The type of
solution for all vectors involved in the calculation
was a fixed one. The measurements and their post-
processing correspond to the conditions for geodetic
control network measurements using the GNSS static
method.

Table 1. The data of the GNSS reference network stations
Tabela 1. Dane stacji referencyjnych

ja si¢ w tabeli 1. Pliki, wykorzystane w opracowaniu
pomiarow punktu P2-G.Lysica, podano w tabeli 2.
Typ rozwigzania dla wszystkich wektorow, uczestni-
czacych w opracowaniu — ustalony (fixed). Pomiary
oraz ich opracowanie odpowiadajg warunkom sta-
wianym pomiarom osndéw geodezyjnych metodg sta-
tyczng GNSS.

RNSID Location ALl sy UrreroliD e ALTL
KLCE Kielce 3774368.864 1420921.165 4925093.009 296.931
RADM Radom 3719233.612 1439894.734 4961004.275 184.682
BUZD Busko-Zdréj 3805091.369 1439261.280 4896192379 262.262

File type File name
KLCE2130.170
Observational RINEX RADM2130.170
BUZD2130.170
Observational raw data log2170801.tps
(alibrational anten igs14.atx
Coordin. of satelites i9s19602.sp3
Coordin. of satelites igl19602.5p3
Quasi-geoid GUGIK2011.gff

The results of the initial post-processing of
measurements of vector: reference station — point P2-
G. Lysica, are presented in Table 3. The maximum
value of the satellite geometry coefficients was 2.05
(PDOP) and 1.75 (VDOP), what means the favorable
constellation of satellites during measurements. The
error of the mean square calculation of vectors is in
the range from 0.006 m to 0.038 m.

Table 2. The files used for GNSS post-processing
Tabela 2. Uzyte do opracowania pomiarow GNSS pliki

Wyniki wstepnego opracowania pomiarow wekto-
row od stacji referencyjnej do punktu P2-G.Lysica
znajduja si¢ w tabeli 3. Maksymalna warto$¢ wspot-
czynnikow geometrii satelitow PDOP wynosita 2,05,
a VDOP — 1,75. Swiadczy to o korzystnej konstelacji
satelitow w czasie pomiarow. Btad $redni kwadrato-
wy obliczenia wektorow znajduj¢ si¢ w granicach od
0,006 m do 0,038 m.

Table 3. The results of the initial calculation of the spot height survey P2-G.Lysica

Tabela 3. Wyniki wstegpnego obliczenia pomiarow punktu P2-G.Lysica

Survey of the vector Lenght of RMS*
VDOP PDOP
From point To point the vectorL, m Hz, m V,m
KLCE P2-G.tysica 18888.12 1.60 1.91 0.006 0.015
RADM P2-G.tysica 58663.98 1.75 2.05 0.015 0.038
BUZD P2-G.tysica 48969.25 1.60 1.91 0.018 0.029

*RMS — root mean square error of the vectors calculation.
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The adjustment of the measurements was
performed using the strict method. An assumed
reference pointwith the known normal height Hin the
PL-KRONS86-NH reference system was the KLCE
reference station (Fig. 4), the closest to the measured
point P2-G. Lysica, at a distance of 18888 m.
After adjustment, the UWE coefficient (Unit Weight
Error) was determined. It shows the change of the
accuracy of the network after alignment referring
to the accuracy of individual vectors to compensate
[15]. For horizontal coordinates UWE reached the
value of 0.53 (acceptable limits are 0.45-1.55) and
for heights 0.74 (acceptable limits is 0.27-1.77),
what means the correct adjustment of a network.
The results of calculating the equalized normal
heights H are shown in Table 4. Columns No. 4
and 5 of Table 4 contain the normal heights H of
the surveyed network points after the adjustment
and the maximum difference between the height
calculated from the measurement and given for the
reference station on the EUPOS ASG website. As a
result of the study, the normal height 7= 610.980 m
of the point P2-G. Lysica was obtained. The average
square error of the height calculation is 0.013 m, so
it meets the assumed accuracy requirements.

