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BULGARIAN STUDENTS AT SLOVAK TECHNICAL UNIVERSITY IN
BRATISLAVA IN THE YEARS 1938-1948

Balaz Ivan!, BalaZova Pavla?

! Faculty of Civil Engineering, Slovak University of Technology in Bratislava, The
Slovak Republic, European Union,

2 Department of Languages, Faculty of Civil Engineering, Slovak University of
Technology in Bratislava and Department of Romance Languages, Faculty of Arts,
Comenius University in Bratislava, The Slovak Republic, European Union.

Abstract: Information about Bulgarian students, who studied during the World War 11
at Slovak Technical University during period 1938-1948.

Key words: Bulgarian students, Slovak Technical University, World War 11

1. Introduction

Among the students of the Slovak Technical University (STU, in Slovak: SVST =
Slovenska Vysoka Skola Technicka) during the war years there were many Bulgarian
students, our brothers. They came from the Czech lands, preferring Slovak universities
instead of German schools, where they would have had to study after the closure of Czech
technical universities by Nazi Germany. At a meeting of university professors of STU on
December 15, 1939, the rector Prof. Dr. Jur Hronec reported: "A large number of
Bulgarian students came to our university from Brno and, according to the report the other
will come soon from Prague. We will do our best for them." He also announced that he
will ask the Ministry to forgive all fees for the students from Balkan Slavic states. It was
decided which regular students will help Bulgarian students with repeating lectures. At a
meeting of university professors of STU it was prolonged on May 10, 1940 the rule stating
that students from Balkan Slavic states need not to pay for their study. The rule lasted also
in the next years till to the school year 1943/44. Even during the Nazi terror, Bulgarian
students could illegally participate in excursions and in practice. Due to Nazi terror there
was in 1944/45 at STU only one Bulgarian student (see Fig. 1). In the next year Bulgarian
students returned home. Only students who were finishing their studies remained in
Bratislava (Fig.1).

Several Slovak and Bulgarian students participated in the Slovak National Uprising
in August 1944. 10 Slovak and 10 Bulgarian students died in the fight against the German
occupiers and the STU awarded them the title engineer in memoriam.

! Balaz Ivan, emeritus Prof., Ing., PhD., Faculty of Civil Engineering, Slovak University of Technology,
Radlinského 11, 810 05 Bratislava, The Slovak Republic, European Union, ivan.balaz@stuba.sk

2 Balazové Pavla, Mgr. (UK), Bc. (STU), Faculty of Civil Engineering, Slovak University of Technology,
Radlinského 11, 810 05 Bratislava and Faculty of Arts, Comenius University, Gondova 2, 811 02 Bratislava,
The Slovak Republic, European Union, balazpa@gmail.com
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Table 1 Bulgarian engineers in Department of Structural, Transportation and Hydraulic
Engineering and Land and Water Resources Management

. . Place of birth in Year of Day of
No. First and family name Bulgaria birth exami}rllation
1 | Zachari Angelov Petkov Dobrica 1905 10.VI.1941
2 | Georgi Kjucukov Kolju Gancevo 1905 | 18.XI1.1941
3 | Georgi Rajéev Sismanov Plovdiv 1915 | 18.XI1.1941
4 | Ilia Milev Todorov Kameno-pole 1917 10.VI.1943
5 | Boco Nikov Petrov Dermanec 1913 | 22.VI1.1943
6 | Christo Stojkov Ivanov Kameno-pole 1914 | 22.VI.1943
7 | Makno Nenov Nenov Toros 1914 26.11.1943
8 | Asen Jordanov Stojanov Bratanica 1917 | 26.1V.1944
9 | Stoil Jancev Petkov Dobrava 1916 | 10.X11.1943
10 | Penco Christov Ivanov Kazanlik 1914 | 10.X11.1943
11 | Ivan Christov Ivanov Osikovec 1906 | 23.111.1943
12 | Nikolaj Tod. Chvarcilkov Belej 1918 | 10.X11.1943
13 | Stefan Penéev Stojkov Sojaé-Popov 1919 1.1X.1944
14 | Lilo Manoljov Najdenov Borovce 1914 1.1X.1944
15 | Min¢o Christov Mandzurov Dubovo 1915 1.1X.1944
16 | Vilchaim Ferdinadov Vaklev Velkovce 1918 1.1X.1944
17 | Radi Dimov Radev Carski Izvor 1919 | 21.V1.1944
18 | Vladimir Charitomov Novkov Sofia 1918 | 21.V1.1944
19 | Stamo VI€ev Dimitrov Cameren 1915 1.1X.1944
20 | Steafn Stefanov Runcev Dubovo 1919 | 26.1V.1944
21 | Marin Bonev Todorov Elena 1915 10.11.1944
22 | Rangel Kostadinov Mincev Kalotinec 1907 10.11.1944
23 | Gerasim Cekov Ivanov Novy Sel 1908 | 26.1V.1944
24 | Todor Kocev Curinsky Cuprene 1918 | 29.X1.1944
25 | Peter Petrov Barakov Dabovo 1919 | 29.X1.1944
26 | Mito Ivanov Kocovski Borovan 1915 23.1.1946
27 | Lazar Simeonov Ivanov Sevlievo 1909 5.XI1.1945
28 | Ivan Mincev Vojnikov Dabovo 1910 | 25.VI.1946
29 | Angel Vichrovsky Kneza 1918 6.1V.1946
30 | Vasil Pop Vasilev Vasil 1920 6.1V.1946
31 | Atanas TankopiSev Jambol 1910 6.1V.1946
32 | Dimiter Georgiev Christov Pisarovo 1914 6.1V.1946
33 | Charizan Nikolov Charizanov Akandzalji 1915 6.1V.1946
34 | Emil Georgiev Bersinky Kiistendil 1922 6.1V.1946
35 | Petko Dragiev Marinov Kalugerica 1919 30.X.1946
36 | Veselin Toncev Goljamtoncev Gorsko Slivovo 1915 27.11.1947
37 | Peter Georgiev Petrov Krivo Pole 1915 27.11.1947
38 | Christo Nikolajev Puskarov Kramolin 1913 27.11.1947
39 | Tom¢o Tomcev Stancev Zaraevo 1919 27.11.1947
40 | Stojan Petrov Dimitrov Radevo 1919 27.V.1947
41 | Ljuben Zlatkov Kacov Luta 1919 | 26.VIL.1947
42 | Milko Videnov Krstov Drenovec 1919 | 26.VI.1947

Note: engineer in memoriam

10
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Table 2 Bulgarian engineers in Department of Surveying.

o Year
No. First and family name Place of bl.rth m of Day Of.
Bulgaria . examination
birth
1 | Ljuckanov Stojan Stanev Dedovo 1913 27.V1.1941
2 | Lukanov Simeon Simeonov Kojnare 1912 29.X1.1941
3 | Vlado Kano Ivanov Barkac 1912 29.X1.1941
4 | Bob¢ev, Krum Asen Ivanov Ruse 1904 29.X1.1941
5 | Stajanov Asen Penev Belovo 1903 29.X1.1941
6 | Doncev Stojco Ivanov Srenevec 1912 29.X1.1941
7 | Christo Mitev Christov Dolna Besovica 1907 27.V1.1942
8 | Zekov Alexander St. Leskovec 1919 17.X11.1943
9 | Stankov Tom¢o Tomov Drinovo 1919 17.X11.1943
10 | Sandev Stoj¢o Velev Ostra Mogila 1906 17.X11.1943
11 | Raskov Gavail Makaveev Brenica 1911 17.X11.1943
12 | Stoicev Ognian Teofilov Rakilovec 1911 25.VI1.1946
13 | Gusakov Metodi Dim. Sofia 1914 25.V1.1946
14 | Christov Genco Alex. Varna 1909 25.VI1.1946
15 | Pakalev Zdravko Georg. Gelendzik 1911 25.VI1.1946
16 | Radev Kolju genov Vinarovo 1921 13.X11.1946
17 | Ionev lovi Petrov Lom-Cerkovno 1900 16.1V.1947
18 | Ninov Pelo Dim. DZurov 1913 16.1V.1947
19 | Ivanov Napoleon Simeonov Sofia 1912 16.1V.1947
20 | Zelezkov Georgi Petrov Osojnica 1911 16.1V.1947
Table 3 Bulgarian engineers in Department of Technochemical Engineerin
o Year
No. First and family name Place of bl.rth mn of Day Ot?
Bulgaria birth examination
1 | Christo Nikolov TaSkov Akrebatno 1921 28.V.1946
Table 4 Bulgarian engineers in Department of Mechanical Engeneering
o Year
No. First and family name Place of bqth mn of Day Ot?
Bulgaria . examination
birth
1 | E. E. Ignatov Stoil Vojvoda 1915 22.111.1946
2 | S.R. Valkov Kazanka 1912 22.111.1946
Note: engineer in memoriam
Table 5 Bulgarian engineers in Department of Electrial Engineering
1 | Marko Tomov Sofia 1914 27.V1.1947
2 | Vicko Telbizov Petkov Sumenu 1920 6.1V.1946
3 | Ivanov Stoilov Alexander Pleven 1920 6.1V.1946

Note: engineer in memoriam
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NUMBER 1390
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AT STU IN
BRATISLAVA
IN THE YEARS
1938/39 — 1947/48
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SCHOOL YEARS 1938/39 — 1947/48

Fig. 1. Number of students at Slovak Technical University in Bratislava in the years
1938/39 — 1947/48: a) total number of students, b) blue colour indicates number of
Bulgarian students, ¢) green colour indicates students at Department of Forest and

Agricultural Engineering.

Conclusion

The contribution is dedicated to Bulgarian students, who studied during the World
War II at Slovak Technical University in Bratislava, Czechoslovakia, during period 1938-
1948. Ten of them lost their lives in the fight against the Nazi occupiers during the Slovak
National Uprising in August 1944. The Slovak people will never forget the sacrifice of
these 10 brave Bulgarian students and other Bulgarian partisans (see Fig. 2). On the
pedestal there is the inscription "To the heroic Bulgarian partisans who laid down their
lives for our freedom". At the feet of the partisans there is engraved the inscription in the
Slovak and Bulgarian languages: "Whoever falls in the fight for freedom will not die".
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Fig. 2 Monument to Bulgarian Partisans: a) on Vajansky's embankment in
Bratislava. The statues are made of bronze, the base is covered with granite. The
author of the work is academic sculptor F. David. The statue was cast in the Anyz
foundry and it was unveiled on September 3, 1949. It is National Cultural Monument
- Number in the UZ PF: 226/ 0; b) in Hronsky Beiiadik. Christo Botev (06.0.1848,
Kalofer, Bulharsko — 01.06.1876, Vola): “KoiiTo magne B 60ii 3a cBo00aa, TOii He
ymupa” !
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Abstract: A brief overview of the live and work of a prominent Slovak designer of
steel and composite steel and concrete structures: Ivan Viest, who studied at SVST
(STU) in Bratislava from 1941-1946 and emigrated in USA in 1948. He collected
date about the civil engineers (CE), architects (AR) and surveyors (SU) — the
graduates of SVST in Bratislava who emigrated from 1948 -1989 in more than 12
countries. They are all an integral part of the cultural heritage of The Slovak
Republic.

Key words: Slovak structural engineers, emigrants, cultural heritage
1. Introduction

Dr. Ivan M.Viest published a complete list of the names, including the electrical and
mechanical engineers, in his autobiography, An Immigrant’s story, Xlibris Corporation [3].
He gathered the data together during the period from 1990-1999. His efforts and the
support of his friends, acquaintances and a wide circle of emigrants (B. Albrecht, A. K.
Skovranek, N. E. Samek, F. Bakes, J. Zavesky, P. Kaiser, B. Sevruk, J. Vicek, P. Lizon, V.
Mocadk, etc.) resulted in obtaining very valuable information.

2. Dr. Ivan Miroslav Viest, Ph.D

Dr. Viest has been active in the building industry in the USA for 41 years in the field
of the design of steel, concrete and composite steel-concrete structural members. He has
achieved results which have had a decisive influence on the development of this type of
construction both in the USA and other developed countries.

He studied at SVST from 1941-1946. In the last year of his study he served as an
assistant to a professor of steel structures. He was a member of VRO (the Panslavic
Revisionist Organization). Its basic goal was the restoration of the democratic
Czechoslovak Republic. He was also a member of the Resistance Movement of the Young

! Balaz Ivan, emeritus Prof., Ing., PhD., Slovak University of Technology, Radlinského 11, 810 05
Bratislava, The Slovak Republic, EU, ivan.balaz@stuba.sk
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Generation (Odbojové hnutie mladej generacie) until the liberation of Slovakia in 1945. In
addition, he took part in the Slovak National Uprising (SNP). He passed his final
examination with honors at the Branch of Construction Engineering (OIS) of the Slovak
Technical University in Bratislava. He graduated and obtained the degree of Ing. in1946.
In the same year he accepted a job as an engineer with the Slovak construction enterprise
Lanna. In March 1947, he was awarded a scholarship by the Rotary Clubs of Georgia for
studies in the United States. Due to the events in February 1948, he decided to accept the
position of a research assistant at the University of Illinois in Urbana in the Department of
Theoretical and Applied Mechanics.

Fig. 1 Dr. Ivan Viest (10.10.1922, Bratislava — 11.02.2012, Bethlehem, USA)

His advaned studies were completed with his achievement of the degree of Doctor of
Philosophy (PhD.) in 1951. He celebrated the Golden Jubilee of his marriage to Barbara K.
Stevenson. He met his wife 1952 as she was completing her studies in Chemistry at the
University of Illinois. They were married in May 1953. In the following year he became a
member of the Council of Free Czechoslovakia (Rada slobodného Ceskoslovenska).

In May 1953, Dr. Viest was placed in charge of the shear strength of reinforced
concrete and the strength of long reinforced concrete columns research. The significant
results he achieved have been exclusively used up to the present. In March 1954, he started
experimental research into stud shear connectors of composite steel- concrete structural
members. The requirements for the design of stud shear connectors, developed by Dr.
Viest were adopted by AASHO (the American Association of State Highway Officials) in
1956. The studs were first used in a bridge in the same year.

In 1955, Dr. Viest became a citizen of the United States.

In 1956, he proposed the formation of a committee on composite structures that was
established jointly by ASCE (the American Society of Civil Engineers) and ICI (the
American Concrete Institute). The Committee’s design recommendations were published
in 1960. Guidelines for the design of composite structures were published by AISC in
1961. Around 1970, composite design became an accepted practice throughout the United
States. The results in the field of repeated loading of bridge members and the achievement
of an ultimate limit state were utilized in practice after AASHO issued the Load Factor
Design for steel highway bridges in 1971.

After leaving the Bethlehem Steel Corporation in 1982, he opened an independent
practice as a consulting structural engineer. He named it IMV Consulting. Dr. Viest
organized and chaired the first Engineering Foundation Conference on Composite
Construction held in 1987 in New Hampshire. The conference was repeated in 1992 in
Missouri, in 1996 in Germany, in 2000 in Canada, in 2004 in South Africa, and in 2008 in
Denver. In March 1990, Dr. Viest made his first visit to Slovakia. During this and
subsequent visits he re-established personal contacts and contacts with the professional
public and universities in Slovakia. Over the years, Dr. Viest has participated in the
activities of many national and international professional societies including among others,
the NAE, ASCE, AASHO, AISI (the American Iron and Steel Institute), BSSC (the
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Building Seismic Safety Council), TRB (the Transportation Research Board), IABSE (the
International Association for Bridge and Structural Engineering), RCRC (the Reinforced
Concrete Research Council), etc. He has held important positions in many of these
associations and has been awarded honours. In 2002, he was honoured with the title Doctor
Honoris Causa by the Technical University of KoSice. After 1989 visited several times
Department of Metal and Timber Structures, Faculty of Civil Engineering, STU in
Bratislava. He gave lectures there and donated a collection of professional American
journals to the department. He corresponded with the first author for several years.

Dr. Viest has authored and co-authored five books and about 150 articles published in
refereed professional journals devoted to: a) Composite Structures [2], b) History of
Engineering Foundation [1], Fig.2, ¢ ) his autobiography: “An Immigrant’s Story” [3], Fig.
2. There has also been a family tree of the Viests since 1700. He is the son of Ivan G. Viest
and Maéria Zacharova. His father was a mechanical engineer with the Slovak Railroad and
became president of its operations in 1936. His older sister, Zora, died in 2002 and Ivan
was survived by his younger sister, Tatiana Maria Simkova, several nieces and nephews in
Slovakia. General Rudolf Viest is his uncle and Ivan Simko, a politician, is his nephew.
General Viest, a member of the Czechoslovakia government in exile in London during
WWIIL, became a commander of the Army in Slovakia in 1944. He was captured by the
Germans in 1944 and killed in Berlin in 1945.

Some of his publications may be seen in Figs. 2 and 3.

The
First 75 Years

A HISTORY OF THE ENGINEERING
FOUNDATION

General Diest's Noéebooks

Call To FArnme
Came T 1958

An Immigrant’s Story

Lance E. Metz
amt

Ivan M. Viest

frofe sor Bl
40 e kon. mar nase

Wu o
DrdaFe v M"e“"

V4 } ;
G Wi /X/M Vond™

Engineering Foundation
New York

Fig. 2 Books written by Dr. Viest. From the left: 1991 [1], 2009 [4], 2006 [3]
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Viest, 1. M. Investigation qf'Srm/.S‘/uwr Connectors for Composite 2000, Washington, D.C.

Concrete and Steel 1-Beams, ACI Journal, April 1956, pp.
875-891.
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Fig. 3 Publications written by Dr. Viest
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3L The civil engineers (CE), architects (AR) and surveyors (SU) — the graduates
of SVST (STU) in Bratislava who emigrated from 1948 -1989

Table 1 The list of civil engineers (CE), architects (AR) and surveyors (SU) — the
graduates of STU (SVST) in Bratislava who emigrated from 1948 -1989, where the
data about the year of graduation and study fields are known

Name Gl.'adu Field Occupation Workplace Yez.lr of
No Surname ation - of (institution/position) (country) emigra
at STU | study tion

I |Bohumil Albrecht | 1944 |CE | UPniV- of NM/Professor of g, 1947
Mechanical Engineering

2 | Juraj Bajgar 1964 CE USA

3 | Frank Bakes 1958 |CE Burns & Roe/Hydraulics | USA

4 | Maria Bakes§ 1960 CE N. Massand/Project USA

5 Peter Bart 1966 AR U. S. State Department USA

6 | Bruno Beisetzer 1967 AR Private Practice/Project USA 1969
Deutsche Welle/

7 | Vladimir Blaha 1959 CE Television Editor & Germany 1963
Author

8 Boris Boor 1951 CE Peru

Dusan Botka 1966 AR Greece
10 | Cubomir Brezina |1963 AR Canada
. Road & Traffic Authorit .

11 | Oldrich Brychta 1964 CE NSW Australi a/Designery Australia 1968

12 | Miroslav Bubak 1966 CE Canada

13 | FrantiSek Bubenko | 1966 AR USA 1968

14 | Jan Buzak 1967 CE Architect M. Bolczek USA

15 |Ladislav Cemny | 1952 |CE | OmiY- of MN/Professorof ;g

Civil Engineering

U. S. Army Corps of
16 |Karol Chlebana 1979 CE Engineers, / Germany
Project Leader

17 |DuSan Chovanec | 1958 CE Cantonal Gov./Bridges Switzerland 1968

1g | Emery (Imrich) 1554 | g USA
Csintalan

19 |Peter DaniSovic¢ 1959 |CE Canada alebo

USA
Thomas Day- Greater Vancouver
20 Maduflvicky 1961 CE Region. District/Proj. Canada 1968
(Tomas Manager,
Madunicky) Consultant & Lecturer
21 |Jozef Dolezel 1966 AR Canada
22 |LadislavDomen |1967 |AR | ¥ astimil Koubel USA 1968
Architects
23 | Tomas$ Dratva 1960 CE Switzerland
24 | Miloslav Drobny 1973 |CE |1k A Simons/Structural -, g 1974
Engineer
25 | Oldtich Drzmisek | 1962 CE Switzerland 1968
26 |Jean Eteny 1967 |AR | Digital Equipment Corp. g od | 1968
(Jan Hetényi) International
27 | Lubomir A. Farkas | 1978 AR USA
28 | Martin Gregor 1976 AR USA
29 |Robert Havranc¢ik | 1978 AR
30 |Ivan Hliva 1968 CE Canada
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Irena Hliva

31 S o 1969 CE Canada
rod. Kuliackova
32 | Aladéar Horsky 1963 CE Germany 1968
33 | Peter Horvay 1961 AR Germany 1968
34 | Peter Hron 1967 AR Germany 1968
. Regional Municipality
35 |Jan Hudoba 1968 CE Hamilton/Struct. Eng, Canada 1968
36 |Otilia Hudoba  |1968 |cE | Regional Municipality 0, o0 1968
Hamilton/Struct. Eng.
37 |Stefan Izakovic¢ 1959 AR Switzerland 1968
38 | Valéria Janek 1966 AR Germany 1968
39 |Igor Jenik 1966 AR Germany 1968
Jén Alexander Shell Canada Products
40 . 1961 CE Ltd./Engineering Canada 1969
Janovjak .
Coordinator
41 |Dudwig (Cudovit) | 967 | op | egs Switzerland | 1969
Jochmann
42 | Alica Juldasova 1967 CE Stahlton Switzerland 1969
43 | Martin Kianic¢ka 1965 CE Switzerland
44 | Jan Koci 1949 AR Austria
s Technical University
45 |Ivan Kocian 1964 AR Braunschweig/Architect Germany
46 | Maria Koronyiova |1974 CE USA
47 | Jozef KoSinar 1961 CE Australia
48 |Ivan Kot 1967 AR Germany 1968
49 | Ivan Kralovic¢ 1963 CE Canada 1968
50 | Michal Kravec 1968 AR | Private Practice Germany 1968
Anton
o1 Krivosudsky 1976 AR
sp | ViastaKrupkovd o000 AR | Columbia Broadcasting | USA 1968
rod. Flamikova
53 |Igor Labuda 1978 AR USA
54 |Janalebeda g0 g Switzerland
rod. Cizmarikova
55 | Peter Lizon 1961 |cp | Univ.of Tennessee/Prof. ;g\ 1968
of Architecture
. . Private Practice,
56 | Milan Lojdl 1965 AR Milan Architects Tnc. USA 1970
Eva Lojdl Private Practice,
37 rod. Virsikova 1965 AR Milan Architects Inc. USA 1970
58 |Leo Longauer 1962 CE Switzerland 1968
59 |Frantisek 1964 |CE Germany 1968
LoSonsky
6o |MelenaMackovi 500 | \p 1968
rod. Lednarova
61 |MariaMaderovd 107, g Switzerland
rod. Vesela
Magdaléna .
62 | Majeskéd 1963 |cp | Omtario Department Canada 1968
, Transportation
rod. Furdova
63 | Fedor Manka 1961 CE USA
64 | Anton Mathia 1976 AR Germany
65 | Fedor Medek 1966 AR Australia 1968
66 | Tibor Mernicky 1966 AR Canada 1968
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67 | Pavol Miklian 1967 AR Sweden 1968
68 | Rudolf Mitura 1963 CE Switzerland 1968
69 | Valér Mock 1955 |AR |Private Practice/Expert | 5q 1969
Consultant
. Ammann &
70 gg‘iﬁgr Fedor 11944 |CE | Whitney/Head, USA 1947
Geotechnical Laboratory
71 | Ivan Ondrus 1963 CE Sweden 1968
7p |[JiliaOndrus g0 e Sweden 1968
rod. Denc¢ikova
73 | Oldfich Pajkrt 1961 CE Netherlands 1968
74 | Branislav Pavuk 1970 CE
75 | Stanislav Pisoncik 1964 |CE | lolmes & Narver, USA 1968
Inc./Design Leader
Krup Stahl AG/Head,
76 | Ivar Plasil 1955 CE Design of Engineered Germany 1969
Structures
77 | Rastislav Porubsky | 1965 CE Switzerland 1968
78 | Alena PospiSilova | 1967 AR Great Britain 1968
79 | Milan Ruzek 1963 CE Switzerland 1968
80 | Zoltén Séro 1974  |AR USA
81 | Angela Schmidt 1967 CE Architektbiiro Switzerland 1968
82 | Marian Secansky | 1964 CE Switzerland
Federal Institute of
83 | Boris Sevruk 1961 CE Technology/Senior Switzerland 1968
Scientist
Ferguson Simek
84 | Stefan Simek 1964 CE Clark/President & Canada 1968
Principal
Frantiska
85 | Sitnaiova 1957 CE Beatti & Pronse Australia
(Szitnyaiova)
86 | Tomas Skalsky 1967 CE Switzerland 1969
87 |Pavol Slavik 1966 AR Germany 1968
88 | Peter Soldat 1971 CE USA
89 |Pavel Stankay 1967 CE USA 1968
90 | Norbert Stibrani 1958 CE Project Planning, Ltd. Canada 1969
Sze Straka Engineers
91 |Peter Straka 1964 CE Ltd/Presiden tg Canada 1968
92 | Charles S. Strelka | 1966 CE Kuchar & Strelka Canada 1968
93 |Ladislav Stucka 1967 AR USA 1968
94 | Jan Svihra 1965 |cp |Keewatin-AskiLtd/Vice- o, 0040 1969
President
95 | Juraj Sykora 1963 CE Canada 1968
g |ParimaSkora | q65 g Canada 1968
rod. Uhrinova
U. S. Department of
97 |Dennis S. Tarnay | 1957 CE Energy-Federal Energy USA 1967
Regulatory Commission
98 |Jan Teichner 1962 CE Germany 1968
99 | Pavol Timkanic¢ 1967 CE Hackensack Water Co. USA 1968
100 | Peter Toth 1958 CE Canada
Ground Water Technology
101 | Martin Trnovsky | 1966 CE Inc./Manager, Caribean USA 1967

Operations
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Lawrence Berkeley Labs
. . Univ. of
102 | Danica Truchlik 1965 AR California/Facilities USA
Architect
Morrison Knudsen Co.-
103 | Boris Uskert 1966 CE International Engineering | USA 1968
Co./Head Architect
104 | FrantiSek Veleba | 1967 CE Germany 1968
105 | Peter Venetianer 1964 CE Switzerland 1968
Ivan Miroslav Prlva.te .
106 | ;. 1946 CE Practice/Consulting USA 1947
Viest .
Engineer
107 | Juraj Visny 1962 AR Switzerland
108 | Josef Karl Vicek | 1956 CE C& . . o Canada 1969
V Engineering/Principal
Private
109 |Josef Anton Vicek | 1950 CE Expert/Construction Switzerland 1969
Logistics
110 | Marian Weber 1968 AR Switzerland 1968
111 |Joseph Yeast 1966 | AR Great Britain | 1968
(Kvasnica)
112 | Jan Zavesky 1959 |CE 11312%6\1/ /%;ﬁfg‘;ic‘tg‘fg’;%n Australia 1968
113 | Aristid Zelenay 1953 CE Switzerland

Table 2 The list of civil engineers (CE), architects (AR) and surveyors (SU) — the
graduates of STU (SVST) in Bratislava who emigrated from 1948-1989, where all the
data are not known

Gradu .
N Name ation Field Occupation Workplace Yez.lr Of.
0 of e e . .. emigrati
Surname at (institution/ position) | (country)
study on
STU

1 Jozef Andrasko 1967 CE Private Practice Hamburg, 1968
Germany

2 Ivan Bolcek AR USA

3 Igor Celko AR Switzerland

4 Viera Drzmiskova CE Switzerland 1968

5 Jakub Hluchy AR Switzerland

¢ |Bern Pavol AR Switzerland 1968

Karamann

7  |Jaroslav Kevicky AR Canada 1968

8 Maria Kianickova CE Switzerland

9 |Ivan Klinovsky CE Canada 1968

10 | Anna Kohler CE Private Practice Australia 1969

11 |Lucia Korbelova AR

12 |Peter Korda SU Government Switzerland 1965

13 | DusSan Lamos CE Fondexcan Canada

14 | Amer Massarani 1977 CE Canada

15 |Pavol Minarik AR

16 |Milan Miske AR USA 1968

17 |Jevoslav Opial 1966 CE Switzerland

18 | Marcela Pauer CE Germany 1969
USA &

19 | Paul Putora AR Lanny Investment, Inc. . 1968
Switzerland
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20 | Boris Rajek CE USA 1968
21 |Pavol Razgha CE USA
22 |Rastislav Schrenk AR Germany
23 | Vojtech Sebesta CE Private Practice USA 1968
24 | Sebestova CE Private Practice USA
25 | Fero Simko AR Schultze Simko/Partner | Germany
26 | Stanislav Stancik AR Switzerland 1968
27 | Paul Stefka CE Great Britain 1968
National Research
28 | Otto Svec CE Council/Building Canada
Research
29 |Naco Vacval CE Canada
30 | Ada Weberova AR Switzerland 1969

4. Statistical evaluation

The list of data about 249 persons is divided into two parts in the book. In the first
part there are 172 names whose year of graduation from the STU and field of study are
known. In the second part the data are not complete. The structure of the graduates of STU
(SVST) who are listed as emigrants in the first part can be seen in Table 1. The percentage
that depended on the period of emigration is illustrated in Table 2. The graduates of STU
(SVST) emigrants on Dr. Viest’s list of names settled in more than 12 countries. The table
shows the percentage ratio depending on the country they emigrated to. Their application
in practice is shown in the next table.

Table 3 The percentage ratio of graduates of STU — the emigrants in the first part of
the list

Civil engineers | Architects Electrical Electrical Chemical
engineers engineers Engineers
43 % 23 % 14 % 14 % 5%

Table 4 The percentage ratio of graduates depending on the period of emigration in
the first part of the list

Before 1968 in 1968 in 1969 After 1969

6 % 70 % 16 % 8 %

Table 5 The percentage ratio in depending on the country the persons from the first
part of the list emigrated to

USA | Canada |Switzerland |Germany |Australia | Other countries (Austria, Great
Britain, Greece, the Netherlands,
Peru, South Africa, Sweden)

1/3 [1/4 1/5 1/10 1/20 1/15

Table 6 Application in practice of the graduates of the STU emigrants from the first
part of the list (most of them are employed in the private sector)

Design and consultations Industry State organizations,
universities, etc.
1/2 1/4 1/4

Dr. Viest quotes from an article by J. VI¢ek in his book Czechoslovak Engineers and
Architects (1990): “The knowledge of graduates of Czechoslovak technical universities
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enabled them to be highly respected and to become successful. The quality of
Czechoslovak universities meets the requirements of universities abroad. Dr. Viest gives
examples of the unique structures, the emigrant graduates of STU (SVST) participated in.

They are, e.g., high-rise office buildings, banks, and hospitals in cities such as New
York, Boston, Montreal, Paris, Singapore, the Opera House in Sydney, prestressed bridges
in Australia, the Verrazano  Narrows suspension bridge in New York, the
Kohlbrandbriicke cable-stayed bridge in Hamburg, etc.

The shortened version of the first and second part of the list of graduates of STU
(SVST) which was developed by Dr. Viest can be found in the above tables. Some parts of
both lists concerning only the graduates related to the Faculty of Civil Engineering: civil
engineers, architects and surveyors have been used with his permission [11].

The first author has several letters from Dr. Viest, including his own biography with
very interesting details not given in this paper. The biography was submitted by the first
author to authors of encyclopedia Beliana.

Interesting is the following taken from one of his letter: ,,I have a computer, I am
writing this letter on it. I was first introduced to computers during the 1947/48 school year
at the Georgia Institute of Technology. I started programming myself in the late 1950s. I
bought my first personal computer in the early 1980s. I am not connected to the Internet, as
I have decided to prevent anyone else from accessing my computer®. The letter was written
in perfect Slovak on January 11, 2009.

Conclusion

The five Slovak prominent designers: Kozak, J., Bustin, J., Behul, V., Martincek, M.
and Bezak, A. and their structures are described in [13]. As Magnificent No.6 can be
considered Postulka, J. [14]. Dr. Ivan Viest is therefore considered as Magnificent No.7.
All these great men were exceptionally modest.

The guiding principles of Dr. Viest:
1. Learn to like your everyday work and embrace it fully;
2. Steer your work toward the future but also endeavour to learn from history;
3. Maintain good relationships with your co-workers, as well as with a wide circle of

23



MEXAYHAPOJHA HAYYHA KOH®EPEHLIUA BAHW 2024
INTERNATIONAL SCIENTIFIC CONFERENCE BASA'2024

friends and acquaintances; and
4. Do not forget the need for relaxation in a variety of forms such as sports (he has climbed
several peaks, he enjoyed skiing and playing tennis and he is fond of playing golf),
reading books and magazines, travel, participation in cultural events, etc.
Memorial Tribute to Dr. Viest was written: a) by GT Georgia Tech, School of Civil
and Environmental Engineering, College of Engineering [5] and b) by famous John W.
Fisher (1931), who visited Bratislava in 1994 with group of several American professors
[6] on web side National Academy of Engineering [7]. Dr. Viest wrote Memorial Tributes
to three famous Americans: a) Anton Tedesko (1903-1994) [8], b) Eivind Hognestad
(1921-2000) [9] and c) Jackson Leland Durkee (1922-2007) [10], who thanks to Dr. Viest
sent to the first author his collection of bridges with world record spans. Durkee obtained
collection from LaBelle, both worked at Bethlehem Steel Corporation.
Information about three Slovak emigrants may be found in [12].
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THE MAGNIFICENT FIVE
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! Rudolf Aroch, Dept. of Metal and Timber Structures, STU in Bratislava, The
Slovak Republic
2 Ivan Bezdk, INGSTEEL s.r.0., The Slovak Republic
3 Daniel Bukov, OK TEAM s.r.o., The Slovak Republic
4 Martin Magura, Dept. of Steel and Timber Structures, STU in Bratislava, The
Slovak Republic
3 Frantisek Suppa, retired, formerly a structural engineer, The Slovak Republic

Abstract: A brief overview of the lives and work of five prominent Slovak designers of
steel structures: Juraj Kozak, Jan Bustin, Vojtech Behul, Mikulds Martincek and
Anton Bezdk. There is no doubt that, due to their remarkable achievements in steel,
composite steel and concrete and aluminium building and civil engineering
structures in the former Czechoslovakia, the Slovak Republic, and abroad, they are
an integral part of the cultural heritage of the Slovak Republic.

Key words: Slovak structural engineers, steel structures, cultural heritage
1. Introduction

This contribution is dedicated to five exceptional Slovak designers, primarily in the
field of steel structures, who were recognized by both the entire Czechoslovak technical
community and internationally. Four of them spent an extended period at the former design
and construction office of the national enterprise Vitkovice, the branch located in
Bratislava. Ing. Behul served as the Head of the design bureau at the national enterprise
Hutny projekt in Bratislava. Kozak, Bustin and Behul were born in the 1920s, Martincek in
the 1940s and Bezak, the youngest, the founder of the successful family-based company
Ingsteel spol. s.r.0., was born in the 1950s.

Kozék began his university studies during World War II at TU Darmstadt under the
guidance of Prof. Kurt Kloppel, alongside Josef Postulka. He later completed his studies
externally at the Slovak Technical University in Bratislava (SVST = Slovenska Vysoka

! Rudolf Aroch, Assoc. Prof., Ing. PhD. Head of Department of Metal and Timber Structures, Faculty of
Civil Engineering, Slovak University of Technology in Bratislava, Radlinského 11, 810 05 Bratislava, The
Slovak Republic, rudolf.aroch@stuba.sk

2 Ivan Bezék, Ing. PhD. General manager of INGSTEEL, s.r.0., Tomasikova 17, Bratislava, 821 02, The
Slovak Republic, bezak@ingsteel.sk

? Daniel Bukov, Ing. Structural designer, Daniel Bukov OK TEAM s.r.0. Bohrova 1, 851 01 Bratislava, The
Slovak Republic, d.bukov@okteam.sk

4 Martin Magura, Ing., PhD. STU in Bratislava, Faculty of Civil Engineering, Radlinského 11, 810 05
Bratislava, martin.magura@stuba.sk

5 Frantisek Suppa, Ing., suppafero@gmail.com
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Skola Technicka, it was renamed much later in Slovak University of Technology = STU),
graduating in 1949.

In 1950, a highly accomplished class graduated from SVST, including Bustin, Behul
and Postulka. About Postulka see [4]. Their classmates included, among others, FrantiSek
Kruml, Head of Department; Gustdv MartinCek, Head of Department, and Rudolf
Skrucany, Director of the Institute of Construction and Architecture (Ustav Stavebnictva a
Architektury = USTARCH) at the Slovak Academy of Sciences (SAV) in Bratislava. All
three worked at USTARCH as Ing. DrSc. from 1953. Jan Szolgay (Ing. CSc. at Water
Research Institute, VUVH = Vyskumny Ustav Vodného Hospodarstva) was another their
classmate.

Martinéek graduated from SVST in 1964. His classmates included, among others,
Zoltan Sadovsky (Ing. DrSc. at USTARCH SAV), and Jan Siegel (Ing. CSc. at the Slovak
Forest Products Research Institute in Bratislava, Slovensky Vyskumny Ustav Drevarsky v
ramci VUPC = Vyskumny Ustav Papiera a Celuldzy). Ing. Gustav Martinéek, DrSc.,
famous scientist mentioned above was uncle of Mikula§ Martincek.

Bezdk graduated from STU in 1979. His classmates, included among others,
Stanislav Bojmir (Ing. CSc. designer of steel masts), Jan Brodniansky (Prof. Ing. CSc.
Head of Department at STU), Vincent Kvoc¢ak (Prof. Ing. CSc. Dean at FCE, TU Kosice).
Jan Palkovic, Ing., designer of steel structures at Vitkovice, Bratislava branch, was also his
classmate.

The main sections dedicated to these structural engineers, written by the authors of
this contribution, are complemented by memories from their former colleagues and
followers. Included are recollections from Dr.h.c. Prof. Eng. Doncho Partov, PhD., who
studied and consequently worked in the former Czechoslovakia for several years. He
personally knew many Czech and Slovak professors and designers, and the idea to write
about Slovak designers of steel structures for the BASA 2025 proceedings originated from
him.

2. Ing. Dr. Jifi (Juraj) Kozak, CSc. (By Magura, M., the grandson)

Ing. Dr. Jifi (Juraj) Kozék CSc. completed his primary and secondary education in
his hometown of BeneSov near Prague (today Czech Republic) with honours. He received
his first education in civil engineering during World War 1II at the Technical University of
Darmstadt in Germany, where he completed six semesters at the Faculty of Civil
Engineering.

After the war, he returned to the Czech Republic, where he briefly worked as a
structural designer at CKD Prague. In 1946, he permanently moved to Slovakia. While
working, he successfully completed his university studies in 1949 at the Faculty of Civil
Engineering at SVST in Bratislava, specializing in structural and transportation
engineering. He graduated with honours after passing the Second State Examination.

He also obtained his academic degrees at SVST:
e Dr. techn. in 1953 for his dissertation Buckling Based on Random Imperfections of
Bars.

e (CSc. in 1969 for his research on Steel Masts.

In 1949, he joined the newly established Stavoprojekt Bratislava as a structural
engineer, where he worked until 1957. That year became a turning point in his professional
career, he joined the design and engineering office of the Vitkovice national enterprise,
Bratislava branch. He remained there for more than thirty years as the head of the steel
structures department and chief designer.

26



MEXIAYHAPOJHA HAYYHA KOH®EPEHIIUSA BAHN’ 2024
INTERNATIONAL SCIENTIFIC CONFERENCE BASA'2024

Initially, he was involved in the design and production of steel structures for major

industrial facilities, particularly metallurgical complexes. In the 1960s, with the allocation
of financial resources and the expansion of production and assembly capacities, favourable
conditions were created for the use of steel structures in civil construction as well.

Under the leadership of Dr. Kozak, the steel structures division of Vitkovice, n. p.,

Bratislava branch became one of the most sought-after teams in Czechoslovakia due to
their expertise in complex structural design and collaboration with architects. With a strong
manufacturing background and a long tradition, they were entrusted with significant
projects across the country. They did not exploit this opportunity but rather used it to
become equal partners to architects. This partnership led to the creation of numerous
unique buildings.

Fig.
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2.1 Jiti (Juraj) Kozak (27.03.1922, BeneSov u Prahy — 24.07.2003, Bratislava)
Among the most notable projects Dr. Kozak contributed to are:

300-meter guyed television masts at Suchd hora (1960) and Dubnik (1961), Fig.
5.14, Fig. 6.2.

Hotel Kyjev — Bratislava (1968—1973) (architect: Ivan Matusik), Fig. 2.3.

Kamzik Television Tower — Bratislava (1967—1975) (architects: Tomasak, Majek).
Superstructure and extensions of the former Federal Assembly Building — Prague
(1968-1973) (architects: Karel Prager, Jifi Kadetabek), Fig. 2.5, Fig. 5.5.

SHD Most High-Rise Building (now SaS Group Tower) (1970-1984) (architects:
Krejci, Fojt).

Tranzgas Tower Buildings — Prague (1972—-1978) (architects: Vaclav Aulicky,
Jindtich Eisenreich).

Completion of the National Theatre Complex — Prague (1977-1983) (architects:
Kupka, Loos, Prager).

Czech Savings Bank Building (Ceska spofitelna) — Prague 4 (architect: Alena
Machoninova-Kordovska).

Press Center High-Rise Building — Bratislava (1984) (now Tower 115 after
reconstruction in 20042006, architects: Prof. Lacko, A. Déra), Fig. 2.7.

Zizkov Television Tower — Prague (1985-1992) (architect: Véaclav Aulicky), Fig.
2.6, Fig. 6.3, Fig. 6.4.
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« VUB Bank Headquarters High-Rise Building — Bratislava (1996-1997) (architects:
Bahna, Pal¢o, Zavodny, Jurani).

Fig. 2.2 Kozak at Faculty of Civil Engineering. He frequently co-operated with its
employees. The moment when Kozak congratulates Prof. Lapos on his S0th birthday.
From the left: Prof. Jozef Lapos (he is now 85 years old), Assoc. Prof. Vladimir
Vorisek (he is now 100.5 years old), Ing. Kozak, Prof. Eugen Chladny (1928 — 2020) ,
Head of Department of Metal and Timber Structures.

At his department, among other things, the design and production documentation
for the SNP Bridge and the Pristavny most (Harbor Bridge) in Bratislava were developed.
He represented the quality of Czechoslovak steel construction at major international
conferences as an active member of the International Association for Shell and Spatial
Structures (IASS).

Throughout his professional career, he sought to promote the use of steel structures
and their combinations with other building materials, particularly composite steel-concrete
structures.

His publishing activity was also remarkable—he authored seven monographs, with
the most notable being Steel-Concrete Structures for Multistorey Buildings, published by
the prestigious scientific publishing house Elsevier in 1990.

After retiring in 1990, Dr. Kozék continued to work actively as a consultant in the
field of construction. He collaborated not only with Czechoslovak designers but also with
international experts, particularly from Germany. His last significant project was the new-
generation high-rise headquarters of VUB in Bratislava.

At the same time, he continued his teaching career at the Academy of Fine Arts and
Design (VSVU) and the Faculty of Architecture at STU. His approach to projects elevated
the role of the engineer to that of a co-creator of architectural and engineering works. The
relationship between engineers and architects was a subject that deeply fascinated him
throughout his career.

After the dissolution of Czechoslovakia, he became significantly involved in issues
concerning national minorities in Slovakia, particularly the Czech minority. He was one of
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the founders of the Czech Association in Slovakia and also served as vice-chairman of the
civic association Mosty.
Towards the end of his life, he combined his professional work with his long-standing
interest in history. He focused on the Bratislava Danube bridges, not only from a technical
but also from a historical perspective. He collected a vast amount of material, both from
witnesses and state archives, particularly about the Old Bridge and the SNP Bridge
(formerly New Bridge). His findings were compiled into a three-volume publication titled
“Bridging the Danube in Bratislava in a Broader Context” (11/2002), which he
unfortunately did not manage to publish.

Dr. Kozék passed away on July 24, 2003, in Bratislava.
His technical legacy became an integral part of the panorama of both the Czech and Slovak
capitals—in the form of iconic television towers, visible from afar.

Fig. 2.3 Hotel Kyjev — Bratislava (1968-1973)

Fig. 2.4 Kamzik Television Tower — Bratislava (1967-1975)
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Fig. 2.5 Building of Federal Assembly of the Czech and Slovak Federative Republic —
under construction (1968 -1973)
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Fig. 2.7 Press Center High-Rise Building in Bratislava (1984). Tower 115 after
reconstruction in 2004-2006. Photo is from 2010.
(Courtesy of Doko Ing. Mgr. Jozef Kotulic)
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Ing. Dr. Jiti (Juraj) Kozak, CSc., left a significant mark in Czechoslovakia through
his outstanding architectural and structural contributions. He played a crucial role in
expanding awareness of steel load-bearing structures and composite steel-concrete
structural systems.

His philosophy was to closely collaborate with architects from the very beginning
of a construction project and to integrate the structural framework into the architectural
concept in a way that not only ensured efficiency but also contributed to an aesthetically
refined outcome. He sought to instil this philosophy in university students during his
academic career.

Dr. Kozak left behind not only a professional and pedagogical legacy but also,
after the dissolution of Czechoslovakia, actively worked to maintain close relations
between Czechs and Slovaks, significantly contributing to the continuation of mutual
understanding between these nations.

3. Ing. Jan Bustin, CSc. (By Suppa, F., Stujberova, M.)

Ing. Jan Bustin was one of the key figures in the design and construction of civil
engineering structures in Czechoslovakia and later in the independent Slovak state. He
completed his university studies in Civil Engineering at the Slovak University of
Technology in Bratislava in 1950. He developed his expertise in the statics and dynamics
of building structures at the Vitkovice State Enterprise design office, Bratislava branch.
The close connection between this office and the production organization VZKG Ostrava
further showcased his design abilities, allowing him to contribute to numerous significant
projects across Czechoslovakia. The scope of his design activity was vast, a level of output
that would be difficult to math by today’s standards. It would be impossible to list all the
buildings he contributed to in this article. His extensive collaboration on projects also
stemmed from a practice in the design department during the 1980s, where junior designers
were required to report on the projects they were working on during "production
meetings".

Fig. 3.1 Jan Bustin (17. 02. 1926, Bratislava - 11.02.2017, Bratislava)

The "monuments" of Ing. Bustin’s design and construction activities from this period
can still be admired across the territory of the former Czechoslovakia (now the Czech
Republic and the Slovak Republic), and the scope of his contributions is truly extensive.
Some of the buildings completed before 1989, in which Ing. Bustin was involved, are listed
here. A large portion of his work includes technological structures, such as steel structures
for the Chvaletice and M¢lnik power plants, the lifting auditorium at the cultural center in
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Trnava, the Gabcikovo navigation control room (suspended on a reinforced concrete core),
and the "flaps" and gates on the Vltava, Elbe, and Danube rivers.

Fig. 3.2 a) Large-scale machine K2000, b) Waterworks Gabc¢ikovo

As both an author and co-author, Ing. Bustin contributed to the design of numerous
bridges. The most significant of these is the Slovak National Uprising (SNP) Bridge (known
as the New Bridge from 1993 to 2012) in Bratislava. This cable-stayed bridge spans the
Danube River, with a main span of 303 meters and a back span of 75 meters. It was
officially opened in August 1972.

The Harbor Bridge (formerly known as the Bridge of Heroes of Dukla until 1993) in
Bratislava is a two-storey highway-railway steel bridge over the Danube River. It is part of
Slovakia’s highway network, with the highway running on the upper level, and a double-
track railway on the lower level. Pedestrian and cyclist paths are located on cantilevers near
the lower level. Additionally, the bridge accommodates water supply lines, gas pipelines,
high-voltage cables, and telecommunications connections. The spans of the bridge are 102.4
+ 204.8 + 64.0 + 89.6 meters. It was partially opened on December 17, 1983 and fully
completed in 1985 [7].

Fig. 3.3 Harbor Bridge
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The Red Army Bridge, featuring (forespans - steel truss structure, single-span from the
Bratislava side and double-span from the Petrzalka side), was dismantled in 2014 and
replaced with a new structure.

Fig. 3.4 Red Army Bridge

Other notable bridges include the composite bridge in Tlmace, the arch bridge without
upper bracing in BytCa, the cofferdam for the Lanfranconi Bridge pillar in Bratislava, the
composite bridge on Sihot’ in Tren¢in, the pedestrian bridge at Dlhé diely in Bratislava, the
reconstruction of the railway bridge over the Hron River near Stirovo, inspection walkways,
and the trolleys for the Red Army Bridge in Bratislava.

Another equally noteworthy group of works consists of buildings. The Slovak Radio
building in Bratislava holds the title of Building of the Century in Slovakia in the category
of Social Buildings, awarded by the ASI. In 2017, it was declared a national cultural
monument. Construction of the complex began in 1970 and was completed in 1983. It
features spacious interiors, an exceptional concert hall, and well-equipped recording studios.
Additionally, one of the largest organs in Slovakia is housed there. The building’s total
height, including the antenna, is 80 meters [8].

Fig. 3.5 The Slovak Radio building in Bratislava [10]
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The Federal Assembly building in Prague (Fig. 2.5, 5.5) was the result of an
architectural competition in 1964. Construction began in 1966 and was completed in 1973.
The building’s design and structural concept, which incorporated unique steel beams,
fulfilled the requirement to preserve the former "crop exchange" building.

The administrative building in Povazska Bystrica, constructed between 1968 and
1978, features a structure consisting of a reinforced concrete monolithic core that extends
to the top floor and rises above the roof level. A steel support system of the seesaw type is
mounted on this core, with steel ties suspended from it. These ties support the floor
structures and the perimeter aluminum cladding [9].

Other notable buildings include the Druzba convalescent home in Yalta, the Poprad —
Tatry station, the TEZ Poprad — Tatry hall, and the multifunctional hall in Ostrava (Palace of
Culture and Sports, later CEZ Arena, now Ostravar Arena). The hall in Ostrava was opened
in 1986 and underwent reconstruction in 2003 and 2004.

.....

Fig. 3.6 Multifunctional hall in Ostrava

Ing. Bustin's portfolio also includes telecommunications structures, such as the TV
transmitter Prague (Fig. 2.6, 6.4), the TV tower at Kamzik in Bratislava, and various
anchored masts, including those at Dubnik (height 300 m) (Fig. 6.2), Sucha hora (300 m),
Kralova hola, and Krizava (116 m). Additionally he contributed to the design of the
Drahniov water reservoir tower, among others.

Ing. Bustin, together with his colleague Ing. Subr, co-authored the book "Composite
Steel and Concrete Structures" in 1964.

Fig. 3.7 Ing. Bustin (left) and Ing. Subr inspecting the construction of the SNP Bridge
in Bratislava
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After 1989, Ing. Bustin "retired", but continued to work as a consultant, primarily
guiding young designers and passing on his knowledge and experience. He offered his
expertise mainly to companies specializing in the design and implementation of buildings,
such as Dopravoprojekt PLC, Geoconsult Ltd, Cemos Ltd, Distler-Suppa Ltd, and others. He
was able to apply his extensive professional knowledge, experience, and ability to
understand complex issues in their broader context, also collaborating with construction
companies like Doprastav PLC, Hydrostav PLC, SES MONT Ltd (Tlmace), MONTIRP Ltd
(Zilina), and Vihorlat Snina PLC.

Below are the most important projects on which Ing. Bustin collaborated.

Proposal for the implementation of crossings of the 5™ line of the gas pipeline across the
Laborec and Hornad rivers, involving the installation of a shaped steel pipe with a diameter
of 1420 mm ("shaped bend") for Hydrostav PLC.

Fig. 3.8 a) Implementation of the crossings of the 5 line of the gas pipeline across the
Laborec and Hornad rivers, b) Concreted bend over the Vah River

Ing. Bustin also provided technical assistance for the steel structures of the silo roof at
Povazska cementareti PLC in Ladce. This was done for MONTIRP Ltd, Zilina, which
manufactured and assembled the steel structures for the project. The steel structures of the
silo roof were assembled "on the ground" (Fig. 3.9 a)) and launched into position during the
concreting of the walls, as specified in the project. In Fig. 3.9 b), the completed silo is
shown, featuring the so-called "lantern" on top.
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Ing. Bustin provided technical assistance in the installation of a tank weighing
approximately 320 tons at the Slovnaft PLC refinery. His role involved designing the
assembly tools necessary to move and position the tank as specified in the project, without
the use of a crane. The installation was carried out by SES MONT Ltd Tlmace.

Fig. 3.10 Tank installation at the Slovnaft refinery

Ing. Bustin provided technical assistance in the transport and assembly of tanks
weighing approximately 150t and 200t at the MOL refinery in Hungary. His role included
designing the assembly tools necessary for unloading the tanks from the ship, moving them,
and installing (lifting and positioning) them into place as specified in the project, all without
the use of cranes. The work was carried out by SES MONT Ltd Tlmace.

He also contributed to the design of antenna carriers for the construction of mobile operator
networks in Slovakia.