Wyréwnanie pomiaro6w wykonano metodg $cisla.
Punktem nawigzania o znanej wysoko$ci normalnej
H w uktadzie PL-KRONS86-NH przyjeto stacje refe-
rencyjng KLCE (rys. 4). Stacja znajduj¢ si¢ najblizej
do mierzonego punktu P2-G.Lysica, na odlegltosci
18888 m od niego. Po wyrdéwnaniu pomiaréw okre-
slono wspotczynnik UWE (Unit Weight Error), ktéry
pokazuje zmian¢ doktadno$ci sieci po wyrownaniu
odnos$nie doktadnosci pojedynczych wektorow do
wyroéwnania [15]. Dla wspoétrzgdnych poziomych
osiggnal on warto$¢ 0,53 (dopuszczalne granice to
0,45-1,55), a dla wysokosciowych 0,74 (dopuszczal-
ne granice to 0,27—1,77), co §wiadczy o poprawnym
przebiegu wyrdwnania w danej sieci. Wyniki oblicze-
nia wyrownanych wysoko$ci normalnych H znajduja
sie¢ w tabeli 4. W kolumnach 4 i 5 tabeli 4 pokazane sg
wysoko$ci normalne H punktdéw sieci po wyrownaniu
oraz maksymalna réznica pomi¢dzy wysokoscig obli-
czong z pomiaru, a podang dla danej stacji referencyj-
nej na stronie ASG EUPOS. W wyniku opracowania
otrzymano wysoko$¢ normalng H punktu P2-G.Ly-
sica, ktora jest réwna 610,980 m n.p.m. Btad $redni
kwadratowy obliczenia wysoko$ci wynosi 0,013 m,
wiec miesci si¢ w zalozonych wymaganiach odnosnie
doktadnosci.

Fig. 4. Network configuration for surveys on the point
P2-G. Lysica
Rys. 4. Konfiguracja sieci przy pomiarach na punkcie
P2-G.Lysica
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Table 4. The results of adjustment of normal height [H] surveys for spot height P2-G.Lysica

Tabela 4. Wyniki wyrownania pomiarow wysokosci normalnej H punktu P2-G.Lysica

ID of ref. station/point L p— mH*,m H v ™ ahvm
ASG-EUPOS (2)-(4)
1 2 3 4 5
KLCE 296.931 0 296.931 0
RADM 184.665 0.022 184.682 -0.017
BUZD 262.245 0.018 262.262 —0.017
P2-G.tysica 610.980 0.013

*mH — root mean square error of the normal height calculation.

The second stage of measurements was the
geometric leveling of selected points of the top
surroundings, performed on July 20th, 2017, and
referenced to the P2-G.Lysica spot height, obtained
from the satellite leveling described above. An
equipment for geometric leveling was the Sokkia
SDL-50 code leveler and a 4-meter aluminum
leveling rode. The results of geometric leveling,
satellite leveling and measurements on the DEM are
compiled in Table 5.

Drugim etapem pomiaréw na zachodnim wierz-
chotku gory Lysicy bylo wykonanie niwelacji geo-
metrycznej wybranych punktéw wierzchotka. Niwe-
lacja zostata wykonana 20.07.2017 w nawigzaniu do
wysokosci punktu P2-G.Lysica, otrzymanej z pomia-
ru niwelacji satelitarnej. Do niwelacji geometrycznej
wykorzystano niwelator kodowy Sokkia SDL-50
oraz 4-metrowa aluminiowg tate rozktadang. Wyniki
niwelacji geometrycznej, satelitarnej oraz wysokosci
tych punktéow odczytane z NMT, pochodzacego ze
skaningu ALS, znajduja si¢ w tabeli 5.

Table 5. The results of calculation of the normal heights H of selected spot heights

Tabela 5. Wyniki obliczenie wysokosci normalnych H wybranych punktow zachodniego wierzchotka gory Lysicy

" i Altitude derived from DEM Hpvnonss.y ™ M m
of ALSH, .y m Geometric leveling GNSS leveling s

1 2 3 4 5 6

1 P2-G.tysica 610.97 = 610.980* 0.01

2 P1-G.tysica 611.31 611.448 611.474* —-0.164

3 Kamien-G.tysica 613.13 613.614 613.609%* -0.479

4 Krzyz-G.tysica 613.06 613.223 613.202%* -0.142

5 12 Gora tysica AB4940 611.47 611.614 611.642* —0.172

* measurement method GNSS static,
** measurement method RTN GNSS.

There is measurements on the DEM in 3rd column
of table 5, columns No. 4 and 5 contain normal heights
H, obtained from geometric leveling or satellite
leveling, a differences between heights measured on
DEM, and surveyed using GNSS leveling method is
in column No. 6.