Fig. 3.11 Mobile operator antenna carriers

In the field of civil engineering, he contributed to various projects, including the
documentation for the zoning and land use decision for the KoSicka Bridge. He also visited
the construction site during its execution and worked as a consultant for the investor's
supervision. Additionally, he was involved in the dismantling of a concrete bridge over the
Vah River in Nové Mesto nad Vahom (proposal for the dismantling procedure) and the
assembly of a concrete bridge structure in Lipovec. He also proposed a procedure for
extending a reinforced concrete bridge structure to the position prescribed by the project
using an auxiliary steel structure. His expertise extended to the diagnostics and
reconstruction of steel bridges over the Hron in Podbrezova, the Danube in Medved’ov, and
the Vah River canal, as well as the bridge structure over the Cufiovo power plant.
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Fig. 3.12 a) Lifting bridge over Morava river in Moravsky Svity Jan b) Reinforced
concrete bridge over the highway

A 700-meter-long bridge on the D1 Jablonov - Studenec highway is designed as an arch
bridge, with architectural features reminiscent of the Gothic monuments of the region. The
bridge structure combines steel elements with a composite reinforced concrete bridge deck

Fig. 3.13 The D1 motorway Jablonov — Studenec

The Skalité Bridges, located on the border between the Slovak Republic and the Polish
Republic, consist of four bridge structures with a total length of 1,352 meters on the D18
motorway. All the bridges are designed with two composite steel beams and a reinforced
concrete deck. The longest of these is Bridge D201, with a total length of 492 meters. Bridge
D202 is 150 meters long, D203 is 270 meters long, and D204 is 440 meters long.

Fig. 3.14 Skalité bridges

The Church of Divine Mercy in Jacovce features a roof that combines steel trusses with
timber beams and boards. The vertical load-bearing structures consist of prefabricated and
monolithic reinforced concrete elements, while the tower is a prefabricated reinforced
concrete structure "secured" with prestressed cables.
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Fig. 3.15 Church of Divine Mercy, Jacovce

In 2009, Ing. Bustin won second place in the competition for the "Design of the Concept
for the New Lower Gates of the Lock Chambers for SVD G-N, Gab¢ikovo Level".

Finally, an interesting example is the Ellipsion family house near Slne¢né jazera in Senec,
built between 2000 and 2002. The architect was Ivan MatuSik, with collaborators Jozef
Pavel¢ak, Jan Bustin, and Frantisek Suppa. The contractors were Montzvar from Stara
Lubovia. In 2002, Ellipsion won the DuSan Jurkovi¢ Award, and the following year, it
received the CE.ZA.AR Award and a nomination for the European architectural Mies van
Der Rohe Award.

Fig. 3.16 Family house Ellipsion [11]
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Ing. Bustin's lifelong passion was, even in his later years, a continuous pursuit of self-
education. He systematically and purposefully kept up with changes in standards, new
technologies, and the latest advancements in science and technology, commenting on them
in his unique way. Those he deemed significant contributions to his field, he later sought to
incorporate into new projects and implementations.

The buildings in which Ing. Bustin played a role, both in design and construction, bear
the mark of his exceptional engineering and design skills. Many of these buildings
continue to serve as landmarks in their respective locations, such as the Harbor Bridge and
the Slovak Radio building in Bratislava. He left a lasting impact on the Slovak design
community, where many of his former trainees continue to carry forward his legacy,
designing buildings not only in Slovakia but also across other European countries.

""Let us now sing the praises of famous men, our ancestors in their generations...."" (Sirach
44.1)

4. Ing. Vojtech Behul, CSc. (By Bukov, D.)

’ ‘.'

a—22.05.2019, Bratislava)

5
Fig. 4.1 Ing.Vojtech Behul, CSc. (22.09.1926, Nitr

Ing. Vojtech Behul, CSc. completed his studies at the grammar school with the
graduation exam in 1945. He took the exam twice: the first time in the school's basement
during the front line, and the second time after the liberation. He grew up in modest
conditions; his father was a tailor, and there were two other children in the family, a
brother and a sister. During his time at the grammar school, he helped wealthy and less
capable classmates with their level of knowledge during the holidays.

After graduating in 1945, he enrolled in medical studies with the goal of studying
psychiatry. On his way back from the enrollment, he met his class professor on the train,
with whom he discussed this enrollment. However, the professor convinced him that, given
his mathematical talent, it would be more appropriate to use his abilities in the field of
engineering. Therefore, the next day he went to enroll at the Faculty of Civil Engineering
at the Slovak University of Technology, where he completed his studies in 1950. Both of
his siblings also pursued similar fields of study—his brother as a civil engineer and his
sister as an architect.
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After graduating from the Faculty of Civil Engineering, he started working on
August 16, 1950, at a branch of Vitkovice Ironworks in Bratislava, in the department of
Prof. Tesar, who had transferred to the branch from the railways. A design and commercial
branch was established with its office at Palisady 61 in Bratislava. In addition to designing
and drafting production documentation for Vitkovice Ironworks, the branch also engaged
in commercial activities, such as selling boilers.

On July 1, 1951, the Metallurgical Design Institute (Hutny projekt) was established,
and the first department was Prof. Arpad Tesar, DrSc.'s department, which fully transferred
with 21 staff members to the Metallurgical Design Institute. The office of this department
was located in the well-known Olympia café, as the new regime was closing cafés as
bourgeois relics, and these spaces began to serve as workspaces during the emerging
industrialization. Later, after the expansion of the Metallurgical Design Institute's activities
and the establishment of other departments, the company moved to another café, the
famous Luxor café. Prof. Tesar became the director of the Metallurgical Design Institute.
A story is associated with this café: Prof. Tesar, as the director of the Metallurgical Design
Institute, took the keys to the Luxor café's premises, but he feared the anger of the regular
patrons in Bratislava, who would soon see their café taken over. Therefore, when he visited
the premises for the first time, he brought along a group of colleagues for support. On
October 14, 1951, he got married. His chosen one was a colleague who worked as an
economist at the Metallurgical Design Institute.

In July 1955, Prof. Tesar left his position as the director of the Metallurgical Design
Institute to join the Welding Research Institute.

In 1956, the Metallurgical Design Institute completed the construction of a new
building on Gajova Street in Bratislava.

Fig. 4.2 Metallurgical Design Institute in Bratislava

He dedicated more than 40 years of his active working life to the Metallurgical
Design Institute. Since 1965, he had a long-term collaboration with the Department of
Metal and Timber Structures at the Faculty of Civil Engineering, Slovak University of
Technology (former SVST), as an external collaborator. He participated in the teaching
process for students and served as an opponent during diploma theses and final defenses.
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In 1969, Ing. Behul completed his external scientific doctoral studies on the topic
"Fatigue Cracks in the Webs of Crane Runway Girders." The results of his work were also
published in the renowned Italian journal Metallic Construction at the time. During his
time at the Metallurgical Design Institute, he served as the chairman of the Scientific and
Technical Society (VTS) and as the chairman of the Regional Committee of VTS for Steel
Structures.

Fig. 4.3 From the presentation of the dissertation results

A significant contribution of Ing. Behul to the development of the field of steel
structural engineering was the organization of meetings/conferences for the experts in the
steel structures. These events were of a high professional standard and also served as social
gatherings for colleagues. During social dinners, accompanied by violin music from one of
our colleagues, with bread, lard, and onions, an atmosphere of understanding and creativity
was fostered. A characteristic feature of the entire life of the engineer was the search for
understanding of good, discovering people's abilities, and encouraging creative work. To
us younger colleagues, he opened up opportunities to present our own work, as well as our
employer's, at professional events. We could feel his genuine joy in the professional
growth of his subordinates. As the department head, he treated every subordinate as a
partner. His department was always full of young people and women, and with the
kindness he was known for, he would willingly explain the principles of design and
calculations to everyone.

A significant characteristic of Ing. Behul's work was his constant support for
creative thinking. Under his leadership, no concept for solving structural designs was
condemned to failure. He creatively assessed concepts for load-bearing structures,
connection details for complex constructions, all with admirable knowledge of simplified
assessment methods. He constantly encouraged, especially younger colleagues, to present
their work results to the technical community at conferences. For us, younger collaborators
at the time, this approach gave us a sense of confidence and pride in our own work. The
entire department under his leadership functioned as a cohesive unit with a deep
understanding of both technical and personal issues. Ing. Behul never used harsh words;
his strictest expression was "I kindly ask you." When female colleagues left a few minutes
before the end of the working day to care for their children, Ing. Behul would simply
remark, "It’s approaching 4 p.m., the girls are leaving." His kindness, immense goodness,
and joy in the success of others helped shape our characters as adults.

4



MEXAYHAPOJHA HAYYHA KOH®EPEHILINA BAHW 2024
INTERNATIONAL SCIENTIFIC CONFERENCE BASA'2024

” < A . B f " ¢ -
L) ~'v> . Y - %,
. iy i < : y . -
5 I ) ) [ N »
" - F )
i | - y

Fig. 44 A smile, a good mood, followed by a serious conversation ;Vith the director
(circa 1985)

In the years 1981-1983, the steel structures department, under the leadership of
Ing. Behul, developed the project for the "Stripping Hall" for the Oxygen Converter
Steelworks (KKO) of the T¥inec Ironworks, currently TRINECKE ZELEZARNY, a.s. (the
largest steel producer in the Czech Republic). This is a double-aisle hall with a span of 2 x
30 m, a transverse truss spacing of 18.0 m, and a length of approximately 118.0 m, used for
the removal of molten iron from molds. In each aisle, two stripping cranes, each weighing
200 tons, move along the hall. The weight of the stripping beam (the crab) is 90 tons. The
load suspension is rigid. The cranes operate in the highest fatigue class. The crane runway
girders, with a span of 18.0 m, have a closed cross-section with a height of 2500 mm and a
width of 1100 mm. The rolled rail is placed eccentrically, with a head width of 120 mm
and a base width of 220 mm, weighing 167 kg/m. The girder was designed to ensure that
the details did not create notches. The stiffeners are connected to the tension flange by
cloning.

BlAeration skylight

Fig. 4.5 Stripping hall at TZ T¥inec (Czech Republic)
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Fig. 4.6 Crane runway girder
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The transverse trusses of the hall are made of welded frames, with columns at the
edges of the aisles using welded I-sections of 600 mm x1800 mm, and columns between
the aisles using I-sections of 600 mm x 2400 mm. The beams are made from welded I-
sections of 600 mm x1800 mm. The height of the top edge of the rail is 11.5 m, and the
height of the hall is 24 m. The transverse aisles have a span of 18.0 m, with the distance
between the transverse trusses being 6.0 m, and they are equipped with 20-ton cranes. The
total weight of the steel structures is 3,600 tons.

In 1988, he won second place in the national competition "Best Steel Structure
Projects" for the design of the Sports Hall in Povazska Bystrica. The hall has seating for
1,000 spectators. The span of the frame is 45 m, and the height of the frame beam is 750

w o ' » s o

B e s o B

Fig. 4.7 The Sports Hall in Povazska Bystrica during construction

Fig. 4.8 The Sports Hall in Povazska Bystrica

Ing. Behul developed standardization guidelines for halls with shed roofs and double-skin
chimneys for the Federal Ministry of Metallurgy and Heavy Machinery.
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Fig. 4.9 A double-skin chimney with a height of 16.0 m

The Metallurgical Design Institute underwent various transformations, eventually
transitioning from a state-owned enterprise to a limited liability company (s.r.0.), and later
to a joint-stock company. Unfortunately, it no longer exists today.

During his time at the Metallurgical Design Institute, Ing. Behul served as the
chairman of the Scientific and Technical Society within the institute and as the chairman of
the Regional Committee of the Scientific and Technical Society for Steel Structures.
During this period, he organized countless study trips to construction sites throughout
Czechoslovakia, as well as abroad, thereby contributing to the development of knowledge
within the broader professional community. In addition to the study trips, he organized
professional conferences and meetings for the steel structures experts for nearly 40 years.
At the end of his time at the Metallurgical Design Institute, Ing. Behul worked as the lead
specialist for steel structures. At the end of 1991, he retired.

After retiring, he continued working as a freelance designer until 1994, for
Stavomontaze Trnava, a company that supplied double-skin chimneys for boiler houses
across Czechoslovakia. The largest chimney they delivered was for a housing company in
Nové Zamky, standing at a height of 70 m. Ing. Behul was not only the designer of the
chimney but also devised a unique installation method, using a rotating joint on the base
plate. This innovative approach allowed the chimney to be erected by two cranes through a
tilting process, without the need for lifting the chimney itself.

In 1994, after his wife fell seriously ill, he, at the age of 68, definitively stopped
designing. His wife passed away in 2009.

Subsequently, Ing. Behul devoted himself to studies at the University of the Third Age and
completed:

A 3-year study at the Faculty of Law

A 3-year study in economics

A 2-year study in environmental science

A 2-year study in psychology
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In 2001, Ing. Vojtech Behul, CSc., was awarded the Professor Tesar Prize.
In 2009, Ing. Vojtech Behul, CSc., was awarded the Silver Medal of the ZSVTS (Union of
Scientific and Technical Societies of Slovakia).

Ing. Behul’s life journey came to an end on May 22, 2019, at the age of 93.
Ing. Behul was a shining example of an honorable person who lovingly passed on his
experiences and knowledge to colleagues and the broader technical community. His
support for creativity in every individual broke down stereotypes. The engineer never used
the term "this is how we've always done it" — every idea was worthy of consideration. For
all that he did for the field of steel structures, he deserves gratitude and recognition.

5. Ing. Mikula§ Martin&ek, CSc., (Miki), visiting prof. (By Aroch, R.)

Mikula§ Martincek completed his university studies with honors in 1964 at the
Faculty of Civil Engineering, Slovak Technical University in Bratislava. He received
special recognition for the quality of his thesis “Suspension Bridge of 400m Span” (the
supervisor was Prof. Arpad Tesar). In 1965, he joined Pozemné stavby Presov, where he
worked as a site manager and development worker. At that time, he was also an active
league basketball player.

He then moved to Bratislava, where from 1967 to 1992, he worked at the design and
construction branch of VITKOVICE — Bratislava as a lead designer, head of development,
and chief engineer.

Fig. 5.1 Mikula§ Martincek (23.09.1942, Sabinov — 10.11.2024, Hamuliakovo)

In 1969-1970, he completed postgraduate studies in the statics of steel structures at
UAM Vitkovice (Ustav aplikované mechaniky - Institute of Applied Mechanics), part of
VAAZ Brno (Vojenskd akademie Antonina Zapotockého = The Military Academy of
Antonin Zapotocky). He obtained praise for the final thesis "Calculation of a bridge cross
member with consideration of shear".

From 1974 to 1979, he studied as a research assistant at UAM Vitkovice at VAAZ
Brno in the field of mechanics of rigid and deformable bodies and environments. In 1982,
he defended his dissertation on the topic "Automation of calculations of discrete beam
systems in an interactive way."

During his employment at Vitkovice, he focused on designing steel structures of all
kinds, from design to implementation. Several projects and realizations received awards in
various competitions. At the same time, he actively engaged in all theoretical and practical
activities related to steel structures. These included the development of system software for
steel structures, research, peer reviews, and standardization activities. He was the author of
the structural analysis & design program GEPARD (= GEneral and PARametric Design),
which was used by the Vitkovice company and by the universities as well (Fig.5.2).
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Fig. 5.2 Logo of the GEPARD program

In 1968 and 1970 he obtained main prizes in the competitions for a bridge in
Znojmo and a bridge in Dubrovnik. Many times, he obtained the award for the best steel
structure in Czechoslovakia (in 1981, 1990, 1994).

He frequently published his works in journals and conference proceedings.

Since 1993, he worked as an authorized construction engineer in private practice in
the fields of statics and dynamics, engineering structures, and bridges. His activities
extended beyond the borders of Slovakia (projects in the Czech Republic, Germany,
Austria, France, Russia, Brazil, software development within the European CIMSTEEL
130 project, collaboration with foreign architects and investors in Slovakia). Additionally,
he was involved in organizing professional life and creating construction legislation.

Throughout his professional career, he collaborated with universities, especially
with the Department of Metal and Timber Structures at the Faculty of Civil Engineering,
STU Bratislava. This collaboration included exercises, occasional lectures, lectures in
postgraduate courses (on the topic of designing steel structures using plasticity theory),
participation in state examination committees for final theses, reviewing diploma and
doctoral theses, and serving on committees for dissertation defences.

From 2008 to 2013, he served as a visiting professor at the Department of Metal
and Timber Structures. He was very willing to participate, for example, in a series of
semester-long lectures organized by the Department for regular students in the 2nd, 3rd,
4th, and 5th years. These were supplementary lectures outside the official study program to
expand students' knowledge and engage them in the field of steel structures. Ing. Mikulas
MartinCek, PhD. also lectured in a series of lectures for all doctoral students at STU in
Bratislava.

In addition to STU Bratislava, he also lectured at the Czech Technical University in
Prague, the Technical University of Kosice, and the University of Zilina. He frequently
collaborated with department staff on standardization activities (as a member of TK 4 at
SUTN) and on professional events.

His long-term professional work and projects of notable buildings were recognized
by SSOK (Slovak Society for Steel Structures), STU Bratislava, and the Slovak Academy
of Sciences with the award of the Professor Arpad Tesar’s Prize for 2003.

In November 2024 we said farewell to this outstanding expert in the field of steel
structures, Ing. Mikula§ Martincek, PhD. He lived to be 82 years old.

With the passing of Ing. Mikula$§ Martinc¢ek, PhD., our professional community lost
a great expert with extensive practical experience in both Slovakia and abroad in the field
of designing and researching various types of steel structures.

Martincek advised the students to explore and use MATLAB software. He also
prepared several MATLAB projects for them, including fire design of structures.
Additionally, he encouraged them to always be prepared for collaboration with colleagues.

Martinéek’s life motto was: “The goal of an engineer is not the calculation, but to
achieve a safe structure in good construction!”
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In his youth, he was a mischievous boy like most boys. Miki set himself always the
highest goals. A promising career in top basketball was interrupted by an injury. Miki
loved his wife Marienka, who died 2 years ago. They often went on bicycle tours together
along the picturesque Danube River, near which they lived in a family house. One of his
last emails: “Hi Ivan, We are going for our last walk with the dog on our street at 11:30
PM. And yesterday there was a beautiful big moon. We are enjoying the last nice sunny
days on our bikes. At the pre-lunch beer at 12:00 we are already alone in the restaurant
Mini Vyza, they will probably close there too. So I am diligently collecting leaves from
our big tree. Destroying nature is starting to be difficult for me. We have already chipped
ourselves with all possible doses (flu, corona...) and in a while we will be barricaded again
until spring, so let's die healthy now”. He worked until his last days. His project, to modify
the GEPARD program so that it could be used also on a tablet in 20 languages, was not
fully completed.

A selection of various structures that Martincek participated in designing and on
which his GEPARD roamed:

Fig. 5.3 Apollo bridge over the Danube river in Bratislava. Continuous beam has
spans: 47.5 m+231 m+63 m+2x61 m+51 m=514.5 m.
(Courtesy of Miroslav Mat’ascik, Alfa 04, Inc.)

Fig. 5.4 Pipeline bridge over the Vih River in Hlohovec. Flooding of the main span
with a weight of 200 tons. Pontoons with a grid of 17 m x 22.5 m for a pressure of 100
tons. (Courtesy of Martincek's archive).
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Fig. 5.5 Superstructure of the Parliament Euiling in Pragué; 60 mx 85 mon 6
pillars. (Courtesy of Martincek's archive).

Fig. 5.6 Atrium of the National Bank of Slovakia building in Bratislava,
22.5 m x 67.5 m, module 22.5 m x 7.5 m. (Courtesy of Martincek's archive).

e

Fig. 5.7 Atrium of the Comenius niversityin raslava, 25mx 15 m.
(Courtesy of Martincek's archive).
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Fig. 5.8 Tatra Bank in Bratlslava Roof projection of 4.5 m and 9 m, length 105 m.
(Courtesy of Martincek's archive).

Fig. 5.9 Football stadlum in Detva. Stand for 2,000 spectators, 84 m x 31 m, cantilever
22 m. (Courtesy of Martincek's archive).

Fig. 5.10 Structures under silos: Atofina at Carling, France; Figueira, Brazil; Penzlin,
Germany. (Courtesy of Martincek's archive).
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!
Fig. 5.11 TV guyed mast, Kral’ova hol’a. Heigth 43 m + 67 m + 20 m = 130 m.

Diameter of the tube 2 m, diameter of the cabin 13 m.
(Courtesy of Martincek's archive).

Fig. 5.12 TV tower Javorina. Heigth 135 m, bottom part 66.5 m, straddle 11 m,
diameter of the middle tube @ 2 m —to O 2.5 m.
(Courtesy of Martincek's archive).

Fig. 5.13 Advertising totem pole. Height 22.5 m.
(Courtesy of Martincek's archive).
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Fig. 5.14 Reconstructions of TV guyed masts Dubnik and Sucha hora.
(Courtesy of Martincek's archive).

6. Ing. Anton Bezak, CSc., visiting prof. (By Bezak, 1., the son)

Ing. Anton Bezak, PhD. was born in a small village near Topol'¢any in 1953. He graduated
with honours in 1979 from the Faculty of Civil Engineering, Slovak Technical University
in Bratislava. From 1979 to 1990, he worked in the design and construction branch of

VITKOVICE - Bratislava as a designer of steel structures and later as Head of the

Department for Bridges and Masts. In 1990, he co-founded the company Ingsteel s.r.o.,
which is focused on the design, production, and assembly of steel, stainless steel, and
aluminium structures and currently belongs to one of the largest companies in the Slovak

Republic in the field with an annual turnover of about 50.0 million €.

-

Fig. 6.1 Anton Bezak (28.03. 1953, Nadlice

In 1990 he defended his PhD thesis on "Analysis of design of anchored masts" at the
Faculty of Civil Engineering in Bratislava. In 36 years of work Ing. Anton Bezak, PhD.,
has accumulated great experience in the field of design and research of steel structures,

£FN

—19.10. 2015, Bratislava)

especially in the field of design of towers and masts. In summary:
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e Lead designer and collaborator on completed projects (67), expert and forensic
expert opinions (17), competitions (6),
Co-author of six research tasks, three project studies

e Publications in the field of realization and theory of design of steel structures in
journals and domestic and foreign conference proceedings (6+18).

He co-designed the RS M¢lnik, the 150.0 m high radio tower, the anchored mast of the
RKS Dubnik with a height of 306.0 m (Fig. 6.2), and the Television Tower Prague-City
with a height of 216.0 m (the towers of the ZiSkovsky transmitter, (Fig. 6.3 and Fig. 6.4).

Fig. 6.2 View of RKS Dubnik

Fig. 6.3 Zizkov
Television Tower
under construction

Fig. 6.4. Zizkov
TV Tower
completed
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Anton Bezak served two periods as a visiting professor at the Department of Metal and
Timber Structures. He gave lectures to regular student and PhD students as well. The
Department of Metal and Timber Structures offered voluntary lectures by prominent
experts from practice to students of all grades. One of them was Bezdk, who also
introduced students to the functioning of a large company that he led. Excursions to
completed structures, including those structures realised by Ingsteel, were organized for
students too. Bezdk offered the Department topics for bachelor, diploma and doctoral
theses from real life. Many students had the opportunity to visit the Ingsteel company and
see with their own eyes how steel and aluminium structures are designed and
manufactured. Several of the former students are now successful structural designers at
Ingsteel. Bezak did not forget his alma mater and designed and realized: a) the internal
structure of the library of the Faculty of Civil Engineering and, b) the new facade of the
high-rise faculty building.

He is the recipient of many important awards. The most important awards:

e The Plaque of Academician Havelka, the Award on the occasion of his jubilee for
many years of teaching and scientific research cooperation in the field of steel
structures, 2003, Faculty of Civil Engineering, STU in Bratislava,

e The Award of Prof. Arpad Tesar for significant contribution in the field of
development of steel structures, 2012. Slovak Association of Steel Construction
(SASC, SSOK).

e The Award of The Ministry of Economy and the Ministry of Labor, Social Affairs,
and Family of the Slovak Republic for the Honorary Recognition for
Entrepreneurship in 2011.

e The President of the Slovak Republic awarded him the high state decoration "Order
of Cudovit Star IT Class" for his significant contribution to the economy and for
maintaining employment in the Slovak Republic in difficult economic conditions;

e Ingsteel won the Ist prize in the competition for the best realized building with
steel structure in the Czech Republic and Slovakia "Winter Stadium (Fig. 6.5 and
Fig. 6.6), in the period 2009 - 2012 under his leadership.
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Fig. 6.5 Ice Hockey stadium in Bratislava under construction
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Flg 6 6 Ice Hockey stadlum in Bratlslava completed

The most important constructions realized are the multifunctional hall of Poprad Arena
(Fig. 6.7 and Fig. 6.8), and the INGSTEEL headquarters were designed as a concrete-steel

composite structure (Fig. 6.9), Cycle-bridge Devinska Nova Ves - Schlosshof, with a main
span of 120m (Fig. 6.10).

Fig. 6.7 Poprad Aréna
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Fig. 6.8 Poprad Aréna — view of roof structures  Fig. 6.9 Headquaters INGSTEEL
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Fig. 6.10 Cycle -bridge Devinska Nova Ves — Schlosshof

Anton Bezdk was a typical example of a Self-Made Man. Everything he created and
acquired was achieved by his own work, perseverance, and study, without any help from
others. His life path and achievements can be an example for today's young generation. His
life motto was "Let’s be polite," which expresses his sense of justice, conscientiousness,
and diligence.

7. Memories of Prof. Doncho Partov on Ing. Jan Bustin, CSc.

Jan Bustin was the reviewer of the diploma thesis of Doncho Partov, a future
engineer and graduate from the Department of Steel Structures and Bridges at the Faculty
of Civil Engineering, Brno University of Technology, in August 1969.

I first contacted Ing. Jan Bustin by phone in the summer of 1969. I graduated from
the Department of Steel Structures and Bridges at Brno Polytechnic, where I studied from
1964 to 1969. My thesis supervisor, Prof. Dr. Ing. Jifi Bures, had assigned me a thesis on a
railway bridge with a composite steel-concrete structure. He advised me to get in touch
with Ing. Jan Bustin in Bratislava to coordinate the review of my thesis. I called Ing. Jan
Bustin, and we arranged to meet at his office in Bratislava. This meeting, as I later realized,
significantly influenced my future development as a bridge construction specialist in Sofia.
In particular, it helped me understand the challenges of addressing the effects of creep and
shrinkage of concrete on the stressed and deformed state of composite steel-concrete
structures over time.

Ing. Jan Bustin, who had co-authored a book on this topic [12], kindly gave me a
copy as a gift.

His review of my diploma thesis, which I presented to him at our next meeting, was
very positive. He praised the comparisons I had made between the technical and economic
indicators of the bridge of the composite structure and a pure steel structure - an analysis I
had not been required to include. I was very pleased to have had the opportunity to meet
such a knowledgeable and skilled young specialist in the field of steel bridges. Prof. Bures,
emphasizing Ing. Bustin's professional qualities, did not hide his admiration for his design
achievements (some of which are featured in this publication).

In the book on composite steel-concrete structures, the issue of stress transfer from
concrete to steel due to concrete creep was addressed using an inhomogeneous system of
second-order differential equations, which was quite innovative for that time. My research
delved into a more complex area of mathematical theory, specifically Volterra's integral
equations of the second kind. Deep down, I realized that, despite the fundamental
differences between the two approaches, the physical essence of the problem remained the
same, regardless of the mathematical language used to explain it. I understood this essence
through Ing. Bustin’s reasoning. Since then I have reread his book many times, and I
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remain deeply grateful for the opportunity to have met such a remarkable man during my
formative years as a civil engineer.

8. Ing. Martin Mot'ovsky (By Balaz, 1.)

Moétovsky graduated from SVST in 1956. His classmates included were among
others: Bohumil Btci (Prof. Ing. CSc. at FCE STU) (04.10.1931 — 08.08.1998), Svetozar
Lichardus (Ing. DrSc. at USTARCH SAV) (19.05.1932 — 27.10.2020), Bartolomej Sechny
(Ing. director at DOPRAVOPROJEKT Bratislava), Ivan Zapletal (Prof. Ing. DrSc. at FCE
STU), born in 25.03.1932.

Ing. Motovsky is another renowned structural engineer. He worked at SUDOP
Bratislava, he later founded together with other colleagues the company PRODEX spol. s
r.o. in 1991. He worked there (he was a partner) according to the commercial register until
2009. Today, this company has been taken over by Valbek SK, spol. s t. o.

Ing. Moétovsky is author of several steel structures. See for example the unique
railway bridge from 1973 on Fig. 8.1. He is together with Ivan Bal4Z co-author of the study
of the influence of openings in the lower flange and in transverse diaphragms on the
stresses of a trapezoidal-shaped box-girder of direct loaded steel railway bridge with a span
L = 31.2 m on the track Marchegg-Szob for the needs of reconstruction. See [17] from
1988.

Fields 3 to 8 have box girders of trapezoidal shape with a span of L = 31.2 m, fields 9
to 14 have truss girders with L = 30.56 m. Fully welded box girders are statically designed
as simple beams. The structures made of steel of strength class 37 were designed by
SUDOP (Statny Ustav Dopravného Projektovania), Bratislava, manufactured by Liskovec
bridge factory, welding of parts in Trnovec nad Vdhom railway station was carried out by
Hutni montaze Ostrava and inserted into the bridge structure by Mostny obvod Bratislava.

The width of compressed upper flange is 2 m, its thickness is t = 28 mm. The upper
flange has 4 longitudinal stiffeners 174 / 14 mm. The width of bottom flange in tension is
2,8 m, its thickness is t = 25 mm. The height of box girder is 2,605 m. The upper flange
has a roof-like slope of 2% on each side. See Fig. 8.2.
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Fig. 8.1 Reconstruction of the bridge in Trnovec nad Vihom, Zkm 117.478. The
original steel bridge spans from 1897 were replaced with new ones in 1973/74. Author
of the project: Ing. Martin Mot'ovsky. The railway bridge used box girders for the
first time in Slovakia. With the length 445,8 m it was the longest railway bridge in
Slovakia.
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Fig. 8.2 Monitoring of the railway bridge on the line TU 2804 Devinska Nova Ves —
Stirovo st. hr., DU 18 SalPa — Trnovec nad Vahom at Zkm 117.748.

Fig. 8. 3 Replacing of old railway brldge in zkm 122.912 in Tren¢in over Vah river in
1984. General designer of the structure: Ing. Martin Mét'ovsky, SUDOP Bratislava.
Project of steel bridge structure: Ing. Emil Rusko, VSZ KofSice [18].
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Fig. 8.4 Finished new steel railway bridge in Trencin over Vah river in 1984.
Four spans of 61,60 m each. The overall bridge length 249 m [18].

7 .
. &4 4
Fig. 8.5 From the right: Ing. M. Mét’ovsky, Prof. Ing. Eugen Chladny, CSc., Head of
department, Ing. Jarmila Mesiarikova — Cierna, CSc., specialist for design of timber
structures, a member of department at exhibition of the foreign books and codes

collected by Department of metal and timber structures, FCE STU in 1991.
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Fig, 8.6 Erection of the new railway bridge in Trencin over Vah river in 1984 [18].
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Conclusion

This contribution is dedicated to five exceptional Slovak designers, primarily of
structures, who are recognized by the entire Czechoslovak technical community as well as
internationally: Juraj Kozék, Jan Bustin, Vojtech Behul, Mikuld§ Martincek and Anton
Bezak. Information about another prominent Slovak designer of steel and timber
structures, Magnificent No.6: Ing. Josef Postulka (06.01.1923, Ceskd Tiebova —
05.03.2009, Bratislava), can be found in [4]. Dr. Ivan Viest can be considered as
Magnificent No.7 [16]. In addition to their extraordinary professional ability, they are all
characterized by unusual modesty.

Several renowned Czech and Slovak professors, also active in the design of steel
structures and bridges are discussed in [5] and [6] along with their works.

The Abstract, Introduction, Chapter 8., Conclusion and Acknowledgement were
written by Prof. Ing. Ivan Balaz, PhD., emeritus Professor at Faculty of Civil Engineering,
STU in Bratislava.
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CHURCH NO.2 AT KOKALYANSKI URVICH - ANALYSIS AND
INTERPRETATION OF THE ARCHITECTURAL ELEMENTS

D-r Filip Petrunov’

Abstract: Church No.2 in the citadel of Kokalyanski Urvich was built in the early
14th c. and functioned until the end of that century, when it was eventually abandoned. At
that time, the late medieval monastery around the Church of St. Elijah the Prophet was
founded at the foot of the citadel. Church No.2, located in the citadel of Kokalyanski
Urvich, is one of the single-aisle churches with a pitched roof typical for southwestern
Bulgaria during the 12th—I14th centuries. In the early years it functioned as a parish
church for the inhabitants of the citadel, and it was presumably converted into a
commemorative church for the rulers of Urvich in the mid-14th c. According to its specific
architectural design it should be referred to the tomb-churches but featuring not vertical
but horizontal arch-shaped markings in the pavement. In the second construction stage of
the church, arches were added in the ceramic pavement, and in the third construction
stage a narthex was added on the west. The few mural fragments and especially those
found on the west give grounds to date the church to the 14th c. and to ascertain that its
patron saint was St. Nicholas the Wonderworker, Bishop of Myrlica.

Key words: Bulgarian lands, Kokalyanski Urvich, tomb-church, 14th century.

Church No. 2 is in the citadel of Kokalyanski Urvich, located on the western hill of
Urvich of the Sredobordie. The Sredobordie consists of two hills known as Urvich; they
are on the right bank of the Iskar River among the Vitosha, Lozen and Plana Mountains.
The road from Sofia to Samokov, laid by construction units in the period 1900-1912, also
runs along the river. This was the first automobile road in Bulgaria after the Liberation.
Today the site falls within the land of the village of Kokalyane, Pancharevo District, Sofia
Municipality (Fig.1). The excavations of the citadel and Church No. 2 at Kokalyanski
Urvich began in 2022, under a project of the National Museum of History, funded by the
Culture Program of Sofia city.

The data collected on Church No. 2 at Kokalyanski Urvich during the excavations in
2022, 2023 and 2024, shed new light on the life in the medieval fortress and reveal its
specific features and function (Fig.2).

During the 2023 excavations hundreds of fragments of mural paintings were found,
unfortunately in a rather damaged condition, as the church had been subjected at least
twice to damaging digging. There are documented interventions from the 1516 and 20t
centuries.

In 2024, the areas north and south of the church were examined, and boreholes were
drilled inside the church, and west and east of it. This paper focuses on the obtained data
regarding the function of the facility and its dating.

Function. Church No. 2, located in the citadel of Kokalyanski Urvich, is a single-
aisle church with a pitched roof from the 12"-14" centuries, typical for southwestern
Bulgaria. Z. Korkutova summarized and described this type of churches in detail in a

! Correspondence address: D-r Filip Petrunov, NAIM Bulgarian Academy of Science, National
Archaeological Institute with Museum, Department of Medieval Archaeology, 1000 Sofia, 2 Saborna Str.
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dedicated study published in 2013 (KopkytoBa, 2013). The study covers 81 churches, and
47 of these churches were also subject to archaeological investigations and/or surveys
relating to their reconstruction and fortification. Based on the data collected, Korkutova
identified five types of churches in terms of their function. An interesting detail that came
out during the excavations of Church No. 2 is that it was initially built as a family church
(parish church) in the citadel and was eventually adapted as a mortuary/commemorative
church. The “mausoleums” in question are described by the author as chapels; however,
Church No. 2 at Kokalyanski Urvich has the characteristics of a functional church, which
makes it belong to the “tomb-church” type, also common during the Second Bulgarian
Kingdom. Similar churches have been found most notably in Veliko Tarnovo, Asenovgrad
and in other strategic strongholds in the Tarnovo Kingdom.

Yordan Alexiev has undoubtedly contributed to the study and interpretation of burial
practices and the representative graves from the period of the Second Bulgarian Kingdom
(Anexcues 2009, 271-282). In his work on medieval tomb-churches, he not only presented
this type of monuments from Veliko Tarnovo, but also offered a thorough review of the
published research. At the very beginning of his study, Alexiev referred to Andrey Grabar
(I'pabap 1982, 38-52) and provided evidence for two types of burial practices. One of them
has its origins in Asian culture and has to do with the special place of the deceased in the
church, under the arcosolia. The other has its origins in ancient Greco-Eastern monuments
and is better attested at the elite graves of the 13"-14"™ centuries in the present-day
Bulgarian territory and especially in Veliko Tarnovo. These are the royal tombs on the hill
of Tsarevets and the Church of the Holy Forty Martyrs. Thus, along with these tomb-
churches, three variations of elitist burial practices can be noticed. Firstly, in niches,
secondly in sarcophagi and masonry graves, and thirdly in tomb-churches.

At this point we need to dwell on the arcosolia (Latin arcus - arc and solium - grave,
sarcophagus, throne). They are arch-shaped niches under which sarcophagi were placed in
early Christian and medieval times. They are to be found in churches and catacombs.
Traditionally, in such niches stone sarcophagi for people of noble origin or reliquaries for
the mortal remains of saints were placed. Arcosolia are not the most common architectural
solution for burial practices in medieval Bulgaria, however the data, though limited in
scope, point to an example from present-day Turkey. In his new monograph of 2020,
Emmanuel Mutafov brings together all that has been published about the Chora Monastery
in Constantinople (Istanbul). He also offers a comprehensive survey of the inscriptions in
the church and their interpretation, an analysis of the construction periods, and an overview
of the historical, artistic, spiritual, and prosopographical context in which the monument
functioned, especially during the time of the Palaeologus family. An important point in his
work is that descendants of Irina Asenina, i.e., representatives of the Palacologus and Asen
dynasties, and more precisely of Ivan Asen III, might have been buried under the arcosolia
in the chapel (Myrtados 2020, 121-140). This makes the example one of the few
representative ones, even though it is not from the present-day territory of Bulgaria.
Unfortunately, these examples are far too few, so it is also worth considering what has
survived in the Boyana Church. The latest publication, which provides a comprehensive
account of this monument, is the result of the joint work carried out by Mariela Inkova and
Metodi Zlatkov (3matkoB, MuakoBa 2019, 120-145). Despite the thorough review of the
research so far and some quite interesting and well-founded arguments at the end of the
publication, the two authors nonetheless do not find any kind of connection between the
unearthed graves and Altimir, the son of Vitomir, depicted in the acrosolium in the Church
of Sts. Nicholas and Panteleimon. Another grave shaped in a similar fashion is attested in
the excavations of Prof. Mutsopoulos in the Basilica of St. Achilles, where four stone
tombs were uncovered, aligned one after another along the inner face of the south wall
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(Mynonynoc 2007, 137-175). The third tomb, above which there is an acrosolium, is made
of whole marble slabs. According to Moutsopoulos, Tsar Samuil was buried in it
(OBuapos, 1996, 306-311). Chokoev indirectly confirmed this finding by analyzing textile
items from the Middle Ages (Hokxoe 2018, 313-327; YokoeB 2021, 34). The above
example is earlier, yet it is quite conceivable that this tradition was also followed during
the Second Bulgarian Kingdom. Alexiev, in his already mentioned work on medieval
tomb-churches, also refers to two-storey tomb-churches, where the upper floor is a chapel
and the lower floor is a crypt (Anexcue 2009, 271-282). During the analysis of church
architecture, a group of “two-storey” churches was identified. One of them is Church
No.10, which is located on the hill of Tsarevets near the western fortification wall, close to
the Small Gate. It is one of the most interesting churches of its kind and the only one of the
group under consideration on the hill of Tsarevets. The church proper is a cruciform
building of the compact cross type. The lower floor replicates the plan of the upper level.
There is a semicircular apse on the east, and it is adjoined to the inner face of the
fortification wall on the west. The lower level, once referred to as a crypt, is where the
author describes three walled graves. A tomb-church, or rather an ossuary, has also been
unearthed in the north-west corner of the monastery courtyard at the “Execution Rock”,
near the North Gate. It has an elongated rectangular plan. Its walls have deep foundations,
and the western wall is adjoined to the inner face of the fortification wall. Roughly at 1 m
above the floor level of the crypt, traces of wooden beams of solid timber can be noticed.
The eastern part of the crypt chapel was destroyed for a later household kiln, but there is no
evidence of a representative walled grave there, automatically making it a different type of
monument. A similar ossuary was identified at the Church of the Holy Forty Martyrs. It
was built as an open narthex to the church, in order to reinforce the western facade of the
church, compensating for the denivelation. It was later converted into a mausoleum tomb
(BbrioB 1974, 37-54). Alexiev also noted three tomb-churches on the hill of Trapezitsa,
No.2, No.7 and No.14 (Anekcues 2009, 277). Church No. 2 is in the northeastern part of
the fortress, and its eastern part (the apses) overlap the course of the fortification wall. It
was built on a very steep slope from west to east and from north to south. It was unearthed
during the first excavations of Dr. Vasil Beron. According to his records, the images of the
saints were preserved up to the chest. While excavating the nave (the middle compartment,
according to Beron) on: “...the right side we saw a large stone, and digging under it we
found a fairly large tomb (catacomb) with separate stone walls, and when the whole tomb
was uncovered it proved to be two and a half metres deep, two metres wide and six metres
long. At a depth of 2 metres, we found up to 6 skulls” (bepon 2004, 19-20). Dr. Beron
assumed that “in all likelihood, the just localised church must be dedicated to Sts. Peter
and Paul, the Apostles, and that the tomb found in it must be meant not only for the relics
of St. Gabriel of Lesnovo, but also for the members of the royal family” (bepon 2004, 84).
To this type of monuments Alexiev also refers Church No.14, located in the southeastern
part of the fortress, near the fortification wall, on a very steep slope in the north-south
direction, i.e., perpendicular to the longitudinal axis of the church (Anekcues 2009, 279). It
was unearthed in 1900 by a French treasure hunter whose results remain unpublished to
this day. V. Dimov described it and provided its plan. According to him, “...what this
church stands out with is its strict regularity, the precise workmanship, and the good
building materials. Its walls are made of hewn stone and pure mortar, and the lower end is
made of straight rectangular blocks (of bigor)”. It has “four compartments: an altar, church
proper, and two narthexes” (AumoB 1915, 156). It measures internally: length -15 m and
width - 4,50 m. N. Mavrodinov also commented on Church No. 14. First of all, he noted
that two periods could be made out clearly in the plan of the church - the second narthex
(exonarthex) was added later. According to him, Dimov had not shown in his plan the two
periods and the plinth of the apse. The original west facade, according to Mavrodinov, was
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decorated like any other church on the hill of Trapezitsa, namely with two pseudo niches
on either side of the entrance and a third one above it, which must have been in the middle
(MaBpoaunoB 1931, 29). Church No. 14 was also cleared, along with all the churches on
the hill of Trapezitsa in 1990. L. Quinto published her observations in a separate article
(KBunro 1992, 138-145). During the clearing, she found chunks of hydrophobic mortar
near the bigor blocks wall. Quinto assumed that the plaster had been brought from the
water-tank near the north wall of Church No. 8, which is at a considerable distance from
Church No. 14. To carry construction materials over such a long distance seems to run
counter to common sense. Quinto admits another alternative: “...it is not unlikely, however,
that there might have also been a water tank in the large Church No. 14, with a north-south
denivelation of over two metres, bridged perhaps by vaults. The church is near the
fortification wall and the southern slope to the Yantra River, the terrain is gently sloping,
and the place is suitable to construct a water-tank to be supplied with water from the river”
(KBunto 1992, 143). Alexiev, on the other hand, disagrees with the proposed
interpretation, pointing to the bigor blocks. According to him, burial chambers were
formed in the basement. Another important point that he noted is the low southern half of
the church, which was used wisely to make burial chambers. We have already observed a
similar situation at the hill of Trapezitsa in Church No.2. Apart from the similar
architectural design of the two churches, there are also similar elements in the fresco
decoration. In both “royal images” have been uncovered (Anexkcues 2009, 281).

Undoubtedly, Church No.2 at Kokalyane Urvich coincides absolutely precisely with
Church No. 2 at the hill of Trapezitsa, as we can see in terms of the slope of the site, its
location in the fortification, and in the way the graves were shaped - by cutting and
shoring. An interesting additional point is also the similar material found, namely a ring
with a double-headed eagle, which, however, will be dealt with in a separate publication,
since this paper focuses mainly on the architecture of the monument.

An important conclusion can be drawn from what has been said so far. The
architecture of Church Ne 2 in the citadel of Kokalyanski Urvich is the single-aisle church
design typical for southwestern Bulgaria in the 1214 centuries.

Localization and periodization. Church No.2 is on the eastern slope, along the
course of the citadel wall (Fig.3). It is built in the northern part of the fortified plateau,
along the course of the citadel wall. No solid fortification wall has been recorded within its
structure, like the one that stands out south and north of the Christian building.
Nevertheless, it can be assumed that initially it was part of the overall design of the citadel
complex, as a passageway was found to the south of it, adjoining a threshold for a single-
wing door that opened to the east. The passageway and the partition to the south used to
connect the church with the fortifications to the south. Assuming that the church and the
whole complex were completed at the same time, and based on the conducted C14
radiocarbon dating, we have to accept 1173423 as the earliest date of construction?.
Considering the materials found in the levelling embankment of the church, largely
spherical buttons, we have to assume that the earliest construction date must be in the late
13™ or early 14™ c. So far, no fortification wall has been found in the north, instead an
adjacent workshop was localised, which is isolated with a thick drainage of small stones
spread on the northern facade of the church. In this regard, we must assume that the two
facilities (the church and the kiln) were used at the same time. Based on the mural
decoration and the overall stratigraphic dating of Kokalyanski Urvich, Church No. 2 was
no longer in use at the end of the 14" ¢. These observations were also substantiated by a

2The analysis is based on a sample of the fortification wall, studied by SUERC AMS, SUERC-127820
(GU68252), University of Glasgow in 2023.
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radiocarbon dating of a second sample from the citadel, where the estimated age of charred
wood was 1429+ 243, Thus, the dating of the examined monument falls within the 13"
14% ¢,

Architectural features. Initially, in terms of composition, the church had only a
nave, and the narthex was added later adjoining the main structure of the church. With its
dimensions of 4.90 x 8.55 m, it does not differ substantially from the typical dimensions of
this type of building. As it is in a poor condition, the measures of the narthex can hardly be
taken accurately, but it must have been 2-2.80 m long to the west and as wide as the main
structure of the church. No clear indication of the flooring has survived in the altar area,
which was damaged in the 15"-16" centuries, but it was presumably paved with stone
slabs, which were found in a considerable number around the altar table. Stone slabs are
laid around the entire circumference of the nave, thus framing the brick pavement. The
pavement in the narthex of the church was also framed with stone slabs. The apse is
semicircular on the outside and inside, and there is no documented plinth between the
substructure and the superstructure. The foundation of the building follows the
denivelation of the terrain from west to east and from north to south (Fig. 4). The altar
table, unlike most published ones (KopkytoBa 2013, 12), has a stone base made of single-
faced stones bonded with mortar and a round ceramic tablet 0.10 m thick. Unfortunately,
not enough fragments have been documented to calculate its diameter, but it is unlikely to
have been more than 0.60-0.80m given the narrow apsidal space and the depth of the altar
niche of 0.96m. The naos is rectangular, its long side aligned to the east-west axis, and this
is where the reconstruction carried out during the second construction phase is most clearly
visible. The ceramic slabs are placed in a series of arches opening to the east, the largest of
which falls in the southwestern part of the pavement and marks grave No. 7 from the
necropolis of Church No.2. Grave No.7 occupies the western and central part of the
southern sectoin of the nave pavement and was marked by bricks from pavement arranged
like an arch, facing east. The bone remains, of a man 45-55 years of age, were placed at a
depth of 0.70 m under the pavement, in a casket. To separate the burial pit, a second wall
was built on the south, adjoined to the south wall of the church. It is made of three rows of
hewn stones measuring up to 0.25x0.30 m and bonded with white mortar, resting on a 0.30
m substructure of coarse gravel. The mortar from the church building contains more
impurities (sand and earth) in contrast to the three graves structurally connected to the
church (Fig. 5), where the mortar is cleaner, of a better texture and bright white in colour.
The rock from the west was also further carved to accommodate the casket. The
dimensions of the arch markings formed in the pavement are approximately 0.80 along the
north-south axis and 1m east-west. The other two arch-shaped markings, visible in the
pavement, are in the southeast, preserved only partially, and one in the northwest
measuring 0.20 by 0.40 m. No bone remains were found in them. In the nave, where a
brick pavement was formed, the elevation was 724.36 m, while in the stone slab pavement
in the narthex it was 724.81 m. The pavement in the naos also contains stone slabs. The
pavement in the nave contains also stone slabs, these are documented on its outer frame, as
well as on the start of the altar partition, 1.5m west of the altar table. In the narthex of the
building, a clearly preserved stone slabs pavement is documented only in its northern part,
where an arch-shaped marking measuring 1.20 E-W and 0.80 N-S is also formed. It marks
grave No.9, dug into the mainland rock at a depth of 1.10 m under the pavement, with
three flat stones below the level of the bone remains placed with the purpose to align the
naturally sloping rock. A passageway is documented, formed on the west by slabs and
individual ceramic tiles arranged tightly to form an arch. These were found in situ, broken

3The analysis is based on a sample from the citadel studied by SUERC AMS, SUERC-127820 (GU68252),
University of Glasgow in 2023.
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in the passageway (Fig. 6). The structure of the arch is typical of the 12"-14™ centuries.
The lighting in the church was probably only on the south side, as there was a workshop
attached to the north. This observation is still only hypothetical, as the poor condition of
the superstructure prevents further analysis. Church No. 2 was built of quarried stones, and
individual whole and crushed bricks were found at some places, data recorded for most
similar churches in the area during that period (Kopkyrtosa 2013, 14). In this regard, there
are no particular differences and in general it can be concluded that Church No.2 at
Kokalyane Urvich is a typical Eastern Orthodox building from the 12"-14% centuries with
special features related to the tomb-churches of the Bulgarian aristocracy during the
Second Bulgarian Kingdom. Externally, as well as under the roof space, the church was
plastered with clay, and the drainage in the north reaches as high as up to 1.50 m, measured
from the pavement level in the naos.

Mural paintings. Three fragments, preserved on the walls, measuring up to
0.10x0.30 m, were impregnated and dismantled. To the west of the passageway, a
fragmented section of a mural was stabilized and taken to a laboratory. It consists of
chequered squares in white and red (Fig. 7). Taking into consideration the place they were
found, namely on the western side of the building, they can be attributed to the image of
the patron of the church west of the passageway. Comparing the well-known Christian
iconographic practices, one might presume that this is St. Nicholas the Wonderworker,
Bishop of Myrlica, who is most often depicted wearing a polystavrion, a liturgical
vestment consisting of multiple crosses represented by red and white squares. An
interesting detail is that the contemporary church, situated on the eastern Urvich hill, which
is directly visible from Church No.2, is dedicated to the Nativity of Saint Nicholas the
Wonderworker. At this point it is worth noting that the deviation of the church, relative to
the E-W axis, apart from the ardent veneration of the saint definitely manifested during the
period, provides grounds to believe that the church had St. Nicholas, Bishop of Myrlica as
a patron-saint. Based on the collected fresco fragments, to the west, on the pavement of the
narthex, as well as the considerable deviation of the church to the south in relation to the E-
W axis, and the preliminary dating determined by an artist-restorer, it is this particular saint
who should be considered the patron saint of Church No. 2 dated to the 14" c.

Conclusion: Church No.2 in the citadel of Kokalyanski Urvich was built in the early
14" ¢. and functioned until the end of that century, when it was eventually abandoned. At
that time, the late medieval monastery around the Church of St. Elijah the Prophet was
founded at the foot of the citadel. Church No.2, located in the citadel of Kokalyanski
Urvich, is one of the single-aisle churches with a pitched roof typical for southwestern
Bulgaria during the 1214 centuries. In the early years it functioned as a parish church
for the inhabitants of the citadel, and it was presumably converted into a commemorative
church for the rulers of Urvich in the mid-14" c. According to its specific architectural
design it should be referred to the tomb-churches but featuring not vertical but horizontal
arch-shaped markings in the pavement. In the second construction stage of the church,
arches were added in the ceramic pavement, and in the third construction stage a narthex
was added on the west. The few mural fragments and especially those found on the west
give grounds to date the church to the 14" c. and to ascertain that its patron saint was St.
Nicholas the Wonderworker, Bishop of Myrlica.

1
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Fig. 1 - Site location

Fig. 2 - Stage of archaeological research
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Fig. 3 - General plan of the citadel
Coordinate system BGS2005 — cadastral, Altitude system — Baltic
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Fig. 4 - Profile of Church No. 2 from the east.
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Fig. 5 — Plan of Church No. 2; Legend: 1. Church No. 2 — St. Nicholas, Bishop of
Myrlica. 2. Exonarthex — Gazebo. 3. Southern wall and passageway. 4. Necropolis —
14" century. I — Grave No. 9. IT — Grave No. 7. III — Grave No. 11.
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Fig. 7 - Mural paintings presenting polystavrion.
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STOREFRONTS OF FORMER CRAFTING AND TRADING SHOPS IN
VLASOTINCE AS ELEMENTS OF ARCHITECTURAL HERITAGE:
MAKING OF TECHNICAL DOCUMENTATION USING
PHOTOGRAMMETRY

Isidora Mitrovi¢!, Lazar Dini¢?, Ana Mom¢ilovi¢ Petronijevi¢?

Faculty of Civil Engineering and Architecture, University of Nis

Abstract: In the present day, it is observed that in smaller towns in southeastern
Serbia, the transformation of spaces has led to significant changes in the appearance
of former crafting and trading shop fronts. Despite this, a number of preserved
storefronts with architectural, cultural, and historical significance remain. It is
crucial to protect these from potential further alterations, whether due to human
intervention or the effects of time. This paper focuses on a case study of the
storefront of the building located at Dusanova Street No. 12 in Vlasotince. The
objective of this study was to produce both existing and improved technical
documentation for the storefront of the building using photogrammetry method: one
depicting its current condition and the other providing a detailed digital
reconstruction of its historical appearance. Considering that the conservation of
cultural and historical heritage is essential for preserving the historical integrity of
communities, this study contributes by developing technical documentation that may
serve as a basis for the potential restoration of the storefront.

Key words: architectural heritage, conservation of cultural heritage,
photogrammetry method, technical documentation, storefront

1. Introduction

The urban environments we inhabit today are shaped by past transformations,
reflecting the historical events and cultural influences of past generations. In recent
decades, transformations in economy, society, demographic structure, political dynamics
along with human ignorance and negligence have significantly impacted architecture and
built heritage of small towns leading to a complete change in their aesthetic impression and
deterioration of their cultural identity [1] [2].

Regardless of the current circumstances, numerous once-significant built structures
continue to exist in small towns, particularly in Southeastern Serbia, and their preservation
1s of great importance. Smaller towns in Serbia have a rich history that has shaped the way
of life of their inhabitants, who often relied on crafting and trading. This tradition led to the
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construction of shops specialized in artisanal products and trade activities [3]. As a result
of this commerce-oriented lifestyle, storefronts play an integral role in the architectural
heritage, alongside residential structures. One of these smaller towns with a rich history of
craftsmanship and trade is Vlasotince, located in southeastern Serbia. It lies within the
municipality of Vlasotince, near the city of Leskovac, and is part of the Jablanica District
[4]. Vlasotince is a town rich in both tangible and intangible cultural assets, many of which
are protected or require protection. The town contains a significant number of buildings
recognized as cultural monuments, predominantly dating back to the early 20th century [5]
[6]. Many of these structures were, or continue to be, used for residential purposes, often
followed by commercial functions on the ground floor. The storefronts of these crafting
and trading shops have frequently been altered or, in some cases, destroyed over time. The
invention of new technologies, such as the use of modern materials and modern
construction techniques, has led to the replacement of many original storefronts with
entirely new designs, often lacking cultural or aesthetic significance. However, a
substantial number of these shopfronts have survived in their original form, though often in
deteriorated condition due to the effects of time. These facade elements, often
characterized by their distinctive and unique appearance, merit greater attention, as they
not only represent a reflection of a historical era but also reinforce the cultural identity of
towns like Vlasotince.

Modern technologies such as digital technologies offer new solutions and
opportunities to preserve and revitalize cultural heritage in many different ways. The
digitization of cultural heritage aims to protect and ensure the long-term preservation. This
process focuses on making information about cultural heritage accessible, facilitating data
exchange among preservation institutions, developing new documentation while enhancing
existing records, promoting and presenting cultural heritage, increasing user engagement,
creating new content, and introducing innovative services [7]. The digitalization of cultural
heritage involves the creation of multimedia databases that enable the preservation and
presentation of cultural assets, making them accessible to both experts and the general
public through cultural institutions and the Internet [8]. The creation of 3D and 2D
technical documentation plays an important role in preserving cultural heritage,
specifically in the conservation of the buildings and the objects that represent cultural
monuments. The photogrammetric method is technique that can be used in the
documentation of cultural heritage sites. Photogrammetry enables the most detailed
representation of the current condition of built objects and cultural monuments which is
why this method is used in this paper.

The aim of this research is to produce both 3D and 2D technical documentation of
the existing storefront located at DuSanova street No. 12 in Vlasotince, as well as a
proposed improved version, to serve as an independent contribution to the field.
Furthermore, it is aspired to enhance our collective understanding of cultural heritage
preservation and to elevate awareness regarding its significance. Through this initiative,
this research seeks to emphasize the importance of preservation of cultural heritage and to
inspire ongoing dialogue and action in this crucial domain.

2. Methods

At the outset of this research, a comprehensive collection of literature relevant to the
topic has been gathered, followed by an extensive analysis of the gathered materials and
information. Various types of analyses were employed, including exploration of the
cultural-architectural heritage of Vlasotince, examination of its historical context, analysis
of the architectural stylistic characteristics of storefronts, and an evaluation of their cultural
significance. Subsequently, the photogrammetric method was applied in Agisoft
Metashape software, leading to the creation of 3D Model and technical documentation of
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the existing condition of the storefront. To ensure that the technical documentation was
created at an appropriate scale and with accurate dimensions, site visit was necessary to
collect more data about dimensions of the storefront using a measurement method.

Based on the technical documentation of the existing condition of the storefront, an
improved condition was created. This enhanced version was developed by analysing the
geometric characteristics observed and considering the expected geometric regularities
during the construction of the portal in general. In conclusion, through the synthesis of
data, an evaluation was conducted to demonstrate the significance and contributions of the
work, along with recommendations for further research concerning the preservation of
architectural heritage.

3. Cultural Heritage of Vlasotince

Crafting and trading were already developed to some extent in Vlasotince by the
early 19" century, but witnessed substantial advancement toward the end of the century,
accompanied by a notable increase in population. The area currently referred to as the "Old
Bazaar", or “Stara ¢arSija” in Serbian, accommodated the majority of commercial shops,
while the rest of the population lived in distinct neighborhoods called mahalas. The
development of Vlasotince (Figure 1), including the establishment of buildings that are
now considered cultural heritage, can be divided into three key periods: the time before
World War I, the period between the two World Wars, and the post-World War II era [6].

The first historical period can be divided into three phases: the first phase, which
relates to buildings constructed during the 18th and 19th centuries and the development of
Vlasotince; the second phase - transitional phase between the 19th and 20th centuries; and
the third - final phase, which covers the period right before World War I [6].

1st Period 2nd Period 3rd Period
wwil wwil
1914-1918 1939-1945

Fig. 1. Periodization of Vlasotince’s development, source: authors

In the first phase, the majority of culturally and architecturally significant buildings
were built in area presently called "Old Bazaar" (Stara CarSija). This area encompassed
today's Liberation Square (Trg Oslobodenja) and the following streets: Nemanja Street
(Nemanjina ulica), DuSan Street (DuSanova ulica), 12th Brigade Street (Ulica 12. brigade),
Vineyard Street (Vinogradarska ulica), and 22nd Division Street (Ulica 22. divizije). While
few buildings from this phase remain, the ones that have been preserved include: the
Turkish Tower (Turska kula), the house of Stojan Stoilkovi¢, also known as Giga's House
(Gigina kuca), the Church of the Holy Spirit (Crkva Svetog Duha), Spaska's House
(Spaskina kuca), and the Old Mill of Petar Popovi¢ (Stari mlin Petra Popovica).
Additionally, a few shops in Nemanja Street and a small number of houses have also been
preserved [6] [9].

The second phase, which represents the transition between the 19th and 20th
centuries, is characterized by several important buildings, including the two constructed by
Tasa Valci¢ - one on Liberation Square and the other on Dusan Street. These, along with
other buildings from this period, were built in the academism style, adhering to established
architectural elements of massive construction [6].

Within the third phase of the first historical period, the decorative street facades
along Nemanja and DuSan Streets acquire a unique appearance. Noteworthy examples
from this phase include the house of Petar G. Popovi¢ on Dimitrije Stojanovi¢ Street, the
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house of Iljja Krain¢ani¢ on Nemanja Street, and the house of Golub Arandelovi¢, also on
Nemanja Street. These buildings, along with others from this phase, are distinguished by
their monumentality, massiveness, symmetry, representativeness, and academic design.
Besides this style, Vlasotince also saw the emergence of the Secessionist style, with
Zaharia HadZi Stamenkovi¢'s house standing as a prominent example. This building is
characterized by its richly decorated facade, precise craftsmanship, and well-balanced
proportions. Additional Secessionist-style structures in Vlasotince include the house of
Vlajko S. Taki¢ on Nemanja Street and the building of the Sejovi¢ brothers [6].

The second period of historical development of Vlasotince, period between the two
World Wars represents a time of remarkable growth and development. Beyond Liberation
Square, Nemanja Street, and DuSan Street, the entire settlement underwent significant
expansion during this era (Figure 2). Improvements were made to side streets and alleys
called “sokaci” as well. Numerous dual-purpose buildings were constructed during this
period, featuring public functions on the ground floor and residential spaces on the upper
floor. This period is distinguished by architectural diversity and a range of urban forms,
with a variety of house shapes and sizes, along with a substantial number of villas and
family homes being constructed. Russian architects made notable contributions during this
time, leading to the construction of buildings in the Russian academism style. Notable
cultural monuments constructed during this time include the Valc¢i¢ Palace, the monument
to the Liberators, the house of Spiridon Boskovié, the house of Proka Mijajlovié, the house
of Dimitrije Popovi¢, and the house of Gavrilo Mani¢ [6] [9] [10].

......

..‘._\;‘ V & N 2 ‘.Ivtz"‘ﬂ} :Vi,‘ » _._:-#".‘.
Fig. 2. The former appearance of the Old bazaar, Liberation Square, Vlasotince,
source: https://bibliotekavlasotince.org.rs/

After World War II, various political changes took place, which led to the demolition
of a large number of older buildings to make way for new constructions that were intended
to symbolize the state's new regime, system, and progress. This process is commonly
known as "total reconstruction." Everything that did not align with the ideals of social-
rationalist views was destroyed. On the eastern side of Liberation Square and in Nemanjina
Street, a total of seven multi-story residential buildings were constructed for collective
housing. The majority of the buildings constructed during and after this period lack
architectural significance and frequently detract from the authenticity of the broader
architectural and environmental setting. Few of the modernist structures were originally
designed to blend into the surrounding environment; however, the majority underwent
additional construction in the 1990s. The only exception in terms of aesthetic distinction is
the work of Bogdan Bogdanovi¢, particularly the memorial complex - Monument to the
Start of the Revolutionary Struggle also called Sanctuary of fallen fighters (SvetiliSte palim
borcima), completed in 1971. [6] [11]. Over the past 30 years, a considerable number of
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buildings have been either improperly altered or demolished due to the needs of the
owners, as well as their lack of expertise and understanding of importance of cultural
heritage. This devastation is illustrated in Figure 3, which highlights the difference
between the former and present appearance of the street front on DuSanova Street. (Figure
3). Consequently, the visual identity of Vlasotince has been progressively diminished, and
in some areas, entirely lost.

Fig. 3. left: former appearance of the DuSanova street front, right: present appearance
of Dusanova street front, source: Heritage Preservation of Vlasotince: Protection and
Preservation of the Old Bazaar [6]

Although history has brought many challenges, a significant number of buildings
have survived to this day and require to be preserved and protected in the future. The
Institute for the Protection of Cultural Monuments Ni§ published a study titled “Heritage
Preservation of Vlasotince: Protection and Preservation of the Old Bazaar” [6] in which
these buildings, recog

i

F ig 4. Mapping the Architectural Heritage, source: Heritage Preservation of
Vlasotince: Protection and Preservation of the Old Bazaar [6]
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In the accompanying graphic, “Mapping the Architectural Heritage” (Figure 4)
buildings are assessed based on cultural importance. Dark red denotes immovable cultural
assets, light red indicates buildings of particular value, bright yellow shows valuable
buildings, green represents neutral buildings, pale yellow indicates buildings without
value, and grey shows buildings that do not align with the environment. The study also
outlines proposed boundaries for the protection of a spatial cultural-historical ensemble,
which includes several smaller units within streets such as 12. Brigade, DuSanova,
Liberation Square, Marko Oreskovi¢, Ive Lole Ribara, Nemanjina, Dimitrija Stojanovica,
and sections of Vuk Karadzi¢ and Njegoseva near the old mill. The study on heritage
preservation covers numerous significant buildings, recognized as cultural monuments. It
outlines general protection and conservation measures for Vlasotince's cultural heritage
and offers suggestions for eliminating existing degradations.

3.1. Old Crafting and Trading Shop fronts of Vlasotince

In small towns such as Vlasotince, the primary reason of its development was trade -
specifically, craftsmanship and commerce that began to flourish in this region even before
World War 1. The success of local artisans led to the emergence of specialized shops that
catered to various needs, highlighting the diversity of trades within the community. The
period between the two World Wars was particularly crucial for trading and crafting as it
saw the construction of many structures that are now considered cultural monuments [9].
The streets were often bustling with life, showcasing a rich tapestry of goods and services.
This era was marked by architectural innovation, as craftsmen sought to incorporate
intricate details into their facades and storefronts, enhancing the visual appeal of the town.

Fig 5. The former apearance of the ld bazaar, Nemanjina street, Vlasotince,
source: https://vlasotincekojenebledi.weebly.com/

The Old Bazaar, during its development, served a dual function; each plot was
required to accommodate both commercial and residential uses. The buildings along the
main streets were typically two stories high, comprising both houses and shops. The
careful design of these buildings not only provided functionality but also allowed for
artistic expression, with detailed decorations that reflected the cultural identity of the town
(Figure 5). These shops were primarily used for the creation and sale of various products,
while the upper floors typically served as living space for artisans or merchants, and their
families [6] [9]. This architecture not only reflects the daily lives of people in these towns
but also testifies to the significance of craftsmanship and trade in the economy and social
structure of small towns in Serbia.

Storefronts in Vlasotince were more than just shop entrances; they served as vibrant
representations of the town's cultural identity and economic vitality [12]. The external
facade was the most important part of the building, meticulously designed to be both
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representative and appealing, showcasing the storefront in a manner that would attract
customers to enter, while the residential quarters were typically developed on floor above
or deep within the plot. At their peak, these storefronts showcased the craftsmanship of
local artisans, each with unique designs that represented the value of trades and products
offered inside [9].

In contemporary times, many of the storefronts face significant negative changes in
appearance. This issue commonly arises from the inappropriate placement of advertising
elements on building facades, as well as the use of new, often unsuitable materials and
proportions that are not in harmony with the original design. This not only undermines
their historical significance but also jeopardizes the visual coherence of the streetscape.
The second issue is that many of the existing storefronts are not in optimal condition due to
their age, and the materials from which they were constructed have limited lifespan,
influenced by the passage of time and environmental factors. To address these issues, it is
essential to establish guidelines that prioritize the preservation of original architectural
features and advocate for the use of appropriate materials. Restoration efforts should focus
on enhancing the authenticity of these storefronts, preserving their cultural and
architectural values, while also adapting to contemporary needs [13] [14]. By doing so, we
can ensure that these vital components of Vlasotince's cultural and architectural identity are
preserved for the appreciation of future generations [15].

4. Analysis of the Existing Condition of the Building and its Storefront located

at DuSanova Street No. 12 in Vlasotince

The building, whose storefront is the focus of this research, is located at 12
Dusanova Street, on cadastral parcels 1145/1 and 1145/2, in the central part of Vlasotince,
within the Old Bazaar area. It has a rectangular footprint, occupying nearly the entire area
of these parcels (Figure 6). It is part of a row of buildings, with its side facades mostly
attached to adjacent structures. The building’s rectangular layout shows that its depth,
extending into the parcel, is much greater than its front facade.

Fig 6. The position of the subject building in relation to the surroundings, source:
GeoSrbija, authors’ processing

Based on its stylistic features, and by examining historical photographs (Figure 7),
along with a comparison of the surrounding buildings with more documented history, it is
presumed that this building was constructed between the two World Wars. Figure 7.
depicts a row of houses on DuSanova Street, with the second building from right to left
representing the subject of this study. The building includes two above-ground floors and a
basement. Although access to the interior was not possible, the front facade suggests its
function: the ground floor likely housed a shop or workshop with a public purpose, while
the upper floor rooms served as private living spaces. The basement was most probably
used for storage or as a warehouse.
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Fig 7. The former appearance of DuSanova street, Vlasotince, source: Graditeljsko
naslede Vlasotinca (drugo dopunjeno izdanje) [9]

According to the study "Heritage Preservation of Vlasotince: Protection and
Preservation of the Old Bazaar" [6], the building is classified as a valuable building,
indicated in bright yellow on the graphic representation titled "Mapping the Architectural
Heritage" (Figure 4). The study outlines specific protection measures, emphasizing the
need to maintain the building’s original appearance and dimensions. Restoration of any
missing architectural elements should be based on available historical records and align
with established preservation guidelines. Additionally, alterations to the building's
dimensions, especially regarding its height, are strictly prohibited.

The analysis of the building's facade reveals several vertical divisions: the basement,
ground floor, first floor, and roof (Figure 8). The first area, being the lowest section,
represents the basement space inside the building. This section, also establishes a direct
connection to the ground, specifically the sidewalk, through the inclusion of two steps that
facilitate the transition between the ground and the ground floor. The presence of the
basement is confirmed by a modest window opening located centrally on the facade.
Visible construction material for the basement part is made of stone blocks. The ground
floor and first floor are distinguished as the two most significant sections of the facade.
The ground floor features three openings - two doors and one window, crafted from wood
and single-layer glass, embellished with intricately designed wooden details that enhance
the overall aesthetic of the facade. The first floor is characterized by two proportionately
designed windows and is decorated with Neoclassical elements. The triangular surface of
the hipped roof represents the highest part of the frontal facade.

visual barrier

Fig 8. Vertical divisions of front facade of the building in Dusanova Street, 12,
source: https://sketchfab.com/3d-models/de15d1647dd04etbabc2fdb6d84f6b42 , authors’
processing
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Each section is effectively divided by visual barriers (Figure 8). Between the
basement and the ground floor, the intermediate structure acts as a visual barrier, while a
cornice element separates the ground floor from the first floor. It is presumed that the
actual physical separation is facilitated by an intermediate structure positioned slightly
lower. Finally, a gutter serves as the visual barrier between the first floor and the roof,
outlining the building and fulfilling the essential function of water drainage while also
visually distinguishing the structure from adjacent buildings.

The storefront features three distinct openings on the facade (Figure 9). Each opening
consists of a main section and an upper section known as a transom. Each of these
openings is very similar in size. The height of each element is consistent, while the widths
show only minimal variation. The subsequent text delineates the structure of the main
components of these elements, followed by an explanation of the transom's appearance.
The central opening served as window, while the two lateral openings functioned as doors.
The purpose of the window was to facilitate the entry of light into the building and to
establish a visual connection between the exterior and the interior. Larger part of this
window is glass surface, which is divided into two sections. This window was designed in
a simpler manner compared to the other openings. Both doors are raised and fielded,
characterized by a stylized design. The main section of the door on the left is divided into
two distinct parts: the operable section and the fixed section. The fixed section is situated
above the operable section and is glazed, providing transparency and the transmission of
light. The lower part of the operable door is solid, while the upper part consists of glazing.
The door exhibits a vertical division in the centre, ensuring a symmetrical appearance. The
main section of the door on the right is also divided into two distinct parts: the operable
section and the fixed section positioned in similar way. The fixed section above the
operable part of the door is solid and it has small vertical part that divides it symmetrically.
Operable part of this door is divided into three equal parts. The bottom one looks similar to
the other door, the top one is glazed, and the middle one is divided into two non-equal
parts with the bar-like wooden element. This element is composed of two different parts.
The first one is a bracket-like structure mounted on the door to support the second part
which is flat, horizontal shelf.

Fig 9. The storefront of the building in Dusanova Street, 12, source: autors

Each opening on the sides features a pilaster designed in the Neoclassical style. The
upper section of the pilaster, referred to as the capital, is cylindrical with profiling,
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designed as a generalized convex surface. The lower section, known as the plinth, exhibits
a more complex construction; it incorporates a similar generalized convex surface (Figure
10; left), a flat section in the shape of a prism, and an additional smaller element located at
the very bottom of the plinth. The door on the right side does not have the plinth treated in
this manner.

Y

Fig 10. Details from the storefront of the building in DuSanova Street, 12, left: part
of the pilaster’s plinth, right: details from transom, source: authors

The upper section, referred to as the transom, exhibits a consistent design across each
of the elements. Its treatment on the side can be viewed as a continuation of the pilaster's
capital. Two of the three central panels from the transoms have been removed; however,
the remaining panel located above the right door suggests that the original panels were
wooden rather than glazed. At its upper part, the transom showcases a finely detailed
crosshead which includes a row of interlinked oval beads that follow a rhythmic pattern
throughout its entire length. The remaining panel has a drilled circular section, likely due
to some modifications made during the last period of the building's use (Figure 10; right).
Above these three openings is a flat, finished surface of the wall called fascia which is
believed to have served as a location for an advertising sign or may have remained
unutilized throughout its existence. Positioned above the fascia is a cornice that serves to
visually delineate the public and private areas of the facade.

Currently, this building is not in use and is exhibiting considerable neglect; the
elements of the facade are deteriorated and have sustained some damage. The wooden
components have decayed due to effects of time and weathering. Based on the physical
appearance of the building, it can be concluded that it has not been utilized for years. The
inscription on the glass portion of the facade indicates that its most recent function was as a
pizzeria, while a former illuminated box sign further reflects its previous use. Nevertheless,
the current storefront’s state of disrepair detracts from the overall aesthetic appeal of what
was once a successful commercial or craft business.

5. Making of 3D Model of the Storefront of the Building using Photogrammetry
Method

Photogrammetry is a highly effective method for creating detailed three-dimensional
models from two-dimensional photographs [16], playing an important role in the
preservation of cultural heritage. This method has become an essential tool in the
documentation, evaluation and preservation of historic sites and artifacts. It allows for the
detailed recording of every feature, from large architectural elements to intricate decorative
details, all of which are captured in a digital format [17]. By using only photographs and
knowing at least one dimension of the cultural heritage site, a highly precise three-
dimensional model can be produced, resulting in detailed technical documentation. This
approach is far more reliable than sketches or drawings made on-site, as it enables the
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collection of a significant amount of accurate data within a relatively short timeframe. A
photogrammetric model serves as a form of digital preservation of architectural cultural
heritage, while also supporting future restoration of the subject [18].

To create a 3D model of the building's storefront, Agisoft Metashape software was
used. During on-site work in Vlasotince, approximately 150 photographs were captured.
Some images were taken to cover the entire portal area, while others specifically focused
on architectural details of the storefront. The photos covered the storefront from various
perspectives in order to ensure the model was as detailed as possible in the software.

The first step in working with Metashape software involved the creation of masks,
allowing for the exclusion of unwanted and problematic areas of the photographs. This step
was carried out to ensure the model was clean and free of unnecessary elements that did
not belong to the object.

The second phase (Figure 11) utilized the "align images" function, leading to the
generation of the point cloud. This step was essential for determining the perspective of
each photograph and identifying the specific point from which each image was captured.
The accuracy setting was configured to high, while reference preselection was set to
sequential, as the photographs were taken in a consecutive order. For the purposes of this
research, key points were set to 40 and tie points to 10, although generally higher values
are preferred. These settings resulted in the creation of a point cloud.
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Genetic preselection
Referance preselection secuental
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Key pont imit: 40,000
Tie peint Imit: 10,000
Apply masks to: Tie points
/' Exdude stationary tie points
Guided Image matching
Adaptive camera modd fitting
[_ox | corca ] =i

Fig 11. The second step: Aligning images and creation of a point cloud in Agisoft
Metashape software, source: authors

The third step (Figure 12) involved the creation of the dense cloud. The quality and
depth filtering were set to high, and the options to calculate point colours and point
confidence were enabled. This produced a dense cloud of high resolution.

Buid Dense Cloud X CLURAS U=t SN0 : eavrE
General e SR
Quality: High
Advanced
Depth filtering: Mild
Calculate point colors ___
Calculate point confidence 1§ m

Fig 12. The third step: Building a dense cloud in Agisoft Metashape software, source:
authors
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The fourth step (Figure 13) involved creating the mesh. The settings for building the
mesh were as follows: the previously generated dense cloud was selected as the source
data, and the surface type was set to arbitrary 3D. Quality was adjusted using face count to
high (12,000,000). Interpolation was enabled, and the option to calculate vertex colours
was checked. This resulted in the creation of mesh model.
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Pint clssses: Al

/ Calulzts vertex colors

Fig 13. The fourth step: Building a mesh model in Agisoft Metashape software, source:
authors
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The fifth step (Figure 14) was creating the texture. The settings for building the
texture were: texture type set to diffuse map, source data set to images, mapping mode set
to generic, and blending mode set to mosaic. The texture size/count was required to be as
large as possible, so it was set to 8192x3. The options to enable hole filling and enable
ghosting filter were also checked. This produced the final textured 3D model of the
storefront of the building.

Build Texture X
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Texture type: Diffuse map
source data: Images
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Fig 14. The fifth step: Building a final 3D model with texture in Agisoft Metashape
software, source: authors

This model is highly detailed and accurately reflects the current condition of the
storefront with precision and quality. On the Figure 15, these details are presented in three-
dimensionality, effectively illustrating the depth and intricacies of the portal. The 3D
model provides a comprehensive visual record, showcasing both the architectural features
and any visible signs of wear, making it an invaluable tool for further analysis and
restoration planning.
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Fig 15. Details from final 3D model in Agisoft Metashape software, source: authors

6. Making of Technical Documentation

Technical documentation is essential for the preservation, restoration, and analysis of
cultural architectural heritage, enabling a precise understanding and safeguarding of its
characteristics. Additionally, it assists in ensuring compliance with legal standards and
facilitates research work on heritage. In the subsequent section of this paper the process of
creating technical documentation and the results obtained will be presented. Technical
documentation of the existing condition of the storefront of the building located at 12.
Dusanova Street, was created, followed by the development of a reconstructed version.

6.1. Existing Condition of the Storefront of the Building

To create technical documentation based on the three-dimensional model obtained
from Agisoft Metashape software, it was essential to produce a two-dimensional model,
more precisely to built orthomosaic and to export it into another drawing software. For the
purposes of this study, a PNG file of the orthogonal representation of the storefront facade
was created, which was later exported to AutoCAD software, where technical two-
dimensional drawing was created (li_gure 16).

=
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Fig 16. The graphical representation of existing condition of the storefront, source:
authors
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The graphical representation of existing condition has been drawn exactly as it
appears in reality. The geometric forms of the storefront are not idealized but are depicted
in complete accordance with their current condition. The damages observed on the wooden
elements have been meticulously drawn, and every detail has been represented with a high
degree of accuracy in alignment with the reference model.

6.2. Reconstructed version of the Storefront of the Building

The reconstructed version of the storefront aims to provide a faithful representation
of the original appearance of the craft workshop or commercial establishment. Considering
that the structure has not undergone substantial alterations throughout its historical
timeline, the graphical depiction of the enhanced or reconstructed condition is drawn to
closely align with the existing state of the storefront, thereby exhibiting minimal
differences.

The reconstructed version (Figure 17) was achieved in the following manner. The
damages have been removed. The existing elements that had damages have been idealized
within this representation. Any geometric irregularities have been corrected and drawn in
an idealized manner. To ensure that the storefront aligns with its original appearance,
certain parts of the elements have been added, changed or removed. This notably applies to
the wooden panels illustrated within the transom above the left door and the centrally
located window. In the existing condition, these panels are absent; however, they have
been incorporated in the reconstructed version to align with the appearance of the panels
on the transom above the right door. The more significant changes in the reconstructed
version of the storefront, as opposed to its current state, are reflected in the removal of the
shelf-like element and the vertical division in the middle of the right door. These elements
do not harmonize visually with the overall design and are believed to have been added
during the period when the building functioned as a pizzeria.
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Fig 17. The graphical representation of reconstructed version of the storefront,
source: author

7. Conclusion

The preservation of cultural heritage, especially cultural architectural heritage is of
great importance, as it embodies the historical and aesthetic values of a community,
providing insight into its evolution and identity. Architectural heritage not only enhances

88



MEXAYHAPOJIHA HAYYHA KOH®EPEHIIUA BAHN 2024
INTERNATIONAL SCIENTIFIC CONFERENCE BASA'2024

the character of urban environments but also contributes to local economies through
tourism. Buildings which represent cultural sites, serve as tangible links to the past,
fostering a sense of continuity and belonging among local residents. The cultural heritage
of a small town like Vlasotince in southeastern Serbia reflects the rich history of entire
population of a country, highlighting its significance not only for the local community but
also for the broader culture of the region and the nation.

The preservation of storefront facades, reflects not only local craftsmanship but also
the broader architectural and cultural narrative of the region, highlighting the need for
comprehensive preservation efforts. This paper explores the significance of crafting and
trading shops as an often-overlooked aspect of cultural architectural heritage, particularly
in Serbia. The historical overview of the development of cultural heritage in Vlasotince
presented in this paper illustrates the ways in which the population has created, evolved,
and navigated various historical changes. Social transformations are particularly reflected
in the architecture of the area, and this comprehensive analysis successfully illustrates the
context in which structures were constructed, demolished, modified, restored, and
preserved, ensuring that the architectural language of the past continues to communicate
with the present. In the small town of Vlasotince, the town's history, shaped by
craftsmanship and trade, is reflected through the preserved storefront facades, safeguarding
both the town's identity and its historical way of life.

Non-invasive nature of photogrammetry ensures that the integrity and authenticity of
historical sites are maintained, ultimately helping to protect and conserve our cultural
heritage for future generations. The digitalization of heritage, particularly through the use
of photogrammetry, contributes to the preservation of cultural monuments primarily in
digital format, and later, if needed, these digital archives will enable the restoration of
monuments to their most authentic state. This approach not only aids in safeguarding
physical structures but also facilitates deeper research and documentation, providing
invaluable resources for future conservation efforts and ensuring that these cultural
landmarks remain a testament to their historical significance.

Contemporary time testifies that society has increasingly disregarded the importance
of architecture, heritage, and the historical moments that have shaped our present.
Negligence and lack of awareness have contributed to the erosion of aesthetic values in
modern architectural practices, particularly over the past thirty years in small towns across
southeastern Serbia. By preserving and presenting this cultural monument, this work aims
to raise awareness about the importance of cultural architectural heritage emphasizing that
its preservation is not exclusive responsibility of an individual, but rather a shared
obligation among all who observe and interact with it. Cultural heritage, although rooted in
the past, represents something we have today and something we can preserve for future
generations. The present moment is the only time in which we can take action, placing
upon us the responsibility to determine what will endure, what will be preserved, and what
will inevitably be forgotten.
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of Structures(Searching of equilibrium) during last 500 years.
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HPCI[I‘OBOp'bT HalmyCaH OT aBTOpa Ha KHUIrara € MpeaxoXaaH OT IMPEAUCIOBHUETO,

Hanmmcano ot prof. E. Ramm or TU Stuttgart. Kaurara ce cbcrom ot 15 rmaBu.
[TpenxoxxgamuTe MbpBOTO U3JaHKE MyOJMKaluKu ca komnosupanu ot 10, pecn.12 riaBu.
HaumenoBanusita Ha oTaenHute riaBu ca: 1. 3amauu u uenu Ha Ucropusita 3a Teopus Ha
KoHcTpykuuute; 2. Iloykum oT Tasm ucropus ca M3JI0kKeHM B 12 yBomHHM ecera,
aHanu3upauy nepuona 1575-1825, BKiIIOUNTENHO A0 HameTo cbBpeMue npe3 1975. Ocsen
B uHpopmanusta ot ['epmanus, ABctpus u CAILl Tyk ca ynmoMeHaTH ¥ 3HaUMMUTE BUCALIH
MOCTOBE Ha Tepuropusara Ha Yexus u Mopasa; 3. Teopus Ha kKoHCTpyKuuuTe U Ilpunoxna
MEXaHHMKa KaTo ITbpBa MH)KEHEPHAa HayyHa OCHOBHA AMcLHUIUIMHA; 4. OT 3umaHusA ABrOB
MOCT JI0 enactuyHaTta abra; 5. Mcropust Ha Teopusara 3a 3eMHUs1 HaTuck; 6. Hauano Ha
TeopusATa Ha KOHCTpykuuure; 7. Ilepuon Ha popmupane Ha aucuuiuiMHaTta - Teopus Ha
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KOHCTpyKuuute; 8. OT Kele3HWTe KbM CTOMAHEHUTE CTPOMTENIHM KOHCTPYyKLIHH; 9.
CraTuka Ha MPBTUTE MOJTyyaBa TPETA TUMEHCHS: IPOCTPAHCTBEHU NMPHTOBU KOHCTPYKIINH;
10. BnusHue Ha CTOMaHOOETOHHMTE CTPOMTENHU KOHCTPYKLMH BbpXy Teopusita Ha
koHcTpykuuute; 11. Ilepuon Ha koHconmuaupane Ha Teopusara Ha KOHCTpyKUuHUTE; 12.
PasButie M mpwiIoKeHHWE Ha W3YMCIUTENHaTa cratuka; 13. TpuHamecer HaydHu
KoHTpaBepcuu B Mexanukata u B Teopuss Ha koHcTpykuuurte; 14. IlepcnexktuBu 3a
ucropuara Ha Teopusita Ha koHcTpykuuure; 15. Kpatku asroOuorpadpum Ha 260
nporaroHucT Ha Teopusra Ha KOHCTpyKuuuTe. B 3akimtoueHue Ha kHurara ca Ha 127
cTpanuuu (otorpadguure U aproonorpapuure Ha 260 MOYMHAIM JUYHOCTU OT LT CBST,
KOWTO 3HAYUTEIHO €A JONPHUHECIIN 33 PA3BUTHETO HA TeopusATa Ha KOHCTPYKIIMUTE.

BB3MOXXHO € B KHUraTta Ja ce OTKpUSAT MMeHaTa Ha JuuHocTH oT Pycus( ByOHos,

Kupnuue, Hosoxwunos, Ilankosuu, PabunoBuu, Tumornenko, Bmacos, XypaBcku-
omucanu ot JI. MuxaitnoB or MockBa). Ot Uexust ca ynmoMeHaTd CJIECIHUTE HMEHa:
baxant, [damek, ®@antyc, Konoymek, [lonmun-onucanu ot npod. @puba ot Ilpara. Ot
CroBakus ca JaJieHW MMEHaTa Ha JBaMa M3BECTHU HAyYHU CHEHUAIUCTU: AYyTYyCTHUH
Mpasuk u Apnaa Tecap- onucanu ot npod. Msan banax.
Tyxk e MsCTOTO 112 ce 0TOeNek M, Ue aBTOPHT Ha KHUTATa Bh3HAMEPsIBA J1a YBEJIUYH Opost Ha
CIIOBANIKMTE yUeHH C MMeHaTa U aBTobuorpaduute Ha Aypen Ctozon u Ha Hoses Jlo6ex,
KOWUTO ChC CBOWTE IUIOJIOHOCHM PE3ydTaTH M MPUHOCH IO NPELEHKa Ha aBTOpa Ha Ta3u
pelieH3us Ouxa 3aciIyXKMJIM HAIbJIHO CBOETO MSICTO MEXJy CBETOBHUTE JMYHOCTH B
oOnactra Ha TeopusaTa HA KOHCTPYKIMUTE.

KHurara 3aBbpiiBa ¢ 60raT CiuchbK Ha U3IMOJI3BaHU JIUTepaTypHU N3TOUHUIN(93 cTp.)

CHHUCHK Ha MMEHAaTa Ha y4eHHTe padoTeniy B 00JiacTTa Ha MEXaHUKaTa U CTPOUTEITHUTE
KoHCTpyKuuHU(12 cTp.) ¥ CHOTBETHUS BellecTBeH peructsp (17 cTp.).
ChIbppKaHMETO Ha KHHUIara € I0 - CKOPO TEMaTH4YHO, OTKOJKOTO XPOHOJIOTMYHO. BBB
BCEKH CJIy4au CTaBa BBIIPOC 32 MHOTO cepro3eH o0eM chOpaHa nH(pOopMaIHst OT CBEIACHUS
u (axtu. Knurara cpabppxka U MHOXKECTBO IMOJIE3HA MH(pOpPMAIUs, MOTUBHpAI aHAIIU3 U
pa3ChKIACHUS HAa caMUAT aBTOp. Ta3M CIOJydnuBa KHUTA IIPEACTABIISIBA 3aBBPIICH TPY,
IIOCBETEH Ha pa3BUTHETO Ha Teopusta Ha CTPOUTEIHUTE KOHCTPYKLMH MPE3 MOCIECIHUTE
500 rogunu. To3um Tpyn Mo)ke na ce NMpUEME HE CaMO KaTo NPUTEraTrejleH MarHUTEH
LEHTbp 3a CTPOUTEIIHUTE CIEUUATUCTH, HHTEpECyBaIld ce OT Ta3u o0JacT, HO U Karo
W3BOp Ha IIEHHM 3HaHUA, JaXE W 32 aKTMBHM JO TO3M MOMEHT IpoekTaHTH. KHurata
CIIOKOWHO MOXe€E Jla ce Mpenopbyua 3a MOJI3BaHE OT HAYYHHTE PaOOTHHIIM, JEKTOPH H
CTYJICHTH B YHMBEPCUTETHTE Yy HAac KaKTO W Ha JCWCTBAIUTE B CTPOUTENHHUS OU3HEC
WHKEHEPH.
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ASSESSMENT, REHABILITATION AND RECONSTRUCTION OF
RELIGIOUS BUILDINGS IN VOJVODINA - EXAMPLES FROM
PRACTICE

Ivan Luki¢', Mirjana Male$ev?, Vlastimir Radonjanin®, Slobodan Supi¢®,
Vladan Panti¢ 5, Luka Luki¢ 6,

1438 Baculty of Building Structures, Novi Sad
3 Institute for testing, assessment, and repair of structures, Novi sad

Abstract: Recognizing the importance of preserving architectural marvels, scholars,
engineers, and conservationists have devoted considerable efforts to establish
methodologies for the assessment and repair of historical structures. Through two
case studies, one Orthodox and one Catholic temple, this paper presents a synthesis
of historical insights, technical expertise, and practical considerations, pointing full
complexities involved in preserving these sacred spaces. The analysis of the two
historically significant churches, both designated as cultural heritage sites, reveals a
set of common structural damages that can be mainly attributed to the specifics of
the chosen architectural-constructive system.

Key words: Condition assessment, repair, maintenance, masonry structure, damage,
deterioration.

Introduction —

Throughout history, religious buildings have served as testaments to human faith,
craftsmanship, and cultural identity. However, as guardians of our cultural heritage, these
structures face the relentless passage of time, enduring the effects of natural forces, wear,
and occasionally, neglect. In response, the assessment and repair of masonry structures
within these churches emerge as vital endeavours, ensuring their longevity and continuous
contribution to our shared heritage. Recognizing the importance of preserving these
architectural marvels, scholars, engineers, and conservationists have devoted considerable
efforts to establish methodologies for the assessment and repair of masonry structures.
These approaches integrate a blend of traditional craftsmanship, advanced technology, and
interdisciplinary collaboration, reflecting a deep respect for both the historical significance
and the technical challenges inherent in such endeavours. Through two case studies, one
Orthodox and one Catholic temple, this paper presents synthesis of historical insights,
technical expertise, and practical considerations, highlighting full complexities involved in
preserving these sacred spaces.
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2. The church of the descent of the holy spirit in Ruma

2.1. Description

The Church of the Descent of the Holy Spirit in Ruma, also known as the Greek
Church, was constructed during the first half of the 19th century. Its design features a
single nave layout with a semi-circular altar apse situated to the east, and a commanding
bell tower positioned on the western side. The prominent western facade is distinguished
by imposing paired columns topped by a tympanum, a towering gabled wall, and an Art
Nouveau-inspired bell tower in the shape of a hat, designed by Herman Bole. The church
was originally constructed as a rectangular masonry structure, measuring 14x36m at its
base. The ceiling reaches a height of 12m, while the bell tower stands tall at 39m. The
vault is supported by 120cm-wide arches of varying heights. The walls vary in thickness,
measuring 196cm at the pilasters, 100cm between the pilasters, and 45cm under the
windows in the altar area. In the early 20th century (1902), the Orthodox church
community in Ruma requested permission to build a family tomb next to the Church of All
Saints. The reconstruction was entrusted to the Austrian architect Herman Bole, a well-
known restorer of architectural monuments, who happened to be living in Ruma at that
time. Works under Bole's leadership began in 1902, and by 1905, the construction was
finally completed. The circular tomb extends 3.5m beneath the altar, and features entrance
constructed as an attached building with a semi-circular wall. The ornate facade is adorned
with shallow pilasters that accentuate vertical division, a recessed semi-circular niche, and
an adorned zone of attic wreath spanning the entirety of the church.

Fig. 1. West and North facade
Fig. 2. The entrance to the tomb on the East side of the church
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Fig. 3. Plan view and cross section of the church structure

2.2. Assessment of the condition

Several thorough visual inspections of the church structure were conducted during
2012 and 2013 [1,2], revealing various damages common to buildings of this type, as well
as some that were unique and caused by long-term negligence. Characteristic damages
identified on the walls include spalling and mortar disintegration, crumbling bricks, cracks
and fissures in mortar and walls (particularly around arches and openings), foundation
settlement under the tower's pillars, mechanical damage, and soot residue. During the
subsequent construction of the tomb, sections of the walls were dismantled, and later, after
the completion of construction works, rebuilt. However, achieving continuity between the
new wall and the existing structure was not successful. Consequently, cracks appeared due
to the settlement of the building. A selection of these damages is illustrated on the
following pictures.
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Fig. 5. Surface flaking of bricks, crumbling of deteriorated mortar from joints, and
detachment of masonry elements

Fig. 6. Cracks in the areas of arches and openings
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Fig. 7. Peeling and detachment of plaster and paint

Based on a detailed visual inspection of the church it has been concluded that the
church's structure is in a considerably poor condition, necessitating urgent rehabilitation to
prevent further deterioration. The primary cause of the damages on the structure is uneven
settlement. This settlement has resulted in the opening of cracks and fissures in the vaults,
arches, around openings, and within the walls. The origins of these damages are manifold:
. Subsequent construction of the tomb required excavation beneath the eastern part
of the church.

. After the church roof was repaired in the seventies, vertical gutters were stolen,
exposing the soil beneath the foundation directly to atmospheric precipitation.
. Differential weight distribution within the structure led to the sinking of the tower
pillars several centimeters deeper into the ground compared to the load-bearing walls of
the church.

Among other damages, the most notable is the degradation and deterioration of

materials, particularly in areas directly exposed to weather conditions. At the end of the
last century, mortar was removed from the facades around the perimeter of the building to
expedite drying after winter, with the intention that it would be a temporary measure.
However, the building remained bare and exposed for the next two decades, significantly
accelerating its deterioration by increasing vulnerability to weathering of the external
facade. Moisture and frost have primarily contributed to the loss of mechanical properties
of materials. Inadequate performance of the drip channels and precipitation drainage
systems has also worsened the condition of the building. One positive indicator in
assessing the stability of the structure is the absence of widening of existing cracks over an
extended period, as confirmed by survey measurements conducted from 2012 to 2016.
After considering all defects and damages to the structure, it can be inferred that both the
global and local stability of the construction are compromised, consequently affecting the
overall load-bearing capacity of the structure. The durability of the structure is particularly
at risk, especially considering the protection of cultural heritage and ornaments, and must
be kept from deteriorating further.

2.3. Repair solution

A series of repair and rehabilitation measures were proposed and works started in
2016. All works were divided into several phases [3]: roof structure and roof cover repair,
execution of horizontal hydro-insulation, repair of masonry structure, finishing works
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(plastering, painting, iconostasis rehabilitation). By the end of January 2022, the church
had been completely rehabilitated. Only solutions to a few major structural issues will be
given here.

Roof structure repair
Repair works of the roof structure included the following operations:

. Removal of the roof covering;
. Removal of existing roof battens and the rafters;
. Strengthening of the purlins and tie-beams;

Repair of local damage on top-plates and principal rafters;  Setting the new rafters, collar
ties, roof battens and roof covering.

Static analysis was performed in accordance with current regulations and some of the
elements of the roof structure did not meet the criteria of capacity and/or usability, as
determined by the visual inspection. As the Institute for the Protection of Cultural
Monuments stipulated that the primary elements of the roof structure cannot be removed,
the following approach was used: strengthening existing purlins and tie-beams by
increasing their cross section. In addition, the problem of setting and leveling of new
rafters was solved. Another problem with purlins included large deformation in the
horizontal plane, occurred as a result of the large horizontal load from rafters and large
spans, unusual for this type of roof structure. To minimize horizontal load from rafters,
each pair of rafters was interconnected with collar beams. Details and appearance of the
roof structure, after the repair, are shown in Fig. 8.

Fig. 8. Repair and strengthening of the roof structure
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Rebuilding of wall construction joints

The chosen repair solution involved the stitching method, where steel rods are
inserted into the bed joints. The procedure and details of the repair works on connecting
the wall with pilasters are illustrated in Figs 10 and 11. Materials based on limestone,
specifically "MapeWall Inject & Consolidate" and "Mapewall Render & Strengthen" by
MAPEI, were chosen as injection material and repair mortar.
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Fig. 10. Executed construction joint rebuilding

Cracks in vaults

During visual inspection, two types of cracks in the vaults in wall openings were
observed. Cracks in vaults below windows spread from the base voussoirs to the lower
corner of the window, while in vaults above windows, cracks were located in crown zone.
Since all these cracks were caused by uneven settlement, and there were no signs of further
settlement, selected the repair solution was designed only to restore the integrity of the
masonry in the zones of cracks. Repair of the cracks below the window included drilling
?30mm holes for anchoring 20312 reinforcement bars bended and welded into a “T” shape.
Holes were drilled at an angle of 60-90 degrees to the crack, cleaned and filled with
anchorage material (ADESILEX PG1 — Mapei). After preparation, “T” shaped anchors
were put into anchorage holes (Fig. 11).

101



MEXIAYHAPOJHA HAYYHA KOH®EPEHLIUA BAHW 2024
INTERNATIONAL SCIENTIFIC CONFERENCE BASA'2024

O e

AL _rA

e

Fig. 11. Repair solution for cracks in vault below window

Similar techniques were used to repair cracks in the vaults above the windows.
Reinforcement bars were placed in the bed joint at the angle of 30 degrees to the wall
surface. The minimum length of bars was 120cm in the first line and 200cm in the second
line. Bars were alternately placed symmetrically on both sides of the crack in bed joints.
Surface reinforcement bars were placed in bed joints extending 50cm on either side of the
crack. After execution of the reinforcement of the cracked vaults, final phase was injection
of existing cracks with the same material and procedure as for all injection works. Details
of reinforcement of the wall are presented in Fig. 12.

Section 11

Veurtical crossechon

Fig. 12. Repair of cracks in vault above window

Design of new tie-rods

Ceiling of the church was constructed as a masonry domical rib vault with the ribs on
the extrados side. Initially, for balancing lateral thrust in arches, inclined ties anchored in
base of arch and hung on the roof tie were used. After roof renovation in the 1950’s, new
ties were added (old were left but without connection to roof tie), with same structural
concept, but this time, instead of hanging new ties on roof structure, new “I” beam was
introduced (Figure 8). Since this solution is not very effective, it was decided to balance
lateral thrusts with standard, horizontal steel tie rods.
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Fig. 14. Old anchors, new anchor plate and tie rod with turnbuckle in the middle of the span

Strengthening of flat masonry lintels

Flat masonry lintel was strengthened by placing three steel frames made of UPN140,
to accept load from the wall above the opening. The works for the construction of new
lintels involve local "grooving" of walls from the inside for installing the steel structure,
drilling holes/channels for installing anchor bolts, placing anchors, and filling the channels
with anchoring compound (e.g., STABILCEM, MAPEI or equivalent), placing and
securing steel profiles in the designed position, anti-corrosion protection by applying a
base coat in two layers and a final coat in the desired color as per the investor's preference.

Later on, the steel frame was used as a part of the entrance door structure.

Fig. 15. Strengthening of door opening with flat masonry lintel
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3. Catholic church of the immaculate virgin mary in Backa Topola

3.1. Description

The Roman Catholic Church of the Immaculate Virgin Mary in Backa Topola belongs
to the Subotica Diocese of the Roman Catholic Church. The church was completed in 1906
according to the plans of Ferenc Rajhl, in the neo-Gothic style. It is among the most
impressive buildings of sacred architecture in our country, with a tower height of 72.7m
and a capacity of 5,000 people. The appearance of the church is shown in Fig. 16.

Fig. 16. The appearance of the South facade of the church

The church is essentially in the shape of a Latin cross, with dimensions of
approximately 23.5x70m (Fig. 17). It consists of three longitudinal and one transverse nave
(transept). The span of the main longitudinal nave is 10.8m, while the side naves are 6.33m
wide. The span of the transverse nave (transept) is 10.76m. The structural system of the
church is a massive skeletal system, which belongs to the neo-Gothic architectural style
and consists of a combination of reinforced concrete and masonry elements.

et |

! ! L
] v $ 0

Fig. 17. The basic parts of the church with adopted labels for axes
The facade walls are founded on masonry strip foundations, which have the same

thickness as the facade walls. The depth of the foundations is approximately 2m.
Reinforced concrete columns are founded on isolated foundations, which are
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interconnected by counter-arches in both the transverse and longitudinal directions. In the
part of the building between axes 1 and 3, there are two sides and one central - main tower
(Fig. 18). The supporting structure of the towers is predominantly masonry and consists of
masonry columns with buttresses in the longitudinal and transverse directions, masonry
arches above openings. Floor strucutres at elevations +4.87m and +15.12m are constructed
as masonry cross vaults, at elevation +30.62m there is a solid reinforced concrete slab with
reinforced concrete beams supported on steel 1300 profiles, while at elevation +35.38m the
floor structure is constructed as a Prussian vault. The thickness of the tower walls varies,
from approximately 130cm at the ground level to 50 cm at the last level (elevation
+34.38m). The main reinforced concrete elements of the naves (between axes 3 and 12)
are: internal columns, ribbed cross vaults, and longitudinal and transverse broken and
rounded arches (Fig. 1). Masonry elements of the naves include external columns with
buttresses and masonry facade walls with broken arches above windows. The main
intermediate construction of the church consists of ribbed and stellar vaults, and broken
and rounded arches, which are placed in the transverse and longitudinal directions.
Masonry walls are constructed above longitudinal and transverse arches, forming "boxes"
within which ribbed vaults are located. Steel tie rods are installed on transverse and
longitudinal masonry walls. These tie rods connect the facade walls and pass through the
reinforced concrete columns in the central part, attempting to reduce the flexibility of the
church at the level of the intermediate structure.

Fig. 18. The appearance of the front (west) facade of the church with its towers
Fig. 19. The appearance of the church interior with reinforced concrete structural elements

Vertical communication occurs via two spiral staircases, with one (staircase in the G-
H/1-3 field) leading to the gallery level (elevation +4.59m), while the other (staircase in the
E-F/2-3 field) leads to the levels of +15.12m and +20.62m in the tower. From elevation
+20.62m to +34.38m, a new four-flight staircase made of Glulam is constructed. The
church has a sloped roof of complex geometric shape, with two gable roofs dominating
above the main nave and transept. The primary roof structure is wooden, resting on the
facade walls and the tops of central columns. The roofing material consists of fiber cement
panels. Above the sanctuary, a tower with a pointed top, called a spirelet, is constructed.
The roof structure of the central tower and two side towers is also wooden. Previous works
have been carried out to repair the roof structure of the central tower, including the
installation of a new reinforced concrete ring to replace the existing supporting structure of
the tower. The masonry facade of the church is adorned with a large number of different
architectural elements, executed in plaster, facade bricks, stone, or concrete.
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3.2. Assessment of the condition

In order to prepare the groundwork for a visual inspection of the structure, a detailed
survey of the geometry of the building was conducted. Considering the period of
construction, the existing project documentation was quite limited. Preparation of graphical
backgrounds was done through photogrammetric scanning, which resulted in a point cloud
from which a 3D model (digital twin) of the building was created (Figure 20).
Following the preparation of the backgrounds, a detailed visual inspection was carried out
[3]. Accessible interior and exterior elements were inspected from ground level, as well as
from the floor levels of the church and the gallery, internal staircases and platforms, while
for higher exterior elements photographs taken by a drone were used. The subsequent
images depict characteristic damages to the structural elements.

Fig. 20. Digital documentation preparation: building, point cloud 1 digital twin

RC coulmns

No structural damage that could affect the load-bearing capacity and stability of the
reinforced concrete (RC) columns has been registered. Only non-structural damages such
as vertical and diagonal cracks in the plaster coating of the plinth and local detachment of
parts of the plaster coating have been registered.

Masonry columns and walls along with pilasters and buttresses

Structural damage to the masonry columns above the buttresses has been noted. The
damages are local in nature and have manifested as widened vertical joints and/or
displacement of bricks beyond the plane of the wall, indicating inadequate tension in the
load-bearing structure of the church at the level of the intermediate construction. Cracks
have been detected in the masonry facade walls on both the external and internal sides, and
they differ from one another. Characteristic damages on the external side of the ongitudinal
walls are intermittent step-like and vertical cracks, which have occurred due to the
widening of vertical joints between facade bricks. There are intermittent vertical cracks on
the external side located approximately in the same places as vertical or slightly angled
cracks on the internal side. In areas of these intermittent cracks, there are locally cracked
bricks. Cracks on the internal side of the walls are more dominant, mostly vertical or
slightly angled, with some diagonal cracks. They are wider than Imm and located in the
central part of the wall, mostly below windows and in the angled parapet wall. In the
transept walls, angled cracks wider than 3mm have been registered, belonging to the group
of damages requiring structural repair. Characteristic damages on the tower walls are
angled cracks, mostly above and below openings, as well as cracking and bulging or
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detachment of bricks on the buttresses. Considering the disposition of the registered cracks
in the lateral naves of the tower, the damages likely occurred as a result of earlier
settlement of the central part of the tower. Additionally, on the frontal sides of all
buttresses of the central tower, widened and partially washed joints have been registered,
with pronounced signs of biological corrosion, most likely due to long-term exposure to
atmospheric influences. In some places, there has been bulging and detachment of a larger
number of facade bricks.