It can be noticed, that these differences varies,
due to the pint location: the biggest (0.48 m) is
for “Kamien” point, the smallest for the “P2”
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W kolumnie 3 przedstawiono wysokosci odczytane
z numerycznego modelu terenu uzyskanego metoda
ALS, a w kolumnach 4 i 5 wysokosci normalne H,
otrzymane z niwelacji geometrycznej oraz z niwelacji
satelitarnej, w kolumnie 6 roznicg wysokosci odczyta-
nej z NMT i pomierzonej metodg niwelacji satelitarne;.

Ta ostatnia r6zni si¢ znacznie dla poszczegdlnych
punktéow, w zaleznosci od ich usytuowania. Naj-
wieksza warto$¢ (48 cm) osigga na punkcie Kamien,
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point. Differences between heights measured
using geometric leveling method and GNSS RTN
method do not exceed the value of 2.8 cm, so they
are not significant from the point of view of NMT
verification from ALS measurements. As the result
of geometric leveling of points mentioned above
it could be determined, that the damaged (cut off)
geodetic control point “12 Mount Lysica AB4940”
has a normal height H=611.614 m a.s.l. in the PL-
KRONS86-NH system, and the highest points of the
western peak are the Krzyz-G. Lysica (613.223 m
a.s.l.) and Kamien-G. Lysica (613.614 m a.s.l.).
Taking into account the differences in the altitude
reference systems for the former point 12 Goéra
Lysica (height 611.78 m n.p.m in the Kronsztadt
60 system) and present measurements, it can be
assessed, that originally the geodetic sign was 35 cm
higher than its present remains.

4. CONCLUSIONS

Due to the unfavorable conditions for GNSS
measurements, there is no possibility to place and
stabilize a geodetic control point at the very top of
Lysica, which would provide good conditions for
satellite measurement. Among the examined points,
the best conditions for GNSS measurements are on
the P2-G.Lysica spot height. Its normal height H =
610.980 m a.s.l. in the PL-KRON86-NH reference
system. The height of the very top, where the cross
was set was determined at 613.223 m a.s.l. and this
value seems to be the most suitable for use as the
height of the western peak of Mount Lysica. Because
of location of this place on a flat stable surface, where
only a thin layer of debris is deposited on the rock
surface, it is suitable for possible stabilization of a new
sign for the geodetic control point. Height measured
on the stone (Kamien-G. Lysica spot height) is at
least 39 cm larger, but it is a small boulder laying on
debris, so it does not meet the stability criterion for
the geodetic control point.

If decision would be made to locate and stabilize
a new geodetic control point on the peak, not only
the correct height indication on this point should be
considered, but also practical issues. The point should
be useful for possible measurements when updating
the database of Swietokrzyski National Park, also
should have to provide visibility on anticipated
directions of survey, and last but not least, should
allow a trouble-free work in the presence of tourists,
often staying near the cross. Locating a new geodetic
control point in the place of the previous one — “12

najmniejsza za§ na punkcie P2. Rdéznice pomiedzy
wysokosciami pomierzonymi metoda niwelacji geo-
metrycznej i GNSS RTN nie przekraczaja warto$ci
2,8 cm, wiec nie sg znaczace z punktu widzenia we-
ryfikacji NMT z pomiaréw ALS. Z pomiarow niwe-
lacja geometryczng wybranych punktow zachodnie-
go wierzchotka gory Lysicy wynika ze uszkodzony
(ucigty) punkt osnowy geodezyjnej 12 gora Lysica
AB4940 ma wysoko$¢ normalng H = 611,614 m
n.p.m. w uktadzie PL-KRON86-NH, a najwyzej po-
lozonymi punktami szczytu zachodniego wierzchot-
ku sa Krzyz-G.Lysica 613,223 m n.p.m oraz Kamien-
-G.Lysica 613,614 m n.p.m. Uwzgledniajac r6znice
w uktadach wysokosciowych dla dawnego punktu 12
gora Lysica (wys. 611,78 m n.p.m w uktadzie Kronsz-
tadt 60) i pomiaréw obecnych, mozna oszacowac, ze
pierwotnie znak geodezyjny wznosit si¢ 35 cm wyzej
niz obecna wysokos¢ betonowego shupka.

4. WNIOSKI

Ze wzgledu na niekorzystne warunki do pomiarow
GNSS na szczycie Lysicy nie da si¢ zastabilizowaé
punktu, ktory jednocze$nie wyznaczalby najwyzszy
punkt wierzchotka i zapewnial dobre warunki do
pomiaru satelitarnego. Spos$rod zbadanych punktéw
najlepsze warunki do pomiaréw GNSS ma punkt
P2-G.Lysica. Jego wysokos¢ normalng okreslono na
H=610.980 m n.p.m. w uktadzie PL-KRONS86-NH.
Wysoko$¢ samego wierzchotka w miejscu ustawienia
krzyza okre§lono na 613,223 m n.p.m. i ta wartos¢
wydaje si¢ najodpowiedniejsza do uzycia jako wyso-
ko$¢ zachodniego wierzchotka gory Lysicy. Ponie-
waz to miejsce znajduje si¢ na ptaskiej stabilnej po-
wierzchni, gdzie na skalnym podtozu zalega jedynie
cienka warstwa zwietrzeliny, nadaje si¢ ono do ewen-
tualnego zastabilizowania nowego znaku dla punktu
osnowy geodezyjnej. Wysokos¢ pomierzona na ka-
mieniu (punkt Kamien-G.Lysica) jest co prawda o 39
cm wigksza, lecz jest on niewielkim blokiem skalnym
spoczywajacym na zwietrzelinie, nie spetnia zatem
kryterium stabilno$ci punktu wysokosciowego.

W przypadku decyzji o lokalizacji i zastabilizowa-
nia ewentualnego nowego punktu osnowy na zachod-
nim wierzchotku jest zatem do rozwazenia, zar6wno
w kwestii poprawnosci wysoko$ci H, wskazywanej
przez ten punkt, jak rowniez ze wzgledow praktycz-
nych — punkt taki miatby shuzy¢ ewentualnym pomia-
rom przy aktualizacji bazy danych SPN i musiatby
zapewnia¢ wizury w przewidywanych kierunkach
nawigzan, jak réwniez pozwala¢ na bezproblemo-
we prowadzenie prac w obecno$ci turystow, czesto
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Top Lysica AB4940” seems to be pointless, because it
does not meet any of the conditions mentioned above.

The comparison of the height of selected points,
measured on the DEM and satellite leveling method,
confirmed the high accuracy of ALS measurement,
but it can be noticed that in the case of spot heights
located on small boulder, these differences can
reach values up to 0.5 m , while on flat forms they
do not exceed 0.17 m. Altitudes read from NMT are
generally smaller than those measured by satellite
leveling. It results from the fact that in the process
of classification of point clouds from ALS survey,
reflections from higher ground elements are generally
rejected, because classification algorithms are not
able to distinguish them from the low vegetation. The
conclusion can be made, that NMT obtained according
to the standard I of ISOK specification [14] correctly
presents the heights of these points, which are not
on forms of terrain like boulder or small depression.
This condition should be taken into account when
undertaking the verification of cartographic studies,
basing on NMT from ALS measurements.
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VIKTOR PROSKURYAKOV

ARCHITECTURE OF THE CITY OF KIELCE OF THE FUTURE
IN THE PROJECTS OF LVIVARCHITECTURE SCHOOL STUDENTS

ARCHITEKTURA KIELC W PRZYSZLOSCI
W PROJEKTACH STUDENTOW LWOWSKIEJ SZKOLY ARCHITEKTURY

Structure and Environment No. 2/2019, vol. 11, p. 103

Abstract

The article reflects the ideas of projects done by Lviv
Architecture School students and created for the city of
Kielce, various architecturally typological directions.

VADYM ABYZOV

DOI: 10.30540/sae-2019-007

Streszczenie

W artykule przedstawiono projekty studentow Iwowskiej
szkoly architektury stworzone dla miasta Kielce w roznych
stylach architektoniczno-typologicznych.

THE MAIN DIRECTIONS OF PREFABRICATED LARGE-PANEL SYSTEMS’ IMPROVING
GLOWNE KIERUNKI DOSKONALENIA PREFABRYKOWANYCH SYSTEMOW WIELKOPLYTOWYCH

Structure and Environment No. 2/2019, vol. 11, p. 110

Abstract

The article discusses the features of the formation and
development of prefabricated large-panel systems in civil
engineering. Their advantages and disadvantages are
given taking into account a variety of urban planning,
architectural, structural and technological solutions.
The directions of their improvement are determined
and considered, the main of which are: optimization of
parametric characteristics of building typing elements
using modern computer technologies, increasing the
steps of bearing walls with the introduction of large-span
systems, improvement of technical solutions for enclosing
structures and their joints;, the use of combined panel-
block systems based on local materials; improvement of
aesthetic qualities and means of architectural and spatial
expressiveness.