Fig. 21. Expanded vertical joints and partial displacement of bricks outside the plane of the
wall, vertical crack in the frieze and roof cornice

Fig. 22. Facade bricks falling out, mortar detachment from the cornice, locally detached
edges of the fence and terrace slab

Rl g
LEGEND: d® o6
’ ;:wﬂmm. = {:zan 1 G (s B LRSS0 Cypk ot prenion of e
ouch oy ks ) b o Riowd dow Tk e (Yael! — et sbove e
« Bapndonckshhewls (2 o
Dagonal cravks in 11 waks

Fig. 23. Schematic representation of the distribution of cracks in masonry walls, masonry
columns, and buttresses
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Above the longitudinal and transverse arches are walls on which steel tie rods are installed.
These walls exhibit damages in the form of horizontal and diagonal cracks, disintegrated
(loose) parts, and areas where bricks are missing. Diagonal cracks in the walls likely
appeared due to insufficient rigidity of the load-bearing structure in the plane of the
intermediate structure. Horizontal cracks are most commonly registered at the level of the
lower row of steel tie rods. The steel tie rods are loose, locally affected by corrosion, and
do not provide adequate connection between the load-bearing structure of the church nave
and the facade walls. Since the steel tie rods have lost their primary function, the load-
bearing structure lacks sufficient rigidity in the plane of the intermediate structure and,
consequently, has reduced capacity for lateral loads (horizontal forces).

The load-bearing capacity of the masonry lintels is reduced both due to the applied
structural solution (masonry lintels with steel flanges) and due to the resulting damages
(corrosion of steel flanges and transverse cracks).

Reinforced concrete ribbed vaults and reinforced concrete transverse and
longitudinal arches

There are cracks on the ribbed vaults of the church naves on both the lower and upper
sides. The characteristic damage includes cracks visible on the lower - ceiling side of the
longitudinal nave and transept, at the junction of the vaults with the supporting transverse
and longitudinal reinforced concrete arches. Cracks and fissures along the junctions with
the supporting arches are most likely the result of the flexibility of the intermediate
structure (vaults and arches) and/or shrinkage and flow of concrete.
There are transverse cracks and fissures on the reinforced concrete arches. They are more
prevalent on the lower side of the transverse arches in the side aisles of the church. The
cracks are mainly located in the central part of the arches and are the result of insufficient
tension in the load-bearing structure in the transverse direction in the plane of the
intermediate construction. By comparing the positions of the cracks on the lower and upper
sides of the arches, it is concluded that the cracks do not penetrate the entire thickness of
the arches.
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Fig. 24. Arrangement of cracks on the bottom side of the vaults and arches
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Fig. 26. Arrangement of cracks on the top side the vaults and arches
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Fig. 27. Appearance of characteristic cracks on the top side of the vaults, arches, and walls

Other registered damages

Other registered damages are a result of atmospheric exposure, material aging, and
biological corrosion. These damages have manifested as surface erosion of bricks and
stone copings, the appearance of moss and lichens, worn-out, cracked, and washed-out
mortar joints in facade walls, cracking and detachment of plaster in plaster friezes, sloping
parapet walls, and base courses of facade walls, as well as in other areas where facade
"plastic" is applied. Inside the church, these damages have manifested as damp stains,
flaking, and detachment of plaster and decorative paint.

General conclusion
Based on the condition of the registered damages, the following conclusions might be
drawn:

. The functionality of the church is not compromised.

. The load-bearing capacity of the structure is locally reduced for lateral loads,
especially in the plane of the intermediate structure of the nave and the central tower.

. The load-bearing capacity of the lintels is reduced, while the stability of the walls
above the openings in the apse is compromised.

. The facade walls, where larger cracks are registered, have locally reduced stiffness
in the plane of the wall.

. The durability of the building is partially reduced, predominantly concerning

facade elements.

The general condition of the church's structural elements is such that appropriate structural
and non-structural measures can ensure the necessary load-bearing capacity of the structure
for lateral loads and satisfactory durability.

3.3. Repair solution

The structural rehabilitation solution for the church encompasses all defects and
damages identified during the visual inspection, and the following works are planned [4]:
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Rebuilding parts of masonry elements

This repair technique is envisaged at locations where parts of the masonry columns/walls
are loose, with individual bricks protruding from the plane of the built column/wall, or
where cracks are evident in the buttress (clear separation of the wall mass).

Repointing deteriorated and missing mortar joints in facade elements
This remedial measure is planned for the church's facade walls, including the tower, in all

areas where mortar is missing from joints deeper than 2cm or where the joint is filled but
the mortar is deteriorated and cracked.

Strengthening parts of masonry walls with significant cracks (stitching technique)
This repair technique is intended for masonry walls with cracks, identified in the church's
condition analysis as walls requiring structural rehabilitation.

Fig. 28. Rehabilitation of masonry walls with cracks using the stitching technique

Stiffening of reinforced concrete arches with RC ties

This repair technique involves installing RC ties in level with existing steel tie rods
above the arches and along the facade walls.
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Fig. 29. Stiffening of reinforced concrete arches with RC ties
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Bracing of the walls of the central tower between levels 3 and 4

Considering that the central tower is constructed as a slender masonry structure with
large openings in the walls, reducing the overall stiffness of the structure, and that the
height between the rigid floor of levels 3 and 4 is approximately 17m, new steel bracings
are designed to reduce the length of deflection of the masonry walls/columns.

Fig. 30. Bracing of the walls of the central tower between levels 3 and 4

Strengthening of lintels

The installation of a new lintel is planned for lintels that have been damaged in the
area of openings due to the insufficient load-bearing capacity of the current lintel system
and compromised durability (same principle as explained on Fig. 14).

Repair of cracks and fissures in reinforced concrete arches and vaults

Injecting cracks, as a structural rehabilitation measure, is envisaged for the joint of
reinforced concrete arches and vaults. This repair technique is chosen because it allows for
the restoration of the compromised integrity and ensures the joined functioning of these
structural elements.

3.4. Note

Assessment and repair solution are part of a restoration project issued by the Roman
Catholic Parish of the Immaculate Virgin Mary in Backa Topola. The project is done by
consortium between the Institute for testing, assessment, and repair of structures LTD Novi
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Sad (responsible person: prof. dr Vlastimir Radonjanin), Design and Supervision Bureau
for Building Construction "Rind Project" Backa Topola (resposible person: Anzelm Rind),
,Perfekt Elektro doo Subotica® (resposible person: Zoltan Berta) and Art Workshop
»Restauro® Nova Crnja (resposible person: Karolina Biaci).

4. Conclusion

The analysis of the two historically significant churches, both designated as cultural
heritage sites, reveals a set of common structural damages primarily attributable to their
inherent architectural vulnerabilities. Although they have different structural systems, one
built as a massive masonry structure and the other as a combination of masonry and
reinforced concrete structure, the recognizable and most vulnerable elements of the
structures are common to both. In both structures, the common issue is that the vaults were
constructed without horizontal ties in the zones where the arches rest on the vertical
supporting elements (walls and columns). This has led to the spreading of the walls at the
top and the appearance of cracks and fissures due to the lack of lateral rigidity. It has
emerged as a significant issue, compromising the overall integrity of these structures.
Additionally, characteristic damages include cracks and fissures in the areas around
openings, as well as weathering-induced deterioration that further aggravates the condition
of these buildings, highlighting the cumulative impact of environmental factors over time.
Based on the conducted survey, it can be concluded that the global as well as the local
stability of the structures is endangered, and hence the load-bearing capacity of the
structures is jeopardized. Also, the durability of the buildings is particularly vulnerable,
considering the importance of protection of cultural goods and ornaments whose further
decay must be prevented. The findings underscore the necessity for a targeted restoration
and preservation strategy that addresses these specific vulnerabilities. Overall, this study
provides a critical foundation for informed conservation efforts aimed at preserving the
structural and historical integrity of these irreplaceable architectural treasures.
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Abstract - The extraordinary strategic position of the Panonian plane was the reason why
this part of the Europe turned into hands of many rulers. Such was the case with many
settlements of this territory through history. The consequences were drastic, several times
the complete changing of the building and urban conception of those towns. At the end of
17th and during the 18th century, there were several wars of variable success between
Turkey and Austria

After the second decade of the 18" Century Turkey had lost forever the territory of the Panonian
plain between the Sava and Danube Rivers. The border between the two empires was very fragile
and established with great difficulties. The time of war always brings the changing of the building
and urban structure of the settlements exposed to the military destruction.

What was the image of such a town in the Panonian plane with all this changing of
rulers, demographic migrations, urban structure and architectural appearance? General
conclusion is that during the 18th century, cities in Vojvodina changed the oriental
settlement structure to the European one in different, faster or slower ways. Although the
baroque principles of urbanism prevailed in the 18th century, it could not be fully applied
in the area of Vojvodina, precisely because of the conceptual discontinuity in settlement
planning, i.e. the differences between oriental and European social organization.

The paper deals with the different types of oriental town planning in Vojvodina, which can be
recognised from the very scarce material data, descriptions by travel writers, the contemporary
and latter plans and engravings. Even those data are very poor it is possible to reach certain
conclusions about the remains of the oriental characteristics of the towns in Vojvodina before
they were completely reorganised after the town planning principles under the Austrian rule.

Keywords — Vojvodina, 18 century urban planning, oriental planning, city planning
transformation
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1. Introduction

In the geographical and cultural terms, Vojvodina consists of three parts, Srem, Backa
and Banat. From the beginning of the Common era, the territory of today's Vojvodina, which is
part of the Pannonian Plain and the Carpathian Basin, was the final destination of the steppe
peoples from Eastern Europe. Srem was part of the Roman Empire civilization for almost five
centuries, and Backa and Banat were a part of the Terra Barbaricum at that time. The
Christianization of newly arrived peoples began in the 10" century, and thereby began the period
of feudalism that led to the creation of the nucleus of future cities. First of all, they represented
administrative and religious centers at strategically important points. During the 14" and 15%
centuries, a specific Western European civilization with a mixture of Western and Eastern
culture and numerous settlers developed in this area. This is how cities of the civitas (city) and
oppidum (fortified city) types arose [1].

The wars of the Kingdom of Hungary with the Turkish Empire that followed, as well as the
internal conflicts, did not favor the development of cities, and then the wars between the
Austrian and Turkish Empires completely devastated and laid waste to this area. Vojvodina then
gradually began to develop again and the cities were partially built on the basis of the medieval
matrix of cities, and this is an integral part of the urban heritage that is today in the domain of
archaeological research.

At the end of the 17" and during the 18" century, significant historical events took place
on the territory of the present day's Vojvodina, which significantly influenced the change in the
population structure and the urban design of cities. Getting to know the way of action in space by
creating new forms of the built environment transcends ideas about the architecture of that era.

Presenting the facts about architecture, despite the difficulties encountered during a
research, has its own understandable course. Considerably more complicated, however, than
what the buildings in a settlement looked like, is the search for the origin and inception of the
settlement itself. These researches cannot stop only at ascertaining the physical characteristics.
Namely, the material traces do not provide information about a whole series of other spiritual,
immaterial peculiarities that constitute a settlement. That is why concepts about the cities during
the 18" century in Vojvodina are still insufficiently defined and somewhat romantic.

In the desire to gain knowledge about a settlement and an idea of what it looked like in a
certain period of its existence, as a rule, one starts from the current data, and by looking back
into the past and decomposing, breaking down the factors that make up the settlement fabric, one
arrives at those that were of an importance to the settlement at certain time stages. In the case of
settlements in Vojvodina, the 18 century is undoubtedly one of the most significant periods
when there were changes in the urban structure and the formation of the one that is still
recognizable in the old city centers of most cities.

There is a different way of looking at the 18™ century in different parts of Europe. For the
[talians, it was the time when they eventually lost primacy in arts and the beginning of the
preparations for the unification of the states on the Apennine peninsula. For the English and the
French, it is a significant period in which the mature baroque expression was completed and the
principles of the baroque city were realized, but also when the classicist architectural expression
was defined. In German-speaking countries, influences from Italy, France and England were
absorbed and the foundations of the scientific archeology were laid. All together, they reveal the
immense beauty of the ancient Greek art, which preceded the Roman art, which until then was
considered the most important one. In all those areas, the evolutionary process of the
development of cities took place.
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In the area of Vojvodina, the situation was different. The entire territory of today's
Vojvodina was subordinated to the Ottoman Empire until 1552. In rural areas, there was a
predominant Serb population, while in cities, the population was ethnically and religiously
mixed. There lived Turks, Islamized Serbs, Arabs, Roma, Greeks, Aromanians, Jews, Bunjevci.
The last, so-called Great Turkish War was fought on the territory of Vojvodina from 1683 to
1699. It ended with the peace signed in Sremski Karlovci, when a large part of the area was
liberated, except Banat. Banat came under the rule of Austria after the war fought from 1716 to
1718 between the Ottoman and Austrian empires [2].

In the Pannonia Plain, the transformation of an oriental-type city into a European city,
which, in a specific way, is still ongoing in some cities, began in the first decades of the 18"
century, and this process later spread to other parts of the Balkan Peninsula. According to
Radovan Samardzi¢, the first modern civil society on the soil of the former Kingdom of Hungary
and the Austrian Empire was created in this area at that time [3]. These people were direct
participants in the formation and use of urban and architectural factors that marked the
development of architecture in the 18" century. The question arises, what was the environment
in which people lived at that time? It is difficult to come by even a partial answer, while the
entirety probably cannot be completely reconstructed.

The cities of Vojvodina represent the only non-agrarian oases in an otherwise distinctly
agrarian region, making a striking contrast in terms of the development of this territory. Status
charters of cities were mostly granted during the 18" century, but even without this act of
obtaining a kind of autonomy, the cities underwent a very interesting process of physical
transformation.

2. Urban heritage of Vojvodine at the beginning of 18" century

During the 16" and 17" century, the area of the Pannonia plain was under the rule of the
Turkish state. The previous, medieval forms of settlements were successively replaced by new
structures. In contrast to villages, cities quickly acquired the character of oriental-type
settlements [4]. In this period, cities are formed and upgraded according to the rules of oriental
urbanism, which recognizes a certain degree of spontaneity in using the natural conditions of the
immediate environment. The medieval fortresses that were not destroyed during the conquest
campaigns were being adapted to the defense needs of the Turkish army, and new fortifications
were built according to the principles of the oriental military strategy. In the oriental urbanism,
the zoning of city functions is pronounced, so that the central city zone is intended for
commercial and craft activities, that is, carsija (bazaars) are formed, while residential clusters,
mahalas, are created around the perimeter. The architectural program was adapted to the needs
of the oriental city, mosques, inns, hammams, madrasas and maktebs were built, as well as
characteristic forms of enclosed residential buildings.

The people of Western Europe breathed a sigh of relief at the end of the 17" century,
after 1683, when the Turks were defeated at Vienna, but in the Pannonia Plain the two great
powers, Austria and Turkey, continued to wage the war with fluctuating fortunes. Although since
1718 the Turks no longer ruled even the remnants of their conquest across the Sava and Danube
rivers, Eastern Srem and Banat, the border between the two empires was fragile and difficult to
establish. As a rule, times of war change the structure of settlements in an area exposed to
destruction. This was also the case during the 18" century, but in cultural terms, the Turkish
influence will be felt for a very long time even after the withdrawal of the Turkish army and
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population. So what could a settlement that changed owners, population structure, urban
structure and physical appearance look like?

For the area of Vojvodina, which was under Turkish rule for many years, these were
certainly the so-called oriental type settlements. There is much more written than graphic data
about the appearance and character of those settlements. Nevertheless, the general rules of urban
planning of oriental settlements are better known nowadays than before, and that is why it can no
longer be defined as it was the case in the older researches, in short, as "spontaneous
construction". On the contrary, there were defined, even codified rules in the urbanism of the
oriental type, but the logic of that urbanization, i.e. the settlement process, is foreign to us today,
and its study was also marginalized for justified reasons.

Religion and administration in cities where the Muslim faith was dominant are
interwoven to such a degree that most modern researchers believe that one can speak of an
Islamic type of city. Considering the concept partially inherited in continuity from the antiquity
as well as certain elements taken from early medieval Christian cities, the term ‘city of the
oriental type’ used here was also adopted for the same form.

Islam as a religion emphasizes the enclosure and secrecy of private and family life. The
settlement was therefore an aggregate of houses that, outwardly, do not manifest a clearly
defined form or meaning. In such a fabric, endowment complexes with mosques as a central
motif had the greatest value. The city becomes a compact organism, often enclosed and
differentiated in different zones.

The narrowest, central zone of the city is usually occupied by the trade and craft center.
Each ethnic group or religious community inhabits a separate quarter, a mahala. The area around
the city gates served as a gathering place for citizens from all over the city. Immediately behind
the gates that led into the city, a network of tangled streets and alleys emerged where gathering
was not possible, and was even forbidden. The winding nature of the streets arose from the logic
of tracing the shortest route to a specific location, and not from any carelessness of the concept.

Considering the dynamic older history of this territory, the Oriental-type city in the area
of the Pannonia Plain probably arose from an older type of settlement conquered or gained in
war, which continued to live and develop after the conquest by Muslim forces. Such a city
further had three possibilities for survival.

The first option was to restore and further develop the model of the city that had been
conquered.

Another way was to adapt the inherited model in order to adapt it to specific Islamic
requirements. This particularly applies to the construction of Juma-mosque (for worshiping on
Fridays) and central administrative buildings.

The third option was bridging or connecting two previously different but not distant city
entities (existing and new) in order to achieve better governance.

If the city was built from scratch, then it could have been created in two ways. The first
way was without a prior plan or model, except for the well-considered and carefully chosen
location of the Juma-mosque and the Dar al-Imara.

The second group is represented by cities built according to a predetermined plan or model.
There, one can distinguish three subgroups that mark the further development of Islamic cities:

a. - Fully planned additions to the already developed older cities, whereby the newly created
combination possesses many features of the cities from the aforementioned classification. The
older parts of such a city are usually examples of spontaneously created units, in which it is not
possible to make administrative or religious buildings stand out, so this is achieved in better
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planned segments. In such cases, the old part of the city, often neglected, still manages to
maintain its commercial importance.

b. - Gradual renovation within the planned additions and/or removal of parts of the city that were
developed according to the older model.

c. - Establishment of new residential districts on certain gaps that remained undeveloped within
the defined city; then, the formation of suburbs directly next to the city walls or in sight outside
the city, along determined road routes [5].

This general typology of oriental cities indicates the inherited differences: building forms
and functions were inherited or adapted from old conquered centers; others were created or
developed on the basis of purely Islamic experience, new physical conditions, of manifested
temperament and taste. Based on the diversity of these factors, it is possible to create a physical
profile of many cities, a profile that, when completed, shows the essential characteristics of each
city individually and what makes it distinct from others.

The social profile can reinforce, but cannot contradict the purely physical, because social
norms can be acted upon, while the physical form of the city is based on true indicators.

Therefore, if urban settlements of the oriental type are discussed, they can be classified
into open and closed, that is, fortified. The open settlements were further divided into varos,
kasaba and seher, and fortified ones were palanka, hisar and kale, with corresponding sub-
structures, which could also be of the varos, kasaba or Seher type [6].

If this division is checked on Vojvodina settlements from the period when they were
under the Turkish rule, then it can be seen that they completely fit into such a classification that
was specified by the law.

When reading the descriptions of Evliya Celebi and other Turkish travel writers, one
notices that they know the classification of the settlements of their country and present them
according to that classification. Evliya Celebi describes Banostor, Subotica, Sombor, Pancevo,
Futog, Kovilj, Martonos, Tovarnik, Sotin, Senta, Beckerek, part of the Banatska Palanka and a
number of others as palanka, but he speaks of Bac as a fortress (kale) with an outer varos (town),
Vojka is presented as a village; Irig was a kasaba, as was Novi Becej, while Sremska Mitrovica,
Grgurevci, Slankamen, Karlovci, Petrovaradin, Cerevi¢ are mentioned as Seher.

3. Transformation of the urban structure in Vojvodina during 18" century

The Ottoman Turks controlled the area of today's Vojvodina from the early 16™ century,
while from the end of the 17" and during the 18" century, this territory gradually came under the
rule of another great power, Austria, whose development was delayed in relation to the duration
of the Turkish Empire. In order to discuss this major change, which reflected in the development
of settlements, it is necessary to firstly briefly consider the principles of urban development in
this large country, those same principles that would directly affect the transformation of
Vojvodina settlements.

After the wars with Turkey, Austria experienced a sudden urban boom, which
incorporated European experiences, especially those of Italy and France. Vienna became the
capital of the country, and began to spread its cultural influence on all the Danubian, Pannonian
and Balkan peoples. The capital itself is experiencing a demographic increase accompanied by
urban systematization and general architectural decoration of the city. In the first decades, a
second protective line of fortifications (Linienwall) was built, which encompassed the suburban
extensions formed along the directions of the main communication arteries. The suburbs were
then often grouped around the summer residences of the nobility whose monumentality is still
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striking today (Belvedere, Schwarzenberg, Convent Salesiani, etc.). The second building impulse

took place in the middle of the 18" century due to the industrialization encouraged by Empress

Maria Theresa and Joseph II. It is characterized by the construction of civil and commercial

buildings. With this method of construction, Vienna took on a recognizable baroque appearance.

And the Baroque city is considered one of the most influential city models in history.

During the 18™ century, that is, already at the end of the 17" century, there was a marked
development of absolutism in the state management. Since the 16" century, the Church has been
in the Counter-Reformation, so the confirmation and symbolism of such authority was reflected
in the urban development and architecture. Recognizable features of urbanism that meets the
requirements of such an authority are:

- formation of very clear and recognizable architectural entities;

- the dynamic, undulating wall mass of individual buildings is also implemented in the concept
of the whole city, there are, first of all, circular, elliptical, complex squares, etc.;

- large, long axes are introduced, which end with a prominent, eye-catching motif. These
principles express the desire for urban monumentality, regardless of the actual size of the
city.

- large squares are created that are formed as negative spaces, i.e. voids that are used to join
the aforementioned axes. In the Baroque, this empty space has the same value and
importance as the positive (built) space;

- the orthogonality of the street directions and the resulting construction of blocks is inherited
from the times of antiquity. In the Renaissance, the orthogonality was only theoretically
considered and only partially empirically tested, and in the Baroque it was codified in the
form of regulatory plans and various construction regulations.

- the relationship to nature is such that it is subjugated (gardens and all greenery is cut and
shaped), and natural traffic routes and waterways are also subjugated [7].

In the area of the Pannonia Plain, two models of the city, oriental and baroque, occurred in
succession, and their mutual relationship was expressed in a large number of variants. That
relationship was not always physical, it was not expressed through demolitions and new
construction, through erasing the street matrix and planning a new one. It was the fluid of the
oriental spirit that, during the 18" century, hovered over the newly built city fabric for a long
time.

Until 1699, that is, until 1718, the greater part of the Pannonia Plain was within the Turkish
state for over 150 years. The oriental civilization, which was destroyed in the wars of the late
17" and early 18™ centuries in these parts, lasted for a long time in the habits of the people,
social nature and the appearance of the country.

Such development was complemented with the influence of the immigrants from the
Balkans, who arrived mostly with the same or stronger habits, which they were very reluctant to
relinquish. The colonization of other nationalities from various parts of Europe brought a completely
different social organization and way of everyday life. The new government, considering the many
years of exhaustion in the wars, could not change the everyday way of life and the entire
architecture of the conquered cities overnight. It was only during the reign of Empress Maria
Theresa (1740 - 1780), when a series of reforms were introduced, that the influence of oriental
civilization and its concept of the city was more seriously diluted and removed.

The area of today's Vojvodina was for centuries on the frontier between the powerful states
of Turkey, Austria and Hungary. During the 18" century, such a position diminished the
importance of its extremely fertile soil, which is the main reason for the settlement of ordinary
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residents. Regulating watercourses requires longer periods without war disturbances, so such an
undertaking could hardly have been realized before the 18" century. The river bank training, the
construction of canals and other amelioration works, in addition to the frequent struggle against
the water element, are related to a new form of planning and urbanization during the 18"
century. For the same reason, the settlements did not develop to their limit of their possibilities,
but in most cases, due to the complexity and layering of different influences, they appeared
unfinished or incomplete.

Urbanism of the 18" century can therefore be seen as a conflicting process of two different
approaches to building. What, for example, is called spontaneity in oriental urbanism is, in fact,
the result of deep consideration whereby everything that nature has given, strategy and material,
is used to the maximum. A winding street is not like that by chance, it is winding, because that is
best way of overcoming the obstacles on its route. A planned layout of the settlement, however,
breaks and neglects many natural effects, justifying it with the organizational plan or brings them
into an unnatural position.

The middle of the 18™ century is very important for Vojvodina towns, because it was
mostly the period when they got their status privileges. Obtaining the city charter, in addition to a
number of other determinations, means the planned introduction of order and the direction of the
development of the settlement in the manner prescribed administratively by the Austrian
authorities. The regulatory foundations, the cadaster and building regulations were also adopted
in the 18" century. They introduce an orthogonal street matrix, horizontal and vertical alignment
and a number of other elements characteristic of the baroque model of the city. The specificity of
the area of Vojvodina is the division introduced at the beginning of the 18" century into a civil
and a military territorial-political administration. The military administration represented a part
of the wider Military Border, while the civil administration was within the counties.

Although the planning and urbanization of cities in the 19" century and the first half of
the 20" century are considered the most dynamic processes that defined their present-day
structure, yet the transformations that occurred during the 18" century represented the stem of all
future spatial and urban plans. Basic communication routes, gathering centers as well as the
orientation of most settlements, if they are not of an even older origin, can be glimpsed in the
rudimentary forms created during the 18" century. This can be seen in several examples that
show in the most illustrative way the process of transformation of the urban structure during the
18" century [8].

For the longest time, the word varos remained as the term that connects both settlement
models. This Hungarian word in the Turkish urbanism was primarily used to designate a suburb
of a town, and the second, more common meaning was a town-type settlement that is exclusively
or predominantly inhabited by Christians. When in such a settlement the inhabitants converted
over time to the Muslim faith, the name varos was retained to only one or several Christian
mahallas, 1.e. residential districts. The same word is used in the urbanism of the Austrian state to
mark parts of the city where the population is of different nationalities. When it comes to such a
division, in an oriental-type city it corresponds to the division into djemats and mahallas. The
djemats were organized according to religion (Muslims, Christians, Jews), and the mahallas had
an appropriate place of worship, primarily a mosque, but also a Christian church.

Settlements of the oriental type consisted of two parts, the carsija-bazaar (craftsman and
trade part) and the mahallas, residential parts. That division persisted for a long time even though
architecture itself was undergoing a transformation. A good example is cited by Ivy Kugli Lenti¢
for Sremska Mitrovica: in 1729, the so-called Imperial House was the first one-story brick
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building in the bazaar. Until then, the bazaar was all about wooden "chardaks", which were only
replaced by walls towards the end of the 18" century, as confirmed by the inscriptions in the
stone over the gates of those houses [9].

It is difficult to enumerate, analyze and explain all the peculiar forms in which the
oriental and baroque model of the city were intertwined, it can only be stated that it is an
interesting area of research that is the best testimony of the strength and vitality of a settlement
once built to persist in various spatial forms and to survive different architectural concepts.
According to research throughout the history of the development of Vojvodina, there were a
large number of settlements that were extensively developed during the period of the Turkish
rule, but over time they fell behind or were abandoned, and some began to develop as cities in
the town planning sense only during the 19" century. In the paper, through the briefest
descriptions, only certain cities are presented. Even today, those cities represent significant
centers of urban development in Vojvodina.

Today's Sremska Mitrovica is a town and pier on the left bank of the Sava in Srem, built
on an alluvial plain with dry beams. The area was inhabited in pre-Roman times, then there was
Sirmium, the capital of the Roman province of Pannonia Secunda, and during the time of
Diocletian it was one of the four capitals of the Roman Empire. During the Middle Ages, the city
was ruled by the Huns, Gepids, Avars, Byzantines, Bulgarians and Hungarians. The city was
under Turkish rule from 1521 to 1718, and in the middle of the 18" century it became an
important center on the military border between Austria and Turkey. The greatest changes to the
city fabric were made during the 18" century, but in the city matrix, in some parts, the remains of
the Turkish urban planning layout are recognizable [10].

In addition to the extremely valuable remains of ancient and early Christian Sirmium,
whose stock is being constantly enriched with new forms in the course of the archaeological
research, today the most significant examples of church, public and residential architecture that
have been preserved are those from the 18" and 19" centuries. Under the Austrian rule, Sremska
Mitrovica belonged to the Military Frontier, and from the period of the 18" century, an
interesting example of a transitional form from oriental to western European urbanism has been
preserved. It is the Square called the Grain Market. This area has the characteristics of a Turkish
urban structure, it is triangular in shape, with irregular sides, the streets meet on the slopes, and
the surrounding streets are winding and narrow, with several passages and dead ends (blind
alleys). However, during the 18" and then the 19" centuries, commercial-residential type
buildings were built around the perimeter of the square. Some have arched gable ends, the so-
called "Nuremberg" gables, indicating a German influence, probably of the settlers. Military
buildings have mostly been preserved in this city, such as the military border building, the
headquarters of the Petrovaradin Ninth Border Regiment, known as the "Lieutenant Colonel's
Apartment" from 1747, and the Main guard building from the second half of the 18™ century. On
the banks of the Sava, one of the economic buildings, the Granary or Vojarna from 1774, with a
very distinct Baroque style, has been preserved. The granary on the Sava, Vojarna, is one of the
rare preserved economic buildings from the 18% century, of large dimensions, with a ground
floor, two floors and a high attic space that was also in the use. It was built according to designs
that were typical and made in Vienna. Among the residential buildings, the House of the Baji¢
family, built at the end of the 18" century, but outside the urban context of the 18™ century, is
very well preserved (Fig. 1, Fig. 2) [11].
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Fig. 1. Grain Market in Sremska Mitrovica with findings from the Roman period and buildings
from 18™ and 19™ centuries (after https://radiofruskagora.com/?p=33037)

Fig. 2. Military-frontier house, Granary, the Baji¢ family house

(after https://zavodsm.rs/spomenici-kulture-u-sremu/)

Vrsac is the second town that was located within the Military Border during the 18th
century, built on very fertile and high-quality land This city was developed by the Turks below
the medieval fortified city, on a very fertile soil. A quadrangular palanka made of rammed earth
with a supporting wall was first built there, and then a town developed outside the palanka.
Evliya Celebi mentions that Inside the rammed earth fortification he saw a modest mosque with
a wooden roof and a minaret and eight wooden houses for the accommodation of soldiers. He
mentions about three hundred buildings in the town, some of which had a storey over the ground
level. There was one mosque and two masjids, a madrasa, a tekye, two maktebs, a hammam, two
inns and a bazaar with over a hundred shops [10]. Today's names: Cukur mala, Pozarevacka
mala, Irig mala, Radakova mala bear witness of the settlement of the residential areas of VrSac
at that time. Serbs from Pe¢ and Decani from Kosovo and Metohija began to settle in 1690, after
the Great Migration of Serbs under the Patriarch Arsenije III Carnojevié. Their life in their new
habitat was still very precarious and it is recorded that in 1698 the Turks massacred the villages
around VrSac. The Turkish population that also lived in this territory was expelled in 1716. Since
then, German settlers have become very important and influential in the field of construction.
They built the "German" VrSac next to the Serbian settlement created at the end of the 17%
century, next to the vineyards [12]. At the end of the 18" century, the Jews also organized their
municipality with the land they received to build a place of worship, and they also began to form
their own cemetery.

At the end of the 18" century, in 1794, a map of VrSac was created, which very
illustratively shows the remains of settlements that have the character of oriental urbanism, and it
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is contrasted to the forms created under the influence of Western European urbanism, with neat,
orthogonal street directions (Fig. 3, Fig. 4) [13]
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Fig. 3 The map of VrSac from 1794 and the modern plan of VrSac with the old names of
the districts (Iriska mala and Radakova mala) (after
htp//www.facebook.com/stari.vrsac/photos/1794/2770728929654426/?locale=ar_AR)
Fig. 4 The two oldest houses in Vriac: the Pharmacy on the staircase (mid-18" century)

and the inn "Kod dva pistolja" (“At two pistols” (end of the 18™ century) (after
http://spomenicikulture.mi.sanu.ac.rs/spomenik.php?id=1051)

Individual buildings created in the 18" century have survived, but they have been
drastically changed, both in the interior and exterior, so that only archival data exist about them.
One such example is Vladicanski dvor (Bishop’s residence), which is known to have been built
between 1750 and 1757. This extremely imposing baroque palace was radically renovated in
1904. Vr3ac only became a free royal city at the beginning of the 19" century, in 1817 [14].

The third town developed on the line of the Military Border is Pancevo, was created on a
loess plain. The history of settlement in the area of Pancevo is very long, because that position
has always been strategically important. It was conquered by the Turks in the 15" century, and
was liberated in 1716. From then until 1764, it was a logistical point, and from 1764 to 1794, it
was a military frontier trading post. During the 18" century, the town was inhabited by Serbian
families from Timisoara and its surroundings. Then came the Germans from Franconia, the
historical region in the north of present-day Bavaria. During the colonization, a large number of
settlers died from various diseases, because the area was swampy and gradually dried up into
fertile soil. It is also recorded that there were major conflicts between the indigenous population
and the settlers [15]. During the 18™ century, a large number of buildings were built in Panéevo,
the most interesting of which are those intended for the military administration. However, it is
curious that some parts of the National Brewery, built as early as 1722, have survived. It is a
significant industrial building that testifies to the development of a settlement with urban content.
This complex was later continuously extended, and it consists of a series of additions and it is
difficult to imagine its original modest appearance. Among the religious buildings, the Minorite
monastery with the church of St. Carlo Borromeo built in 1757 has been preserved. Together
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with the smaller square, it is the oldest urban entity in Pancevo [16]. Military buildings that were
built for the needs of the defenders are the Provision Store from the first half of the 18" century,
and for the needs of the administration of the Military Frontier, the Baroque Red Warehouse was
built for grain storage, built from 1785 to 1787, and the Border Guard's House from 1792, which
shows a pronounced Baroque influence (Fig. 5, Fig. 6, Fig. 7). Many more buildings that have
defined the present day's urban matrix of Pancevo were built in the 19% century [17].

Fig. 5 Map of Pancevo of 1766 and Cadaster map of Pancevo of 1769 - 1972.
(after https://staropancevo.wordpress.com/author/epo7011/page/8/)

Fig. 6. PanCevo: Minorite abbey (after https://www.catholic-zr.org.rs/language/sr/pancevo-2/) and
the Red Provisions storage (after https://www.start013.rs/crveni-magacin-nije-u-pitanju-samo-boja-spomenik-
trgovacke-istorije-panceva/)

Considering the position of today's Novi Sad, the history of its settlement is very long,
complicated, and therefore interesting. The city developed in complex natural and urban
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conditions. It is located on the banks of the Danube, but with a different development context.
The geomorphological conditions were different. Directly next to the riverbed on the right bank
of the Danube is the Petrovaradin rock. The terrain along the left bank of the Danube was marshy
and was not the most favorable terrain for settlement. As a result, the development had to be
different. Traces of life have been recorded on the Petrovaradin Rock since the Paleolithic, while
sporadic settlement on the left bank can be traced back to the Neolithic.

The area on the plateau and around the Petrovaradin rock has an extremely important
geographical and strategic position. The Hungarians had a medieval fortress on the top of the
Petrovaradin rock, where they allowed the formation of a Cistercian monastery. This fort gained
importance when the danger of Turkish conquests appeared. In 1501, Archbishop Peter Varadi
rebuilt the fortress. It did not help for long, since during the time of Suleiman the Magnificent, and
under the command of the Grand Vizier Ibrahim Pasha, the fortress was conquered in 1526. In the
description of Evliya Celebi, it is stated that the fortress, which had a hexagonal shape, rose to the
sky under the clouds, it had seven large towers, two hundred houses covered with wooden
shingles, without fences and gardens. The obligatory Suleiman Khan mosque, two smaller
mosques, and an ammunition warehouse and granaries were also built there [10]. That description
indicates a very modest way of life and weak fortification. The reason was undoubtedly that the
Turkish state then extended to Buda, so this fortification no longer had a strategic importance. The
Austrian army conquered Petrovaradin in 1688 and it was then decided to strengthen the fortress.
Again, the reason was strategic, because now the Petrovaradin fortress was once again on the
border between Austria and Turkey. The demolition of the old medieval Turkish fortress began and
the construction of a modern fortification based on the Vauban's system started. In that unstable
time, the Turks unsuccessfully tried to recover the fortress in 1694.

On the other, left side of the Danube, there is an alluvial plain with dry soil beams. On
the other, left bank of the Danube, most of the settlements from the Middle Ages and the era of
Turkish rule have disappeared and are known only from archaeological and archival data. At the
end of the 17" century, when the Petrovaradin fortress with its baroque town came under the rule
of the Habsburgs, the Orthodox and other non-Catholic population was forbidden to live in that
town. This was the main reason that the Serbs, along with Greeks, Aromanians and Jews, started
to establish a settlement in 1694 across from the fortress, near Mostobran, which had already
existed there (Fig. 7). Because of the majority of the Serbian population, it was called Racka
varos.(Rascian town) [18]
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F1g 7 Mapiof Racka varos from 1698 and a detail with the locatlon of the post office
(https://graditeljins.wordpress.com/karte-grada/)
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The painstaking backfilling of the swamps began to create conditions for construction.
The backbone of the future settlement consisted of three streets on a relatively solid ground and
led in the direction of Futog and Szeged. One of the three oldest streets in the city still bears the
name Ulica Zlatne grede (Golden strip street), as a memory of a part of the solid ground on
which houses could be built (Fig. 8).

Road to Futog

Road to Segedin
Embrio of Racka varos
Swamps

Danube
Ptrovaradin fortress with suburb

Fig. 8 The position of the Rascian town behind the marshy area and Bridgehead on a plan from
around 1700 (after https:/graditeljins.wordpress.com/karte-grada/)

The embryo of today's Novi Sad was therefore Racka varo$, and the name Petrovaradin
ditch was also used. That there was a certain link with some form of settlement from the time of
Turkish rule is indicated by the name of the street that led in the direction of Szeged, and which
today is called Pagi¢eva Street. On the plan from 1745, this street is marked as Velika Carsija
(Great Carshi) (Fig. 9). It is also possible that the settlers, who lived under Turkish rule for a long
time, continued to use some Turkish words for some time.

Catholic church and graveyard
Katolm/—-

g {gniie Zmaj Jovina street (Warehouse streetska)
' Danube street

Orthodox cathedral (later significantly
changed)
Great Carshi (today PaSiceva street)

Golden Strip street

Fig. 9 Segment of the map of Racka varos from 1745, containing the modern inscription
of the already formed network of the oldest streets and buildings
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The families of soldiers, frontier guardsmen, as well as the builders of the Petrovaradin
fortress, various craftsmen, merchants and innkeepers lived in the settlement that was created
(Fig. 10) [19].

Fig. 10 Church of the Holy Three Hierarchs (Almaska) from 1797 (the first in the same
place in 1718, the second in 1733); One of the oldest houses "At the White Lion" from the 18
century was in the baroque style, while after reconstruction in the 19 century it is
predominantly in the classicist style

In the 19 century, in 1848, there were numerous national revolutions across Europe. In
that period, the Serbian revolution took place in 1848-49. The calamitous events also affected the
urban structure and buildings already built in the 18" and early 19" centuries. The heavy
bombing and the resulting fire destroyed a large part of the city fabric. Nevertheless, the main
street directions that had already been established survived and very damaged houses around
them from the 18" century were repaired very quickly, which then received a new stylistic
expression. Since then, the progress of the city has been faster, and the urban network has
expanded on the dried-up terrain.

The cities of Subotica, Sombor and Zrenjanin, which today are located in the north of
today's Vojvodina, closer to the border with Hungary, had a slightly different development in the
18™ century [8, 20].

Subotica is located on a wider area, the loess plain, which has been inhabited since
prehistoric times. Some form of settlement existed after the Tatar invasion of the Balkans. The
name Zabatka was first mentioned for this settlement in 1391. Since then, the settlement has
changed its name several times. After the tumultuous historical events after the Battle of Mohacs
in 1526, Subotica found itself at the center of important battles for territorial supremacy over
Backa, Banat and part of Srem. The Turks finally conquered Subotica in 1543 (Fig. 11).
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Fig. 11 Zabatka (Subotica) on the Mercator map of 1583.

The city was then developed around a small fortification made of hard material. Turks
settled colonists from the Balkans, as well as families of Serbian mercenaries as part of the
Turkish army. Subotica became the center of Nahija, the lowest administrative unit, so it housed
the judicial, administrative and military authorities. Descriptions from that time mention about
150 houses covered with straw or wicker panels. There were gardens around, and vineyards were
numerous due to the suitable soil for vine growth [10]. The Turkish rule lasted 150 years.

At the end of the 17" century, the fortunes of war changed and the Austrian army won a
great victory at Senta. The map made by the military cartographer of the military leader Eugene
of Savoy is very important as one of the documents of the layout of the Sabatka settlement in
1697. E.N. Sparr included a large part of the area around Lake Pali¢, where the army rested, and
in the distance he registered a settlement dominated by two massive structures, presumably the
castle of the city (Fig. 12).

Fig. 12 A veduta of Subotica (Sabatska), detail of the wider veduta of lake Pali¢ and

surroundings (https:/gradsubotica.co.rs/prva-slika-subotice-i-palica-veduta)

The stable settlement, Subotica, was first formed as part of the Potisje military frontier. The
location of this place was attractive to a large number of settlers, especially the Bunjevci people. The
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beginning of the 18" century was quite unfavorable for faster and better development, they survived the
Rakoczi Rebellion (1703-1711), plague epidemics (1709, 1738), smallpox (1713, 1720). Diseases
threatened the population even at a later date, typhoid fever was in 1760, and spotted typhus in 1768 and
1780. These were certainly not the most favorable conditions for urban development. Various political
decisions caused a change in the composition of the population, Serbs moved out, then returned, a larger
number of Hungarians settled in, but the Bunjevci were a stable population. The city strived for the higher
tax exemptions and managed to obtain them The town was granted the status of a privileged free royal
city in 1779 under the name Maria Theresiopolis. The name of Subotica was returned as late as in 1845.
The privileges attained by the status of a free city enabled the enrichment of the city administrations and
population by holding fairs, market days and collecting taxes. The core of Subotica was located in the
wasteland, which was wisely used to divide the wasteland into parcels and sell the plots for construction.
Thus, an urban city in the flatland slowly began to emerge [21].

On the map made by Kaiser in 1747, the future city is still shown as a scattered settlement,
without regulated streets. The inhabitants arbitrarily erected their houses on two dry high ground areas,
between which flowed a stream (Fig. 13).

Fig. 13 Kaiser map of Subotica of 1747 and the city core detail
https://suistorija.wordpress.com/karte-i-mape-od-xviii-do-xxi-veka/

The urbanity is gradually reflected in the establishment of institutions characteristic of the
city. The secondary school (later the grammar school) started working in 1747, the town hall was
built in 1751, and the home for the elderly was built in 1766. Religious architecture is better
preserved and recorded. The Chapel of St. Rock, the protector against the plague, was built in
1738, rebuilt in 1753, but in the 19" century it was almost completely changed [22]. The Church
of St. Mihajlo was built in 1730 on the site of a fortress that was built in 1439 for defense against
the Turks. It was created by the expansion of a Franciscan chapel of 1695, which was inserted
into a large hall on the ground floor of the Subotica tower. The rest of the premises were
converted into a Franciscan monastery in 1716. The first elementary school was opened at the
monastery in 1713, and later a school of rhetoric and philosophy worked at the monastery. The
Roman Catholic Church of St. Teresa of Avila was built between 1773 and 1798 in the late
Baroque style. As is the case with most baroque buildings, i.e. those from the 18" century, this
one also underwent additions and certain changes during the 19" and 20 centuries (Fig. 14).
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Fig. 13. Franciscan monastery and church of St. Teresa of Avila in Subotica
https://visitsubotica.rs/sta-videti/sakralni-objekat/franjevacka-crkva/
https://www.planplus.rs/katedrala-svete-tereze-avilske/1891

Karl Leopold Kova¢ made a handwritten map of the settlement in 1778. It shows that the
settlement was developed on a large area, but still without a prominent urban character. In the
core of the settlement alone, there are about seventy houses that appear to be urban, made of
masonry and with a long front facing the street side. The map undoubtedly shows that
systematic, planned regulation has not yet been carried out [23]. In the Statute of the free royal
city, there were also provisions that determined the construction method and the arrangement of
the territory. In order to accomplish the most important task and create solid ground for
construction, it was necessary to drain ponds and regulate watercourses. For a very long time, the
names of Dolova greda (Dol strip), Rogina bara (Roga pond), Jasi bara (Jasi pond), Ciganska
bara (Gipsy pond) and Vrbov potok (Willow stream) survived for certain parts of the settlement
(Fig. 15). The regulatory plan was drawn up towards the very end of the 18" century, in 1799,
and it is considered that it was very extensive and thoroughly done. Today, however, only its
central part, which shows the city center, has been preserved (Fig. 16) [24].

Fig.15. Handwritten map of K.L. Kovac, 1778. https://subotickaistorijagroup.wordpress.com/nas-grad-na-
karti-iz-1778-godine-tada-maria-therisianopolis-danas-subotica/): Detail of Ker, oldest part of the city of
1785. (https://suistorija.wordpress.com/karte-i-mape-od-xviii-do-xxi-veka/)
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Fig. 16 Part of the Regulation plan of 1799
(https://www.suarhiv.co.rs/files/katalozi/subotica-na-starim-mapama.pdf)

The urbanization of Subotica throughout the 19" and especially at the beginning of the
20™ century testifies to the great rise of that city, which at one point had as many as 100,000
inhabitants, but also to its marginalization after the First World War

The beginning of the present-day city of Sombor was a small settlement on one of the
numerous small islands, in the marshy terrain of the Mostonga River, which was located on the
vast estate of the Cobor Sent-Mihaly lords since the 14th century.The later name of the city,
Sombor, comes from the name of the landlord. The shape of this settlement already indicated
that later development and urbanization would take place so that the city core would later be
located on a dry area with a square base [25].

The Turks occupied this estate and the settlement in 1541. Then the Turks found an already
developed town with a city citadel. Evliya Celebi calls Sombor a well-fortified palanka, with a
quadrangular base. Outside the ramparts there are residential houses, mosques, madrasas, tekyes,
inns, a bazaar with shops and a hammam. That layout is mostly visible in documentary sketches from
that time. The records indicate that at that time the goldsmith shops were the most numerous, which
reflects the developed craftsmanship. Although it was a Turkish town, the largest number of
inhabitants were Serbs, a slightly smaller number were Hungarians. On the plan of the Austrian siege
of the Turkish Osijek, from June 1687, for Sombor, which loomed on the horizon across the Danube
(with four minarets and a tower), an explanation was written in Italian: “Sambor citta mercantile
posseduta allora da Turchi” (Sombor, a mercantile city, still in the possession of the Turks) [26].

The Austrians took Sombor in 1687 as a Turkish trading palanka, the seat of the Nahija
and a military center. Since the liberation from the Turks, the citizens had tried very hard to
collect enough money so that only in 1749 they received from the Empress Maria Theresa a
charter of the status of a free and royal city. During the 18" century, Sombor became urbanized,
gradually creating an expanding city core. In addition to obtaining the status of a free royal city,
another significant historical event was the elevation of Sombor to the rank of administrative
center of Bac-BodroSka County in 1786. The plan of 1783 clearly defines the placement of the
main intercity roads that enter the city, through four oppositely placed gates. The roads intersect
in the center, dividing the fort into four roughly equal parts. In this way, the core of the city
known as the "inner town" was created (Fig. 17)
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Fig. 17 Sombor with minarets on the plan from 1687 and colored veduta by F.N. Spar from 1697

with a formed center, partially regulated street fronts and the remains of Turkish mosques
(https://www.ravnoplov.rs/panorame-starog-sombora/)

The plan of the Sombor magistrate called Planum operationum commissinalum
Bachonicum was adopted in 1786. The urban matrix formed in this way dating back to the 18™
century would become the basis for any further development of the city during the 19 century
and beyond (Fig. 18) [27]
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Fig. 18 Detail of the veduta of Sombor from 1700 (still with the remains of Turkish
buildings) (https://www.ravnoplov.rs/panorame-starog-sombora/) and the plan from 1783 with the square
and main communications clearly outlined (https://www.ravnoplov.rs/plan-sombora-na-mapi-iz-1782-85-

godine/)

Sombor is one of the few towns in Vojvodina where numerous buildings from the 18" century,
of various types, have been preserved. Unlike other cities where mostly the religious architecture is
preserved, in Sombor there are also civil buildings, some of which were relatively very little modified
in later eras. In the literature, the architecture of the 18" century in Vojvodina is called by different
names, such as "provincial baroque" to emphasize the fact that certain characteristics of the European
baroque were omitted, simplified or, in some cases, misinterpreted. Another characteristic of the
urbanization of Sombor is the way in which the few remaining buildings from the Turkish period were
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used with relatively minor changes. One example is Pasha's Tower, which was a part of the Turkish
fortification (built on medieval foundations). The Austrian authorities estimated that it could be used
and with the small renovation (installation of a new roof) the tower was used for the residence of
scribes and cashiers. It has been preserved to this day and together with the KruSper's house forms the
whole of the Historical Archive. In the second case, it was assumed that the chapel of St. John
Nepomuk was built over the foundation of the former Turkish place of worship, which is known to
have been near the Pasha's tower [28]. The importance of the urbanization of Sombor for the overall
understanding of the cities of Vojvodina is reflected in the relatively consistent formation of the city
core, which has survived to this day. The Baroque idea of homogenizing the central square with
buildings of an administrative and residential character that formed its peripheral fronts, all within the
former fortification or next to it, was realized to resemble, as much as possible, the type of a small
Central European city (Figure 19).

Fig. 19 Orthodox church of Saint George of 1761.; Chapel of Saint John Nepomuk of 175
(https://www.zkvh.org.rs/aktualnosti-post/sakralni-objekti-backa/kapela-sv-ivana-nepomuka-najstarija-kapela-u-
somboru).; Grasalkovi¢ place erected between 175 -1763

http://spomenicikulture.mi.sanu.ac.rs/spomenik.php?id=1226); Krusper palace of 1774.
https://www.ravnoplov.rs/krusperova-kuca-istorijski-arhiv/)
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The present-day city of Zrenjanin in the Banat region of Vojvodina also had a similar
development process of turning a Turkish settlement into an Austrian city during the 18"
century. The position at the meander of the Begej river, at the contact of two units (loess plain
and alluvial plain) and at the intersection of road directions, was well strategically placed.

Its historical development is specific, because it was created by connecting three islands
in the wetlands of the Begej River. Researchers believe that the center of the settlement is on the
ground where the Slavic-Avar hring existed in the early Middle Ages. Much later, in 1326, this
settlement was mentioned for the first time under the name BeCkerek, later Veliki BecCkerek.
Later, a fortress was built there. The entire wider territory, including the fortified city, was
finally conquered by the Turks in 1551. Nowadays, on the site where there was the fortress even
before the Turkish conquest, there is a City Hall building. Evliya Celebi noted that by the order
of the famous Mehmed Pasha Sokolovi¢, the fortress was expanded and that the city had the rank
of a kasaba. The same pasha founded a waqf and therefore there were mosques, a hammam, an
imaret, a masjid, and mills on the river, as well as a port [10]. There was a large number of shops
in the bazaar, and the residential houses were arranged around it. The only recorded
representation of BeCkerek from the Turkish period is the city plan from 1697. It is still the
central part of the city today, although nothing remains of the Turkish buildings. The fortification
was of the palanka type, which means that the defensive walls were made of a wooden palisade
on an earthen embankment. The mosque that was located in the area of the former fortress was
demolished only at the beginning of the 20th century.

It also shows an independent village, Gradnulica, which also existed in the Middle Ages,
on the dry terrain of a peninsula. This village will later be connected to Beckerek and today
represents one of the largest parts of the city. However, several uprisings against the Turkish
government followed, but nevertheless, Beckerek was freed from the Turks only in 1716.
Although there were inhabitants of various nationalities during the Turkish era, the Austrian
colonization was very dynamic and the settlement was developed by the colonization of Serbs,
Germans, Romanians, Italians, and French. Particularly surprising is the settlement of the
Catalans, who formed a part of the settlement that received the name "New Barcelona" (Fig. 20)
[29]. By then, Veliki Beckerek progressed in the hierarchy of Austrian cities, and in 1769 by the
charter of Empress Maria Theresa it became a trading center. In 1779 it became the seat of the
newly founded Torontal County, and in 1787 it received the privilege of holding monthly fairs
[30]. This political and social rise of Veliki (Great) BecCkerek was accompanied by
administrative, commercial and economic development. In her book, Olga Zirojevi¢ presents him
as "the engine of the development of the whole of Vojvodina" [31]. The planned draining of
swamps and the construction of the Begej canal (1728-1733), as part of the large Danube-Tisa-
Danube canal network, certainly contributed to that development. Very early, already in 1722,
the first elementary school was founded, the first brewery in 1745, the first hospital in 1763, and
the first pharmacy in 1784. The printing house was founded in 1796. The only document of the
town's development in the 18" century is the preserved ground plan from 1793 (Fig. 21) [32].