DOI: 10.30540/sae-2019-008

Streszczenie

W artykule omowiono cechy tworzenia i rozwoju prefa-
brykowanych wielkoplytowych systemow w budownictwie.
Ich zalety i wady przedstawiono z uwzglednieniem roznych
rozwigzan urbanistycznych, architektonicznych, konstruk-
cyjnych i technologicznych. Zidentyfikowane i omowione
zostaly kierunki ich doskonalenia, z ktorych glowne to opty-
malizacja charakterystyk parametrycznych elementow ty-
powania budynkow przy uzyciu nowoczesnych technologii
komputerowych, zwigkszenie krokow scian nosnych dzigki
wprowadzeniu systemow o duzej rozpietosci, doskonalenie
rozwigzan technicznych konstrukcje scian zewnetrzne i ich
polgczen stykowych, stosowanie kombinowanych panelo-
wych i blokowych systemow na bazie lokalnych materia-
tow, poprawa walorow estetycznych i srodkow wyrazu ar-
chitektoniczno-przestrzennych.
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WAYS OF FORMATION OF ARCHITECTURE OF EDUCATION’S
NON-FORMAL INSTITUTIONS IN MODERN CONDITIONS IN UKRAINE

SPOSOBY KSZTALTOWANIA ARCHITEKTURY NIEFORMALNYCH INSTYTUCJI OSWIATOWYCH
W NOWOCZESNYCH WARUNKACH NA UKRAINIE

Structure and Environment No. 2/2019, vol. 11, p. 119

Abstract

Ways of formation of architecture of education’s non-
formal institutions in modern conditions in Ukraine
are discussed in the article. The aim of the article is to
describe some problems of architectural formation of
non-formal education establishments and determine main
ways to resolve this problem. In Ukraine, the existence
of non-formal education covers the following areas: out-
of-school education, postgraduate and adult education,
civic education (diverse activities of public organizations),
school and student self-government (due to the possibility
of obtaining managerial, organizational, communicative,
and other skills) educational initiatives aimed at
developing additional skills and abilities (computer and
language courses, hobby groups, etc.). The adaptation
method for regulatory framework to do more flexible
typology of non-formal education institutions is proposed.
This method is called “related typology” detection and it
lies in the typological field and is based in world tendency
of cooperation of functions.
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DOI: 10.30540/sae-2019-009

Streszczenie

W artykule oméwiono sposoby ksztaltowania architektu-
ry nieformalnych instytucji oswiatowych w nowoczesnych
warunkach na Ukrainie. Celem artykulu jest opisanie nie-
ktorych probleméw formowania architektonicznego pla-
cowek ksztalcenia pozaformalnego i okreslenie gtownych
sposobow rozwigzania tego problemu. Na Ukrainie istnie-
nie edukacji nieformalnej obejmuje nastepujgce obszary:
edukacje pozaszkolng; ksztalcenie podyplomowe i dla do-
rostych, edukacje obywatelskq (roznorodne dziatania or-
ganizacji publicznych); samorzqd szkolny i studencki (ze
wzgledu na mozliwosé¢ uzyskania umiejetnosci kierowni-
czych, organizacyjnych, komunikacyjnych i innych) inicja-
tywy edukacyjne majgce na celu rozwijanie dodatkowych
umiejetnosci takich jak kursy komputerowe i jezykowe,
grupy hobbystyczne itp.

Proponuje sie¢ metode adaptacji ram regulacyjnych do bar-
dziej elastycznej typologii placowek ksztalcenia pozafor-
malnego. Metoda ta jest nazywana wykrywaniem ,, powig-
zanej typologii”, znajduje si¢ w obszarze typologicznym
i opiera si¢ na swiatowej tendencji do wspolpracy funkcji
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THE EFFECT OF WMA ADDITIVE ON BASIC PROPERTIES
OF 35/50 AND 50/70 FOAMED ROAD BITUMEN