This successful development of the city was stopped by a great fire in 1807. At that time,
almost the entire building stock was destroyed, and the already created urban matrix was erased
by the new regulation of the streets. There are few buildings from the 18" century, they are
mostly for religious use, and many were extensively remodeled during the 19" century. Two
churches, one chapel and a residential building have survived (Fig. 22). The further development
of Veliki Beckerek can be traced back to 1935, when it was given a new name, Petrovgrad, and
the current name Zrenjanin was given immediately after World War I1.
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Fig. 20 Plan of the Turkish town drawn by Austrian engineers in 1697 (https:/pescanik.net/veliki-
beckerek-petrovgrad-zrenjanin/) and Grisellini's map of Banat with the Little Barcelona inscription
written next to the Bethskeros settlement of 1740 (https://www.bbc.com/serbian/lat/srbija-59271898)

Figure 21 Ground pian of Veliki Beckerek of 1793 (the brewery_ »éibmplex is circled)

(Istorijski arhiv Zrenjanina, sv.5, sv.7)

Fig. 22 The Orthoox Church of the Assumption of the Blessed Virgin Mary of 1746 and the
house of Zivko Vukov from the end of the 18™ century (https://www.zrenjaninheritage.com/kulturna-
dobra/spomenici-kulture/
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4. Conclusion

Whatever the development of the settlements on the territory of Vojvodina since

prehistoric times, it was at one particular moment defined by the oriental urbanism and social
characteristics. The fall of all parts of Vojvodina under the Turkish rule ended with the capture
of Banat in the war of 1552-1556. The campaign was led by Grand Vizier Mehmed Pasha
Sokolovi¢. Hungary was divided into three parts: Northwestern, "remnants of remains" or "Royal
Hungary" in a personal union with the Habsburgs; The central part, where today's Vojvodina was
located, was a part of the Turkish Empire, the Eastern part, Erdelj (Transylvania), remained
under the rule of the Hungarian princes but in a vassal relationship to Turkey.
Srem, Banat and Backa were included in the political, economic and social life of the Ottoman
Empire for a century and a half. Apart from the Serbs, other Balkan populations also immigrated,
Turks, Greeks, Aromanians, Bulgarians, and Sephardic Jews. In addition to Christians, a large
number of Muslims also lived here. The most important economic branch at that time was animal
husbandry, but military service was also represented to a large extent.

According to European travel writers, the towns appeared very neglected, while the
famous Turkish travel writer Evliya Celebi, who was prone to exaggeration, gave a completely
different, more beautiful picture of palankas and small towns in today's Vojvodina. External
features of oriental culture were visible in the appearance of the cities, and in the clothing and
habits of the people. The city population was engaged in trade and crafts. Roads were bad and
almost impassable during the rains, so the traffic on the rivers, especially on the Danube, was
very lively. Travel by both water and land was unsafe due to the large number of bandits.

In the constant aspiration to free these areas from the Turkish rule, a key victory was won
in 1697 near Senta (Zenta) by the famous general Prince Eugene of Savoy. His role in pushing
the Turks out of Southeast Europe, as well as in laying the foundations for the further
development of this area, is of utmost importance. The "Great Viennese War" ended with peace
in Sremski Karlovci in 1699. Backa and the western part of Srem were taken by Austria, while
Banat and southeastern Srem remained in Turkish hands. A new war followed, which ended with
the Peace of Pozarevac in 1718. Austria finally conquered Banat as well. State-legal and
administrative divisions in the area of today's Vojvodina during the 18" century were very
complex, due to the specificity of the relationship between Austria and Hungary.

During the 18" century, extensive works were undertaken, especially in the
floodplains and marshes of Banat, to train the water courses and drain swamps with the aim
of preventing floods, eradicating malaria, providing arable land and improving river traffic.
Settlements, both small and large, were built according to strict rules that prescribed the
layout and width of the streets, the area of the garden, the position and size of the houses,
even the layout of the rooms in them, etc. Larger urban centers developed. Three towns
purchased the status of a free royal city for large sums of money: Novi Sad (1748), Sombor
(1749), Subotica (1779). There were also several urban settlements of a lower order such as
logistical towns, free towns, free frontier communities. such as Veliki Beckerek, Vrsac,
Sremska Mitrovica, Pancevo. Economically, the region progressed rapidly, at the end of the
18" and the beginning of the 19" century, Backa and Banat were among the more developed
provinces of Hungary. Craftsmanship, of the oriental type, gradually gave way to craft and
manufacturing production based on the European model, the pioneers of which were, for the
most part, Germans. During the 18" century, the area of today's Vojvodina acquired an
ethnic and religious population diversity that has persisted to this day [7].
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In this short overview of the urban development of several important cities of Vojvodina,
the specific transformation of settlements from the oriental type to the Central European one
(firstly baroque), is presented. This is particularly noteworthy, because the baroque matrix from
the 18" century, today very faint or hardly discernible, laid the foundations for the urban
development of these cities. Each of the example settlements experienced this transformation in a
different way, sometimes faster and sometimes slower. The area of Vojvodina prospered from
agriculture, the cities were mostly organic, that is, they were created and lived in harmony with
their surroundings, and a high level of living culture was achieved. Contemporary tendencies of
devastating the natural as well as the built environment, in the long run, may once again lead to
the modern "barbarization" of the entire space, and thus society as a whole.
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Abstract..

The area of Kosovo and Metohija belongs to the regions of Europe that are
extremely rich in cultural monuments, given that there are over 1,300 remains of
Christian monuments. The most valuable are the medieval monasteries of the
Serbian Orthodox Church, unique in that they bear witness to the meeting of
Byzantine and Romanesque architecture. Since June 1999, 174 religious buildings
have been demolished, damaged and desecrated in Kosovo and Metohija. The most
important medieval heritage suffered serious damage, especially the Church of Our
Lady of Ljeviska in the center of Prizren, after which UNESCO placed Serbian
medieval monuments in Kosovo and Metohija (Visoki Decani, Pec¢ Patriarchate,
Bogorodica Ljeviska, Gracanica) on the List of World Heritage in Danger. The main
goals of this work are: to indicate the characteristics, European and world
significance of the Serbian medieval heritage that belongs to the Kosovo-Metohija
school; to present the current situation and problems in protection and restoration,
starting from the highest institutional to specific and local ones; and to offer
concrete solutions strategies for the protection and restoration of Serbian medieval
heritage in Kosovo and Metohija.

Key words: Republic of Serbia, Kosovo and Metohija, Kosovo-Metohija school,
Medieval heritage, Protection and reconstruction strategy

1. Introduction

In the context of time, Serbian medieval architecture refers to the period from the
middle of the 13th to the end of the 14th century, when the Serbian-Byzantine, that is, the
Kosovo-Metohian style of architecture was developed. In a historical sense, it is the period
of the reign of King Milutin until the time of Emperor Uro§, when the Serbian state was
created and developed in turbulent times of the influence of the East and the West, so that
monumental cultural monuments were created as a specific result of the influence of
Byzantium and Western Europe.

In terms of style and typology, Serbian architecture from the second half of the 13th
century and throughout the entire 14th century developed in accordance with the general
trends of Byzantine art. It was built on similar or the same construction concepts with
certain variations in realization that came under the influence of the architectural heritage
of Western Europe of that era. A similar repertoire of forms and motifs characteristic of
Byzantine art is used, stylization is emphasized, while the volume is relegated to the
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background. In the beginning, the decoration was reduced, without striving towards the
third dimension of observation and dematerialized, in order to get closer to the Orthodox
Christian dogma. Over time, it gains in complexity and symbolism. Models are found in
the ancient or Byzantine heritage, while at the end of the mentioned period there is a
noticeable respect for Romanesque and Gothic and the influence that comes from the West.

From the relationship of architecture in Kosovo and Metohija to Byzantine and
Western European architecture, it can be seen to what extent architectural forms were
transferred to distant areas in Europe between the 12th and 15th centuries. Namely, there
was no stylistic unity in Serbian medieval art, precisely because of the conflict between
Eastern and Western influences, which is certainly a consequence of the political
orientations of the rulers at the time. That is why the problem of the origin of forms and
architectural solutions has always been an interesting topic in the research of the
architecture of this period, and in the study an attempt was made to connect it with topics
of general contemporary importance in terms of the protection of monumental cultural
monuments and architectural heritage. The monometallic monuments mentioned in this
paper have a huge, immeasurable value for Serbian history, architecture and culture. That
is why it is important to emphasize their importance both in the individual and collective
consciousness of the Serbian people. The medieval Serbian architecture in Kosovo and
Metohija is the best proof of the greatness that the Serbian state has achieved and whose
protection it should be dedicated to.

The Serbian medieval monuments of the Kosovo-Metohis school from an
architectural point of view explain how the Serbian national identity and spirituality was
created. They followed the historical movements, the ups and downs of the state, but were
built continuously regardless of the state of the state, from the founder's personal affinities
and the ruler's desire to continue the tradition in cultural material goods started by Stefan
Nemanja. Although most, in fact all of the mentioned churches and monasteries no longer
exist in their original form, because they were demolished, destroyed, burned, looted, they
were never destroyed. It seems that the secret of the survival of the Serbian people itself
lies in their construction and renovations.

2. Characteristics of the Kosovo-Metohija construction school

According to the long-accepted systematization of monumental Serbian architecture
made by Mije as long ago as 1916 (Preradovi¢, Markovi¢, 2021), Serbian medieval
architecture is classified into three units, which are called schools of architecture, namely:
Raska, Serbian-Byzantine and Moravian schools. .

The architectural creation from the second half of the 13th to the end of the 14th
century was called the Serbian-Byzantine school. Its main characteristic is lavish ideas and
forms, which was supported by the economic enthusiasm characteristic of this period.
From an economic point of view, it was a time of boom when, apart from the ruler, the
orderers and founders of monasteries were the nobility and the clergy. Supported by
extensive and continuous economic support from the founders, art and construction
workshops developed around the courts of Serbian rulers, nobility and clergy.

The Kosovo-Metohija architectural school is associated with the reign of King Milutin
(1283-1321), and continued during the reign of Stefan Decanski (1322-1331) and Emperor
Dusan (king 1331-1346, emperor 1346-1355).

King Milutin will remain known in Serbian architectural heritage as a ruler who
helped build churches and monasteries that are among the most beautiful monuments of
Serbian medieval architecture. The entire period of his reign is marked by the Byzantine
influence, that is, Byzantium under the renewed Paleologus empire. Namely, Serbian
medieval cultural and architectural art had role models and models for creative work in
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Byzantine art. The Byzantine concept of space, structure, shape, style, colors and building
materials was adopted.

The biggest difference compared to the architectural heritage attributed to the Ra$
school is the construction of churches with an inscribed cross with a dome. The dome was
placed at the intersection of two half-shaped vaults above the arms of the inscribed cross.
The tambours of the domes are round on the inside in most churches, while on the outside
they are polygonal with semi-pillars on the edges that separate the window openings. In the
more important monasteries, the type of church with an inscribed cross was developed,
where four smaller domes were placed, which were worked in the same spirit, at the ends
of the transverse arms, forming a more complex five-domed system. The cruciform base is
surrounded by walls on the outside, which gives it an external appearance in the shape of a
rectangle. The upper structure was supported by columns, not walls, so that inside the
church acts as a single unit (Petkovi¢, BoSkovi¢, 1941). In order to achieve the effect of
monumentality, there were often, even incongruous, increases in height that were supposed
to emphasize the strength and size of the Serbian state (Cirkovi¢ et al., 1991). The very
method of construction with bricks and hewn stones points to the Byzantine understanding
of architecture. Each of the hewn stones is bordered by bricks on four sides and resembles
cells in shape. This construction system was called cloisonne by Mije (Cirkovi¢ et al.,
1991).

The facades are completely flat, finished with brick cornices that are sawn under the
vaults. To achieve a greater exterior effect, brick was used and patterns such as a
checkerboard, herringbone, and meander were made. Plastic decoration followed
architecture and interior decoration. Over time, plastic decoration becomes independent
from architecture, gains importance, and its interpretation greatly facilitates the process of
assigning a building to a certain style or architectural school.

During Dusan's reign, stone sculpture became a recognizable style that was extended
to the most isolated regions of the empire, so that in different areas of the vast empire, the
same capitals, column bases, archivolts and door frames, and stylization of figures can be
observed on churches (Suput; 1989). Portals and space openings received significant
decoration, especially in the case of monumental monuments.

The monumental historical monuments of the culture of the Kosovo-Metohija school
stand out from other schools mainly because the influence of the exterior stands out: the
domes are multiplied, the masses are distributed in a pyramidal manner, they strive for
heights, new parts are added, narthexes, chapels, chapels, bell towers, and even whole new
churches, thus creating new entities with completely new features, which is all in
accordance with the spirit of the time of wealth and power, in which the Kosovo-Metohija
school was born and developed.

3. Monumental historical monuments of the culture Kosovo-Metohija school

In the continuation of the paper, examples will be given that managed to nurture
tradition and lay the foundation for the emergence of a characteristic Serbian style known
in literature as the Kosovo-Metohija school, despite strong influences from the East and
West and two great cultures - Byzantine and Western. This shows that Serbian rulers and
endowments had a practical and open attitude towards ideas and cultural expressions from
wide areas, adapting them to Orthodox beliefs and rituals.

In addition, it is impossible to interpret this architecture unrelated to the territorial
context. The meaning of this elaboration is in an attempt to re-emphasize the awareness of
the responsibility of the environment in the modern moment, through the obligation to
restore and nurture the architecture, because it managed to be maintained within its natural
territorial context and to be a testimony to future generations on the basis of which they
will be able to to valorize national achievements in certain, never easy, historical epochs.
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3.1.Monastery of the Virgin of Ljeviska

In the constructive solution, the church has a rectangular shape modeled on the
church of the Holy Apostles in Thessaloniki. The basis of the church is an arrangement in
the form of a developed inscribed cross with five domes. A ship is placed on the north,
west and south sides. The central dome is the largest and is placed at the intersection of the
vaults, while four smaller ones are placed at the ends of the arms. In the interior of the
nave, two rows of columns stand out, giving the monastery the appearance of a multi-nave
church. All domes have a square base, which is a feature of Byzantine temples. The
western part stands out with a tall belfry tower in the middle.

The altar is a whole in itself, prominent in the external appearance and reduced by the
calotte. This solution was also taken from Byzantine architectural practice (Nenadovic,
1987). The facades are divided by numerous openings, according to late Byzantine
examples, framed archiliths, blind arcades, couches, decorative niches. On all prominent
surfaces of the walls there is a brick ornament in the form of meanders, toothed wreaths or
specially made terracotta ornaments originating from the Byzantine regions (Suput, 1989).
The Virgin of LjevisSka brought something new to the Serbian architectural heritage of the
Kosovo-Metohija school. It was preserved during the difficult times of the Turkish rule
mostly because it was in the city center and because it was turned into a mosque. It was
destroyed in arson during the pogrom on March 17, 2004 (Petrovi¢, 2006).

3.2. Monastery Gracanica

The architecture of the GraCanica monastery is the most significant Serbian and
Byzantine architectural work, but with a certain noticeable influence of the Western
European architectural spirit. It was built by order of King Milutin in 1315, on the site of
an older church that was dedicated to the Virgin (Milosevic, 1989). The concept for the
construction of the monastery was taken from Byzantium. It is a five-domed building
dominated by the main dome on four free supports, and stands out for its decorative
decoration and height. The model of Thessaloniki's five-domed churches was changed in
Gracanica by bringing the perimeter naves into the church space itself and receiving side
chapels and a singing space. There is a three-sided apse on the east side, and an
exoartesque on the west side that is not connected to the church. Contemporary Byzantine
construction techniques and materials were used. The facades are finished in a manner
characteristic of Byzantine architecture (Petkovi¢, 1982). The processing of wreaths,
tambourines and windows is closer to Thessaloniki and Constantinople models
(Maksimovi¢, 1971), although there are also traces of local architectural traditions, as the
altar resembles older Serbian solutions (Kora¢, 1987). The peculiarity of the Gracanica
monastery is that it is significantly different from the churches created at the same time,
especially by the emphasized vertical whole and the tightly grouped and closed overall
space of the building. Its special feature, which gives it a special value, is the exceptional
shape of the parts and their relationship to the whole (Cur¢i¢, 1979).

3.3.Pecka PatrijarSija

The Pe¢ Patriarchate stands out among the construction monuments of the Kosovo-
Metohija school, created at the beginning of the 14th century. It is known from written
sources that in the second decade of the 14th century, Archbishop Nikodim built the
Church of St. Demetrius on the north side of the Church of the Holy Apostles, and ten
years later, on the south side, Archbishop Danilo II built the Church of the Virgin Mary.
The monastery took its final form in 1330, when a common outer vestibule, a porch and a
chapel were built in which Archbishop Danilo II was buried (Nenadovi¢, 1987). With this
construction, a unique complex was obtained where the new architecture was
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harmoniously adapted and subordinated to the existing core, which gave it the
characteristics of the Kosovo-Metohija school.

34. Monastery Banjska

The Banjska Monastery was built in the period 1213-1316, intended as the burial
place of King Milutin. It was built according to the example of Stefan Nemanja's Studenica
endowment. The exterior treatment is more adapted to the Romanesque style form,
considering that builders from the west were engaged, who brought with them concepts
and ideas from Romanesque architecture, but had to adapt them to the solution of the
Byzantine concept. After major destructions, the mansatir of Banjsa can be reconstructed
today only on the basis of the parts that remained after major devastations (Suput, 1970).
In terms of construction, the monastery was designed as a single-nave building with an
emphasized central, domed part and chapels along the western aisle and chancel. It had two
towers on the west side, which is characteristic of buildings with Romanesque style, as
well as gradation in height and prominence of the central core and fewer openings on the
outside. In everything else, it follows the achievements of architecture in Ras from the
period after Stefan Nemanja.

According to the Ras model, the facades are flat surfaces made of hewn stone blocks
in three colors, which were alternated according to the chessboard system, which reminds
them of works of Tuscan or Eastern Adriatic Romanesque. Raska architecture was an
immediate model for the choice of solutions for the lower structure, interior and stone
decoration. It is assumed that the sculpture in Banjska was made by a group of masters
from the workshop that King Milutin brought from the coastal cities to decorate his
endowments.

3.5. Monastery Decani

It is known from historical sources that the Decani monastery was built as the burial
church of Milutin's son Stefan Decanski. It was started in 1327, but was completed in 1135
by order of Emperor Dusan. It is located near the Decani settlement between Pe¢ and
Pakovica. The builders were Franciscans, the name of Friar Vite from Kotor is well-
known, so the similarity with Romanesque and Romanesque-Gothic cathedrals is
pronounced.

In medieval Serbia, the Church of the Ascension in Decani was the largest and
highest. The nave is five-aisled, and the altar space and chancel are three-aisled (Kora¢,
1965). It was built from marble slabs in two colors alternating in horizontal rows. Its form
follows the local architectural tradition. But the influence of artistic creation from the West
and its subordination to the Orthodox cult is best shown by stone sculpture, because the
Decani monastery is the richest with sculptural sculpture that is highlighted on the portals,
window openings, cornices, and arcade friezes. This means that one artistic orientation was
oriented towards conceptions characteristic of the Byzantine stylistic direction and the
other towards solutions characteristic of the Byzantine style. This is how a combination of
motifs was created that gave the church its specificity.

3.6. Monastery Sveti Arhandeli

Emperor Dusan built a temple dedicated to the Holy Archangels near Prizeren in the
period 1343-1352. as his burial church. Next to the temple there was also a smaller church
dedicated to Saint Nicholas. The monastery was badly destroyed by the Turks and can only
be interpreted on the basis of preserved fragments, some of which were used for the
construction of Sinan Pasha's mosque in Prizren. Based on the preserved fragments, it is
possible that Emperor DuSan built his endowment after the Constantinople Monastery of
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Pantokrator, which served as the burial church of the Byzantine dynasties Comnenus and
Paleologus.

The exterior of DuSan's endowment (treatment of facade surfaces, portals and
windows) was built in the tradition of the Raska school, with which the architect wanted to
repeat what Studenica and its builder represented (Maksimovi¢, 1971). The interior (in
terms of space layout and shape) was built according to the ideas of the Serbian-Byzantine
school. It was a simple rectangular church with a base in the form of an inscribed cross,
with four columns supporting the main dome. It also had four smaller domes at the corners
of the arms of the cross. The effect that the whole presented was a harmonious relationship
between facade volumes and surfaces (Boskovi¢, 1967).

It is built with hewn and smooth blocks. It had rich sculptural plastic work done in
white marble and a sumptuous mosaic floor. It was the largest, most expensive and most
valuable construction project in the 14th century (Nenadovié, 1987).

4. The responsibility of international organizations and the contemporary specificity of
cultural heritage in Kosovo and Metohija
With its Conventions on the Protection of Cultural Property in the Event of Armed
Conflict, UNESCO has established international standards for the protection of cultural
heritage that require each country to take the necessary measures to establish a legal
system of protection and enable the implementation of effective penal measures against
persons who commit or order acts of intentional. The reasons for comprehensive
international, and thus Serbian, protection and preservation of cultural heritage in Kosovo
and Metohija are:

- They represent a unique cultural heritage whose valuable monuments have long
been recognized as pan-European heritage;

- Protection, conservation and transmission to future generations of cultural heritage
"belongs to the state on whose territory it is located" (Article 4 of the Convention
on the Protection of Cultural and Natural Heritage, 1972). The Serbian heritage in
Kosovo and Metohija after the war events of 1999 was under the administration of
the Interim Mission of the United Nations UNMIK, and now under the
administration of EULEX, so the responsibility for protection and conservation is
directed to international bodies and organizations;

- They are indisputable criteria in determining the rights of the Serbian community
on the territory of Kosovo and Metohija;

- Serbian cultural heritage and cultural monuments in Kosovo and Metohija represent
a unique heritage which, even between the two world wars, was recognized as an
inseparable part of European heritage;

- The Serbian cultural heritage and cultural monuments in Kosovo and Metohija
preserve the architecture and art of the Roman and Byzantine empires, the medieval
Serbian state, the Ottoman empire and the recent architecture of the Serbs and
Albanians in the continuity of centuries;

- Itrepresents the pinnacle of Byzantine architecture and art of its time;

- It represents a unique integration of Orthodox Byzantium and Catholic
Romanesque architecture, which is a unique phenomenon;

- 8. It preserves monuments that bear witness to the centuries (from 1170 to 1371) of
the development of the Serbian state as one of the most developed states of its era.

The main obligation of the international community with regard to the protection of
the cultural heritage of the Kosovo-Meohi school and the cultural heritage as a whole is to
preserve cultural monuments, monumental units and places, doing everything necessary for
their maintenance, without negative influence such as handing over monasteries and
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churches to the Albanian Orthodox Church outside Serbian enclaves, that is, where the
people and the clergy were expelled.

S. The importance of spatial planning in the preservation of cultural heritage

for the preservation of the identity of the people

The Spatial Plan of the Republic of Serbia is the basic planning document of spatial
planning and development in the Republic, which determines the long-term strategic
framework for directing and managing spatial development.

Serbia is distinguished by its rich cultural heritage. In Serbia, there are 12 localities
(that is, 6 inscriptions) under the protection of UNESCO: the medieval complex of the
Stari Ras monument and the Sopocani monastery; four medieval monasteries of the
Serbian Orthodox Church in Kosovo and Metohija (Visoki Decani, Pe¢ Patriarchate,
Bogorodica Ljeviska, Gracanica), the remains of Felix Romuliana Palace (Gamzigrad) and
three sites of medieval gravestones - stecaks.

According to the spatial plan of the Republic of Serbia 2021-2035. years, the most
common development conflicts are uncontrolled construction in the vicinity of protected
properties and urban expansion that disrupts the perception and integrity of cultural
property, areas reserved for large infrastructure facilities and mining in the area of
archaeological sites, etc. There is a lack of cultural property management plans that would
provide significant guidelines for spatial and sectoral planning documents.

In the field of cultural heritage protection, the advocacy is for improving the
valorization, presentation and use of cultural assets, and better organization, especially of
cultural-historical entities, cultural monuments, archaeological sites and famous places and
objects under previous protection. The concept is aimed at achieving the integral protection
of natural and immovable cultural assets and the preservation of the cultural identity of the
space and the specificity of the landscape of specific regions.

In addition to the objective obstacles in the protection and restoration of
monocultural cultural monuments, the main procedural problems in the protection and
planning of the restoration of cultural heritage in Kosovo and Metohija are:

- non-compliance of the institutional and legal framework of cultural heritage
protection with international recommendations, conventions and ratified charters;

- long-term processes of determining cultural assets;

- inadequate treatment of immovable cultural assets in planning documents - lack of
analysis and valorization of the construction fund, spatial checks of individual locations, as
well as definition of specific protection measures;

- insufficiently recognized typology of urban structure in planning documents;

- in the planning and management procedures of urban development, insufficient
recognition and differentiation of important features of the urban structure that represent
elements of its identity and potential for development;

- insufficiently developed database on cultural assets;

- new typologies that disrupt the identity of urban settlements, due to the dominance
of economic interest of investors - partial construction, illegal construction, etc.;

- economic underdevelopment of areas with important cultural potential;

- insufficient cooperation of professions involved in the protection, planning and
management of cultural heritage - lack of practical guides and methodologies;

- insufficient capacities and financial support for the protection of cultural heritage;

- the decentralized system of immovable cultural heritage protection does not allow a
uniform approach to heritage protection in accordance with the cultural and historical
importance of certain areas;

- insufficient cooperation between institutions dealing with protection and planning
and insufficient openness to modernizing protection and planning procedures;
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- impossibility of equal participation of Serbia in international programs and
projects.

Aring for cultural heritage is an indispensable sectoral area present in spatial plans,
however, the specific situation in the area of Kosovo and Metohija cannot be treated in the
usual way and by applying the established methodology of spatial planning, because it
depends on the implementation of numerous agreements, starting with the so-called of
Brussels, which should redefine the competences of the institutions in the area of Kosovo
and Metohija and the central government in the Republic of Serbia. An acceptable legal
framework should be found that would enable the world, European and national heritage in
Kosovo and Metohija to be preserved. The principle of territorial cooperation and regional
policy programs of the European Union support cooperation between regions, adapting to
the specificities of space. Cultural heritage as a sectoral area represents the potential for
regional cooperation between Kosovo and Metohija and other regions in Serbia. Spatial
plans are instruments that open the possibility for cooperation, because the protection of
cultural monuments is a matter of joint responsibility of local, regional authorities, the state
and the international community, when it comes to the area of Kosovo and Metohija
(Trkulja, Saula, 2013).

6. Contribution to the program of architectural-urban protection and
restoration of monumental historical cultural monuments of the Kosovo-
Metohija school

Concept of restoration in architecture includes approaches that aim to completely or
partially restore the purpose of an object or complex, including restoration and a number of
other methods. Restoration is a unique procedure in which the restored object is returned to
its original state, i.e. authentic state. A necessary condition for the restoration process are
valid historical sources and unquestionably confirmed facts about the spatial, design and
engineering features of the system being restored. All other procedures, when historical
sources and facts are missing, or are incomplete, represent architectural design in the
narrower sense, the basic principles of which relate to all other design topics (Petrovic,
Raskovi¢, 2011).

Since 2005, there have been two types of renovations in Kosovo and Metohija, the
first modest one, which was carried out by the Eparchy of Rasko-Prizren with the help of
the Serbian state (partial renovation of the Holy Archangels Monastery near Prizren, the
Devi¢ Monastery near Srbica, the ZociSte Monastery near Orahovac, the church in Osojan
) and the second type of reconstruction is the one imposed by foreigners and the Council of
Europe and carried out by Albanian companies. This second type of renovation, in addition
to its debatable quality, only helps further usurpation by illegal institutions. None of the
sanctuaries restored in this way were restored in the true sense of the word, but the work on
the restoration had only a political connotation.

When approaching the program of architectural-urban protection and restoration of
monumental historical cultural monuments in Kosovo and Metohija, it seems that two
institutions are present, each in a different role and from its own angle. First is the state
with its concept and second is the Serbian Orthodox Church (SOC). Both of these
institutions must be the bearers of reconstruction and their work on reconstruction must be
synchronized. The state has the role of the investor (founder) and the SOC has the
indisputable, centuries-old role of the holder (beneficiary). For the state, these buildings
are a valuable architectural work and cultural monuments that should be protected from
devastation of any kind, provided for scientific study, and presented to the public. For the
SPC, these are holy places and spiritual centers intended for worship.

The program for the restoration of the construction heritage in Kosovo and Metohija
by the mentioned institutions should be as follows: in the case of the state and its
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institutions, access to the processing of heritage artifacts and the restoration itself is
required; in the case of SPC, it is the revival of the true, original purpose for which they
were once established. Different aspects of the approach to the renovation program by the
state or the SPC will not contribute to quality results, because there is a tendency to take a
monopoly position in the conception and management of architectural renovation, which
can be manifested in two forms: favoring one concept of the renovation method; and the
imposition of concrete solutions by those in charge of reconstruction. Neither of these two
forms is desirable, so a unified action and cooperation of the state and the Serbian
Orthodox Church is needed in programs of protection, and especially in programs of
restoration of holy places.

The protection of architectural heritage is a very delicate mission that should be
supported by a large pool of knowledge and experience (Cvetanovi¢, Momcilovi¢ -
Petronijevi¢, 2021).

7. Contribution to the concept of the future strategy in preserving the cultural

heritage and heritage of Kosovo and Metohija

In modern conditions, institutional dealing with the overall Serbian cultural heritage
in Kosovo and Metohija is somewhere between the department of the Ministry of Culture,
the Office for Kosovo and Metohija and the department of the Ministry of Foreign Affairs.
This kind of disorganization is a characteristic of not being able to find a way around a
situation that is still going on and of constantly waiting for things to resolve themselves.
Insufficient involvement becomes incomprehensible, since these are monuments of the
greatest possible importance for the individual and collective memory of the Serbian
people, which are exposed to obvious and brutal destruction. In fact, the current state of
functioning of the institutional protection of cultural heritage and heritage in Kosovo and
Metohija is such that the only objective comment would be that there is a devastating
absence of a clear reaction from the state of Serbia regarding the protection of two spiritual
and cultural heritages. And just as it is not known which ministry is responsible for the
issue of heritage in Kosovo and Metohija, or everyone touches it a little bit, so it is not
known what is being done to solve it, or at least the public is not sufficiently familiar with
the basic details of the discussions that have been now run with international institutions
that are engaged in the protection of our heritage.

Unfavorable political solutions greatly complicate the protection and preservation of
Serbian cultural heritage in Kosovo and Metohija. That is why there are constant and
unpunished attacks by Albanians on churches and monasteries, and what they cannot
destroy they try to appropriate. The main reason for this state of affairs is the fact that
Serbia lacks a realistic and sustainable strategy in the field of cultural heritage protection in
Kosovo and Metohija. On the other hand, the so-called The Republic of Kosovo has
adopted a national strategy for cultural heritage where there is no mention of any destroyed
and devastated building or plan for the protection of buildings owned by the Serbian
Orthodox Church. https://www.mkrs-ks.org/repository/docs/srb_strategija za naslede.pdf
on the other hand, the Office for Kosovo and Metohija states that even all the crimes are
not enough, so outrageous attempts are being made to replace and rename the Serbian
cultural identity in Kosovo and Metochius. So far, no perpetrators have been found for all
the crimes. There is a danger that, at the beginning of the 21st century, a unique
multicultural and multiethnic region will disappear from the soil of Europe
(https://www.kim.gov.rs/kulturno-nasledje.php)

Based on the analysis of the current situation, as well as the principles of cultural
development, the future strategy on the preservation of cultural heritage and heritage in
Kosovo and Metohija should advocate for a more significant role of protection and
restoration, relying on relevant research and a planned and systematic approach to the
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development of the cultural system as a dynamic and the driving segment of social and
institutional. This would not be achievable without understanding and emphasizing cultural
heritage as a guardian and creator of value, the importance of culture for each individual
and the entire society, as well as the representation of our country and people in an
international context. Therefore, the Strategy would be determined for the vision of the
desired state which reads: Dedicated to preserving and nurturing the cultural and historical
heritage of Kosovo and Metohija and the distinctive and unique culture of the Republic of
Serbia, which contributes to the harmonious development of the human personality,
society and international relations, satisfying the cultural needs of all citizens of the
Republic of Serbia and members of all nationalities.

The strategy can define one general and five specific goals. The general goal of the
Strategy for the Preservation of Cultural Heritage in Kosovo and Metohija is: Protection,
improvement and restoration of cultural and historical heritage. The indicator at the level
of the general goal is determined by the participation of citizens of the Republic of Serbia
in protection and preservation programs, and is measurable according to the number of
visits to architectural monuments of culture. The specific objectives of the Strategy are:

- Improvement of the regulatory framework, institutional capacities and financing
system;

- Development of the investment system in the restoration and protection of cultural
heritage;

- Encouraging initiative and equal participation of citizens in initiatives for the
restoration and protection of architectural heritage;

- Improvement of international cooperation and the process of European integration
in the field of protection and restoration of cultural heritage;

- Digitization and promotion.

The strategy of the Republic of Serbia in this area should include three main
problems:

1. Physical protection of cultural heritage;

2. Professional conservation and restoration;

3. Cultural policy of local Serbian communities in Kosovo and Metohija.

The strategy should achieve the following main goals:

- Defining and determining the scope of Serbian cultural heritage in Kosovo and
Metohija;

- Short-term and long-term program solutions for its protection;

- Position and role of Serbian institutions in Kosovo and Metohija;

- Principles and models of cooperation with international and local subjects.

Positive solutions for which the Republic of Serbia should advocate in the strategy
for the preservation of cultural heritage and heritage, and thus specifically the schools of
Kosovo and Metohija, and how they exist. The main priorities include several elements:

1. Inventory and insight into the state of the overall heritage in Kosovo and
Metohija. Only on the basis of such an inventory, with an on-the-ground
inspection and a request for data and reports made by temporary
institutions, it would be possible to approach the institutionalization and
concretization of protection and restoration;

2. Insisting on the sharing of responsibilities in the process of cultural heritage
protection and its restoration. The current situation completely excludes the
participation of not only Serbian institutions, but also experts. It is absurd
that all protection and restoration projects are carried out by Albanian
institutions and companies. The lead roof covering that was stolen in 2013
in the very center of the city from the Church of Our Lady of Ljeviska in
Prizren, and then inadequately replaced, shows that this state of affairs is
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unsustainable. Monuments that do not have the support of the local
population, such as the Defani monastery, are in much greater danger of
destruction and inadequate restoration;

3. Preparation of expert studies on the assessment of the safety of cultural
heritage and heritage in a situation such as this, when there is no possibility
of direct involvement;

4. Restitution of ownership - the current situation shows that the Serbian
Orthodox Church is forced to face legal and administrative tasks on its own,
such as defining the boundaries of cultural monuments, exercising rights
over their full disposal, wild and illegal construction in the vicinity of
monuments, independent performance of restoration works and
conservation works;

5. Standardization of geographical names, toponyms and places in Kosovo and
Metohija and protection from violent changes;

6. Continuous, systematic work of the professional and scientific public to
spread the truth about the Serbian cultural heritage in Kosovo and Metohija;

7. Digitization and promotion of Serbian cultural heritage in Kosovo and
Metohija;

In the strategy of protection, restoration and preservation of cultural heritage in the
territory of the AP Kosovo and Metohija, the basic principles must be respected:

- The permanent character of cultural monuments and the continuity of their values
requires the continuity of the work of the services and excludes actions that would
call that character and continuity into question;

- No demolished cultural monument must be left to oblivion,;

- Registered monuments, according to European standards, must not be worked on
without documentation and personnel with recognized references in the protection
of cultural assets;

- Restoration of demolished or damaged cultural monuments must be carried out
according to the original condition, based on documentation.

CONCLUSION

This paper points to the problem of architectural-urban protection and restoration of
the preservation of the heritage of the Kosovo-Metohija school. The characteristics of the
selected monumental monuments of the culture of Serbian medieval architectural
creativity, which in the context of time span the period from the second half of the 13th to
the end of the 14th century, are indicated, and represent an integral part of the cultural
heritage of Europe and the world, because its architectural features are a significant
construction work, which surpasses national borders.

The most valuable are the medieval monasteries of the Serbian Orthodox Church,
unique in that they bear witness to the meeting of Byzantine and Romanesque architecture.
The special importance of the cultural heritage on the territory of the AP Kosovo and
Metohija is reflected in its testimony to the origin of the Serbian state, church and culture,
and therefore it represents a key element of the cultural identity of the Serbian people and
is an integral part of the European cultural heritage. Since June 1999, 174 religious
buildings have been demolished, damaged and desecrated in Kosovo and Metohija. Only
on March 17, 2004, 36 Serbian Orthodox religious places and buildings were demolished,
damaged and desecrated. The most important medieval heritage suffered serious damage,
especially the Church of Our Lady of LjeviSka in the center of Prizren, after which
UNESCO placed Serbian medieval monuments in Kosovo and Metohija (Visoki Decant,
Pe¢ Patriarchate, Bogorodica Ljeviska, Gracanica) on the List of World Heritage in
Danger. In addition to all that, after March 2004, instead of institutional solutions for the
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protection of cultural heritage on the territory of Kosovo and Metohija, the process of
forming ad hoc instruments began. With the signing of the Memorandum on General
Principles for the Restoration of Serbian Orthodox Religious Monuments between the
Serbian Orthodox Church (SPC), the temporary institutions of self-government in Pristina
(Ministry of Culture, Youth and Sports) and the Council of Europe, with UNMIK as the
guarantor of the agreement, the restoration included only individual objects that are under
the auspices of the SPC. There is a lack of strategic vision, planned action and coordination
in the implementation of the policy of cultural property protection, and there are no
conditions for the implementation of unified management, provision of projects, their
financing and implementation control. Projects are often financed by international
institutions and other donors, but without clear and expertly verified priorities and plans.
The contractors do not even have the professional references to perform that responsibility
(as stated in the analysis of all the missions of UNESCO and the Council of Europe) and
have not shown concern to effectively take care of the cultural heritage. In parts of the
territory of Kosovo and Metohija inhabited predominantly or exclusively by the Albanian
population, the rich Serbian cultural heritage is still exposed to a high risk of deliberate
destruction.

Due to non-compliance with UN Resolution 1244 by temporary institutions (first
UNMIK and now EULEX), the Republic of Serbia has no opportunity to take care of its
cultural heritage in Kosovo and Metohija, which according to all European and world
charters and standards is its inalienable right and obligation. The main objections to the
current policy towards Kosovo and Metohija, and also to the field of historical heritage
protection, could be summarized as follows: there are no precisely defined goals, there is
no clear and sustainable strategy, there is a lack of models and strategic directions of action
and the public in the work. The preparation of strategic and planning documents is a
particularly demanding undertaking in areas where there are conflicting parties, and in
which objects of cultural importance are the most frequent and biggest victims. Even
today, in the parts of the territory of Kosovo and Metohija inhabited by the Albanian
population, the rich Serbian cultural heritage is exposed to deliberate destruction.
Protection and restoration must be based on principles that open up space for certain
improvements that will contribute to the quality of the end result, which is certainly the
revival of monastery complexes and their contribution to the preservation of national
memory.

From an architectural point of view, Serbian medieval monuments also explain the
ways in which Serbian national independence and spirituality were created. They followed
the historical movements, the ups and downs of the state, but were built continuously
regardless of the state of the state, from the founder's personal affinities and the ruler's
desire to continue the tradition in cultural material goods started by Stefan Nemanja.
Although most, in fact all of the mentioned churches and monasteries no longer exist in
their original form, because they were demolished, destroyed, burned, looted, they were
never destroyed. It seems that the secret of the survival of the Serbian people itself lies in
their construction and renovations.
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A 13TH CENTURY MEDIEVAL BULGARIAN INN FROM THE CITY OF SOFIA,
IN THE CONTEXT OF THE ARCHITECTONICS OF SIMILAR LATE
BYZANTINE XENODOCHIAS AND EARLY OTTOMAN CARAVANSERAIS
FROM THE SOUTH-EASTERN PARTS OF THE BALKAN PENINSULA AND
ASIA MINOR
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Abstract: The article examines three specific medieval inns from the territory of the
Macedonia region as it existed during the 13th to early 15th centuries, specifically from the
cities of Sofia and Plovdiv (Puldin, Philippopolis, now in Bulgaria) and Thessaloniki
(Salonika), now in Northern Greece. Two of the three inns—Ilocated in Sofia and
Thessaloniki—are Bulgarian and Byzantine, respectively, while the third, in Plovdiv,
dating from the early 15th century, was built by the Ottoman governor of Rumelia, which
also encompassed the first two cities. Typologically, the two pre-Ottoman buildings are of
a type that has a unique Byzantine counterpart in Constantinople (Istanbul), known as the
Balkapan Han. This structure was originally built as a revenue-generating property of the
Hagia Sophia cathedral and, after the city's conquest and its conversion into a mosque, was
endowed by the sultan as waqf (a charitable endowment) for the cathedral’s benefit.
Today, we do not know when Balkapan Han was built. However, the article provides
evidence that the inn in Sofia dates back to the mid-13th century, while the one in
Thessaloniki dates to the 14th century, possibly from the time of Venetian rule over the
city (1423—-1430). This period began when the city’s governor, Andronikos, realizing he
could not ensure its defense, surrendered it for 50,000 ducats. Beliye dates it to the 13th—
14th centuries, though its architectural style suggests the latter of the two centuries.
For the third site—the caravanserai "Kurshum Han" ("The Lead Inn") in Plovdiv—it has
been proven that it was built between 1430/31 and 1432/33 as a structure with a stone
ground floor and a wooden upper floor, which was later, likely in the 16th or early 17th
century, also replaced with a solid structure.

The conclusion is that the typology of these three inns is local to the eastern

Balkans—Byzantine-Bulgarian—integrated into Ottoman architecture through local

Bulgarian builders.

Key words: Balkan peninsula, Bulgaria, History of the Medieval Balkan
architecture, Medieval inns, Ottoman caravanserai, Second Bulgarian Empire,
Medieval Sofia, Medieval Thessaloniki, Medieval Plovdiv.

The oldest caravanserai along the route of Via Militaris was located in
Sofia, and it is actually pre-Ottoman, dating generally from the end of the 12th to
the middle of the 13th century. It is known in the literature as the "Chokhajiiski

* Arch. Nikolay Tuleshkov, Academic, PhD/Proff. The Bulgarian Academy of Sciences and Arts (BASA)
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Han" and was the property of one of the medieval Sofia churches - "St. Nicholas
Golemi" (in the Middle Ages - "St. Nicholas the Great"). Anastas Ishirkov points
out that in its "dependent" small church "St. Nikola Mali" (opposite the main
entrance of the "Chokhadzhii Han", demolished in 1891) "the merchants who
came to the caravanserai located next to it, used to go to church there" '. He
obtained this data from a text in a notebook published from Popkonstantinov: "In
the year of Christ 1448, it is known when there were Father Hrano and Father
Miladénu, ortatsy (allies) from the smaller temple, with Nikolaa, then it was the
caravanserai, the caravan inn, it was a small (property) in the grounds of the
church (i.e. in the ground floors of two of the buildings open to the main road),
and the caravansary, where the merchants came to the inn, there they went to the
church, the epitropus - an innkeeper (hanji) Nésho" .

But Ishirkov, interpreting the note, incorrectly came to the conclusion
that the property of the inn belonged to the subordinate church. Most likely,
however, it was built around the end of the 13th century, perhaps initially as a
larger prayer chapel of "St. Nikola Stari", designed to serve the religious needs
of travelers and merchants staying in the inn. That is why it is positioned in
front of its main entrance. Later, during the Ottoman rule, when many of the
city's churches were destroyed or converted into mosques, it was consecrated
and began to serve as one of the city's churches.

PSS

,4

1. Ishirkov, A. The city of Sofia in the 17th century. — In: Materials for the history of Sofia,
vol. I, Sofia, 1912, p. 26

2. Popkonstantinov, Hr. Memoirs of Sredets. — Periodical magazine, year 3, No. 10, Sredets,
1884, p. 94
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The church "St. Nikola Mali" in Sofia. Archival photo of its demolition in 1891
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For the creator of the main church "St. Nikola Stari" Sebastocrator
Alexander Assen is assumed, who from around 1219 ruled the Sofia region as
his appanage. The basis for this is the building inscription from 1241 from the
neighbouring church "St. Petka Stara", indicating him as its founder. Therefore,
it is considered, and with reason, that the second temple, located almost next to
it, was restored at roughly the same time. And this is confirmed by the
architectural marks of the preserved wall from "St. Nikola Stari", where there
is mixed masonry with acoustic pots built into the brick belt, or perhaps Mysian
Panic ornaments, characteristic of the 10-14th century period (and for
Pomoravia, in modern-day Serbia, until the first decades of the 15th century, as
works of Bulgarian architects).

The preserved wall from the church "St. Nikola Stari",
after the bombings of January 10, 1944
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Let’s also point out that the only established so far church in Sofia with
Panic decoration is the two-story ossuary church "Sts. Nicholas and
Panteleimon" of the medieval monastery near the Boyana Castle "Batil", built
before 1259 by Sebastocrator Kaloyan, in front of the western facade of an
older cross-domed cathedral from the 10th - 11th centuries (dedicated to St.
Pantaleimon). A monastery residential wing located nearby and parallel to the
church was found archaeologically on its southern side.

Undoubtedly, similar to the access to the two-story church of the
Bachkovo monastery, here too from the second floor of the monastery building,
the entrance from the upper level of the church was reached via a bridge. The
lower one served as a burial place, and the old temple was turned into a
mortuary chapel .

Clarifying the question of the property interdependence of the three
subjects - the main church, the chapel (later consecrated as a temple) and the
inn, by analyzing the specified documents, we can deduce the hypothesis that
the "Chokhadzhii Khan" was erected by Sebastokrator Alexander Assen in the
period circa 1220 - 1241, as a profitable building of the temple "St. Nikola
Stari1", created at the same time. And if it is also taken into account that the
expansion of the Boyana church was the work of Sebastocrator Kaloyan, the
conclusion emerges that St. Nicholas Mirlikliyski was the patron of the high-
ranking rulers of Sofia in the 13th century.

The memory of all this was alive among Sofians even after the 15th
century, because the Russian professor Viktor Grigorovich will note in his book
about his journey through the Bulgarian lands, how "in Sofia there are several
ancient monuments related to famous legends. They include the Hagia Sophia
mosque (4th and 5th century St. Sophia church, renovated in 6th and 9th
centuries, on St. Alexander Nevsky Square), the "Giil Mosque" ( the Rotunda
"St. George" from 4th-6th century, converted into a mosque by Sultan Selim I)
and the Chohaji Khan" (from choha - cloth)..."The Chohaji Khan", a building
with vaults, as they say was built by the Bulgarian kings for warehouses..." *.

It can also be seen that towards the middle of the 15th century the inn
began to be called the "Carvansara". If one interprets Evliya Celebi's story from
around the middle of the 17th century about the inns of Sofia, he clearly
perceives that two separate large-scale inns stood next to each other - the
"Chokhajilarsky" and the "Buyukka inn" °. But due to the church ownership of
the first of them, although as he claims it was one of the largest in the city, he
does not mention who its creator was. Which is not characteristic of him, since
in his travelogues, whenever the benefactor is a Muslim, he indicates it.

3. Tuleshkov, N. Architecture of Bulgarian monasteries. Sofia, 1988

4. Viktor Grigorovich. Essay on travels in European Turkey. Second edition, Moscow, 1877
(First edition, Kazan, 1848), p. 137

5. Evlia Celebi. Evliya Celebi's journey through the Bulgarian lands, in the middle of the 17th
century. — PSP, vol.70, St. 9/10, 1909, p. 69
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So is his text about the Safavid "Inns and Caravanserai". In this case, however,
he only briefly notes "the big "Buyuk Han", which is opposite the arcade", but
this, according to the location determined, is precisely Chokhadzhiyski Han.
Ishirkov picks up this phrase of Celebi and writes in his text about both as
separate subjects, but describing them with completely matching parameters.
From here, in the historical literature, it is usually considered that it is a question
of two different caravanserai located next to each other in a common group
with an arcade. The confusion is finally consolidated with the explanatory
additions applied to a revised map of the city from 1879, made for an
"Anniversary collection" from 1940, dedicated to old Sofia. In this area, as can
be seen from it, the most large-scale building is the Chokhadzhii Han, and
opposite it, the "geometer" who made the map - Toma Pishtachev, depicts a
triangle from the Kyurkchii hamlet, in the middle of which is the church "St.
Nikola Mali", and on its two sides, according to him, were the "Buyukka Han"
from the northwest and the "Karvasarata (carvansarai)" from the southeast. The
"Chokhadzhii Han" is also marked as a separate huge object opposite them.

Fragment of the plan of old Sofia from 1879 with applied regulation, according to the
project from 1881 (geometer T. Pishtachev), with the Chokhadzhii Han, behind the
inscription on "Bulevardna" street

But the analysis of the area clearly shows that there is simply not enough
space for the placement of these three listed large-scale objects. Moreover, at
least "St. Nikola Mali" and one of the Sofia synagogues are located there as
well. And "Karvasara" itself, i.e. "Chokhadzhi Han", is actually correctly
drawn right opposite the church - on the other side of "Bulevardna" street,
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drawn by the geometer exactly in front of its facade. This same triangular
neighbourhood is hemmed in on the other side by an arcade, and on the third
by three of the city's four Jewish "havri" (synagogues). In general, it can be said
that even if there were some earlier inns here, they were undoubtedly small
private buildings, and not large-scale waqf caravansarai.

This whole mess started by Evliya Celebi was continued by Sprostranov,
who, placing the three objects in this part of the city at the same time, mistakenly
began to claim that the name "Karavansara" refers to the "Big (Turkish: "Buyuk")
inn" mentioned by Evliya Celebi to be “opposite the arcade”. While in the
inscription published by him from 1448, the inn from the 13th century is very
clearly called that. This is how the three large-scale inns were placed here, instead
of one called by different names over time. Even the description given to this non-
existent separate caravanserai - "Buyuk Han" - 1s actually entirely covered by that
of the "Chokhadzhii Han" - large, with "two doors" and "shops around". He also
indicates that it existed until the Liberation, as a disorganized place inhabited by
"noor Jewish families" °. After that, when writing about the "Chokhadzhii Han",
besides repeating the same main characteristics, as inherent to it, he will also quote
Drish (1719) who reported "point-arched galleries", while in old photographs and
drawings all its vaults are of course semi-cylindrical, and so it is clear that he most
likely described the caravanserai from the quliet (religious-benevolent
architectural ensemble) of the "Black Mosque", which according to a photograph
from the early 1880s, has a pointed arch form.

View from the caravanserai of the "Black Mosque" (with the bricked-up shops), from the
corner between present-day "General Parensov" and "Tsar Shishman" streets. Photograph
by Ermen Kaye from 1884

6. Ishirkov, A. The city of Sofia in the 17th century. — In: Materials for the history of Sofia,
vol. 111, S., 1912, p. 29. This is also mechanically repeated by Hristo Zlatarev in his
"Memories of pre-liberation Sofia" from the Jubilee Collection of the "Ivan Denkoglu"
Society from 1940
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Schematic reconstruction of the kyule of the "Black Mosque", according to Tuleshkov. 1.
Mosque, 2. Inner courtyard in front of the iwan of the mosque with a teke, 3. Madrasa, 4.
Bath, 5. Street with shops, 6. Caravanserai, 7. "Kaden bridge" over the Pearl River

In 1850, Edmund Spencer found the Chokhadzhii Inn already damaged
and wrote: "The caravanserai or inn is partly in ruins and is the most majestic
building ever erected in these provinces for the accommodation of travellers and
their goods. It is built entirely of dressed stone (in fact, the masonry is mixed—
opus mixtum) and is fireproof throughout, with arcades. Walking through the
vast stables, warehouses, galleries, and countless individual rooms, we find
abundant evidence of Sofia's significant medieval trade, as only this inn
managed to survive and accommodate a large number of travellers..." .

7. Spenser, Edmund. Travels in European Turkey in 1850 through Bosna, Servia, Bulgariaq
Macedonia, Thrace, Albania and Epirus, with a visit to Greece and the Ionian islands.
London, 1851, vol. II, p. 376 (translation from English N.T.)
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Views from the "Chokhadzhii Han" in Sofia based on French photographs from
circa 1879 - 1882. "Old Sofia" Collection

Same as above
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The ruins of the "Chokhadzhii Han" in Sofia from the back gate
by Oberbauer's watercolor
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Despite the ongoing decay, after the Russian troops entered Sofia on
December 23, 1877 (January 4, 1878), the French volunteer from the 26th Don
Cossack Regiment, Dick de Lonlay (pseudonym of Georges Ardouin, historian,
journalist, and painter), described it as still fairly preserved: "The street of
goldsmiths and currency exchange consisted mostly of a large rectangular
building—the former caravanserai, equipped with arcades and galleries, painted
with frescoes in all colours, contrasting only with the fresh reddish and dark tones
of the brick walls, onto which large iron hooks are attached, meant to support
awnings in the summer that protect the shop facades and sometimes the heads of
the 'giaours... “ 8. This is the only testimony that the upper gallery of the inn was
decorated with frescoes during the Ottoman period, likely between the 16th and
early 19th centuries. This also explains the iron hooks embedded in the wall above
the outer shops on the ground floor of the inn, the purpose of which puzzled other
authors. Apparently, during the rainy and cold months, the awnings mentioned by
de Lonlay, hung in the summer from these hooks, were taken down and stored
along with their wooden or metal supporting structures °.

We can see what these awnings looked like from an engraving in "The
Graphic" from 1885, depicting the shops between the Kurshum Khan
caravanserai and Muradiye Mosque in Plovdiv.

The plan of the Chohadji Inn, which belongs to the second functional type,
outlines the building's contour (at least 70 x 60 meters, or over 4200 square meters
of built-up area) in a way that shows the functional courtyard is surrounded by
wings, one of which, occupying the northwest side, is twice as wide—this is likely
the large stable mentioned by Spencer. According to two preserved photos of this
medieval Bulgarian inn, it was a long, two-aisled hall, covered longitudinally with
brick cylindrical vaults similar to those I have seen documented by Charles Texier
in a pre-Ottoman xenodochium (inn) from the 14th century in Thessaloniki. The
other three sides of the courtyard were enclosed by three two-story wings, all
featuring arcaded galleries on both levels in front of a series of connected rooms.
Two of the wings were wider due to the rows of vaulted shops opening onto the
two streets surrounding the inn—Kapan Street (later Boulevard Street, and from
1883, Knyaz Alexander Dondukov Street)

8. When the Ottoman Serdar (military leader) Lala Shahin Pasha besieged Sofia in 1380, in
one of his reports he wrote: "... Trade in the city is quite developed, because on every step
they look like leeches on the well-worn roads on which travelers travel and travelling-
merchants, merchants of safe goods and products, who work in Sofia and are sent to
Rumelia (a region covering all the conquered territories in Europe, with headquarters in
Odrin) and further on. The roads and bridges are very big..." (according to Stancheva, M.
Sofia - from antiquity to modern times. Sofia, 2010, 142 - 143.)

9. Lonlay, Dick de. L‘armee russe en campagne souvenirs de guerre et de voyage par un
volontaire du 26-me regiment de cosagues du don. Djouranli-Eski-Zara-Schipka-Pélichat-
Lovtcha-Plevna-Gorny-Doubnick. Paris, 1888

164



MEXIAYHAPOJIHA HAYYHA KOH®EPEHIIUA BAHN 2024
INTERNATIONAL SCIENTIFIC CONFERENCE BASA'2024

Fabric awnings of shops in front of the "Mouradie Mosque" in Plovdiv according to a
fragment of an engraving of "The Graphic", London, 1885

Schematic plan of the "Chokhadzhii Han" in Sofia, based on the plan from 1879, according
to Tuleshkov
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to the southwest, and a lane leading to the nearby Devil's Market (Shaitan
Charshiya) to the southeast, which continued past the northeastern wall to a
second gate leading to the Grain Market. This layout is clearly visible in photos
from 1888, taken during the demolition of the inn.
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Archive photo from the demolition of the "Chokhadzhii Khan" in Sofia in 1888. View from
Bulevardna Street with the yachar building in the foreground

Archive photo from the demolition of the "Chokhadzhii Han" in Sofia in 1888. View from
the other corner of the buildings along Bulevardna Street and the street to "Shaytan Bazaar"
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It is slightly possible that the ground floor of the third, rear wing also
housed shops. For example, in the Byzantine xenodochium in Thessaloniki,
the three inhabited wings had single-story shops in front of the ground-floor
facade. In an aquarelle by Oberbauer, the tall vault in the foreground,
behind which the main entrance pavilion covered with a dome is visible, is
most likely the second entrance. The springing of perpendicular arches on
both sides suggests that it too had a domed cover.

To the southwest, near the stable of the Chohadji Inn, is one of the entrances
mentioned in old descriptions. It led into the courtyard from the main street,
recorded as "Boulevard Street" in the 1879 city plan. To the left, between it and
the stable's wing, a wide staircase is outlined, leading to the upper floor, but it was
probably a later addition. According to photos from around 1880, the original
stairs were about 1-meter-wide, resting in their lower part on a small half-vault,
while in the second part, they extended outward, supported by an arch from the
ground floor, creating a landing in front of the rooms at the gallery entrance.

Hristo Zlatev points out that there was a second "opposite” entrance
leading to the narrow market street beyond the bend, as indicated in the 1879
city plan. On the plan, it is positioned directly across from the main entrance.
In photographs from the early 1880s, a second, narrower stone staircase,
attached parallel to the arcades, can be seen at the opposite corner of the
building. At its highest point, where it ends in a landing in front of the gallery,
the staircase is supported below by an arch, while the lower sloped part of the
steps rests on a half-arch. Its masonry is identical to the rest of the building.
Zlatev continues his description, explaining that the "backside” of the interior
rooms, facing the street, housed "vaulted shops with 5 metres of frontage and
6-7 metrers in depth’. This means that, together with the rooms facing the
courtyard, which were about 4 metres deep, the colonnaded gallery in front of
them (around 2 metres), and the total width of the walls and columns, the width
of these wings was about 14 metres. The south-eastern corner of these shops,
preserved after the building’s demolition in 1888 and later divided lengthwise
into two, formed the structure of the so-called "Goldsmiths' Market." It can be
seen on the left in the background of one of Sofia's watercolours—"7The
Goldsmiths' Market" (1890s) by Oberbauer.

The chain-linked rooms in the inn’s courtyard were accessible through
surrounding open arcaded galleries, "vaulted corridors,” as IreCek writes,
adding that on the upper floor behind these galleries were "rooms for foreign
merchants, and above each small room rose a dome

10. Zlatev, Hr. Memories of pre-liberation Sofia — In: Jubilee Collection of the "Ivan Denkoglu"
Charitable Society. Sofia, 1940. The sizing of the inn was carried out based on the
dimensions of the shops indicated in this work - 13 in number for the main facade and one
axis with the entrance portal, or a total of 14x5m=70m. However, we do not know the
thickness of the walls, the sum of which must be added, as well as whether the 5 meters in
question, measured by Zlatev, are not axial.
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The goldsmith's bazaar in Sofia. At the bottom right are the remains of a preserved group of
shops from the buildings at the corner of Bulevardna Street and the street to "Shaytan Bazaar"

(i.e., a calotte), covered with lead""'. 1t appears that the rooms in the two wider
wings, which housed shops, consisted of two enfilade-connected spaces. This
is likely what is referred to in a travelogue by Antonio Benetti from 1680: "I
am staying in a wonderfully built inn, divided into two apartments, entirely
covered with lead, with a large courtyard and a beautiful fountain in the
middle.” Such a combination of double rooms could only have existed if the
inhabited wing was wider, as was the case in Sofia, due to the shops in front of
the ground-floor rooms or over wide stables. In both cases mentioned,

11. Irechek, K. Travels in Bulgaria. Sofia, 1974, 76 — 77; Tuleshkov, N. Architecture of
medieval innkeepers from South-Eastern Europe — In: GNAM, 13, In Honorem Professoris
Violetae Volkova — Neseva, Sofia, 2016, 233 — 237
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it seems that only the Chohadzhiiski Han had this configuration. Similar two-
room inhabited cells can be found in the widest part of the wing with shops and
on the floor above the stables in the second courtyard of the caravanserai of
Rustem Pasha in Edirne (1554, by Mimar Sinan).

Plan and section from 1948 of "Riistempasa Han" in Edirne (Bulgarian Odrin), by
Ali Saim Yiilgen

From old photographs, it can be seen that large domes, covered with lead
sheeting, were present over the two tower-like entrance portals. However, since
the roof of the second floor is already destroyed, there are no traces of the
smaller domes that would have been over each of the inhabited rooms there.
Judging by the width of the surrounding wings visible in the 1879 plan, it is
clear that there were single sleeping rooms on the lower level as well, similar
to those in the early Ottoman caravanserai in Plovdiv. A characteristic feature
of the "Cohadziyski Han," however, was that the stables had a second floor,
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likely consisting of large storage rooms with solid walls facing the courtyard,
where tall doors allowed the lifting and storing of goods.

The inn was built using mixed masonry (Opus mixtum) with alternating
belts of three rows of bricks and one row of stone blocks of varying lengths,
though in some areas it transitioned to cellular masonry. The vaults and domes
were entirely made of brick. In a photo from 1888, taken during the demolition,
a brick six-pointed rosette (the so-called ")XX" (Zh) ornament) can be seen above
one of the columns on the ground floor to the left of the main gate. This
ornament, originating from pagan antiquity, became a stylization of Christ's
monogram—the chi-rho, which, apart from being part of Christian culture since
late antiquity, is one of the oldest ornaments in medieval Bulgarian
architectural painting '°. There are also brick arcades with thin brick archivolts,
as well as instances of the mentioned cellular masonry. All these features are
characteristic of medieval Bulgarian architecture from the Second Bulgarian
Empire in the 12th—14th centuries, though some elements, such as the "X"-
ornament and cellular masonry, date back to the 9th century.

Archive photo from the demolition of the "Chokhadzhii Khan" in Sofia in 1888. To
the left is the stable. Above the column between the two first arches on the left, there
is a bricked "X" (Zh)-ornament (Christ's monogram), indicating that the property is
a church

12. Tuleshkov, N. The architectural art of the old Bulgarians. Volume 1, Middle Ages, Sofia,
2001 (discussed in detail in the chapter "The Painting Style - Flaming Gothic of
Byzantium")
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Based on the architectural analysis of the site and comparable features
with other pre-Ottoman Bulgarian structures, it can generally be suggested
that the inn dates from the late 12th to 13th century and was the work of
southern Bulgarian craftsmen, as most of the construction features possess
the stylistics characteristic of their work.

In terms of its functional typology, the "Choxhadzhiiski Inn"
resembles the "Kurshum Inn" in Plovdiv (also known as the "Lead Inn"
due to its lead-covered roof), which was an early Ottoman building. It was
demolished by the Plovdiv authorities between 1928 (after being damaged
by the Chirpan earthquake) and 1933. Contrary to some authors' belief, it
had a spatial and functional connection not with Shahbedin Pasha's
mosque, but with the Muradiye (Jumaya) Mosque, built by Sultan Murad
I Hiidavendigar (1362—-1389) as an imaret and later rebuilt as a large
Friday mosque, accompanied by a caravanserai, an imaret, and the Tahta
Hamam ("Flea Bath") by Murad II (1421-1444) between 1430/31 and
1432/33. Clearly, we are dealing here with a kiilliye (a complex consisting
of a mosque, a caravanserai, and a bathhouse), with the bath located next
to one of the caravanserai's entrances. The two main structures—the
mosque and the inn—were positioned in the characteristic manner,
opposite each other, and it is likely that there was a market street or a
small square between them. Later, an arcade (a covered market) was
erected on the other side of the bathhouse.

A panoramic view of the central parts of Filibe around 1880 based on a fragment of a
photograph by Dimitar Kavra. 1. Muradiye Mosque, 2. The Bazaar, 3. Kurshum Han, 4.
Tahtakale Hammam
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Plan of the ground level of "Kurshum Han" in Plovdiv according to Zlatev

Section and plan of the second level of "Kurshum Han" in Plovdiv
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Similar to the functional layout in Sofia, in addition to the two buildings
with shops, the third, which has a double-aisle design, was used as a stable. It
was probably renovated in the 19th century, with half of the structure near the
second courtyard gate being partitioned into several deep rooms, undoubtedly
intended for shops and workshops. Only about one-third of the original large
space continued to be used as a stable. At the same time, a row of windows was
opened in the outer wall. By partitioning the ground-floor galleries, the original
sleeping quarters in the remaining wings were transformed into separate shops.

I

i‘

\

View from the back of "Kurshum Han" in Plovdiv, before its demolition

The caravanserai was built with simplified cell masonry, while its vaults
were entirely made of bricks. Notably, there is a significant difference between
the architecture of the ground level and the upper level, with the entrance portal
featuring a stone vault, separated on the facade from the cell masonry by a
single-row brick archivolt. Additionally, the first floor facing the courtyard was
also constructed using simplified cell masonry, where the horizontal rows and
the vertical divisions between the stone blocks were made of single bricks, and
the vaults had semi-cylindrical brick constructions. In contrast, on the upper
floor, the horizontal rows consisted of three bricks, and the vaults were pointed,
with a keskemer (sharp) design. Unlike the lower arcades, the upper ones had
imposts and iron tie rods. Meanwhile, the external masonry up to the roof
cornice was of the simplified type throughout.
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View from "Kurshum Khan" in Plovdiv, with the 18th-19th century expansion of the
shops forward to the street. Based on a photo from circa 1930

View from the courtyard of "Kurshum Han" in Plovdiv in 1929. Collection DA-Plovdiv

All of this clearly indicates that the entire upper floor was massively
rebuilt, most likely between the end of the 15th and the beginning of the 17th
century, and this may have been done on the site of the original half-timbered
wooden structures.
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There is evidence of caravanserais with such later rebuilt wooden upper
floors, for example, "Koza Han" (Turkish for "The Silk Caravanserai", 1491,
architect Abdul bin Bulat Shah, an Islamized Georgian) in Bursa, and based on
19th-century engravings, the caravanserai in Mezidler, Balikhisar, had wooden
galleries on the second floor. According to an engraving by Solomon
Schweiger, a similar caravanserai in Istanbul with wooden columns and
plastered false pointed arches (keshkemi) above them housed the delegation he
accompanied in 1578. It also featured chain-built shops and workshops
attached in a low, perhaps auxiliary structure in front of one of the gates.
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Istanbul caravanserai of the type with separate rooms for travelers from the engraving of
1577, published in 1608 by Solomon Schweiger

A typology similar to the Sofia inn and the early Plovdiv caravanserai
can also be found in one of the earlier Ottoman caravanserais — "Kursunlu
Han1" (1497/8) from the Anatolian city of Manisa. Endowed as part of the
Hatuniye Mosque complex by Hiisniisah Hatun, one of the wives of Sultan
Bayezid, it was severely damaged in the earthquake of 1611. It was restored in
1643 and repaired again in 1677. The waqf document mentions that it had 21
shops, 36 wooden, and 38 solid guest rooms. This means that initially, the upper
floor was built as a timber frame and was later rebuilt in stone in 1643. This
building also had a complex layout, with chain-arranged shops along two of its
external sides, nine of which were demolished when a street was built. Evliya
Celebi referred to it as "Hatuniye Han" and described it as a "well-built
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Ottoman inn," "similar to a fortress with forty domes (calottes).” The courtyard
space measured 28.20 by 24.60 metres, with an octagonal fountain at its centre

From the period until the 15th century, specifically the latter half, I am not
aware of other such designs in Ottoman practice. Moreover, such solutions are
rare even afterward, appearing in only a few instances, as this was the time when
the construction of individual commercial buildings, like arcades, intensified.
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Plan of "Kurshunlu Han" (1497/8) in Manisa, Asia Minor Turkey, according to Juksel
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View from "Kurshunlu Han" in Manisa, after restoration works

The similarity is even greater with the "Biiylik Han" in Thessaloniki. It was
described at the end of the 19th century by Béli¢re as a pre-Ottoman Byzantine
structure dating from the 13th—14th centuries '°. In his work, he includes a plan of
this now non-existent building. However, this architectural documentation was
created by architect Charles Tahiér, published in 1864. The accompanying text in
the book notes that the caravanserai was built using mixed masonry '*.

In a brief study, the Greek historian Androudis, based on an Ottoman
document from 1430, concludes that it was built precisely then, after the
conquest of the city '°. However, the city was handed over by its Venetian
rulers to Sultan Murad II on March 29, 1430. Evliya Celebi also notes that the
first new public and military buildings in the city date from after 1431, when
the old Byzantine citadel "Yedi Kule" ("The Seven Towers") was renovated
with the addition of a new main tower-gate (1431). However, the major
Ottoman public buildings appeared here much later, during the time of Sultan
Suleiman the Magnificent, with construction primarily carried out by Mimar
Sinan between 1535/36 and 1545/46, according to Celebi °.

13. Beylie, M. E. L’habitation Byzantine. Grenoble — Paris, 1902

14. Texier, Charles; Pullan, Richard P. Byzantine architecture; illustrated by examples of
edifices erected in the East during the earliest ages of christianity. With Historical &
Archaelogical descriptions. London, 1864

15. Avdpovdng, I1. Meydro Kapapav—ocepdn (Biiylik Kevansarayi) tng ®eccolovikng. Iotopikes
Kot Apyooroyikeo paptoupies. — In: Balkan Studies, 11, Thessaloniki, 1970, 63 — 97

16. Evlia Celebi. Travelogue. Sofia, 1972, p. 181
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Plan of the Byzantine xenodochia ("Buyuk Han") from the 13th - 14th centuries, according
to arch. Charles Texier (1864)

On the other hand, it is quite clear that the construction of such a
significant building as the "Biiyiik Han" could not have been organized and
completed in the few remaining months of the 1430 construction season,
immediately after the city's conquest. Moreover, it is unlikely that there was a
need for it, as this large commercial and port city undoubtedly had sufficient
inns (xenodocheia), baths, and churches, many of which were immediately
converted into mosques by the conquerors. Similarly, to the procedure for the
seizure of Constantinople's "Balkapan Han" (which belonged to the Hagia
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Sophia and was of the same typology), this case likely involves a document
confirming old property rights of one of Thessaloniki's major churches, which
was converted into a mosque in the same manner.

Therefore, the opinion of Beilier, based on his personal research over
115 years ago, remains well-founded. Even if Androudis's thesis is accepted, it
1s clear that the local craftsmen who built the structure, based on the
architectural features, were working entirely within the spirit of their pre-
Ottoman architectural traditions. Interestingly, a register from the early 17th
century shows that Thessaloniki's "mermetchi" guild (builders responsible for
constructing and repairing public buildings), based on the names listed, was
mainly composed of Bulgarian masters !”.

Androudis rightfully makes some comparisons between the layout of the
Byzantine inn in Thessaloniki and two similar Ottoman caravanserais—one in
Plovdiv (early 15th century) and one in Manisa (1497)'. However, both
represent an extremely rare typology for their time, whose typological roots are
clearly directly connected to pre-Ottoman examples, no later than the late 14th
century. In this case, we are dealing with two-story inns of the same type as the
Byzantine "Balkapan Han" in Constantinople, a type applied by Islamized
Anatolian architects in the construction of early Ottoman caravanserais in
Bursa during the 14th—15th centuries. The difference between them and the
inns in Sofia, Thessaloniki, and Plovdiv lies in the presence of hall-like stables
on one side of the courtyard structure and the presence of chain-arranged shops
on the ground floors of two of the other wings, open to the streets. This scheme
was also applied in some of the later Ottoman urban commercial buildings
(arcades) dating from the 15th—17th centuries.

The pre-Ottoman, in this case, Byzantine origin of the scheme seems to
be present at Kargi Han on the road from Antalya to Konya, which is considered
by a number of authors to be a Byzantine, or even late antique (Roman)
building, which, despite the lack of a book and the specifics of the construction,
is pointed out and as a Seljuk from the period 1236/7 — 1246, i.e. the time of
the Konian sultan Ghiyas ad-Din Kay-Khosrow I1. However, restoration works
seem to be taking place then. However, in this case, unlike the late medieval
sites considered here, the great hall (5) is not a saloon, but a general sleeping
quarters for passengers, while the place for riding and pack animals is under
the shed (4) to the left of the entrance (1) to the courtyard.

17. TIBI, 1972, p. 407
18. Avdpovong, I1. Meyaro KapaPav—oepdn (Biiyiikk Kevansarayi) tng ®eccalovikng.
Iotopwkeo kot Apyotoroyikes paptupiec. — In: Balkan Studies, 11, Thessaloniki, 1970
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Byzantine xenodochia near Ataleia (Lat. Attalus, Tur. Antalya), restored by the
Konian Sultanate in the period 1236/7 — 1246 as Kargi Han. Plan by Erdman

It seems that the small premises opposite this shed, including the
mosque (7), are the result of a reconstruction carried out on the site of an
original mirror-planned second shed. This is also confirmed by the inadmissible
for the era violation of planning symmetry. This symmetry can be seen in the
structure of another of the several Seljuk caravanserais on the roads after
Antalya - Kirkgéz Han (1236/7 - 1246), where there are two opposite sheds.
Undoubtedly, this construction was inspired by Kargi Khan.

But the earliest of all the inns known to us so far, built according to

the original pre-Ottoman functional reading of this scheme, remains the
"Chokhadzhii Han".
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"Kirkgdz Han" near Antalya, built by Konya Sultanate in the period 1236/7 - 1246

It 1s characteristic that, as is the case with the "Chokhadzhii Khan", as
well as with the "Balkapan Han", the remains of its earliest Byzantine
construction have survived as a partial part of a basement and in separate corpus
fragments (among the accumulated chaotic numerous reconstructions and
primitive repairs), are mixed masonry (Opus Mixtum) of alternating stone-
square belts with levelling strips of three rows of bricks. However, the original
view from this building is known to us from engravings dating from the 15th -
16th centuries, as well as from European maps of Constantinople from before
1453, when the city was captured.
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View from the Istanbul Byzantine Xenodochia ("Balkapan Han") according to Schedel's
"Weltchronik", 1493 edition
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View from the Istanbul Byzantine Xenodochia ("Balkapan Han") in 1559 by Melchior
Lorichs
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View from the Istanbul Byzantine Xenodochia ("Balkapan Han") from the end of the 19th
century

For the ownership of this inn by the church "St. Sofia" is learned from
an edict of Sultan Mehmed III (1595 - 1603), which notes how it is "known as
Balkapan, which Sultan Mehmed Fatih (1444 - 1446 and 1451 - 1481-b.C.T.)
dedicated of the mosque "St. Sofia-i Sherif". It becomes clear that the temple
converted into a mosque after the capture of the city in 1453, having this
xenodochia as its property, kept it as part of the properties of the waqf newly
created by this sultan. Evliya Celebi defines it as "an inn as big as a castle" in
which many Egyptian merchants also "gaily" resided at that time. Semavi Eitse
established that the original yard had dimensions of about 42 x 31 m ",

Therefore, if we exclude the much later implementation of "Kurshumlu
Han" in Manisa, as the earliest (from the period of the 13th - 15th century) with
these typological characteristics and scale, we can point out the "Chokhadzhii
Han" in Sofia, "Buyuk Han" in Thessaloniki and "Kurshum Inn" in Plovdiv.
That is, three territorially close buildings, separated from each other by about
150-250 km and connected to each other by ancient main roads.

19. Eyice, Semavi. Balkapam Hani, Istanbul Eminénii’nde sehrin en eski ticaret hanlarindan biri.
— In: Islam Ansiklopedisi, Vol. 5, Tiirkiye Diyanet Vakfi Yay., Istanbul, 1992, pp. 33-34
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For now, a hypothesis about the local origin of their functional scheme
in approximately this small Balkan territory, or more precisely in the
ideological boundaries of the medieval region of Macedonia (then called
"Lower Land" or "Lower Bulgaria"), then occupying approximately the
territory between Edirne, Stara Planina, Sofia and Belomorie region. A scheme
that definitely has its genesis in the late Roman and Byzantine innkeepers, but
expanded with store parts 2

In the same way as applied to these three innkeepers (Greek -
xenodochia), much earlier the six shops in front of the so-called atrium-
peristyle "House (Domus) Pansa" in Roman Pompeii, which is actually a
mansion, were incorporated into the buildings much earlier. There are also
shops in front of other Pompeian buildings, including baths and inns. The image
in the Poitinger map of the "Aqua Kalide" road station from today's Burgas
Mineral Baths shows a building with an inner courtyard and a series of shops
on the ground floor of one of the buildings, accessible from the surrounding
space. Of course, in this case it is a pictogram, but one that represents one of
the Roman typologies, which is the principle on which this map was developed.
Archaeologically, however, Roman road stations similar in plan have been
uncovered. Thus, in the ancient city of Abritus (civitas Abrittus, Abritum) near
present-day Razgrad, a rather large urban mansion of this type was excavated
with six shops (probably macelliums) positioned in front of the main entrance
behind a serving portico.

Image of the Roman mansion "Aqua Kalide" (today near Burgas) according to the Poitinger map

20. Tuleshkov, N. Architecture of medieval inns from Southeast Europe. - In: GNAM, 13, In
Honorem Professoris Violetae Volkova - Neseva, Sofia, 2016, pp. 233 — 237
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Plan of a mansion in the Roman city of Abritus (today on the eastern edge of Razgrad) from
the 5th - 6th centuries, according to Ivanov-Stoyanov

Behind them is the entrance block with the central entrance and jachers
on either side of it. Next is a courtyard surrounded on all four sides by a
colonnaded gallery, behind which on the two long sides there are large common
sleeping quarters. At the bottom, the entire remaining area is occupied by a
food block, with dining rooms, kitchens and storage rooms. A bathroom has
also been excavated right next to the mansion.

Undoubtedly, the typology continued to be applied in the East during
the Middle Ages. In the case of the Ottoman caravanserai, this functionality
was apparently transferred directly from the Byzantine practice after the
annexation of Byzantium and Bulgaria, together with the architects and
builders themselves. But subsequently, towards the 16th - 17th centuries, it
will be present quite rarely in the construction programs during the
implementation of these buildings.

If we look at the "Chokhadzhii Han" in the light of all this and the sealed
images from the archive photos, we will also establish the fact that there were
shops not only in the building facing the main street ("Boulevardna"), but also
on the southeast side facing a small apparently also a shopping street. However,
it led from the main one, past the inn, directly to the "Shaytan Bazaar" and
through the Gulchesme neighborhood to the "Grain Market".

It is therefore possible that there were also shops on the ground floor of
the building on the north-west side, with the rear of the two entrance portals
contacting the same street turning at this point. Or it is more likely that the
scheme with regard to the sides built with shops completely repeated that of the
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Thessaloniki "Buyuk Han", but with the difference that, according to archival
photos, in Sofia there are also shops in front of the narrow front of the yakhra
from the main street. The nave itself, however, seems also like that of the
Thessalonica xenodochia to have been one-storey high, divided by massive
naves’!. Today it is no longer possible to ascertain when the partial warehouse
superstructure appeared on it, visible in the first photograph from the early
1880s- those years, but on the basis of its architectonics it can be argued that it
did not happen later than the first half of the 14th century. There is a possibility
that other parts of the second floor were also repaired then.

The Plovdiv caravanserai also had shops, only on its two sides %, which
in the 18th—19th centuries were extended outwards towards the streets with
additional volumes upgraded with second levels. And such expansions carried
out in the 19th century are also found at other Ottoman caravanserai and
commercial buildings, for example in front of the caravanserai in Pazardzhik
and the arcade in Yambol.

The expansion of the shops of the Yambol Arcade in the 19th century (photo Nikifor
Minkov, 1880)

21. The same as above
22. Zlatev, T. The Bulgarian city during the Renaissance. Sofia, 1955, pp. 75-78, plan
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The final destruction of the crumbling "Chokhadzhii Han" took place
towards the end of the 19th century. According to Konstantin Irechek, in the
decades before 1880, when he mentions it (published in Volume I of his diary),
the skylights above his second-floor rooms were still covered with lead sheets,
which, however, "were stolen at night by an overseer and sold to the Rila
Monastery, which is covered from here.” And since the only building of the
monastery with such a coating is the cathedral church, this apparently happened
during the period of its completion between 1837 and 1838.
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View from the building with the rear entrance of the ruined "Chokhadzhii Han". Aquatint
by Petar Morozov from 1897, undoubtedly drawn from a photograph from before 1888

In 1888, however, in accordance with the town planning plan, the
mayor of Sofia, Dimitar Petkov, demolished its buildings, leaving only a
very small part of the lower shop floor in its southeast corner, which was
covered with a wooden roof. In 1915, in the "Deutsche Balkanzeitung"
magazine, Dimitar Shishmanov described these remains: "These little shops
are nestled in the niches of the thick half-ruined wall of a medieval fortress.
In many places along the wall facade, the plaster has fallen off, and from the
exposed construction it is clear that a gallery with arcades once stood here.
These arcades were made of thin, light red bricks joined together with stone-
hard mortar. Now they are walled off in front and small vaulted shelters (i.e.
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shops) have been formed inside the wall. Above the doors gape square
windows, barred by strong but already rusted bars“. This part of the
,, Goldsmith's Street” development has been painted by many artists -
professionals and amateurs, the earliest being Oberbauer's watercolor. ,, The
Goldsmith's Bazaar", where its remains are shown at the bottom left, in their
already reconstructed form. However, in the remaining paintings, which are
already from the beginning of the 20th century, the gradual destruction of
this small remnant of four vaults is already clearly visible.

This is the final end of the most unique medieval Bulgarian inn, one
of the largest on the Balkan Peninsula. And it could have been preserved
and restored if, in the fateful year 1888, it was protected by the then
Bulgarian Historical College. But unfortunately, the word "if" is not in
the vocabulary of history.

The goldsmith's bazaar in Sofia, with the remains of the commersial part of the
"Chokhadzhii Han". Watercolor by Joseph Peter from 1916
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ABOUT THE EXPERIENCE IN STRENGTHENING AND RESTORATION OF
HISTORICAL BUILDINGS IN BULGARIA

Peter Grekov ' Anton Gorolomov 2, Doncho Partov>
University of Structural Engineering and Architecture, VSU “.L.Karavelov”

Abstract. The report attempts to give a brief overview of the Bulgarian experience on
strengthening and restoration of old buildings, some of which have been declared cultural
monuments in Bulgaria, and onto which modern construction technologies have been
applied to increase their life-cycle including installing and tensioning of anchor cables,
applying shotcrete, and other modern approaches.

Key words: reinforcement, restoration, brickwork, anchors, shotcrete,reconstruction,
reinforced anti-seismic brick zone, anchored retaining wall, strengthening by CFRP;
strengthening by ties and by Jet Grouting

1. Rescuing of St. Cyril and Methodius Cathedral in Burgas — from Strategy to
Reality[1]

1.1. Introduction —

The construction of St. Cyril and Methodius Cathedral in Burgas started on 15.08.1895.
The architectural design was provided by the Italian architect Ricardo Toscana[1]. The
building was completed as we know it in the 1940s when the two towers were topped. The
church is a three nave basilica approximately 32 meters long, 21 meters wide and has an
area of 516 m”. The height of the main dome above ground is around 25 meters. The
structure comprises of load bearing brick and stone masonry walls and stone columns,
supporting brick masonry arches, barrel vaults and domes. The main dome with 8.4 m
diameter is a timber structure developed over an immense brick masonry tambour. The
whole structure is supported by single and strip stone foundations. Since 1979 the church is
announced as a national heritage architectural monument. In 2011 construction of a new
underground parking started immediately next to the church, with only 6 m. between the
anchored secant pile retaining wall and the north bell tower. Due to the large horizontal
displacements of the wall the soil under the church experienced considerable deformations,
thus subjecting the structure of the church to significant uneven settlements. By the time
the final excavation elevation of 15 m was reached, the church has suffered severe damage.
At this stage measures for emergency support of the structure were implemented and full

" Assoc. Prof. Dr. HSCE “L. Karavelov”, Sofia, petar_grekov@gmail.com
? Assist. Prof. Dr. HSCE “L. Karavelov”, Sofia, tonyngor@gmail.com
3 Prof. Dr. HSCE “L. Karavelov”, Sofia, partov(@vsu.bg
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geodetic, geologic and structural survey were carried out. A view of the church and the
unfinished parking is shown in Fig. 1.

Fig. 1.1. A view of the church and the adjacent excavation with the secant pile anchored retaining wall
Fig. 1.2. Geotechnical survey boreholes and dynamic penetrations

2. Survey results
The scope of the survey followed the guidelines given in Eurocode 8, part 3.

2.1. Geotechnical investigation

Seven boreholes with depth of 20 m were studied. Dynamic penetration tests were
performed in all of them. Plan of the boreholes and DPTs is shown in Fig. 2. One of the
main conclusions was the considerable change of the underground water level because of
the dewatering activities during the construction of the parking. That led to change of the
soil deformation and strength parameters. Additionally, it was found, that a slip surface had
occurred in the borehole closest to the excavation.

2.2. Structural survey

The main task of the in situ measurements was to identify the structural system and its
load bearing members. The crack distribution was thoroughly studied in order to produce a
detailed picture of the damaged building and a summary is presented in Fig. 3. Photos of
some of the biggest cracks are shown in Fig. 4. The strength parameters of the masonry
materials were obtained by laboratory and in situ tests.

Fig.1.3. Crack distribution in plan and on the north facade
Fig. 1.4. Cracks wide up to 80 mm in the: a) western barrel vault; b) north facade wall

2.3. Geodetic measurements

The results of the measurements that took place monthly for over a year showed that
the cap of the secant pile wall moved about 200 mm. This led to major settlements and
horizontal displacements of up to 16 mm of the north bell tower, inducing critical damage
in the load bearing structure.

3. Strengthening strategy
3.1. General description

190



MEXIAYHAPOJHA HAYYHA KOH®EPEHIIUSA BAHN 2024
INTERNATIONAL SCIENTIFIC CONFERENCE BASA'2024

The presented bellow strengthening approach is proposed in the design project for
repairing and strengthening of the church. The main activities of this approach are
summarized as follows: - Strengthening of the soil and foundation; - Repairing of the
cracks; - Strengthening of the brick masonry barrel vaults and domes by CFRP; -
Strengthening of all arches by ties; - Pre-stressing of masonry walls on several levels;
Finally, a system for monitoring the strengthened structure was developed and executed.
Each of the listed above measures is briefly described.

3.2. Strengthening of the soil and foundation

The underlying soil base was strengthened by execution of soil-cement “jet-grouting”
columns, as shown on Fig. 5. This technique was selected because of the severely damaged
soil beneath the church and also because it posed no threat for the anchors of the
excavation, as well as the micropiles, previously executed as an emergency strengthening
measure. During the execution, due to the damaged soil base the grouting parameters, such
as pressure, speed and water-cement ratio had to be adjusted several times in order to
achieve proper diameter and strength of the soil-cement columns. A specialized small
portable rig was used for execution of the inner rows.

Fig. 1.5. Strengthening of the soil base by Jet Grouting

The connection between the existing foundation and the jet-grouting elements is
accomplished by execution of new RC foundation beams (in Fig. 6), which are
continuously anchored to the stone strip foundations by means of steel rods. Additionally,
steel I profiles are embedded for better connection between the RC beams and jet-grouting

columns.
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Fig. 1.6. New foundation beams with prestressing
Fig. 1.7. Repair and strengthening of cracked fagade wall

3.3. Repair of the cracks

The cracks in the structural members were repaired by injection of different types of
expanding grout, depending on their width. Additionally, as shown in Fig. 7, the cracks in
the walls were “sewn” with CFRP rods, bonded to the structure with epoxy resin. Those
measures are aimed to reestablish the integrity of the structural elements and the
connection between them.
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3.4. Strengthening of the brick masonry barrel vaults, domes and arches by
CFRP

Externally bonded CFRP is used for strengthening of all damaged brick masonry
barrel vaults, domes and arches (Fig. 8 and Fig. 9). All calculation are with accordance
with Eurocode 8 part 3. The extrados concept is selected for CFRP strengthening of barrel
vaults because of art painting on the intrados side. The same concept is used for the brick
domes. This method was chosen due to the following benefits: — No weight is added to the
structure; — It allows for the iconography on the inner side to be kept; — The CFRP acts as
a tension reinforcement and prevents collapse mechanisms, in case of future support
movement;

Fig. 1.8. Strengthening of brick masonry barrel vault
Fig. 1.9. Strengthened barrel with CFRP-design vault

3.5. Strengthening of all arches with ties

New tie elements are introduced at the base of the masonry arches at two levels and in
two orthogonal directions (Fig. 1. 10). The main purpose is to ensure the global stability of
the structural system both for vertical and seismic loads. They are connected to the existing
masonry structure in a way that reduces the stress concentration and prevents local
disintegration of the masonry due to cyclic dynamic reverse excitations occurring during
an earthquake. The tie elements prevent the formation of collapse mechanism in the arches,
in case of horizontal displacements in the column tops or foundation settlements. View
with the executed tie elements is shown in Fig 1.11.
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Flg 1.10. Plan and section with the tie elements
Fig. 1.11. Inside view with tie elements

3.6. Prestressing on several levels

Three closed contours of prestressed elements were introduced at different
levels(Fig.1.12), binding together the separate parts of the structure and ensuring its
uniform behaviour under seismic loading. Due to the geometric imperfections of the
existing structure the paths of the tendons had to be further modified during execution.
Initially chosen bars had to be substituted with high carbon steel strands which allow for a
more flexible positioning and simpler anchoring devices (Fig. 1.13).

Fig. 1.12. Plan and elevation of the prestressmg levels
Fig. 1.13. Prestressing at Level 2
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4. System for geotechnical monitoring

The monitoring system is implemented so that the behaviour of the strengthened structure
and its foundation can be evaluated and analyzed. For acquiring sufficient volume and
types of relevant data the following instruments were installed: — Digital tilt meters were
placed on the structure for monitoring horizontal displacements resulting from possible
uneven settlements (Fig. 1.14 a) ); —Digital biaxial inclinometers were used for following
the in-depth horizontal displacements of the soil underneath the church (Fig. 1.14 b) ); —
Digital piezometers were installed in boreholes for monitoring the ground water table and
the pore pressure (Fig. 1.14 c) ); The instruments are wired in such a way, that allows them
to be connected to a single multichannel data logger (in Fig. 1.15). It can be accessed
remotely via Internet and data can be read in real time.

Fig. 1.14. Installation of instruments for geotechnical
Fig. 1.15. Installed and connected multichannel data, Monitoring: a) tilt meter; b) inclinometer; ¢) piezometer
logger

5. Conclusion

Based on the practical study presented herein the following main conclusions could be
drawn: — The church St. St. Cyril and Methodius in Burgas which is a part of Bulgarian
national heritage was severely damaged during the construction of the new underground
parking nearby and needed urgent retrofit: — The strengthening strategy was developed
and executed on the basis of performed survey; —This strengthening approach aimed to
solve all structural problems of the temple for both vertical loading and seismic excitation;
—Some of the technical solutions had to be adapted to better fit the actual execution; —
Constant interaction between the designers and the contractors was required in order to
adjust design and technical solutions

6. Acknowledgement

Our team of “Yoda” Ltd. would like to express deep gratitude to our “sensei” — Prof.
Jordan Milev who is the main reason for the success of the presented complicated project.
We lost Jordan too soon — sooner than we all wanted to. We believe that the rescue of this
temple would guide the soul of this magnificent person to heaven. Sensei, you will always
be missed!

2.Cross Shaped Barracks in Vidin[2]

2.1. Brief Description of Cross shaped barracks in Vidin

The Cross-Shaped Barracks building is a cultural monument and one of the 100
National tourist attractions in Bulgaria. It is situated in Vidin, which is a Bulgarian city on
the Danube River. The building was constructed in 1801 by local ruler Osman Pazvantoglu
for the deployment of the Ottoman troops (Fig. 2.1.). After the liberation of Bulgaria from
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the Ottoman Empire, the building was used as a court and barracks of Bulgarian troops[2].
The building is famous for its specific cross shape in plan (Fig. 2.2.).

b)
Fig. 2. 1. Final view: (a) exterior and (b) interior
Fig. 2.2. Structural design project drawings
The building structure is of brick and stone masonry (Fig. 2.3). The foundations are

constructed as dry stone masonry. The roof and the floors are timber structures.
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Fig. 2.3. Typical cross-section of the structure (design project)

The building had not been maintained properly, and a settlement of the south section
corner had occurred due to moistness of the soil and caused substantial cracking of the
walls. Moisture was observed in all the walls up to 1 m above the ground, which had
caused damage to the external plaster as well as several cracks in the internal walls. The
building is situated in a region of grade 7 seismic activity according to the Bulgarian
seismic code. The project aimed to rehabilitate the existing structure and adapt the building
to an ethnographic museum for the region.

2.2 Maintenance and rehabilitation of the Cross —Shaped Barracks Building

Before the rehabilitation of the walls, the masonry was processed using polymer materials
to act against the moisture and in order to fill in the cracks. The strengthening itself was
designed to be carried out by means of steel elements to be anchored to the walls and
sequentially sprayed with concrete (Fig. 2.4. and Fig.2.5.). The chosen design solution
provided for the best possible preservation of the architectural authenticity, as well as for

Fig. 2.4. Cross shaped barracks - detail of the with sprayed concrete
Fig. 2.5. Strengthening of the brick with sprayed concrete
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3. Rehabilitation of the complex reinforced concrete Shell Roof structure of an
industrial Building[3]

3.1.Brief Description of the Presented Case Including Project Aims and

Challenges

This case study presents the investigation and design of the rehabilitation of a storage
structure for the cement industry and in particular of its roof. The storage was designed and
constructed within a two-year period between 1956 and 1958 as part of a cement plant in
the northern part of Bulgaria[3]. The storage is approximately 500 m long and is divided
into seven separate structures(indicated as blocks in the following text) by expansion joints
(Fig. 3.1. and Fig. 3 2.).

s EEEEEEEEE =

Fig. 3.1. General view of the building Fig. 3.2. Sections of the roof

The main structure is a single-span frame in transverse direction and multiple-span
frames in longitudinal direction. The structural span width in transverse direction is 33 m,
and the span width in longitudinal direction is generally 6 m. The roof structures of three
of the storage blocks are steel trusses with a cover made of trapezoidal steel sheets. The
roof of the other blocks is a reinforced concrete (RC) shell structure. The RC shells span
33 m in transverse workshop direction and 6 m in the longitudinal direction. The shell
structure is thin, elegant and unique for Bulgaria. It represents efficient implementation of
the theoretical advantages of shell structures. The shell is divided by means of RC arch ribs
supported by steel elements (two channels of 180 mm) for resisting the tension in
transverse direction at each column position. The shell is additionally divided by secondary
beams/ribs in the longitudinal direction in order to increase the stiffness and to minimize
the shell thickness. These beams are considered as the final transverse rib of the shell. The
storage has been operational for decades without need for additional maintenance during
the long period of use. Material corrosion and structural damages caused mainly by crane
operation have deteriorated its condition and have raised a reasonable question about the
structural safety and reliable behavior of the structure. A team led by the author(Assoc.
Prof. Al.Traykov) of the present study carried out an extensive investigation of the storage
structure. It included visual observation, laboratory testing of the materials both on site and
on samples, and computer modeling of the entire structure and its parts.

Calculations and design checks were carried out according to the present-day codes
that are valid in Bulgaria. Even so, the roof structure theoretically displayed perfect
behavior. That behavior contrasts sharply to the real condition of the roof. The designers
team considered two options—to replace the RC shell roof by means of steel trusses or to
preserve the original roof structure. The owner chose to preserve the original structure. An
investigation that involved collecting specific details for rehabilitation of the main
elements—shell, joints and beams—was carried out. The design was adequate and
followed the main principles of sustainable engineering and construction, preserving a
structure of historical value, obtaining economic advantages and protecting the
environment.
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3.2. Influence of Construction History Analysis Results on the Project during the
Assessment Phase and in the Design of the Intervention

Regarding the importance of construction history (CH) must be considered in the
decision of intervention procedures, the period of construction of the particular structure as
well as the main ideas behind the use of the structure’s type was taken into account.
Different aspects of the construction history of roof shell structures are studied. A
comprehensive review of the theory, modeling, construction and use of various types of
shell structures was studied.

3.3. Project-specific Experiences and Lessons Learned

As discussed in 3.2., the construction of thin shell concrete structures ended abruptly
at the end of the 1970s. One reason was the higher cost in comparison with other structural
systems. The other reason was the theoretical uncertainties about the structural behavior of
the shells. However, computational methods and the efficient development of software
allow engineers to model the structural behavior of shell structures in a very realistic way,
including the material and geometrical nonlinearities. Those developments, as well as the
developments in concrete technology and innovations in relation to its materials, have
given new life to the idea of constructing new shell structures and rehabilitating existing
concrete shell structures. The most important lesson learned is that it is possible to extend
significantly the life of concrete shell roofs taking advantage of their perfect static
behavior. That could be achieved by means of using materials and construction methods
that comply with the original idea of their design.

3.4. Choice of Strengthening Method

Significant efforts were devoted to study the construction period of the roof, its
structural type and construction material (Fig. 3.3). Plenty of information was collected in
order to choose the most appropriate techniques for strengthening. Different options were
considered, including the replacement of the original RC shell structure by means of steel
frames roof. Innovative methods, were studied as well. In those works, the application of
innovative strengthening method using textile RC is described. The method consists of
applying three layers of fine grained concrete and textile carbon fabric, adhering to a
rough, sandblasted concrete surface. However, strengthening by using any kind of fiber-
reinforced plastic (FRP)fabric was not approved because of the large area that is necessary
to be rehabilitated and the greater requirements during the construction. Considerations
about the maintenance included the risk of any damages to the structure as well, for
instance the provision of waterproofing on top of the structure.

Figure 3.3. The roof from inside the building
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Computer modelling of the entire storage building and a separate model for the roof
alone were created by means of SAP2000 software. The results reveal the amazing
behavior of the roof. The bending moments in the shell structure are practically zero for
vertical loading due to self-weight, dust and snow. The above considerations led to the
choice of a most “classic” method for reinforcement, which appeared most suitable for the
project. A layer of small-size aggregate concrete with a single rebar mesh on a cleaned and
rough surface was applied. Anchoring of there in for cement mesh to the shell ribs was
used for better connection. As a result of the structural investigation and design, a unique
structure has been preserved. It combines theoretical achievements realized in a clear and
simple structural form. Post the rehabilitation, the storage will be in use for a long period.

4."DSK" Bank Building, Burgas[4]

The building was built in the city of Burgas in the 1930s for a bank office (Fig. 4.1
and Fig. 4.2).1t is still used as a bank. The construction is a monolithic reinforced concrete
construction from beam slabs and columns. Over the years, many changes have been made,
most often without a special design solution. A serious part of the supporting structure is
affected and damaged by these interventions[4].
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Fig. 4.1. DSK Bank, Burgas - facade Fig. 4.2. DSK Bank, Burgas - plan

Due to the year of design and execution, the building is not specifically secured for
seismic impacts. The modernization of the bank requires some changes to the interior, but
mostly restoration of the existing structure. Since there is no change in the functional
purpose, as well as due to the low level of seismic activity of the region, it is not necessary
to provide an additional structure to absorb the seismic impacts according to modern
norms. The rehabilitation program includes: * Restoration of all damaged structural
elements; * New premises for the bank archive; * New bank vault.

A solution with sprayed concrete (shotcrete) was chosen, given the large areas and
a large number of affected structural elements: slabs, columns, beams that need to be
restored(Fig.4.3a,b,c,d), where: A) STAGEIL: removal of the concrete coating;
B) STAGE2: Connecting new steel elements to the existing plate; C) STAGE3: Adding
new reinforcement welded to the steel profiles from stage 2; D) STAGE 4: Shotcrete

Fig. 4.3a,b,c,d. Stages of restoration of existing reinforced concrete beams:
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5. Building of the former "Globus'" Cinema, "Slaveykov' Square, Sofia5[5]

The building was built in the 1930s.The building consists of a basement, one floor
and an atrium-type roof structure to illuminate the space at an elevation of +0.00 (Fig.
5.1.).A 6-story residential building was built without a joint to this building. The
construction of the cinema is a monolithic reinforced concrete structure, which consists of
girder slabs (Fig. 5.2.), columns and foundations[5].

H =8

Fig. 5.1.: Architectural elevation Fig.5.2. Formwork plan and existing
distribution £0.00 reinforcement available plate at elevation £0.00

The roof structure is entirely from steel. The building was designed in accordance
with the norms in force in the 1930s.The grades of the materials used (concrete and steel)
are relatively low (in accordance with modern requirements), but as can be seen from the
inspection and the conducted survey, the structure has proven good behavior without
serious damage. Over the past 75-80 years, the building has been used for various
functions.Initially, and for a very long period, the building was a two-level cinema hall. It
later housed a hardware store. At the moment, it is necessary to establish the possibility of
locating a store from a supermarket chain. The new technological loads, however, are
significantly greater than the original ones and the existing structure cannot take them.

After a serious survey and a significant number of computational checks of the slab,
beams and columns, it was found: ¢ The existing structural elements cannot take the
increased load. Reinforcement of the structure is technically impossible due to the fact that
different floors are owned by different owners, and the reduction of new loads is against
the interests of the client; * The lack of a joint between the residential building and the
cinema building is a serious problem for the seismic safety of the structure; * The status of
the cinema building as a monument of our cultural heritage further complicates the
adequate design of the interventions. This case shows that the change in the function of
historic buildings is often in conflict with some new requirements and in these cases it is
essential to find an adequate solution, taking into account the specific requirements for
historic buildings commented above.

6. Episcopal Basilica in the Town of Sandanski with a Baptistery|[6]

The episcopal basilica (Fig. 6.1., Fig. 6.2.) and the baptistery to it are located in the
center of the town of Sandanski and are part of an early Christian complex. The floor
mosaics are of great artistic value. Part of the colonnade and the outer walls have also been
preserved[6].
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Fig. 6.1. Basilica of St. St.loan — Plan Fig. 6.2. Basilica of St.Ioan- Cross section

The roof structure is completely missing. The baptistery has partially preserved walls,
but the roof structure is also completely destroyed. The idea of the project is to reconstruct
the basilica and baptistery, giving the opportunity to expose the mosaics and by being
protected from atmospheric influences. Naturally, the goal is to the original silhouette of
the basilica and baptistery was also restored. The project for the basilica includes a coated
steel structure from steel sheets (analogue and vision of the original coating). The steel
structure is without intermediate support, because of the floors mosaics. Seismic forces are
absorbed by frames in the transverse direction and vertical connections in the other
direction. The new vertical elements are anchored in new reinforced concrete foundations.
The walls are restored with stone and bricks, according to the original walls (white
cement, limestone, crushed stone and brick fragments) (Fig.6.3, Fig.6.4.). In a similar way,
the baptistery to the basilica is being restored with a steel structure

Fig. 6.3. Inside View Fig. 6.4. Outside view

7. Sugar Factor, Sofia [7]

The original project was Belgian and was completed in the period 1897-1898 (Fig.
7.1a,b). Sugar factory consists of two buildings: Large factory building with an area of
7162 m* and Small factory building with an area of 1200 m” . The two buildings are a
typical representative of industrial construction from the end of the 19th century.
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Fig. 7.1a. Sugar Factory,(Sofia original view-1900)
Fig. 7.1b. Sugar Factory (Sofia -2002)

The large building consists of several buildings with 2/3 levels (total height approx.:
11.50 m) and a distance between the axes of 7.00 m. The small building is a hall with a
distance between the structural axes of 14.15 m and plan dimensions of 66.00 m/9.80 m.

The structure is brick and stone masonry with a thickness of 60 cm, filled with
mortar(Fig.7.1a,b). The floor structures are the typical "Prussian vault" type: I steel
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secondary beams at a distance of 90-110 cm and brick vaults between them (Fig.7.2.). The
main beams for floor structures have steel I sections.

Fig. 7.2. Floor structures are Fig. 7.3a. The columns are round tubular
sections Prussian Vault

The roof is executed with steel trusses (distance between the steel trusses 4,20 m)
with span 7,0 m (Fig.7.3a), secondary steel beams between the trusses and roof-tiles. The
foundations for the columns are pad-footings from stone or rubble concrete and strip
foundations for the masonry walls. The columns are from round tubular sections of cast
iron with a diameter of D=200mm(Fig.7.3a and 7.3.b).), or from two parts steel I sections,
connected with diagonals(Fig.7.4). All connections are riveted.

Fig. 7.3b. The columns are round tubular parts - sections D=200mm
Fig. 7.4. The columns from two vertical steel I sections, connected with diagonals.

The two buildings functioned according to their purpose until 1926, after which they
were used for warehouses and some types of small production. In the long history of the
factory, numerous interventions were carried out in the load-bearing elements, which led to
serious damage to the original structure and its authentic appearance.. The lack of
maintenance in recent years has led to an emergency and pre-emergency condition of a
large part of the supporting structure. The situation is near collapse(Fig.7.7 and Fig.7.8.)

Fig. 7.7. Replacement of the roof structure
Fig. 7.8. Actual view of “Small Factory Building”

This area has the potential to be transformed as a phoenix of revival of urban
activities in Sofia by adapting a mixture of cultural, commercial and residential functions
within the existing large scale factory buildings. A future revitalization project should take
into account the aesthetic and engineering qualities of the authentic structure whose
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masonry brick walls, “Prussian vault” floor structure and steel trusses for roof structure
with the sophisticate details should be the framework of the new architectural design
(Fig. 7.9. and Fig.7.10). The idea is to achieve an effect as close to the original as
possible[7]. After restoration, the space can be used for various purposes: shops,
restaurants, cinema, etc. In this specific case, it is possible to seek embedding of new
structural elements to absorb future seismic impacts. A possible revitalization project of
the area is developed as a diploma project [8].

> RSN

Fig. 7.9. Potential adaptive project proposal [§8]
Fig. 7.10. Potential adaptive project proposal [8]

The fact that parts of the authentic structure has disappeared enables the insertion of
new elements within the 19th century shell. A special interest and attention should be
given to the authentic cast iron columns with a base and a capital bolted to the fundaments
and the upper beams. A possible revitalization project of the area is developed as a diploma
project [8].
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KNEZ SELO: TYPOLOGY OF RESIDENTIAL BUILDINGS AND
CHALLENGES IN PRESERVING TRADITIONAL ARCHITECTURE
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Abstract: This paper analyzes and proposes conservation strategies for the
architectural heritage of the rural settlement of Knez Selo in Serbia, which is notable
for the preservation of traditional Serbian rural architecture. The research focuses
on identifying the main characteristics of traditional houses through a typological
analysis, with particular attention to their stylistic, functional and structural
elements. By assessing the current state of conservation and the specific
characteristics of each house type, the study aims to provide a basis for more
effective strategies for the protection and revitalization of rural houses in Knez Selo.
The purpose of the study is to identify the main characteristics of traditional
architecture and the challenges of preserving these structures in a modern context. A
secondary goal is to contribute to the preservation of the cultural heritage through
concrete proposals for the protection of architectural objects that are an integral
part of the local identity and cultural landscape.