WPLYW DODATKU WMA NA PODSTAWOWE WEASCIWOSCI
SPIENIONYCH ASFALTOW DROGOWYCH 35,50 150,/70

Structure and Environment No. 2/2019, vol. 11, p. 126

Abstract

The need to use asphalt additives along with the reduction
in the temperatures of asphalt mixes results mainly from
the need to ensure the durability of asphalt pavements.
The use of foamed asphalt for warm mix asphalt (WMA)
enables reducing the temperatures of asphalt mixes by
approx. 30—40°C in relation to traditional hot mix asphalt.
The article presents an analysis of the impact of a liquid
chemical additive that is currently used in the WMA
technology on changes in foamed asphalt properties. The
assessment embraced the basic features of bitumens and
the parameters of the asphalt foam manufactured based
on them. The base bitumen used in the testing included
road asphalt 35/50 and 50/70, whereas the modification of
their properties was carried out using the WMA additive
content of 0.3% to 0.6% in relation to the asphalt mass.
The asphalt foam parameters were measured after foaming
at 155°C and with the foaming water content (FWC) of
1.5% to 3.5% with increments of 1.0%.

DOI: 10.30540/sae-2019-010

Streszczenie

Potrzebastosowania dodatkow do asfaltuwrazz obnizaniem
temperatur  technologicznych — mieszanek  mineralno-
asfaltowych wynika glownie z koniecznosci zapewnienia
trwalosci nawierzchni asfaltowej. Stosowanie asfaltu
spienionego do technologii na cieplo (WMA) umozliwia
obnizenie temperatur mieszanek mineralno-asfaltowych
o okolo 30-40°C wzgledem tradycyjnej technologii
na gorgco. W artykule przedstawiono analize wplywu
dodatku chemicznego w postaci plynnej, ktory stosowany
Jjest obecnie do technologii WMA, na zmiany wlasciwosci
asfaltow spienionych. Ocenie poddano podstawowe cechy
lepiszczy oraz parametry wyprodukowanej na ich bazie
piany asfaltowej. W badaniach jako bazowe lepiszcze
zastosowano asfalty drogowe 35/50 oraz 50/70, natomiast
do modyfikacji ich wlasciwosci zastosowano dodatek WMA
w ilosci od 0,3% do 0,6% w stosunku do masy asfaltu.
Pomiar parametrow piany asfaltowej przeprowadzono
przy temperaturze wyjsciowej asfaltu (przed spienieniem)
wynoszgcej 155°C oraz przy zawartosci wody spieniajqcej
(FWC — Foaming Water Content) w zakresie od 1,5% do
3,5% ze wzrostem co 1,0%.
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INNOVATIVE SEQUENTIAL BATCH REACTOR SOLUTIONS
FOR WASTEWATER TREATMENT

INNOWACYJNE ROZWIAZANIA SEKWENCYJNYCH REAKTOROW PORCJOWYCH
STOSOWANE W 0CZYSZCZANIU SCIEKOW

Structure and Environment No. 2/2019, vol. 11, p. 141

Abstract

Sequential Biological Reactors (SBR) are widely used for
wastewater treatment, which is becoming increasingly
contaminated with new and more complex substances.
Therefore, it is beneficial to include various configurations
and operational modifications in order to purify wastewater
more effectively. The paper presents a basic description
of the SBR process and its modifications, which lead to
better removal of the resulting contaminants. The Cyclic
Activated Sludge System (CASS) was characterized as one
of the most popular sequential reactor (SBR) processes
used for the treatment of municipal wastewater and sewage
emissions from a variety of industries, including refineries
and petrochemicals. Another example presented in this
paper is the Unitank biological wastewater treatment
system, which combines the advantages of a traditional
process with activated sludge and an SBR reactor. The last
example of SBR technology modification, presented in the
article, is ICEAS (Intermediate Cycle Extended Aeration
System) process, which processes continuous sewage
inflow. The variable inlet is supported by a distribution
box which distributes the flow evenly over all the tanks in
order to avoid overloading a single tank. In each case, the
benefits of using a given modification are presented.
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Streszczenie