Key words: Knez Selo, residential architecture, typology, heritage protection,
traditional houses, rural areas

1. Introduction

National architecture represents the sum of spiritual values and material
achievements of a nation (or group of nations) in the context of the construction of habitats
and other spaces throughout history. [1] In Serbia, until the middle of the 20th century,
traditional construction was a common approach for building houses and other buildings in
rural households.

This method is carried out by local artisans who apply the knowledge acquired over
generations, using natural materials that are mostly available locally. [2] Architectural
heritage 1s an important part of the cultural identity of any community, and the
preservation of rural architecture plays a key role in maintaining the continuity of tradition
and cultural landscape. Knez Selo, as an example of a rural environment rich in traditional
architectural objects, offers a valuable insight into the past, but at the same time it faces the
challenges of modernization and demographic changes that lead to the abandonment and
decay of old houses. Traditional houses in Knez Selo are characterized by specific
structural and stylistic elements that reflect local resources, climatic conditions and cultural
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habits. These houses, built mainly in the period between the 19th and the beginning of the
20th century, have a significant value as part of the cultural heritage, but also as a potential
for the development of modern strategies for the sustainable development of rural areas.
However, in addition to these traditional houses, in the part of the settlement known as the
Weekend Settlement (Vikend Naselje), there are also more modern houses built in the last
decades of the twentieth century and the beginning of the twenty-first century. Although,
these buildings are an important part of the modern image of the village, the focus of this
work is on the protection and revitalization of the older, traditional buildings, while the
modern buildings will not be the subject of detailed research, but for the purpose of
creating a complete picture of the totality of residential construction in the village and
highlighting important architectural and environmental elements.

The aim of this paper is to identify, through a typological analysis of the houses in
Knez Selo, the main characteristics of traditional architecture, as well as the challenges of
preserving these buildings in a modern context. The paper also considers modern methods
of protection and revitalization of rural architecture, focusing on the possibility of adapting
traditional houses to new needs while preserving their authenticity. In this context, it is
necessary to consider the role of the local community, institutions and experts in the
process of heritage conservation, as well as the legal and economic aspects of protection.

Scientific methods used in this thesis include multiple steps. The first method was
literature analysis, which allowed to understand the theoretical framework and previous
researches in the field of rural architectural heritage protection. The methodology of the
work includes a field visit to Knez Selo, where an analysis of the state of preservation of
the houses, their constructive and stylistic-aesthetic characteristics is carried out, with the
aim of assessing the current state of preservation of the buildings and their functionality in
the present time. During this research, standardized forms were used to collect data on
building materials, constructive solutions and aesthetic features of the houses. Typological
analysis was used to identify common features among the buildings and to classify the
houses based on their form, functional organization, and period of construction. This
combination of methods allowed a comprehensive assessment of the condition of the
buildings and provided a basis for proposing active protection and revitalization measures
in accordance with modern principles of heritage conservation.

2. Analysis of the location - Knez Selo

Knez Selo is situated on the edge of the NiSava valley, in the area of the town of Ni$
in the Nisava district, Serbia. The village is situated to the northeast of Nis, about 12 km
from the city center. The village boundary of Knez Selo, with an area of 10.45 km?, has an
irregular elliptical elongated shape, with an aspect ratio of 1:3 and a ki coefficient of 6.63
(the ideal coefficient is 4), which reflects the unfavorable physical characteristics of the
rural area. [3] (Fig 1). Based on the geographical representation of the village boundary,
the boundary can be divided into three parts: the mountainous part, the central settlement
where the largest number of houses-village is concentrated, as well as the part with arable
land. The most important part for the further research of the residential architectural
heritage is the central part, which represents the settlement of Knez Selo, i.e. the village.
To the north of the village there are the branches of the Calafat Massif with forests,
meadows and pastures, while to the south, east and west, below the village, there are arable
lands that dominate the soil structure according to the type of use. [4] The terrain is
sloping, with a southwest exposure, making it a very pleasant and sunny place for
settlement and agriculture.
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Fig. 1. Village Boundary of Knez Selo (https://www.google.com/maps/place/ 03.
09.2024.)
Fig. 2. Orthophoto view of Knez Selo (https://a3.geosrbija.rs/, 29.09.2024.)

Based on the urbo-morphological structure, Knez Selo mainly belongs to the
compact settlement type, and according to its basic function, to the primary rural
settlements. (Fig 2) [5] The network of local rural roads in Knez Selo is developed,
branched in irregular forms, conditioned by the configuration of the terrain, through which
very important communication with economic resources and neighbors is achieved. Also,
Knez Selo developed under the influence of the relief and the main road - Matejevac road,
expanding in a linear direction to the south and southeast along the main road directions, so
in the structure of the settlement we recognize some elements of a linear settlement. [6]

Most people live in the area along and around the main road. The plots with houses
are very close to each other, while the houses are mostly located in the depth of the plot.
The irregular shapes of the plots are the result of the inherited situation due to the
unplanned development of the village throughout history, as well as the slope of the
terrain. In addition to the residential function, various agricultural activities are developed
in the courtyards of the houses.

The demographic structure of the population of Knez Selo is very diverse. The
largest concentration of people in Knez Selo was in the sixties of the last century, with
1,520 inhabitants, since then this number has been gradually decreasing until today.
According to the latest census from 2022, Knez Selo has 680 inhabitants, which is a
significant difference. [7]

2.1. Settlement structure and characteristics

Knez Selo is a settlement with a long history, whose roots go back to the Roman
period. The village was under Ottoman rule until the liberation of Ni$ in 1878, after which
it expanded with the construction of residential houses and developed as an agricultural
settlement. In the period between the two world wars, important public buildings were
built, including a school, the renovation of the church, a cooperative, and the construction
of a tuberculosis sanatorium. After the Second World War, Knez Selo went through a
process of family stratification and migration, but in the 1970s, due to the improvement of
infrastructure and living conditions, it developed into a suburban settlement with the return
of the population and the settlement of new families in the weekend settlement around the
sanatorium. [4]

The structure of Knez Selo is multi-layered and characteristic both in terms of the
time of its origin and construction styles, as well as the purpose of the buildings. In
addition to the residential area and traditional houses of the village, there are also buildings
of social and strategic importance, so the recognizable standard structure of the settlement
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is marked by the construction of the sanatorium hospital complex in 1945, but also by the
construction of a modern Weekend Settlement. The construction of several buildings of
public character and special purpose, such as the Co-operative Home, the School, the
Church, the Slaughterhouse and the Bus Station, are also important for the final appearance
of the settlement. [4] As the research work deals with the topic of typology of houses, in
the continuation of the work the focus is on the analysis of the residential area in Knez
Selo. The architecture and rich structure of the residential area can be divided into
buildings of traditional rural settlement, buildings around the sanatorium and houses in the
Weekend Settlement. Today there are 253 households in Knez Selo, and the total number
of housing units is 482, with an area of about 29,500 m?2. There are 293 inhabited
buildings, 48 temporarily uninhabited, 9 abandoned, while a significant number of
buildings are those used for rest, recreation and during seasonal work, as many as 132. [7]

3. Typology of houses

Knez Selo, as a clustered settlement, developed its architecture mostly without any
particular order and plans. The architecture of the buildings was strongly influenced by the
relief, climate, protection strategy, economic needs, culture and customs. All buildings
were built naturally, without special professional help, according to the needs of the
households, and the appearance and design of the houses were based on acquired
experience and material possibilities. The styles of the houses changed over time, so that
we can observe the entire residential architecture through several phases:

e Ist phase: In the 19th and early 20th century: Morava style houses (in
Serbian: "Moravska kuca")

e 2nd phase: Interwar period

e 3rd phase: After the Second World War until today: a) the beginning of
construction with hard materials; b) modern houses built in the 1960s and
1970s c¢) construction of Weekend Settlements g) settlements around
sanatorium.

3.1. First phase: During the XIX and the beginning of the XX century

In the 19th and early 20th centuries, the organization of the household was such that
the house was usually built deep in the yard, surrounded by high walls-fences or by
buildings of an economic nature with a high gate at the entrance. The garbage dump was
located near the barn. In densely populated villages, due to the small size of the plots, the
cattle sheds were often located on projecting plots and not within the yard. This type of
organization and arrangement of buildings in the village yards remained in Knez Selo for a
long time, almost after the Second World War.

The dwellings were constructed in a straightforward, utilitarian, and environmentally
conscious manner, exemplifying a distinctive Morava architectural style. Despite the
continued existence of older houses constructed in the Morava style, these structures are
largely neglected and in a state of disrepair. Only one of the structures is currently
protected by the state. The fundamental structure of the house was square or rectangular
shape. The house was constructed on two levels, comprising a basement and a ground floor
(Fig. 3 and 4). The basement was constructed of stone and served as a storage space for
food, tools, and other items. In contrast, the ground floor was built using mud and wood
and served as the primary living area for the local population. The ground floor was
accessible via stone and wooden stairs. The houses were either one-part or two-part
structures, comprising one or two smaller rooms and a centrally placed fireplace. The
furnishings and equipment within the houses were simple and modest. [4]
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Fig. 3. One of the oldest houses in Knez Selo, left (Nikoli¢ B. I Nikoli¢ S. [4])
Fig. 4. The house and its outbuilding, middle, right (author)

The Bundwerk construction (in Serbian: "bondruk konstrukcija") of the house is
characteristic of Morava houses. The basic wall of the skeleton is made of horizontal and
diagonally placed thick beams (in Serbian: "direk” and "mertek"). On the interior and
exterior of the walls, laths or half-forms (in Serbian: "kovanice') are nailed. The wall
structure is then filled with a mixture of well-packed mud and straw. (Fig. 5 a) and b))
[4]The walls were coated with a layer of finer mud and straw, followed by a final layer of
pure mud, sand, and lime. Once the walls had dried, they were whitewashed with slaked
lime as required. The floor is constructed of beams that are connected with boards and
covered with a layer of mud and straw, which is approximately 7-10 cm thick. The roofs of
these dwellings were pitched, covered with tiles, and, in some instances, with straw. The
roof was embellished with a prominent chimney, and the ceilings were nearly absent. The
dwellings were equipped with diminutive windows devoid of double-paned glass and were
protected by wooden or iron grilles.

Fig. 5. Applied wall constructions in the first and second phase of house typology-
characteristic Bundwerk construction, examples a), b), ¢) (author)

3.2. Second phase: Interwar period

In the aftermath of the Great War, the advent of a novel architectural style in Knez
Selo was a notable phenomenon. Houses from the 1930s continue to exert a dominant
presence in these areas, impressing with their monumental scale, architectural beauty, and
intricate structure. The configuration of the terrain and the layout of the houses in the
settlement contribute to their striking appearance, characterized by their considerable size,
white walls, elaborate balconies, arcades, and windows.

The dwellings were considerably more expansive than the typical Morava abode.
The houses are rectangular shaped. The second floor was constructed above the obligatory
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cellar (ground floor), which served as a storage room for foodstuffs. This floor was reached
by wooden stairs. The second floor of the house featured a spacious guest room, accessible
from which was a kitchen and a bedroom. In the center of the house, a substantial
terrace/porch (in Serbian: "trem'”) was constructed, encompassing a considerable length
and featuring ornate wooden pillars and arches. This terrace provided direct access to the
aforementioned guest room and an additional, diminutive space that was primarily utilized
by the newlyweds. (Fig. 6a, b, c, d,e,f and g.) The windows were of considerable size,
comprising two smaller sashes, one positioned at the top and another at the bottom. The
roof of the house was pitched and covered with tiles, with two to three long brick
chimneys. The construction of the walls was similar to that of the "Morava" style houses,
with the exception of the use of small pieces of broken roof tiles that were "stuck" into the
roughly plastered walls with mud, and then plastered with sand, lime, and a small quantity
of cement. (Fig 5 b) The ceiling is constructed from slats and reeds and plastered with a
mortar comprising lime, sand, and fine sand. The dwellings were coated with a whitewash
composed of slaked lime.

Fig. 6. Characteristic Houses from the Interwar Period (Fig. a, b, d, e: author, fig. c:
Turnsek AJ. B. et al. [3], and fig. F, G, H, I, J: Nikoli¢ B. and Nikoli¢ S., [4])

Despite the demolition of a number of older houses, the majority of these structures
remain in relatively good condition and continue to be utilized for residential purposes.
This is due to the fact that they have been adapted to accommodate modern living
standards. In the present day, the houses constructed during this period serve as a form of
"decoration" for the village, contributing to its distinctive beauty and visual appeal within
the context of the surrounding natural environment, which encompasses forests and fields.
In terms of aesthetic appeal, functionality, visual character, and ecological impact, the
houses from this period are the most notable among all other houses in Knez Selo. These
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houses bridge the gap between the traditional and the modern, infusing the streets and
alleys with a vibrant and striking visual character. Individually and collectively, they exude
a remarkable sense of harmony. (Fig. 6.)

3.3. Third phase: After the Second World War to the present day

Following the liberation from Ottoman rule, the entire socio-political and cultural
landscape was transformed, ushering in a new era. The needs of the populace and their way
of life are undergoing a transformation. Larger and more spacious houses are being
constructed with modern hard materials, thereby giving rise to new styles of building in
architecture over time. In the context of contemporary modern construction, it is possible
to distinguish a number of distinct phases. These include: (a) the initial stages of
construction utilizing hard materials; (b) the construction of modern houses in the 1960s
and 1970s; (c) the development of weekend settlements; (d) the construction of settlements
in proximity to sanatoriums. The aforementioned phases will be elucidated in brief for the
sake of providing a general impression of the typology of houses in Knez Selo. However,
as they are not yet part of the architectural heritage, they will not be included in the
subsequent analysis of architectural heritage protection.

In addition to the appearance of new styles, the design of the household has also
changed. In small courtyards, 200 to 500 m? in size, the house is located in depth, while
around it are all the accompanying buildings built mainly from concrete blocks. There are
almost no barns or haystacks anymore. Yards are mostly concreted so that very little land
is left for green areas, gardens and orchards. Prestigious houses and yards have spaces for
householders to rest. The fences around the house are still Ottoman in the beginning, high
made of concrete blocks with obligatory high gates, while later lower fences and gates of
different materials are built.

a) Utilization of durable materials. In the post-World War II era, residential
structures were constructed using durable materials and a rectangular shape with a sloping
hipped roof. The typical configuration of the house comprised a ground floor and a
basement. The projecting terrace was situated above the basement and accessed via
concrete stairs. It was frequently glazed. The spatial organization of the rooms remained
largely consistent with that of the preceding architectural style. These houses are plastered
with traditional plaster, though they are often whitewashed with a lime and yellow mixture
or another pastel light color. The wooden windows have been modified to include triple-
hung glazing, while the stair railings have been constructed from wrought iron.

b) Contemporary residential structures erected during the 1960s and 1970s. The
construction of modern houses commenced in the mid-20th century. The houses were
rectangular in shape, with a stone or concrete basement and a floor constructed from baked
bricks. The ground floor comprises a living room, a kitchen, and a small basement storage
areca. The bedrooms are located on the second floor. In some instances, bathrooms are
constructed on the ground floor of these houses. The defining features of the hipped roofs,
clad in tiles and featuring wooden double-glazed windows, remain consistent with those
observed in the preceding period. Additionally, numerous older residences have undergone
renovations, with the basements converted into living rooms and kitchens, while bedrooms
are situated on the first floor. The introduction of new standards in the 1970s led to the
construction of more modern houses, reflecting the evolving needs of contemporary
society. The flooring is typically parquet or ship-lap, the bathrooms are an integral part of
the house, and the furniture is modern. The houses are equipped with contemporary
appliances.

¢) Construction of a Weekend Settlement(Vikend Naselje). In the 1980s, Knez
Selo was swept by a new wave of house building and yard landscaping. By increasing the
standard of the population, the frequent trips of Knez Selo members and the overall
opportunities in the village such as the construction of better infrastructure and the
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connection with the town of Ni§, the expansion of the village of Knez Selo to the south and
east of the Sanatorium occurs. This settlement has over 100 houses and is an integral part
of Knez Selo, with the difference that it is new, modern and planned. In this neighborhood,
many houses are used only for vacations, but there are also many who live there
permanently. The construction of the Weekend settlement and the style of the houses at
that time also influenced the construction of new houses in the traditional rural settlement,
so in this section the analysis of the houses refers to the style and construction of both
houses. On average, the houses are all well-designed architecturally and functionally. They
were built without a specific and clearly defined style, usually according to the owner's
taste. (Fig. 7) Houses are built in two and three levels. The terraces are spacious, and the
fences on them are decoratively processed and decorated. The windows are made of PVC
of various shapes and sizes with double glazing. The facades are simply plastered and
painted in different colors. The roof is usually pitched, and several houses have solar
panels.

Fig. 7. Modern houses in Weekend settlement (author)

d) The settlement around the Sanatorium. It is important to note that the
residential structure of the village was formed through the development of the residential
settlement around the Sanatorium. Despite the fact that the sanatorium is no longer
operational, the entire complex of the sanatorium settlement was previously of significant
social, economic, and developmental importance for Knez Selo. In addition to the principal
hospital facilities, the Sanatorium settlement comprised ancillary commercial premises,
retail outlets, a swimming pool, sports facilities and residential accommodation. The
residential area was constructed with the express purpose of providing accommodation for
the workers at the sanatorium. However, the apartments are now in private ownership. The
central block of buildings, constructed in 1946 as a hospital, comprises five levels. The
adjacent annex has one level. In 1955, a three-level building was constructed due to the
expansion of the hospital's capacity. The entire settlement comprises approximately 50
residential units, which are distributed across a range of categories and apartment types.[4]

4. Discussion

Marasovi¢, by the term architectural heritage, means "immovable and movable
cultural assets created by human labor from prehistoric times to modern architectural
achievements.” This term covers historical cities and settlements or their parts, old
buildings, their fragments, as well as archaeological objects, and according to their purpose
they are divided into iconic, military, monumental, residential, public, commercial
buildings and infrastructure [8] Nenadovi¢ points out that today, architectural heritage
means everything that was built in the past, and has monumental values, which valorize it
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and determine the need for its preservation. [9] The defining characteristic of these objects
is their possession of a multitude of values, including historical, age, cultural, artistic,
ambient, ethnological, technical, original, and others. [8] [9]

The majority of rural architecture in Serbia, with the exception of those structures
constructed from stone, is comprised of less durable materials, resulting in a reduced
lifespan. Nevertheless, as long as construction persists in its original forms, these structures
maintain their cultural and architectural significance. [9] The residential architecture of
Knez Selo, as observed in the initial and subsequent phases of construction, evinces
considerable architectural heritage value, reflecting a multifaceted architectural history.
Primarily, the houses possess historical value, as they reflect historical continuity and serve
as a testament to the evolution of the architectural ensemble from the 19th and early 20th
centuries. The age and artistic value of these structures are reflected in their preservation,
which has been achieved through the use of local materials, functionality, and simple yet
aesthetically harmonious forms. Their ambient value stems from their adaptation to the
local landscape, which has resulted in the creation of a balanced rural space. With regard to
the value of originality, the buildings from the first and second phases of construction
contain a considerable number of original elements, both in terms of the materials used
(Wattle and daub, (in Serbian: "catma”) and wood) and the construction technique
employed (Bundwerk system), which is specific to this climate. As illustrative examples of
Morava domestic architecture, these buildings serve as conduits for local traditions and a
crucial subject of inquiry from a scientific perspective. The combination of these values
demonstrates the crucial need to safeguard the architectural heritage of Knez Selo,
particularly the houses from the initial and subsequent construction phases, which play a
pivotal role in maintaining the local identity and cultural heritage. Nevertheless, this
undertaking is not without its challenges. The restoration and maintenance of traditional
houses often necessitates considerable effort, as they frequently require specific
construction techniques and materials to ensure their authenticity. The analysis of
traditional residential architecture in the village has revealed a number of challenges
currently facing the preservation of these houses. These include neglect and lack of
maintenance, non-compliance with modern architectural trends, and changes in function
and modern needs.

4.1. Causes of the threat and degradation of buildings

The architectural heritage of Knez Selo is facing a significant decline due to a
combination of factors. As Marasovi¢ asserts, "From the outset, each object is susceptible
to a multitude of external factors that potentially jeopardize its intrinsic or accumulated
design, spatial, structural, aesthetic-artistic, functional, economic, and other values." [8]
The term "degradation of cultural heritage" is used to describe the gradual deterioration or
loss of value of cultural assets due to various factors. The causes of the endangerment and
degradation of buildings are numerous and varied, manifesting in a multitude of forms.
These include, but are not limited to, complete or partial demolition of buildings, changes
of purpose, damage to the environment, and other aspects. The causes of endangerment
and degradation can be classified as either long-term, which have been present since the
creation of the object, or immediate, which are caused by sudden changes. Two principal
forms of long-term degradation of built heritage can be identified. The first is related to
natural factors, including weathering, erosion, moisture, and climate change. The second is
caused by human action, including negligence, inadequate protection, urbanization, and
vandalism. Degradation can affect the material structure of buildings, their aesthetic and
functional characteristics, and also the loss of symbolic and historical value, which further
complicates the process of protection and preservation. The implementation of timely and
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meticulously devised protection and revitalization measures is imperative for the
prevention of degradation. [8] [9]

Evolutionary natural decay is most often the basic form of decay of houses in rural
areas, which is also the case with the analyzed settlement. However, a major role is also
played by the unconscious degradation of architectural heritage, often caused by
carelessness in maintenance, which causes the deterioration of buildings. First of all,
houses from the first and second phases of construction, which carry great historical,
cultural and economic value, are often neglected and left to the natural process of
degradation, which leads to their deterioration, and thus to the loss of their value. The lack
of adequate maintenance and financial resources for restoration leads to the deterioration of
the materials and structure of these buildings, especially those built from traditional
materials such as wattle and daub and wood, which are susceptible to weather influences
and natural disasters. The neglect of the architectural heritage, which is a frequent
phenomenon in many historical units, has not bypassed old houses in rural areas such as
Knez Selo. Changes in the social structure of the population, migration from villages to
cities, as well as the economic degradation of rural areas have led to the neglect of regular
maintenance of traditional houses. The absence of constant care for these objects results in
their accelerated deterioration, and dilapidated structures often cause collapse and loss of
cultural value. (Fig. 8)[8] [9]

Fig. 8. The deterioration of residential properties in Knez Selo is a consequence of a
variety of degradation processes. (author)

4.2. The Discrepancy with Contemporary Architectural Trends

Modernization and the introduction of new architectural styles often result in
mismatched buildings that damage the ambient and urban value of the village. (Fig. 8) It is
a rare case that units with ambient rural or urban values are completely free of objects that
do not have these values, whether they are ancillary buildings or modern houses. [9]
Modern interventions in Knez Selo often do not respect the original character and harmony
of the settlement, thereby further endangering the authenticity of local architecture,
creating an impression of overcrowding and disharmony, and disrupting the traditional
building style. The main characteristics of folk architecture remained unchanged for a long
time, with minor variations, until new materials, such as brick and concrete, appeared. [10]
The introduction of new styles in the period after the Second World War led to the
construction of larger and more monumental houses, which often differed from the original
appearance of the village. When the use of bricks was fully accepted, and the then
bundwerk construction ceased to be used, there was a change in the appearance of
residential buildings in relation to indigenous architecture. Modern houses and new styles
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increasingly dominate the village, often deviating from the traditional appearance of the
village and the created ambience.

4.3. Change in function and modern needs

In rural settlements, traditional houses frequently encounter obstacles in adapting to
new functional and aesthetic standards in light of the modern way of life. This often results
in the demolition of these structures. In Knez Selo, this phenomenon is particularly evident
in the courtyards of households where, in addition to traditional houses, there are also
modern houses constructed from solid materials, which are used as permanent residences.
Consequently, aged edifices are predominantly left uninhabited or repurposed as ancillary
spaces, predominantly for the storage of belongings. This situation not only endangers the
preservation of local culture and identity but also affects the overall structural homogeneity
of the community. Furthermore, the alteration of the space between old and new structures
results in a visual and functional discord, which can impact the local residents' experience
and awareness of their heritage.

5. Developmental directions of protection of traditional houses

The protection of traditional village houses is an important aspect of preserving
cultural heritage and local architecture. In the modern context, the protection of
architectural heritage in rural settlements such as Knez Selo represents a significant
challenge and requires a multidisciplinary approach. "Although, the term "protection"
could mean only the preservation of the existing state, this term includes all possible
interventions, such as restoration, renewal, reconstruction, revitalization, resuscitation and
other possible forms of intervention in the historical environment, which are carried out for
the purpose of preservation of cultural assets and their evaluation in modern life." [8] The
settlement, rich in historical layers of architecture, presents different types of houses from
three stages of development, reflecting changes in style, function and materials over time.
In Knez Selo, the lack of adequate active protection and revitalization programs poses a
serious threat to the survival of traditional architectural values. In order to preserve the
authentic houses and the ambience of the village, it is necessary to develop plans that will
ensure the full protection of the architectural heritage in accordance with the principles of
sustainable development. The preservation of the authentic houses and the ambience of the
village implies, first of all, the introduction of legal protection measures and the marking of
these objects as cultural assets, with the aim of highlighting their importance as an
important part of the historical heritage, in accordance with the principles of sustainable
development.

A modern approach to conservation must meet two key objectives: to preserve the
cultural and architectural potential of Knez Selo in perpetuity, while ensuring the
development of functions that meet the needs of modern life. The key challenge lies in the
use of natural, local materials in the renovation of old buildings, as well as the careful
integration of new materials in new buildings. It is important that the new construction
does not dominate the existing traditional structures, but respectfully fits into the space and
preserves the authentic spirit of the village. According to architect Zoran Petrovi¢, "In new
interventions, it is best to preserve the spirit of the place (genius loci), because it
corresponds to the specifics of the climate, the architectural tradition, the characteristics of
the materials and the cultural dimension of the atmosphere". [11] The preservation and
improvement of the architectural heritage in Knez Selo can be promoted by the
development of tourism and the revival of local activities, which would make the village
attractive for visitors and revitalize it. In protected cores it is necessary to avoid contents
that could contribute to their degradation and to develop those that allow their full
integration into modern life flows.

213



MEXAYHAPOJHA HAYYHA KOH®EPEHIIUA BAHN 2024
INTERNATIONAL SCIENTIFIC CONFERENCE BASA'2024

5.1. Proposals for the protection and revitalization of rural houses

Active preservation differs from traditional conservation in that it embraces the
broader historic environment and considers architectural heritage as part of a living
organism. [8] The most important recommendations and measures for the protection of
traditional village houses contained in the books on the protection of architectural
heritage by Marasovi¢ and Nenadovi¢ include the following:

Documentation and Research: The first step in protecting traditional houses is to
document and research their historical and architectural characteristics. This includes
gathering data on the age of the house, architectural style, materials used in construction,
and significance in the local context.

Assessment of condition and restoration needs: An analysis of the current
condition of the house is necessary to determine what is needed for preservation. This may
include assessing structural problems, damage to facades and roofs, and the condition of
original materials.

Revitalization of traditional houses: An adequate approach to the revitalization and
protection of the historical architectural heritage imposes the need to preserve its authentic
urban-architectural, artistic-aesthetic and environmental values. [8] The foundation for
preserving buildings made of less durable materials is regular maintenance. [10] Modern
approaches to the restoration and reconstruction of existing buildings, as well as the
construction of new ones, are aimed at preserving the traditional physical structures of
rural settlements. The realization of these concepts should be guided by precise guidelines
in order to enable the proper revitalization of the traditional architecture of this area. First
of all, it is crucial to carry out adequate structural repairs, especially on the roof structure
and covering, as well as on windows, doors and facades. In addition, attention should be
paid to the ground floor of the house, the fence and the paving of the property. The
preservation of the original dimensions of the buildings and the careful design of the new
volumes are essential so that each intervention contributes to the creation of a unique and
homogeneous whole. In the materialization of the buildings, traditional materials should be
used for walls, roofs and openings, as well as traditional construction techniques whenever
possible. This may include the use of wood or other local materials, as well as traditional
techniques such as bondruk construction.

Applying modern solutions in harmony with tradition: In some cases, it may be
necessary to apply modern solutions that improve energy efficiency and safety, while
respecting traditional appearance and materials.

Use and Adaptation: Some traditional houses can be adapted for contemporary
uses, such as museums, tourist facilities, or residences, which can help maintain and
preserve them for the future.

Multidisciplinary approach and public participation: A multidisciplinary
approach to heritage protection requires the participation of experts from different
disciplines who work together to prepare scientific and professional documentation and
plans before any intervention is undertaken. In the process of protecting traditional houses,
cooperation with architects, restorers and other experts with experience in working with
historic buildings is of great importance. Active protection also seeks to increase public
participation in the process of preserving and managing cultural heritage, thereby raising
awareness of the importance of protection. Educating and raising the awareness of local
people about the importance of preserving traditional houses can contribute significantly to
their protection. Local communities can play a key role in the preservation and
maintenance of these sites.
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6. Conclusion

Traditional folk architecture is not only an architectural style, but a way of thinking
and relating to the world, nature, life and the spirit of the place. It is an attitude towards life
processes, the use of materials and respect for climate and authenticity. Building in
harmony with nature achieves a balanced ecological rhythm of life, emphasizing
adaptation to climatic and topographic conditions, as well as to the spirit of the place
(genius loci). Although modern urbanization is gradually erasing the ambience of
traditional architecture, the specifics of this architectural expression, especially in
residential architecture, remain a strong source of inspiration and a catalyst for future
architectural solutions based on the preservation of local and regional identity. The
conclusion of this paper shows that the goal defined in the introduction has been achieved
through a detailed analysis of the typology of houses in Knez Selo and the identification of
the challenges facing their preservation. The research confirmed the importance of these
traditional buildings for the preservation of local identity and cultural heritage, but also
pointed out that the process of their protection and revitalization is complex and requires a
multidisciplinary approach.

The typological analysis revealed different phases of construction, from the Morava
style in the first phase, through the houses built between the two world wars, to more
modern interventions. These houses have historical, artistic and environmental value, but
they are facing significant challenges in the form of degradation due to lack of
maintenance, unfavorable climatic influences, as well as modern architectural trends that
often do not respect the original spirit of the place. The causes of the threat and
deterioration of the buildings are numerous, including both natural and human factors, and
the results suggest that the preservation of these buildings is necessary to maintain the
cultural continuity and authenticity of the rural landscape. This task is further complicated
by population migrations and changes in the function of buildings, with old houses often
left abandoned or converted into auxiliary buildings. Development directions for the
revitalization and protection of traditional houses should aim at adequate legal protection,
reconstruction using local materials and techniques, and the introduction of new functions
that will enable their integration into modern life. This includes improving energy
efficiency while respecting the original architectural values.
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ANALYSIS AND REFURBISHMENT OF A WW2 RC-BRIDGE ACROSS
RIVER LYS IN GHENT (B)
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Abstract: Ghent's Verlorenkost Bridge spans the Leie River and has a rich history,
having begun as a timber bridge during the Middle Ages and evolving into an
impressive stone arch. In order to provide the river with the greatest possible
vertical clearance, the current bridge was constructed as an RC portal frame during
World War II. Even the military load imposed by the occupying forces was
significantly less than the present design load, according to design reports from
1941. It was determined whether this bridge is appropriate for LM1's typical road
traffic or other kinds of loads using a solid FE element simulation. The action of LM
1 is not resisted by the bridge deck with varying depth. As a result, the NAD permits
an LM 5, which was taken into consideration. This translates into a frequent traffic
load that is reasonable. The bridge meets the standards, except in a few specific
sections. To strengthen this bridge, CFRP-strips can be employed in certain
locations, particularly on the lower side. For the top side, a thin concrete overlay
combined with near-surface reinforcement is advised.

Key words: portal frame bridge, alternative structural use, historic loads, CFRP-
strengthening, smooth rebars, wartime construction.

1. Introduction : bridge’s history

The Verlorenkost bridge in Ghent spans the river Leie, with the eastern bank being
higher than the western side. A bridge has been built at this location since 1429 to allow
traffic from outside the city in the direction of the mount Blandijn. The name Verlorenkost
seems to come from the slope and the height of the banks of the Leie, so that the
inhabitants could not reach the water to scoop it and therefore could not earn a living there.
More precise sources [1] indicate that a narrow wooden swing bridge was installed in
1754. This was replaced further, first in 1811 and then in 1836 and in 1856. Finally, in
1857, the last swing bridge was built, which was only 4 m wide. This bridge is displayed in
Figure 1. In 1899, the Verlorenkost road was widened to 12 m and a monumental stone
bridge was built. This was decorated with statues by the artist Domien Van den Bossche.
These statues represented shipping and labour. The bridge from 1899 is exhibited in Figure
2. The statues are displayed in Figure 3.

! Philippe Van Bogaert, MSCE, PhD, Em Sr Full Professor, Civil Engineering Dept, Engineering and
architecture faculty, Technologiepark 904 B 9052 Gent (Belgium), Philippe.vanbogaert@ugent.be
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Fig. 1. 4m wide swing bridge dating 1857

W Gand — Pont du Pain Perdu,

Fig. 3. Decorations and statues on stone bridge
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On May 23, 1940, the invading occupant army blew up the stone bridge. The
destruction was total. Because the connection is of great importance and after the complete
occupation, the design and later the construction of a new bridge was started.

Like many bridges in the city of Ghent, the Verlorenkost bridge is also a portal
frame. This type of structure allows to ensure a larger vertical clearance below the
construction. Probably because steel was scarce due to the war conditions, this bridge was
built with RC. This also explains why the quality of the reinforcement steel is low. Figure
4 exhibits an overall view of the structure.

Fig. 4. Present Verlorenkost Bridge

2. RC Portal frame bridge

Only partial design documents of the bridge survive, including complete and detailed
plans and incomplete design reports.

As far as it was possible to find out, the design load outside the roadway appears to
be a uniform pressure of 400 kgf/m? (expressed in dimensions used at that time). For the
roadway itself, the so-called lorry of 32 tons was used [2], which consists of 2 axles of 4
tons, 2 axles of 6 tons and one axle of 12 tons. The bridge has been verified for loads
imposed by the occupant. These are [3]:

- A ‘“followed vehicle’ corresponding to a load of 40 T to be spread over 6 * 5.5 m? of
surface area

- A truck with a load of 12 T, to be spread over 6 * 2.5 m?

- A distributed load of the ‘crowd’ type of 500 kgf/m?

The latter is still applicable in EC 1991-2.

It should be noted that the design and verification calculations of 1941 were made
using influence lines for frames, taking into account that the frame feet are freely rotatable
and possibly not taking into account the variable stiffness due to the variable height of the
slab and vertical members.

The strength of the concrete is not mentioned in the remaining documentation.
Therefore, 15 cylindrical cores were drilled, mostly to determine the reinforcement and the
concrete cover. The compressive strength of the concrete was also determined for 3 cores.
This determined a characteristic value of the concrete strength according to EN 1990 -
Annex D [4], which corresponds to class C 35/45.

Taking test samples of the reinforcement was not feasible. Therefore reference was
made to the literature [5]. It appears that the use of rebars with improved bond only
occurred from the 60°s of the previous century. According to the available plans, smooth
rebars with hooks were also used in this case. An extract from such a plan is exhibited in
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Figure 5. From the aforementioned broad research, a yield stress of 230 MPa was common
in this period. Taking into account the partial factor of y = 1.15, fya = 200 MPa was also
assumed.

R Rl DOORSNEDE  MIDDEND

poEr. 2Lwea

Fig. 5. Detail from reinforcement plans (1941)

3. Further use of bridge

In the period 2023-2024, a thorough inspection of the bridge was carried out. In
addition to superficial damage to the facings of the abutments and slight corrosion to the
metal parapets and the crash protection lath, tests were mainly carried out on the concrete.
The carbonation only reaches a depth of 10 mm at most and the attack by chlorides is
virtually nil. In addition, no alkali-silica reaction was discovered. Therefore, the structure
is generally in a relatively good condition. Only in one place was exposed reinforcement
found over a distance of 30 cm with slight oxidation.

There are 3 longitudinal cracks that have been found, which are noticed at the bottom
of the concrete slab. These can be seen in Figure 4. The crack width is between 0.6 and 1
mm. These cracks indicate a possible defect.

P S AT

[y

Fig. 6. Longitudinal cracks in lower side of the bridge deck slab

The main concern of the bridge owner is the load-bearing capacity. Since the end of
WWILI, traffic has increased rapidly, both in intensity and in weight. In addition, it is in the
context of the renovation of a number of access roads to the City, to thoroughly change the
road network. For example, the number of lanes is being reduced to 1, but with a concrete
roadbed of 0.15 m thickness. Therefore it was necessary to verify the load-bearing
capacity, both for the current design loads and for real vehicles. Thus the bridge manager
had two questions.
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- What is the load-bearing capacity of the bridge (compared to current design models of
road traffic) taking into account the new layout that will be realised during the road
works;

- Is it sufficient to renovate the bridge without providing additional structural measures that
increase the load-bearing capacity? If not, which structural measures could be applied to
increase the load-bearing capacity?

This report is primarily concerned with answering both of these questions.

4. Load-carrying capacity

4.1. Initial situation

Because the bridge is a solid concrete structure, it was decided to assemble the model
entirely from volume elements. This allows taking into account the variable height of the
deck and the actual shape of the styles. In addition, a distribution of wheel loads, according
to a spreadingn down to the middle plane of the cross-sections, can be implemented.
Furthermore, the solid element model allows defining the actual course of the axis lines
and the curvatures they exhibit, as well as the actual shape of the nodes and representative
length of the deck and styles.

A known disadvantage is that the stresses cannot be used directly, because concrete
is in essence an inhomogeneous material. A conversion must therefore be made from
elastic stresses to normal forces, bending moments and shear forces.

The determination of the load-bearing capacity must first be done according to the
requirements of EN 1991-2 [6] with the loads provided therein. This includes the dead load
of the structure, the fixed loads of the footpaths and the roadway pavement, the traffic load
on the footpaths of 2.5 kN/m?, the LM 1, the braking forces and the wind load. The
combination formed is done with the relevant combination and partial factors.

To determine the wind pressure according to EN 1991-1-4 [7], the lowest natural
frequency is needed to determine the dynamic factor csca. The latter is for most bridges = 1
but in this case it appears to be 1.023. Figure 7 shows the mode corresponding to the
lowest frequency of 4.61 Hz. The critical wind speed of 61.6 m/s is much higher than the
peak wind speed of 28.4 m/s. The value of the actual wind pressure then becomes 1.46
kN/m>.

Fig. 7. Lowest mode natural vibration f. =4.61 Hz

In order to meet the requirements of LM 1, it quickly becomes apparent that the
reinforcements of the bridge deck slab are inadequate. In the middle of the field, 47% more
bottom reinforcement would be needed. This is without taking into account the necessary
top reinforcement at the nodes of the portal, where there is a shortage of 85%. For that
reason, the existing situation, which is certainly not satisfactory, is not discussed further.
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4.2. New situation

As part of a larger project to renovate the southern access to the city's historic centre,
the plan is to further reduce motorised traffic on the bridge to a single lane and to widen
the southern footpath as a lead-in to a planted area. A plan of the new situation is exhibited
in Figure 8.

T TR
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Fig. 8. New arrangement of road.

Since the structure cannot support LM 1, the asset manager has agreed to adopt
national annex (2011) of EN 1991-2. In this annex, which refers to annex M of the basic
standard, an LM 5 is included, which actually considers FLM 2 as a real traffic load. The
'permissible class' of bridges for local traffic then considers the most adverse vehicle of
FLM 2, where a reduction factor of 0.80 can be combined with a dynamic factor of 1.30
for a single axle and the partial factor y = 1.20 may be used. Roughly stated, in ULS the
most detrimental lorry of FLM2 is to be multiplied by 1.20.

Because the road has a different composition, the uniform loads on the sidewalks, the
larger fixed load on the pavement and lorry 4 or 3 of FLM2 are a bit more complicated and
are represented in Figure 9.

Fig. 9. New composition of loads.

The various simulations have shown there are 4 critical locations where the available
reinforcement is insufficient, or the value of fyq would be exceeded.

The transverse distribution reinforcement at the bottom of the roadway in the central
span field is insufficient. 1395 mm?*m is needed and only 509 mm?/m is available
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The top longitudinal reinforcement at the footpath connection to the higher post is
insufficient, since 7585 mm? is needed, since some of the rebars do not reach sufficiently
far from the vertical member. Only 3048 mm?*m is available.

The top reinforcement at the clamping of the roadway area in the vertical posts is
insufficient. 6159 mm?/m is needed and only 3 types of bars are available, which is 3936
mm?/m.

The top distribution reinforcement at the ends of the slab deck in the zone of the
clamping in the vertical members is insufficient. Only 12 bars of 9 mm/m or 763 mm?/m
are available, whereas 2463 mm?/m is required.

The relatively largest shortage of reinforcement is found in the transverse lower
reinforcement in the field of the concrete slab. This is due to the character of the original
design load, which contains relatively light axes and consists mainly of large areas of
uniform load. During the period of the construction of the bridge, relatively light
distribution reinforcements were also used, which usually did not comprise more than a
quarter of the main reinforcement. In addition, the design was made on the basis of
influence lines for hinged or clamped single portal frames. Obviously, this is a 2-D
calculation, which is unable to detect transverse bending. Therefore, an underestimate of
the latter has occurred. The latter also applies to the upper distribution reinforcement at the
ends of the slab deck in the area of the clamping in the posts. The shortage in this type of
reinforcement reaches 323%.

Both insufficiencies of longitudinal, upper reinforcement in the area of the
connection of the bridge slab and the vertical posts is also due to the use of self-constructed
influence lines. For instance, Figure 8 exhibits the influence lines for the bending moment
and shear force at the bridge slab centre, taken from original documents.

INVLOEDS LI

INVLOEDSLIIN VAN 1,

Fig. 10. Hand-made influence lines for bridge slab.

It will be noticed, the influence of the posts does not appear and neither does the
effect of the height difference of these vertical members.

Clearly, the positive effect of compression force has been taken into account.
However, near the connection of the slab and the posts, the normal force changes sign and
thus further increases the demand for reinforcement.

Concerning the cracks at the lower side of the bridge slab, as the shortage of
reinforcement is considerable, in SLS the rebar stress may reach up to 399 MPa. This
probably means the bars were broken and there is no active transversal reinforcement,
which certainly must have yielded. Assuming the rebars are not completely broken, the
crack width consists of a part due to crack formation, while the steel bars remain un-
yielded and a second part, due to post-yielded elongation by the rebars. The first part can
be calculated by the equations of section 7.3.4 of EN 1992-1-1, whereas the following part
must be derived from typical stress-strain curved of historic reinforcement steel. The
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results are a crack distance of 262.91 mm and a total strain of 0.0084 S, leading to a crack
width of 1.58 mm. This crack width is somewhat higher than the measured maximum
value of 1 mm. It is well known that the equations of EN 1992-1-1 overestimate the crack
width, since in the new version of this standard [8] lower values are indicated.
Recalculating the former results by the equations 9.11 to 9.15 of this standard renders a
crack width of 1.01 mm, which is close to the measured value of 1 mm.

Concerning the rotating base of the supports, the hinge should function properly, as a
10mm gap is left between the base plane and the concrete fillet at the bottom of the post.
This is visible in Figure 11-left. It is not clear whether this opening always remains free of
rubbish and dust. Figure 11-right exhibits the reinforcement. Verification of the concrete
contact stress does not work out by applying Hertz contact theory, since both curved
surfaces are in conformal contact.

Fig. 11. Concrete hinge (left) and reinforcement (right).

In these cases the Persson theory [9] for conformal contact might be applied.
According to the latter, the maximum contact pressure of 2 cylinders with radius R and
contact angle 2o can be found through equations (1) and (2).

c= tan% (D)
RLDmax 2¢ N In(vVeZ+1 +¢)
F Y mct(c?+1) (2

The resulting ULS-reaction, composed of a vertical reaction and a horizontal thrust
force equals 7976 kN, the contact angle being 58.76°. As exhibited in Figure 11 the radius
R = 380 mm and the total length of the hinge equals 11.3 m. This results in a maximum
compression of 2.07 MPa, which is a small value.

The vertical member also has sufficient horizontal shear reinforcement to resist the
effect of the thrust force. This reinforcement is quite light and looks negligible, as
exhibited if Figure 11-right. However, the vertical compression force balances and
compensates the effect of shear.

Should the hinged support get blocked, due to dirt or any other reason, the influence
on the demand for reinforcement is almost inexistent. This is due to the small angular
rotation, which does not exceed 0.0036° in SLS. Hence the results above are confirmed
and the necessary refurbishment and reinforcement have been reliably determined.

5. Refurbishment options

There are several possibilities to apply reinforcements to the slab deck. Applying
additional reinforcements is not obvious, but for old structures, and with easy access to
areas to be reinforced on the top of the bridge, one can consider using a ‘near surface
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reinforcement’ (NSM). This technique involves cutting out V-shaped grooves, placing the
additional reinforcements and then filling the joints with cement mortar, or preferably a
strong bonding epoxy.

Usually such reinforcement is done with CFRP wires which are very expensive. The
FRP wires are used, so that the grooves do not have to be made too deep. Hence, the
groove depth can always remain smaller than the existing concrete cover. Usually such
reinforcement is done with CFRP wires which are very expensive. FRP wires are used to
limit the depth of the grooves, thus not exceeding the existing concrete cover.
Measurements of the concrete cover show that in the affected areas this is at least 30 mm.
However, after discussing the various options, the following schemes were adopted.

The lack of lower reinforcement in the transverse direction of the bridge deck is
mainly due to the axles of the vehicles. It is therefore a local shortage and is mainly present
in the middle of the slab deck. At the bottom of the latter, it is difficult to work with NSM
or other reinforcements, which is why the only option appears to be to glue CFRP strips.
This is shown in the plan view of Figure 12. The number and type of strips have been
determined in such a way that not only the lack of reinforcement has been compensated
for, but that the entire demand has been covered, because the existing reinforcement has
probably broken.

Reinforcement with .
ed CFRP strips

Fig. 12. Replacing transverse lower reinforcement by glued CFRP.

For the reinforcement of the upper reinforcement of the raised footpath edges, both
NSM and CFRP strips are possible. The first alternative is probably complicated by the
settlement of the parapets. Therefore, only the second option has been retained. Here, only
the shortage of reinforcement needs to be provided.

Both the longitudinal reinforcement and the transverse reinforcement at the top of the
concrete slab require the greatest reinforcement. The new composition of the footpaths and
the roadway is shown in Figure 13, where A refers to the eastern side and B to the western
part. The new road surface consists of 0.15 m washed concrete, of which the aggregates
become visible after washing. This type is generally used in the City of Ghent. By reducing
the thickness of this slab to 0.10 m, 50 mm can be used as filling concrete, in which the
additional reinforcement bars can be placed in the longitudinal and transverse direction.
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Fig. 13. Adding reinforcement at the bridge slab ends

The 50 mm layer with its reinforcements can be anchored in the existing concrete by
means of inserted nails. This proposal uses only classical operations and materials and is
therefore economical.

Of course, a pertinent question is whether the original reinforcement is not
overloaded and whether only supplementary reinforcement is needed, or whether the latter
does not have to meet all the demand. It should be noted that ULS does not recognize a
structure of different phases. The SLS stresses for the permanent load in the existing
reinforcements are not greater than 97 MPa. If the effect of the traffic load is added to this,
the steel stress is 112 MPa. In both cases, the material of the bars therefore remains elastic.
This is sufficient reason to accept that only the shortage of reinforcement needs to be
compensated.

6. Conclusion

Building under war conditions is probably not easy. The example of the Verlorenkost
bridge shows that concrete of sufficient quality could be produced. On the other hand, the
reinforcing steel is of low quality and had to be used sparingly. This is evident from the
rapid suspension of some reinforcing bars, which resulted in shortages in many places.
Design was done using simple means, such as composing influence lines by the designer,
with little consideration for the portal action and the variable stiffness of the bridge deck
slab. In this case, it was necessary to use an FE model of the structure, which revealed
some shortcomings. However, it can be seen that this bridge did meet the requirements at
the time of its construction. The loads, even from wartime vehicles, were much lower than
current requirements. The general experience with verifying the load-bearing capacity of
historical structures is that they are over-dimensioned. Modern methods allow for more
accurate assessments. In the case of the Verlorenkost Bridge, it is likely that wartime
conditions necessitated tight dimensioning and economic use of materials.
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ABOUT THE 57 YEARS HISTORY OF ZDIAKOV BRIDGE IN CZECH
REPUBLIC

Tomas Roter!,

IIpoaba:keHue HA TpeTa 4YaCT:

Abstract: XAsSKOBCKHAT MOCT cCjiel MOBe4Ye OT 57 TOAWHU HCTOpPUA MPOAbJDKAaBa Ja
MpEJCTaB/IsiBa €IMH OT Hal-rojieMuTe M KpacuBu mocTtoBe B Yexus. Ilpe3 2017 r. ce
HapbpiBaT 50 TOAMHM OT MTyCKAHETO MYy B €KCIUIOATAIUS U CHIIEBPEMEHHO C MIPUKITIOYEHA
TOYHO CJIEJT TO3W MEPUOJ yCHENIHa PEKOHCTPYKIHUS. KISKOBCKHIT MOCT € W3ITBIHEH OT
CTOMaHa KaTo ABYyCTaBHA MOAMPSIHA IbroBa KOHCTPYKIIUS U BCE OIIE C€ KIIacupa CpeJl Hai-
roJIEMUTE JbIOBU U KPACHBH MOCTOBE TIO CBETA.

Key words: arch bridge, 330m span over Zdiakov dam
8.3.1. MocCT U MbTHA HACTHJIKA

IIppBOHAYaNHO € U3NbJIHEHA M30JAl[MOHHA 3alMTa 10/ HacTWiIKaTa Ha mupuHa 1,0 m ot
cTe0JI0TO Ha OCHOBHUS Tperep Ha MOCTOBaTa IbTHA IUIOYA, T.€. 0 OCTa HAMOCTa, KaTo ce
u3non3Bat acantoBu uBMLHM. [IpuunHaTa 3a Taszu 3ammura Oerle OCHOBHO J1a C€ OCUTYpH
JOCTBII Ha pabOTHHIIM, Taka ye JABMKEHMETO HA XOpa BBbPXY HpPBbCKaHATa M30JIAlUs Ha
MOCTOBATa IuIoYa Aa ObJIe HAIBIHO U3KII0YEHO. BriocnencTBue € u3NbiHeHa 3aliuTaTa Ha
n3oJanuaTa nojx meTs ¢ Mmoauduiupad jaat achant MA 11 IV PmB 10/40-65 ¢ mpoekTHa
nedenuHa 35 mm, MUHUMYM 25 mm, MakcumyM 73 mm. Cpennata aeGenuna e 42 mm,
¢ur. 47. VI3BbpieHO € U W3PABHABAHE HA ITOBBPXHOCTTA HA MOCTOBATA HACTUJIKA B CIIOS
ot Jiat acairt. [lonaraHeTo € U3BBPILIEHO PPYHO HA CEKLUU M0 LisIaTa MHUPUHA OT OKOJIO
10m mexay ppOoBeTe Ha OBACHIOTO MHTHO IJIATHO. MOHTHpaHM ca ABPBEHHU PAaMKH Ha
MecTaTta Ha BOJIOCTOLIUTE U APEHAXKHUTE TphOU. Pasmucan e pen 3a IBMKEHHUE Ha MTPEBO3HU
CpeAcTBa, TpaHCHOpTHpally acanroBaTa cMec W 3a JBW)KEHHE Ha pabOTHHULM I10
M30JIAIHATa, KOETO MPEJ0TBPATABA pa3pylIaBaHETO Ha M3ojanuara. Tazu npouenypa Geme
O[] IOCTOSTHHOTO HaOJII0/IeHUE Ha TEXHUYECKUS HaJ[30p Ha HMHBECTUTOPA.