Sekwencyjne biologiczne reaktory (SBR) sq szeroko wyko-
rzystywane do oczyszczania Sciekow, ktore obecnie stajg
sig¢ zanieczyszczone coraz to nowymi i bardziej zlozonymi
substancjami. Korzystne zatem staje si¢ wigczenie roznego
rodzaju rozszerzajgcych sig konfiguracji oraz modyfikacji
operacyjnych, aby efektywniej oczyszczac scieki. W pracy
przedstawiono podstawowy opis procesu SBR oraz jego mo-
dyfikacji, ktore prowadzq do lepszego usuwania powstajq-
cych zanieczyszczen. Scharakteryzowano cykliczny system
osadow czynnych (CASS), ktory jest jednym z najpopular-
niejszych procesow reaktorow sekwencyjnych (SBR) stoso-
wanych do oczyszczania sciekow komunalnych oraz sciekow
z roznych branz, w tym rafinerii i zaktadow petrochemicz-
nych. Kolejnym przyktadem przedstawionym w pracy jest
biologiczny system oczyszczania Sciekow Unitank, ktory
tqczy w sobie zalety tradycyjnego procesu z osadem czyn-
nym oraz reaktora SBR. Ostatnim przyktadem mod)yfika-
¢ji technologii SBR, jaki przedstawiono w artykule, jest
proces ICEAS (Intermediate Cycle Extended Aeration
System). W reaktorach ICEAS zmienny doplyw jest obstu-
giwany przez skrzynke rozdzielajqcq, ktora rozdziela prze-
plyw rownomiernie na wszystkie zbiorniki tak, aby unikngc
przecigzenia pojedynczego zbiornika. W kazdym przypad-
ku przedstawiono korzysci plyngce z wykorzystania danej
modyfikacji.
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OF GEODESICAL AND CARTOGRAPHIC STUDIES

POMIAR WYSOKOSCIOWY GORY LYSICY W KONTEKSCIE WERYFIKAC)I
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Structure and Environment No. 2/2019, vol. 11, p. 153

Abstract

The subject of the article is the measurements of
normal height (H) of the western top of Mount Lysica
(Swietokrzyskie Mountains, Poland), carried out using
the GNSS and geometric leveling methods according to
standards for geodetic control network. As the elevation
system EN-KRONS86-NH was assumed. The reference
data was the result of earlier measurements made using
different methods: ALS, GNSS RTN and geometric levelling
between selected points of Mount Lysica. The analysis of
the survey results showed differences between the DEM
from ALS measurement and the actual height reaching up
to 0.47 m on small boulders and not exceeding the value
of 0.17 m in the flat area. Differences between GNSS RTN
measurement and geometric leveling based on GNSS static
measurement did not exceed 0.03 m. An inventory of former
state geodetic control network point “12 Gora Lysica”
was also conducted. The point was found to be partially
destroyed, and located 12 m south and 1.5 m below the
actual top of the mountain. Therefore it was assumed, that
a new geodetic control network point should be located on
the top for the needs of forest inventory as well as setting
the actual height of Mount Lysica.
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Streszczenie

W artykule opisano wyniki pomiarow wysokosci normalnej
H wybranych punktow na wierzchotku zachodnim gory £y-
sicy w pasmie Lysogér (Gory Swietokrzyskie), przeprowa-
dzone metodami GNSS i niwelacji geometrycznej wedlug
standardow dla osnowy wysokosciowej. Jako uklad wyso-
kosciowy przyjeto PL-KRONS86-NH, a wyniki zestawiono
z wezesniejszymi pomiarami ALS, GNSS RTN i niwelacjg
geometryczng miedzy wybranymi punktami wysokoscio-
wymi na masywie Lysicy. Analiza wynikéw pomiaréw wy-
kazala rozbieznosci pomigdzy modelem terenu z pomiaru
ALS a wysokoscig rzeczywistq osiggajgce wartosci do
0,47 m na niewielkich wypuklych formach terenu i nieprze-
kraczajgce wartosci 0,17 m na terenie plaskim. Rozbiez-
nosci pomiedzy pomiarem GNSS RTN a niwelacjq geome-
tryczng w oparciu o pomiar GNSS static nie przekraczaly
wartosci 0,03 m. Przeprowadzono rowniez inwentaryzacje
stanu starego punktu osnowy geodezyjnej 12 gora Lysi-
ca. Wobec faktu, ze punkt ten jest czesciowo zmiszczony
i znajduje si¢ w odleglosci 12 m w poziomie i 1,5 m ponizej
rzeczywistego wierzchotka, zasadne wydaje si¢ zatozenie
nowego punktu osnowy, ktory stuzylby m.in. pomiarom
w ramach inwentaryzacji stanu lasu, a takze wyznaczal
rzeczywistq wysokos¢ szczytu Lysicy.
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