KPAW HA BTOPA YACT HA JOKJIAJA-BIJK CEOPHUK BAHW2023(cTp. 379-
393)

! Tomas Rotter, Assoc. Prof. PhD, CVUT, FAST, Praha, rotter@fsv.cvut.bg
TechnologyUniversity in Prague, Department of Steel Structures and Bridges
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@ur. 47 Ilonarane Ha JAT acaiir -
@wr. 48 Tlonoxenu Goparopu

Bopatopute ca moutupanu B cyxa cmec MC 30-XF4, ¢ur. 48. [1o nckaHe Ha HHCTUTYTA 3a
HE/IBKUMO KYJITYPHO HACJIE[CTBO Ca M3MOJI3BAaHM OPUTMHAIHUTE KaMeHHU Oop/atopu. Ha
MecTaTa Ha BOJIOCTOIIUTE ¥ BOJAOCTOYHHUTE TPHOU € M3MOI3BAH IPEHAKEH MOJIMMEpPOETOH C
1[e] OTBEXJaHEe Ha Blarata mMoja OOpIIOpUTE B MICTOTO HAa M3MBIHEHHUS JApPEHAXEH
wiactuyeH 6etoH. HacTuikaTta Ha MOCTa € M3MbJIHEHA €THOBPEMEHHO IO Is1aTa MHUpUHA
Mexay oopmropure, T.e. 10,5 m. [IpTHaTa HACTHIIKA € M3MBJIHEHA C HANpeYeH HAKJIOH OT
2%. Bbpxy mnouncTeHaTa W30JIALMOHHA 3allUTa € HAHECEH CBBP3Balll CHOpPEH OT
Moauduumpana acanrona emyicus. Hactuikara ¢ ne6enrna 40 mm e ot marepuan ACO
11+ u e m3mbIHEHA ¢ BasK - MamuHa. Cren HaHacsiHE HAa OOHAMHT CHpPEH € HampaBeH
abpasuBeH cnoii oT marepuan SMA 11+ ¢ ngebemmna 40 mm. 3a0BOTUTETHUTE PE3YITATH
OT BCHMYKH HEOOXOAMMH TECTOBE Ca JaJeHH B JOKIATUTE OT HMHCHEKIMITa Ha JBara
CTPYKTypHU cios. Mi3MepBaHEeTO Ha HEPaBHOCTUTE HA I'bTHATA HACTHJIKA € M3BBPIICHO C
JeTBa B HA/UIbKHA W HAIpeyHa II0COKA, KAaTO pe3ylTaTUTe OT HEPAaBHOCTUTE HE
HA/IBMIIABAT AONMYCTUMHTE OTKIOHeHHs. CuTyanusra O6e pa3nuuHa obaye mpu u3MepBaHe
Ha I’bTHATa HACTHJIKA MpH Qyrure Ha MocToBeTe. OT BETE CTpaHU HA MOCTA, OT CTpaHaTa
Ha Pfibramské u ot crpanara Ha Milevskd, Ha HSIKOM MecTa OBBPXHOCTTA HAa aOpa3uBHUS
cioit 6e moja moBbpXHOCTTA Ha Pyrara Ha MocTta. [lopaau ToBa UBUIM OT aOpa3UBHHUSI CIIOM
¢ mupuHa oT okosio 500 mm npen u 3ax ¢yruTe Ha MOCTa ca HUIaipaHu U OTCTPAaHEHUS
nuaidan ciaoit 6e 3aMeHeH ¢ nAT acant. B To3um ciydail ce M3UCKBAa MOBHPXHOCTTA Ha
abpa3uBHUs cioil ga ObAe oT 0 1m0 2 mm Haa MOBHPXHOCTTA Ha MocToBaTa (yra. B
HUKaKbB CIIy4ail HE ce JIOIMYCHa OCTaBSHETO My IOJ MOBBPXHOCTTA Ha (pyrara MocTa.
YIUTbTHEHUETO MEXJy H3HOCBALIUS CJIOM Ha MBTHOTO IUIATHO W OOpIopa U OKOJIO
BOJIOCTOIIMTE € HaIlpaBEeHO C MOAMQUIMpaHa TOPEIIo HaHeceHa OuTymHa cmec Biguma
TL-82. KoncTpykuusTa Ha TpoTyapa MeX/1y KOpHHU3HATa rpeja u 0opAropa € U3MbIHEH OT
cToMaHOOeToH. B wacTTa Haj riaBHaTa rpega Ha MOCTOBAaTa KOHCTPYKIHMSA, OeTOHHATa
IUI0Ya € CBbp3aHa ChC CTOMAHEHAaTa KOHCTPYKIMS Ha IbTHATa IUIOYA MOCPEICTBOM KbCH
nro0enH, 3aBapeHy KbM TOpHUS (UIaHII Ha TJIaBHATa Tpejia Ha MOCTOBAaTa KOHCTPYKIMS U
MOCPEJCTBOM aHKEpH, CBBP3BAIlM IJIaBHATA Ipela Ha MOCTOBAaTa KOHCTPYKLHUS KbM
KopHHU3HaTa rpena. Jlebenunara Ha Ta3u yacTt € okojo 80 mm. B wactra kpM Ooparopa
BBbPXY M30JallMOHHATa 3alMTa Ha acdanroBaTa JIEHTa € IOJIOKEHa CTOMaHOOETOHHA
wiova. JleGennnara Ha Ta3um yacT € okoio 270 mm. TporoapHaTta mioya € oT OeTOH
C30/37 — XF 4 ¢ apmupoBka B500B, ¢ur. 49. JleraiinbT Ha Kpas Ha OeTOHHaTa
MOBBPXHOCT MPHU KOPHU3HATa Ipella € HAlpaBeH Taka, 4e M30JalusaTa Ha TpOoToapHaTa
HACTHJIKA J1a MOXe€E Ja Ce M3TEerJM MoJA TOpHUs (uiaHIl HAa KOpHHM3HATa rpeaa, gur. 50 u
¢ur. 51. beroHHara KOHCTPYKLMS Ha TpOTyapa € AWJIaTUpaHa B HA/UTbKHO HaIlpaBlICHHE
npe3 10,40 m. [IpumapHo U3TpHBaIIaTa ce U30JalHs Ha TPOTyapa € ¢ HakJIoH 2% B IOCOKa
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KbM Ooparopa. 3a uzonamnus e u3nonsBana cuctemata PUREA 4840 ¢ nBoiiHO aHKEpHO-
M30JIMpallla JEMWIHA CMEC OT HUCKO-BUCKO3HATa enokcuaHa cmodia Lena P 100 [ u

XujapousonanonHa noiauyperanoBa memopana PC 4840 HYBRID PUREA c¢ nebenuna
MuHEMYM 2,2 mm Ha ¢pupma CZ BAUSAN. N3onanusara e yap/KeHa JOMBIHUTETHO ¢ 30
mm BBpXy Ooparopa. Crucremara BKIIIOYBA M pEryJMpaHe Ha HampeyHata (yra MexmTy
OTJICJIHUTE AWJIATAL[MOHHYU Bb3JIM Ha HACTUJIKATA.

=

) S

! |

|

®wur. 49 ApMupane Ha TUI04a MO TPOTyapa
®ur. 50 beronnpane Ha 11049a MO TPOTyapa
@ur. 51 Jleraiin mox (hiaHIIa Ha KOPHU3HATA TPEIa

[lpu pexabunuranusTa Ha JOJHATA MOBBPXHOCT Ha OETOHHATa IJI0OYa HA MOCTOBATa
KOHCTPYKLUS, Is7IaTa MOBBPXHOCT Ha IJIoYaTa € MOYMCTeHa ¢ BOAOCTpyiiKa (6macTupana ¢
Bojia) moj Hamsrane 2000 Gapa, ¢ur. 52 u ¢ur. 53, koeto e ompeaeneHo Ha Oa3zaTa Ha
NPEIXOJHUTE TECTOBE Ha IOYMCTBAaHE HA CHOTBETHUTE IIOBBPXHOCTH Ha O€TOHA.
EnuHnyHO OTKpUTaTa apMUpPOBKA € MOYKMCTEHA M 3allUTEeHa ¢ aHTUKOPO3UOHHO MOKPUTHE
SikaTop Armatec-110 EpoCem. [TacuBupaHneTo e u3BbpLICHO Ha JBa cios ¢ AedenuHa 1,0
mm. MecTara ¢ Mo-rojeMu yBpeXJIaHHs Ha OCTOHHATA TIOBBPXHOCT Ca PEMOHTHPAHH C 5
10 20 mm nebennHa Ha canupain cior SikaRep. Cren canupane Ha OETOHHAaTa apMUPOBKA
U TpyOOTO caHHWpaHe Ha OCTOHHATa MOBBPXHOCT, € M3BBPIICHA I[UIOCTHA THHKOCIOWHA
caHalys Ha MOBBPXHOCTTA HA MOCTOBATA IUI0YA ChC CaHUpall ciioil B cheTaB: Sikagard 552
W Aquaprimer, Sikagard 545 W Elastofik u Sikagard 675 W Elastic. UanuBunyamauTe
MOKPUTHS Ca HAHACST C BAJISK WM YETKA.

@ur. 52 YcTpoiCcTBO 3a yJIaBsSHE HA OTIMAABLMUTE OT MOYUCTEHUSI MaTepHall
®ur. 53 JlosHaTa MOBBPXHOCT HA MbTHATA MOCTOBA TJI0YA CJIE] TOYMCTBAHETO MY.

8.3.2 Ilapaner u KOpHHU3HA rpeaa

OpurHHa HUAT TapaneT W KOpHHW3HATa rpefaa oOpasyBaT €IWH KOHCTPYKTHBEH H3ISIIO
3aBapeH JeTaiyl, KOWTO € 3aKkpereH ¢ OoNTOBE KbM 4YelHATa IUIOYa Ha KOH30JaTa Ha
MOCTOBaTa HampeuHa rpena, gur. 54. [lapaneTsT B Ha[UThXKHA MTOCOKA HE € Pa3IIUpPSBaH.
[TapanersT € WU3NBIHEH OT NMPOGWIN C KyTHEOOpa3HO HAMPEYHO CEYCHHE U € W3IS0
3aBapeH. BepTukanHuTe KOJOHKHM Ha IMapariera B JOJHATa UM 4acT, T.€. HA HHUBOTO Ha
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HACTUJIKaTa, ¢ YCTAaHOBEHO, Y€ ca 3HAUYUTENHO KOpo3upaiu, ¢ur. 55. ['opHusT duanm Ha
KOpPHM3HATa Irpejia ChIIO € 3acerHar ot koposus. B DZS nocraBuxa u3nckBanus 3a

[AJ0CTHA TOAMSHA Ha TMapamnera W KOpPHM3HAaTa rpena ¢ HOBH. MHCTUTYTBHT 3a
HEJBI)KMMOTO KyJITYpHO HacleAcTBO B [Ipara HacTosiBaxa HOBUSAT HapareT 1a 0bJie TOYHO
KONUE Ha OPUTMHAIHMS, T.€. BKJIIOYMTEIHO H3MOJI3BAHETO Ha 3aTBOPEHHM Mpoduin 3a
IIPOM3BOJICTBO Ha MaparieTy U rnaparneTt oT LUHApUYHA TphOa.

¢ur. 54 Cppp3BaHe HA KOPHU3HATA Tpeia KbM KOH30J1aTa Ha HalpevyHarta rpeaa
@ur. 55 Kopo3usi Ha KOJIOHKUTE Ha MaparneTa

JemonTaxk: KopHru3Hata cToMaHeHa rpena, BKIIOYHATEIHO M MapamneTa, ca MpPOU3BEICHU
Ha YacTH C JIBJDKMHA OKOJIO 5,2 m. J[eMOHTHpaHaTa 4acT ce OKauBa Ha KyJIOKpaHa U CJell
CBAJISIHE HA OOJITOBHUTE CHEJIMHCHUS MEXTy YCITHUTE IJIOYH, IEMOHTHpPAHATA YaCT CE CBAIIS

BBpPXY ITbTHATA IUIOYA HAa MOCTA, CJIEI KOETO C€ M3BO3Ba /O IyHKTA 3a ckpar, ¢pur. 56 u
¢wur. 57.

@ur. 56 /leMoHTaX Ha KOPHU3HATA TPEjia U Maparet
@ur. 57 U3rien Ha 1eMOHTUpaHa KOPHU3HA I'pela U mapaneT

[Ipu pexoHCTpyKLMsITa, HOBATa KOPHU3HA IPe/ia € OTACJICEHA OT MapaneTHaTa

KOHCTpyKus. HoBata kopHH3HA rpella € MOHTHpPaHa ¢ OOJITOBU ChbeTUHEHHS C TOMOIITa
Ha YeJIHA [JI04Ya KbM OpUTMHAJIHATA YEJIHA IJI0Ya Ha KOH30J1aTa Ha HalpeyHarta rpeja.
HoBusr napaner e MOHTHpaH ype3 onopHaTa Ijiova 1noJ KoJOHKaTa Ha raparera, KbM
KOpHHM3HATa rpeja.

IIpou3BOACTBOTO U MOHTa)Ka Ha KOPHU3HHTE rpeau € u3BbpiieHo oT ¢upma OK-BE,
spol.s r.0. [Ipou3BeneHn ca OOMKHOBEHH 4YacTH C AbkHHA 5190 mm ¢ mpeaBumeHo
pazctosiHue oT 10 mm Mex1y OTAETHUTE YacTu. B HanmpeuHo cedyeHne JByCTEHHATa 4acT €
OTBOpEHA OTJOJYy M € acuMeTpuyHa. Bucounnata Ha HampeyHOTO cedyeHue € 650 mm, a
mupuHata € 212 mm. BpHIIHOTO BUIMMO ¢TE€0JI0 Ha TpefiaTa € ¢ MOCTOsIHHA BUCOYMHA OT
635 mm. Bbrpemnara creHa € ¢ BucounHa 150 mm, kosato € ysenudeHa 1o 570 mm B
MSCTOTO Ha KOH30JIaTa Ha HalpeyHaTa Ipejla B MOCTOBaTa MMbTHA KOHCTPYKIMs. B Toukara
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Ha CBbp3BaHE MMa 3aBapeHa Auadparma. ['opHuUSAT (aHII HAa HAMPEYHOTO CEYCHHE Ha
KOpHU3HATa Tpefa € ¢ mupuHa 250 mm m HanpedeH HakiIoH 4% B mocoka HaBbH. B
ropHus (yIaHI B MecTaTa Ha OBJICIIOTO CBbP3BaHE HA KOJIOHKHUTE HA Maparera nMa

MOJrOTBEHU OOJTOBE, HA KOMTO € MOHTHpaHa ONOpHATa IJIoua Ha KOJIOHKUTE Ha MapaneTa.
MoHnTakHaTa Bpb3Ka Ha OTIACITHUTE YaCTH Ha KOPHU3HATA Tpejia € peau3upana ¢ 00JITOBU
chequHeHus. [opHusaT ¢nanm u BbHmHATA cTebno ca cBbp3aHu. Ilo Bpeme Ha
IIPOM3BOJCTBOTO, IPUEMAHETO B Ii€Xa C€ M3BBPLIBA B YEPHO CHCTOSHUE U CIEA
M3BBPIIBAHETO Ha Npou3BoAcTBOTO Ha PKO 0T ueTnpucinoiHo NoKpuTHeE, ChIIOTO KAaTO Ha
CTOMaHEHaTa KOHCTPYKLMS Ha MOCTa, CJE/Ba MPOLENypa U3sICHEHA 110 HAJOIy B TEKCTA.
MOHTaXbT Ha KOPHU3HMUTE I'PEAU € NPEIUIECTBAH OT PETYJIMPAHETO HAa YEIHUTE IUIOYM
BbPXY KOH30JMTE€ Ha HampedyHuTe rpeau, ¢ur. 58. KOHTakTHHUTE NOBBPXHOCTH ca
noBTopHO 1uIMdoBanun U oOpaborenn ¢ PKO. Cpimo Taka oT BbHIIHATA CTpaHa Ha
IJIaBHUTE TPEeIU HAa MOCTA U BKJIFOUMTEIHO KOH30JIUTE HA HAPEYHUTE IPEU € U3BbPILEH
smocted PKO, ¢ur. 59, dur. 60 u dur. 61. EnuncoBugaute OTBOPH BBB Bph3KaTa Ha
KOpPHU3HaTa TIpeda ¢ 4eJHaTa IuloYya Ha KOH30JaTa OCHUIYpsiBaT HEO0OXOAMMOTO
pekTu(UIMpaHe Ha OTAETHUTE CBBP3BAIIU CE EJIEMEHTH OT KOHCTPKIUSATAa Ha MOCTa.
OCHOBHMAT KpUTEpH 3a crio0siBaHe Oe reoMeTpuYHaTa TOYHOCT Ha JIMHUATA HA TOPHUS
BBHIIIEH PO HAa KOPHU3HATa CTOMaHEHa Ipe/ia. 3a KOPHU3HUTE IPelin ca U3MO0JI3BaHU 00110
217 t cromana S235 JO.

=
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@ur. 58 Yenna miioya Ha HampeyHaTa KOH30J1a MPeId PEMOHT
®ur. 59 Moaudukarus Ha YelHaTa 1yIo4ya U TJlaBHATa rpejia Ha MOCTOBaTa Tio4a OTBBH

@ur. 60 Cbp3BaHE HA KOPHU3HATA Ipella KbM KOH30JIaTa Ha HAaIpeyHaTa rpeja
®ur. 61 MoHTaxkHa Bpb3Ka Ha KOPHU3HATA Irpeja

IIpou3BOACTBOTO M MOHTAKa HA mapamneTrutTe chilo ¢ u3BbpuieHo oT ¢pupma OK-BE,
spol. s.r.o. IIpoWM3BOACTBOTO € W3BBPIICHO CBITIACHO TMpepaboTeHaTa MPOEKTHA
JOKYMEHTAIUs, CBhIIACHO M3MCKBAHETO HA HMHCTHTYTAa 33 HAIMOHATHHUTE TaMETHHIIH,
CBIIIACHO KOETO HOBHAT IapareT TpsiOBa /a Oblie KOMUe Ha OPUTHHAHUS IapareT, T.e.
BKJTIOYHMTEITHO M3IOJI3BAHETO Ha 3aTBOpeHH npodmimn. OCHOBHHUAT Mpo0iIeM, MpOU3THYAIL]
OT TOBa HW3HCKBaHE, Oe€le 3aKpenBaHETO Ha ENUICOBUAHATA TphOA KbM Mapamera.
[TpousBomuTensT pemasa MpobiemMa, KaTo M3MOJ3Ba CIEHUAIHO aJanTHpaHa mpeca 3a
MPOM3BOJICTBO HA EJIMIICOBHJHA MO KOH(puUrypauus Tps6a, oT TphOa ¢ KPBIIO HAIPEUHO
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cedeHne ¢ HeoOxoaumaTa TOYHOCT Ha ¢opmarta. Yacture Ha oOmMS mapamer ca
MPOM3BENICHN C Ab/bkMHA 7785 mm u ¢ mpensuueH aydprt or 15 mm Ha MACTOTO Ha
MOHTakHaTa 001TOBa BpB3Ka, ¢ur. 62. Besika oTripaBHa MPOU3BOACTBEHA MapKa 3a

naparnera mpuTexaBa TpH KOJOHKH. OCBEH CTaHJAPTHUTE 4YacTH B HAJIUYHOCT ca U
HETUIIMYHU YacTH Ha MECTaTa Ha MacapejkuTe Mo MUJIOHWUTE U IO KpuiaTta. BucounHara
Ha cTroMaHeHwus naparet € 1068 mm, koeto ocurypsiBa Heobxonumara Bucodrnaa ot 1100
mm HaJl HUIBOTO Ha IOBBPXHOCTTA 3a XOJEHE, Thii KATO OCHOBHATA IlI0Ya € pa3oJIoKeHa
1o-BUCOKO. JlpbxkKkaTa e u3paboreHa ot enuncoBuaHa Tppo6a TR 154x83. Kononkure ca
3aBapenu ot nBa npoduna UPE 120 ¢ Haknon 4% HaBbH. [IbITHEXBT MeXIy CTHIOOBETE €
ot 3aTBopenu npodunu TR 50x40x3, umu TR 40x20x3.

®ur. 62 [leraiin oT Kpas Ha MOHTa)XKHATa YacT Ha Maparnera
@ur. 63 [lapaneTu B UePHO CHCTOSTHUE KaTO JOCTaBKa

Ta3u cTomaHeHa wyacT € U3IIO XEpMETHYEeCKH 3aBapeHa, ¢ LeJl NpeAoTBpaTsIBaHe
HaBJIM3aHETO Ha BJlara B 3aTBOpeHUTEe npoduiau. MoHTaxHaTta 00JTOBa Bpb3Ka Ha
PBKOXBATKaTa € peleHa ¢ MOMOLITa Ha CIelMaaHa BTyJKa. PbkoXBaTkaTa € ¢ 3aTBOPEHU
Kpaiillla oT ABaTa cH Kpas ¢ miaHku. [lo Bpeme Ha nMpou3BOACTBOTO MPHEMAHUATA B IieXa
ce M3BBPIIBAT B YEPHO CHCTOsIHUE, (hur. 63 U Qur. 64, a crnex UTBIHEHHETO UM CIIEABA
HanpaBaTa Ha PKO ot yetupucnoitno nokpurue ¢ obma aedenuna 360 pm.

M\ {7/
@ur. 64 IlapaneTtu ¢ rpyHz 3a IpUEMaHe

@ur. 65 Jlerails1 Ha cBbp3BaHE HA MapaneTa KbM KOpHU3HATA rpeja
@ur. 66 [leraiin Ha MOHTa)XKHaTa BPb3Ka - KOHTAKT

[TapaneTsT € MOHTHpPAH KbM KOPHH3HATA Tpe/ia PH MOHTaxa, (ur. 65. Mexay ocHOBHaTa
wioya Ha cThi0a Ha Mapanera U ropHUs (UIaHI] Ha KOpPHU3HATa Tpela € IOCTaBeHa
IIacTMacoBa BJIOXKKa c aebenmnHa 4 mm, u3paboreHa or UV-ycroiumB matepual.
Bnokkara npaBu Bb3MO>KHO M3paBHSIBAHETO Ha HAKJIOHA Ha CTOMKaTa Ha IaparneTra, Taka
4ye HaJUIb)KHATa JIMHUS Ha IapareTa Ja € B IIpaBa JIMHUA. MOHTaXbT c€ M3BBHpILIBA Ha
€Talny, pu KOETO PbKOXBAaTKaTa Ha BCSKa HOBA 4acT Ce BKApBa BbB BTYJIKaTa, MOHTHpAaHa
B MPEIXO0JHATa YacT Ha pbKOXBaTKaTa. Bb3MOXKHA € HalnbXKHA JUaTalus B MICTOTO Ha
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BCsIKa MOHTakHa ¢yra, dur. 66. 3a mapanera ca u3noj3Banu oo6mo 65 t cromana S235 JO,
¢wur. 67 u ¢ur. 68.

¢wur. 67 Crinoben napanet
¢ur. 68 IIpexon Ha maparera OT MOCTa KbM OIOpaTa

8.3.3 lloanopu

Kakto 0Oe ymoMeHaTo mo-Tope, B pe3yiTaT Ha JIBJITOTPAHO BOJO-U3TUYAHE TIPE3
MMPOIIYCKIIMBUTC MOCTOBU (byrI/I HACTBIIBAT NIOCTOSIHHU IMPOLCCH HA ACTrpaaalsa Ha ropHaTa
9acT Ha OTIOPHTE, T.€. B OMIOPHUTE MPAroBe, 3aTBAPSIIN CTCHU U KaMepHU B TOPHATA YacT Ha
Kopmyca Ha omopute. [IposBrenue Ha HabOmOgaBaHaTa Aerpaganus O0e¢ HaOIIOAaBaHOTO
3HAYUTEIHO MPOCMYKBaHE Ha BOJA, MPUIAPYKEHO C TOsBAaTa HA 3HAYUTETHH JIOKBHU IO
MOBBPXHOCTTa Ha OeroHa. B DZS ce Hanoxu mpemaxBaHe Ha IsylaTa TOpHA 4YacT Ha
OTIOPHUTE U MOAMSHATa UM C HOBAa KOHCTPYKIIHS, CbOOPA3HO M3HUCKBaHUATA 32 MOCTaBsIHE
HAa HOBU TIPEXOJHU (PYrd Ha MocTa. ['OpHHUTE YacTHM Ha KpWiara ChIIO 0siXa 4acT OT
pexoHcTpykIusaTa. [IbpBO, 3eMHaTa Maca 3aJ MOANOPUTE € W3KOMaHa Ha JIbJDKHHA OT
oKoJio 6,0 m 1 Ha ABJIOOYMHA OT OKOJIO 5,7 m. M3KOIBT € M3BBPIICH M0 IsijaTa MUpUHA
MeXIy chllecTByBamure kpuiga. OCHOBHMTE Tpeld Ha MOCTOBAaTa HAcTWIKa Osxa
MOJUIBPKAHM OT BPEMEHHH IOJNOpH, m3paborenu ot Marepuman PIZMO, komto Gsixa
MOCTaBEHU OJIM30 10 JIMIIETO Ha OTMOPUTE BbPXY paBHUHATA Ha mMaHena, ¢ur. 69. ['maBHuTe
IpeI ca TIOBJIMTHATH C TTIOMOIITA HAa XUJIPABIMYHHU MIPECH C TSN JIa Ce Pa3XJaldsT Jarepure
BBpPXY OIIODUTE M Ja ce€ OTCTpaHAT. JlelcTBUTENHATa BHCOYMHA HA IIOBJIWTAHE €
ompezeneHa oT npoektanTa. Cre0iara Ha TJIABHUTE TPEAM HAJ MPECUTE Ca YKPENEHU C
nobaBeHr BepTUKamHU pebOpa. Crien NEeMOHTHpPAHETO HAa OPUTHHAIHHUTE MOCTOBH (YTH,
ropHaTa 4acT Ha Omopara € pa3pylleHa J0 HMBOTO Ha IOJa Ha KaMmepaTa B OIoparta.
Paspymiena e u ropnata vact Ha kpunara, gur. 70. [To Bpeme Ha pa3pyiiaBaHeTo CTaHa
SCHO, Y€ Ka4eCTBOTO Ha OeTOHA, M3MOJ3BaH 3a MOJMOPUTE W KpuWiara, € IMO-JIOIIo, Ha
MeCTa 3HAYUTETHO IPOMEHJIMBO, OTKOJIKOTO TMpeAroiara MpOoeKTHATa JAOKyMEHTAIMs.
[Topaau ToBa Gelie HEOOXOAUMO /1a C€ YBENTUYHM 00eMBT Ha IEHHOCTUTE TI0 Pa3pyllaBaHe.
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@ur. 69 [MogabpkaHe Ha IIaBHUTE IPEIM HAa MOCTOBATa IJI04a
®wur.70 PaspymieHo kpuiio mpu ornopaTa Ha IecHus 00pa
@wur. 71 drobenu o onopara 1 1o KpujiaTaro

Paspymienara moBBPXHOCT € MOYKMCTEHA C BOJA IOJ HaJsAraHe W ca MPOOUTH IYIKH 32
YKperBaHe Ha 3aKOTBAIIaTa apMHUpoBKa. [robennre oT apMUPOBBYHA CTOMAHA C TUAMEThP
o 12 mm ca ot ctomana B500B u ca 3anenenu ¢ noMomnra Ha JenuiHata cucrema Hilty
HIT-RE 500. Cbmure ca moapeaeHu B HAKOJKO peAa Ha pascrosinue 250 — 500 mm no
[eJTHsI IEPUMETHP Ha JisIBaTa 4acT Ha OTMIOPHUTE WM KpuiaTa, gur. 71. dyrara momydeHa ot
pa3nuKara B HMUBAaTa MEXAYy HOBOTO M ChILIECTBYBAIlOTO CTPOMUTEICTBO € y3aKOHEHA OT
npuemarenHara komucus.dopmaTa Ha HOBaTa 4acT Ha OMoOpaTa, 0COOCHO MO3HUIMITA U
¢opMara Ha rjaBaTa Ha KpalilHaTa CTEHa, € HalpaBeHa 0 TaKbB HAUWH, Y€ Ja MO3BOJIH
IUTaBEH MPEeXoJ OT Onopara KbM HoOcellaTa KOHCTPYKIHMS Ha MOCTa, U3MOJI3BAaliKu HOBaTa
MocToBa (pyra. 'opHaTa yacT Ha onopuTe U Kpuiara € HanpaBeHa oT 6eton C30/37-XF4 ¢
apmupoBka B5S00B, ¢wur. 72. KyxuHaTta Bede He ce peain3upa B HOBATa 4acT Ha OMOPUTE.
JlpeHa)XbT € OTBEACH KBbM 3aJHaTa YacT Ha oropara mpe3 cTe0J0To Ha omopara. Bwupxy
rOpHaTa MOBBPXHOCT HA OMOPHUS Tpar ca M3rOTBEHH OMOPHHU OJIOKOBE 32 MOHTHpaHE Ha
PEMOHTHpaHUTE JIarepHu MoJ INIaBHUTE TpeA Ha MOCTOBaTa 1ioya, gur. 73.

®ur.72 Kodpax 1 apMupoBKa Ha oropa U Kpuiia
®wur.73 Crnen orcTpaHsBaHe Ha Kodpaka

CaHupaHeTo Ha ONOPHUTE CE CHCTOM OT pexadMInTanus Ha OOpaTHAaTa UM CTpaHa | IIbJIHA
pexabunuranus Ha OETOHHATA HOBBPXHOCT B JIMIETO HA OPUTHHAIHUTE YaCTH Ha OTIOPUTE.
B 30HaTa Ha mpexosa e U3KomaHa Mo4yBara 0 HUBOTO Ha ChOOpeHaTa yacT Ha MOANOPUTE,
T.e. okoJ0 5,7 m. OOpaTHata cTpaHa Ha ONOPHUTE M Kpujara € cHabjaeHa ¢ acgalToBO
n3ojgaunoHHo mokputue 1 x ALP m 2 X ALN. M30JallMOHHUAT CIIOH € 3aluTeH C
reoTekcTuia. Beuuku paboTHu ¢yru ca cHabneHU ¢ ABIOOKO MPOHUKBAIIO U30JAllMOHHO
MOKPUTHE MPUAPYKEHO € IBJIOOKO MPOCMyKaHa M30JIallMOHHa JieHTa. KpaliHaTta creHa e
cHabneHa OT oOpaTHaTa CH CTpaHa C JONBIHUTEIHO M30JalMOHHO mokputue. Ha
MOBBPXHOCTTA HA NIOYBATa CJIe] U3KOMABaHETO U € HallpaBeHa OETOHHA IIoYa U BbPXY Hes
e nonoxxkeH PE ¢umMm, BmxTe an. 8.3.4, KOHTO OTBEXJa MPOCMYyKBAIlaTa c€ BOJAa KbM
npeHaxHata Tppoa DN 150, mpemuHaBaia npe3 maxrara Ha onopara. Bernpeku ToBa B
rouBara 1noj ¢GoJuoTo ce MosBsBA Bjlara, KOSITO IPOHUKBA B OPUTMHAIHATA 3ala3eHa 4acT
Ha mojmnopaTa. 3aToBa B IlIaxTaTa Ha ONOpaTa ca HAIPaBEHM JPEHAXHH KIIAJCHIM Ha JIBE
BHCOYMHHU HUBA. BbB Bceku pen ca Hanpasenu 1o 10 kinaznendera. Tpbba oT HepbKIaeMa
cromana DN 50 Gemre MoHTHpaHa B Kpasi Ha COHJIaa, 3a Jla Ce MPEJOTBPATH CTUYAHETO Ha
BOJA MO JMUIIETO Ha omopara. beTOHBT Ha OcTaHAIWTE OPUTMHAIHU YacTH Ha MOJIOPUTE
Oele M3ISIO MOKPUT C Maswika, ¢ur. 74 u ¢ur. 75. Ta3u ma3unka Oelie OTCTpaHEHA U
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OeTOHHATa MOBBPXHOCT O€IIe U3YMCTeHa ¢ BoJa moj Hayisarane. OCHOBUTE Ha MOAMOPUTE
0sXa M3JI0KEHH Ha IBI004YMHa OT OKojo 0,5 m mox HHMBOTO Ha 3emaATa. beToHHaTa
MOBBPXHOCT HA OPUTHHATHUTE YaCTH Ha TIOJMOpHUTE O€ pexaOMINTHpaHa ¢ ThHKOCIOWHA

caHalusl, KaKTO ¥ OBBbPXHOCTTA Ha MWJIOHUTE - BXK nap. 8.3.13. OcBeH ToBa € U3BbpIIEH
PEMOHT Ha QyruTe Ha KaMeHHaTa OOJIMIIOBKA HAa OTKOCHUTE MO Kpuiata, ¢ur. 76.

®ur. 74 OtnenBaHe Ha Ma3WiIKaTa OT JIMIIETO Ha oropara
@ur. 75 OpuruHaneH JIpeHakeH 0TBOP
@ur. 76 PemoHT Ha ¢yrute B 00IMIIOBKATa HA HAKJIOHA HA KPHIIOTO

8.3.4 IlpexoaHu 30HU

[TpexoaHara 30Ha MpeCTaBIIsABAa U3KOMHATA 30HA 32 U3rPakJaHe Ha HOBAaTa rOpPHA YacT Ha
omopara, Bk map. 8.3.3. Ha npHOTO Ha W3KOMa € HamNpaBeH MOMIJOXKHUSAT OCETOH Ha
IpeHaXka U BPXY Hero e monoxkeHo ymnbTHuTenHo PE ¢omnro ¢ Hakmon 5%. Ilo npmxuHa
Ha MOAMOpaTa U MO KpHuiaTa ca MOJOKEHU APEHAKHU TPHOH, KOUTO OsiXa CBBpP3aHU IO
octa Ha moamnopara kbM Tpbba DN 150, muHaBama npe3 cTe0n0TO Ha mojamopara u
OTBEXKJAllla IsjaTa BOAa OT MpexoiHara 30Ha. J[peHaxkHute TpbhOU ca OETOHHMpaAHU C
JIpeHaxeH OETOH, IPYTH YacTH ca MOKPUTU C HATPOIICH PEeUUKIMNpaH MaTepuai. 3aluTeH
II'BJIHEX 33 I'bpOa Ha oropara U Mo MPOTEKEHHE Ha KpujaTa Ha ImupuHa MuH. 0,6 m e
HalpaBeH OT TpomieH KaMbK ¢pakuus 0/32. 3amutHusT oOpaTeH Hacuil O€ HACIIOEH C
MakcuMaiaHa TexecT oT 0,3 m egHOBPEeMEHHO CbhC CIIOEBET€ OOpaTeH Hacul |
HETPEeKbCHATO YIUTBTHEH C MallvHA. B TOpHaTa YacT Ha mpexoaHaTa 30HA C€ Ch3laBa
MPEXOJICH KIWH OT MEXIAWHEH OeToH ¢ nebenmHa 1,0 m 3am omopara W HM3IWTaHE C
nebenuHa 0,5 m B Kpasi Ha IpexoiHaTa 30Ha, Gur. 77.

@ur. 77 [IpexoieH KJIMH OT MEXIUHEH 0ETOH
®wur. 78 KpaitHo chcTOsTHHE HA TIPEXOAHATA 30HA
@ur. 79 Jlarep Ha onopa B OpUTMHAIHO ChCTOSIHUE

OTBONHSABAHETO HA ITBTHOTO IUIATHO 3aJ] YIOPUTE CE W3BBPIIBA C JBa BOJOCTOKA,
pa3noyoxkeHu 10 OOopHopa, HEMOCPEACTBEHO Mpead MocTtoBaTa ¢yra. Bomata ot Tesm
BOJIOCTOILIM C€ OTBEXA MPe3 HAAIBKEH KaHAT B JIBE IIAXTH, KOUTO Ca B Kpas Ha KpujaTa.
Bopara ot maxTurte ce U3BekAa 1Mo OCHOBATa HA KPUIJIOTO B ylies Ha MpeaHaTa IJIoMaaKa.
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ToBa pemienue rapanTupa, ye caMo MUHMMAJIHO KOJIMYECTBO BOAA Il ObJie MPEXBBPICHO
npe3 MocToBara ¢yra npH JBeTe Noanopu, ¢pur. 78.

8.3.5 Jlarepu Ha onopu

Bwpxy nBere omopu ca MOHTHpaHM MO JBa Jlarepa IMoJ TJIaBHHUTE TPEId Ha MOCTOBATa
wiova. Te MpencTaBiusBaT MWIMHAPUYHU JIAre€pH, IBWKENIM CE B €IHA IMOCOKA, KOUTO
OCUTYpSIBAT AMJaTalUsATa Ha (UKCHpaHaTa TOYKA OT OCHOBHUTE TpEIH Ha MOCTOBAaTa
TUI0Ya, KOSTO € B TOPHATA YacT Ha apKara, M MPEeHacs BepTHKAIHATA PEAKIHs OT ChCeaHaTa
9acT Ha TJaBHUTE Tpey KbM omopara. JleiicTBuTenHaTa AnMiIaTanys B jarepa € + 75 mm,
¢ur. 79. Criopen DZS e 6uno HeoOX01uMO J1arepuTe Ja ce IEMOHTUPAT U B 3aBUCUMOCT OT
JEMCTBUTETHOTO UM CBHCTOSHUE Jla C€ M3BBPIIM OCHOBEH PEMOHT HJIM Jla CE€ 3aMEHST C
HOBU TakuBa. Kakro Beue O ynoMeHaTo, O JBETe OCHOBHH T'PEIH M Ha JIBETE ONOpPHU ca
M3rpaZieHH BPEMEHHH OMOpH OT ckele Ha PIZMO. Ocra Ha BpeMEeHHHTE TIOANOpH Oe Ha
pazcrosiHue 0Kkoj0 2,0 m OT JMIeTo Ha MocToBuTe onopu. C momoInTa Ha XUAPABIMYHH
MPECH JIBETE IJIABHU T'PEIH CE TMOBIMraT KOOPIWHHPAHO, Taka 4e JIarepuTe Jla MoraT Ja
ObaaT OTCTpaHeHH. MaKCHMaIHO JIOyCTHMAaTa CHJIa U BEPTHKAJICH XOJI 32 TMOBJUraHe ce
ompeneNaT oT mnpoekraHta. Cien OTCTpaHsBaHE Ha JlarepUTe, OCHOBHHUTE TPEIU Ha
MOCTOBATa II0Ya Ce CIYCKAaT HAJI0JIy B IpoIleca Ha HW3rPaXkJaHETO Ha BPEMEHHUTE OIOPH
BBPXY Jpyra BpeMeHHa onopa ¢ mre3raii jgarep. Ctednara Ha TTIaBHUTE TPEIN HA MSICTOTO
Ha BpeMEHHATa OIopa ca cTabUIIM3NpaHu OTBBHH ChC 3aBapeHu pedpa. Cien cBaIsTHETO Ha
JIarepuTe Ce YCTAaHOBSBA, Y€ CHCTOSHHETO UM € JI0CTa JOOpO M JIarepuTe Morar aa Obaar
pemoHTHpaHH. Becekn narep ce chbCTOM OT TOpHA JlarepHa Iiova, WIMHAED, ¢ur. 80, a or
nonHaTa Hocema tiova ¢ur. 81. M B aBeTe m104M uMar Bojadn, KOUTO BIU3aT B xkJieOa HA
mmHAbpa. OT [OBeTe CTpaHM HAa IWIMHIbpAa KWMa 3b0OHM, KOWTO BIM3aT B TpedeH
pa3MnoI0KeH OTCTPaHM Ha JlarepHuTe Iuiouu. Ilpeamer Ha OCHOBHHS PEMOHT Oele JeKO
NPEeCThPrBaHe HA KOHTAKTHUTE MOBBPXHOCTH Ha JBeTe Iwioud. L{wimuapure ca camo
nouyncteHn. OTHeNHUTE eJIeMeHTH Ha Jyarepute Osixa ¢ HaHeceHa ¢ PKO. Bwpxy
KOHTAKTHUTE IMOBBPXHOCTH Ha IUIOYUTEC W HWIMHIBbpa He ¢ HaHeceHo PKO. [lomnara
MOBBPXHOCT Ha JIOJIHUS (DJIAHIII HA OCHOBHATAa Tpella Ha MOCTOBATa IJI0Ya HA MSCTOTO Ha
OMopHaTa TOBBPXHOCT Ha TOpHATa HOCEIa IUI0Ya Ha Jlarepa Oerie MeXaHMYHO MMOYUCTEeHA
JI0 HE0OX0IMMaTa YHCTOTA.

@ur. 80 LlmmHabpa npeay peMOHT
@ur. 81 /lonHM HOCEUH MIOYM MPEIU PEMOHT
®ur. 82 Jlarep cien pexabumuranus

KbM nonmHaTa HOcemia Tuioda Ha jarepa ca 3aBapeHu S5 mrobena ¢ ¢ 19 mm u gpmxuna 100
mm. JlomHaTa Hocela Ijloya Ha Jiarepa c€ MOHTHpa B OTBOPUTE 3a Ar00enuTe B
MTOJUTOKHMS OJIOK Ha HeoOXoauMarta BucounHa. Jlebenmnuaara Ha mopuBkaTta ¢ 40 mm. 3a
nonnuBkara ce wusnon3Ba wmartepuanbT PCI Repaflow or mnpoussoautens BASF
,,Ctpourenan marepuam®, CR s.r.o. TopHaTta Hocema Iioya Ha jarepa e IpHKperneHa ¢
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BHUCOKOSIKOCTHH OOJTOBE KbM JOJHUS (IaHII Ha IJIaBHATa Ipejja Ha MOCTOBara IUIOYa.
HuAnHAPUYHOTO TSUIO Ha jlarepa 6e MOHTHpPAHO IpPEIu MyCKaHETO Ha KOHCTPYKLHUATA B
KpailHaTa W TIO3UIIMS, C HACTpPOWKAa B 3aBHCUMOCT OT TeMIleparypaTa Ha MOCTOBara
KOHCTPYKIIMS B MOMEHTA Ha aKTUBUpaHe. MOHTHPAHUAT HUIMHABP U OTIOPHUTE

IMMOBBPXHOCTHU HA IUIOYUTEC Ca IMOKPUTHU C Fpa(l)I/ITeH Ba3CJIMH IIpEAN CIITYCKAaHCTO MY, (1)1/11".
82. 3a cmyckaHe Ha OCHOBHHUTE TIpEIu BBPXY JIar€puTe IMPOEKTAHTHT OINpeAes
MAaKCUMAJIHUTC U MUHHUMAJIHUTC CHUJIM B MNPCCHUTEC. MaxkcumanHaTa cuja ocTaBa chlaTa
KaKTO IpU MoBAuraHe. MuHUManHaTa cuia TpsOBa Ja rapaHTHpa, 4Ye OCHOBHATa Ipesia He
€ TNOCTaBeHa TBBPJE HHCKO, KOETO MOXe Ja MpeIu3BUKa HANpPEeKEHUE Ha OM'bH BBPXY
KOMOMHHUpaHaTa CTOMaHO-CTOMAaHOOETOHHA MbTHAa Ha MocTa. CIyCKaHeTO Ha Hocelara
KOHCTPYKIIMSI € CHHXPOHH3MPAHO B JBETE OCHOBHH TpeIM Ha MOCTOBaTa IUIOYa MU
HETPEKbCHAT KOHTPOJ HA HAIATAHUATA B IIPECUTE.

8.3.6 Kpaiinu Hanpe4yHu rpeau

CepuiecTByBalIUTe KpaiHM HampeyHd Tpeau TpsOBaimie Ja ObJaT CTPYKTYPHO
MonuGUIMpaHH 32 aHKEPUPAHETO Ha HOBUTE TpexomHu ¢yru Ha Mocra. Cren
OTCTPaHSBAHETO HAa ITBPBOHAYAIHUTE MOCTOBH ()yrH CTaBa SICHO, Y€ MOBBPXHOCTTA Ha
KpailHUTe HallpEeYHH TPEH, B ChCEICTBO HAa OPUTHHAIHHUTE NMPEXOMHU (Pyru Ha MocTa, ca
CHJTHO 3aCerHaTH oT Koposus, ¢ur. 83, dur. 84 u ¢ur. 85. be ycranoBeHo, ue B oOpaTHara,
CTpaHaTa Ha MOCTa, TIOYTH JHIicBa Kopo3us. [Ipemaxnatu ca peOpara B ropHaTa yacT Ha
HanpeyHata creHa. CreHara, aBara mosica W peOpara B JojHAaTa 4acT Ha CTEHaTa ca
MEeCHKOCTPYEeHH U KOHcepBHupaHH. Clieq KaTo ce yCTaHOBH, Y€ CTOMAaHaTa, M3MOJI3BaHa 3a
KpallHUTe HANpEeYHHU TPelu, € MOAXOIsIa 3a 3aBapsBaHEe, KbM CTEHAaTa Ha HalpeyHaTa
rpefa moj onopara Ha ObACIIMs MOCT € 3aBapeHa MOII[HA KOH3011a ¢ pa3mep 665 mm. Tazu
KOH30J1a 0 yKpereHa OT HOBH BEpTUKAIHU pedpa, CHaOJeH! ChC CHTBETHHUTE 3aBapbUHU
cbenuHeHus, ur. 86 u ¢ur. 87. Ot BbTpelmIHaTa CTpaHa HA HaIMpeyHaTa rpenaa, KOsTo
JeXHU BHPXY AoiaHUS (raHm Ha HaurkxkHUTE Tpeau (Te ca eqMHCTBEHO caMoO B MIBPBHS
y4acThK Ha MOCTOBATa ILIo4ya Ha Mocta - Zd'akov), ¢ MOHTHpaHa MO - Majka KOH30Ja.
Crnen MoHTaxka Ha KpailiHaTa mpexojHa (yra Ha MocTa, chllarta ce OeTOHHpA B aHKEPEH
610K ¢ pazmepu 650 x 750 mm, KOMTO € CBhp3aH KbM CTOMaHEHOTO HAMPEYHO CEYCHHUE Ha
HalpeyHa Ipefa, U ChIIEBPEMEHHO CUIHO apMmupaH, ¢ur. 88 u ¢ur. 89. Taka BB3HUKBA
JIOCTaThYHO KOpaB €JEMEHT, KOWTO MOXK€ Ja YCTOM Ha BBPTAIMUS MOMEHT OT
eKCICHTPUYHO JICHCTBAIIUS TOBap OT MOCTOBaTa, 3aTBapslla ce mpexogHa ¢yra.
CraTnyHOTO TOBeZieHHE Oellle MPOBEPEHO BHPXY MOJEN Ha IUI0Ya Ha CTEHA, BKIFOUBAII]
KpaiiHaTa Hampe4Ha rpena, IbpBaTa BHTPEIIHA HANPEYHA TPEe/Ia U HATHKHUTE TPEId B
IBPBOTO TOJIE HAa MOCTa. bsxa aHanu3WpHpaHu BBHTPEIIHUTE YCHIUS U Opa3MEpeHH
CBBp3BAIINUTE AIOOETH B JeTailna. B KpUTUYHUTE TOYKM Ha MOACHIEHATa HAlpeyHa rpenaa
0s1xa yCTaHOBEHM BB3HMKHanmuTe HampexkeHus. PKO ce u3BbpmiBa ¢ YeTUPUCIONHO
nokpurtue ot cuctemara Hempel ¢ o6mia nebenuna 360 um.

@ur. 83 Usrnen Ha KpaiiHaTa HaIpeyHa rpea
@ur. 84 Jleraiin oT KpaifHaTa HampeyHa rpeja Haj oropa Ha JIEeBUs Opsr
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®ur. 85 Jleraiin Ha KpaitHaTa HampeyHa Tpeaa Haj Oropara Ha JECHUs OpsT.

®ur. 86 [locTaBsiHe Ha HOBU pedpa
@ur. 87 KpaitHa HanpeyHa rpeia cjie peMOHT
@ur. 88 Moaudukaius Ha ropHus ¢QUIaHII Ha KpallHaTa Hallpe4Ha rpea
@ur. 89 PerynupaHe Ha apMHpOBKaTa Ha 3aTBapsALIUTE CTEHU U Ha KpailHaTa HalpeyHa
rpena

8.3.7 MocToBu pyru

HoBara MoctoBa ¢yra mnpexacraBisBa MHOToOJIaMelHAa BOAOYCTOMYMBA KOHCTPYKLIHA
U3IIbJIHEHA B O€3IlyMHa BepcHs 3a NMpUiokeHue. ToBa € 3aKIIIOYCHUETO Ha KOMIAHHATA
Maurer AG Mrwonxen, ¢ur. 90 u ¢ur. 91. JocrapunkbsT € Cirmon s.r.0., KOHUTO €
cepTuduIMpaH 3a nazapa Ha Yemikara penyOiunka. M3mon3Banu ca eHU U CHIIH 3aTBOPU
XL 300 u 3a 1BeTE OMOPHU, KOUTO OTTOBAPAT HA U3MCKBAHUSATA 382 KOPO3UOHHA arpECUBHOCT
Ha cpenata C4 u ekcryioataoHeH KUBOT oT 30 roauHU. YIUTbTHEHUETO Ha (yrure Ha
3aTBOPUTE CE€ OCHTYpsiBAa OT TYMEHH XJIOPIIPEHOBU JIEHTH. MOCTOBUTE 3aTBOpPH ca
M3ITBJIHEHN KaTO WHAWBHIyaJlHa KOHCTPYKIHSA 1O MPOEKTHO M3MCKBaHe. Ha mpuemaneTo
Ha KOHCTPYKIUATA B YEPEH BUJ, IPUCHCTBAXA MPEICTABUTEIN Ha MHBECTUTOPA U KIIMEHTA.
MocToBuTE NIPexoIHU (Pyru ca JOCTaBEHM Ha CTpoMTenHaTa miomiaaka ¢ PKO.

®ur. 90 Mocrosu pyru Maurer
@ur. 91 IogpobHOCTH 32 MOAUUKALIMATA TIPU THXA BEPCHS HA U3ITBIHCHUE

MonTtaxbT Ha mpexonHuTe pyru Ha Mocta e u3BbpiieH oT Cirmon s.r.o. [llupunara Ha
MocTOBata (pyra € ompeeieHa B 3aBUCUMOCT OT CpeJHaTa akTyajHa TemIepaTypa Ha
IJIaBHaTa HOCEIIa KOHCTPYKIUS Ha MocTa, gur. 92. Crneq kaTto BUCOUYMHATA M TIOCOKATa Ha
(dyrara 0sxa perynmpanu, chiata 0Oe 3aBapeHa B OMPESICHHUTE 3a Ta3H el JKOOOBE C
apMHpOBKaTa, CThpyalla oT OeTOHHHs OJOK Ha KpailHaTa HampeyHa Irpefa M KpailHata
cteHa Ha omnopata, Pur. 93 u ¢ur. 94. B TO3M MOMEHT MOHTAKHUTE CKOOM ce
0cBOOOXKIaBaT U O€ MPOBEICHO I'e0Ae3MUECKO 3aMepBane. Haii-Hakpasi Ha M3ITBIHEHUETO
0e U3BBPIICHO OETOHMPAHE B 30HUTE 32 3aKOTBSIHETE HA pexoaHuTe ¢yru, ¢pur. 95 u ¢ur.
96.
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@ur. 92 HactpoiiBaHe mupuHaTa Ha IpexoAHara gyra Ha MOcTa
@ur. 93 MoHTHpaHe Ha IpexoAHaTa ¢yra Ha MOCTa
@ur. 94 3aBapsiBaHe Ha IpexoAHaTa Gyra Ha MOCTa KbM apMUpPOBKATa Ha KpaiiHata
HalpeyHa rpesa

@ur. 95 Ilpexonna ¢yra Ha MocTa ciies; OeTOHUpaHe
®ur. 96 Usrien oTnony Ha npexoaHara gyra Ha MOCTa

To BpeMe Ha PEKOHCTPYKIMATA HA MocTa Ha Zd'Akov IMpHHATA Ha JBETE MPEXOMHH QyrH
Ha MOCTa OT JIIBaTa M JSICHATa CTpaHa Ha IbTS O€ M3MEpeHa Ha paBHOMEPHU MHTEPBAJIH,
¢wur. 97. ITo To3u HauMH Oele JEMOHCTPHpPAHa MMPaBHUITHATA (PYHKITHS HA MOCTOBHTE (PYTH
B 3aBUCHMOCT OT TEMIIepaTypara Ha KOHCTPYKIHATA HAa MOCTA.

@ur. 97 U3rnen Ha MOHTHpaHa pexo/iHa gyrara Ha MOCTa
@ur. 98 Wzrnen Ha narepa BbpXy MUIOHA

8.3.8 Jlarepu Ha NUJI0HH
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B nBata omopHuM cT.0eT mNHIOHA ca MOCTaBeHM MOJ BCSKa TJlaBHA rpela Ha MOCTOBaTa
i04a, €IMHUYHU MWIMHAPUYIHY JIAT€PH, KOUTO MPEXBBHPJIAT BEPTUKAIHUTE PEAKIUU OT
MOCTOBATa Tpea KbM CT.0eT.miioH. Te3u narepu ca B ieppeKTHO ChCTOSIHUE, JOPH CIIE]
50 ronunu excruioatanua , ¢ur. 98. [Topagu ToBa € U3BBPIUICHO CaMO TAXHOTO OYUCTBAHE

U KOHcepBalus ¢ rpaduTHa 3ama3ka. ['penata Ha MocTa ce MOANMUpa OCBEH TOBA U BbPXY
NUWJIOHUTE B HANpPEYHO XOPHU3OHTAJIIHO HampamieHue. ['pemara Moke na ce BbPTH B
XOpPU30HTaJHATa pPaBHHHA OKOJIO BEpPTHUKAJIHUTE OOJITOBE MOpal HATOBApBAHETO OT
BATHpa, ¢ur. 99 u ¢ur. 100. MomHara grod6eHa KOHCTPYKIHS € B TEPPEKTHO CHCTOSHUE
Npeau PeKOHCTPYKIUATA, U TIOPAIX Ta3u MPUYHHA O€ MEChKOCTPYEHA M CHAO/EeHA C HOBA
PKO.

@ur. 99 Jlarep BbpXy NWIOHA IPEIN PEXaOUITUTALIIS
@ur. 100 Jlarep BbpXy NUIIOHA CIIE]] pEXaOMIUTALIUAS

8.3.9 /IbroBm KOHCTPYKIIUU

OCHOBHATa HOCeENa KOHCTPYKIHMs Ha MocTa Zd’Akov TpencTaBisBaT JBE CTOMAHEHH
I'brOBH KOHCTPYKLHMH, oOequHeHu B mpoctpancTBoro ¢ [IBB. Jlbrure ca m3mbiHeHU C
KyTHeOoOpa3HHU HaNpeuyHU CedyeHHs, KouTo ca mpoxonumu. Ilo noiHus u ropeH mosc,
JIBTUTE Ca YKpENeHH ChC ChOTBETHUTE HaIIbKHU, cTrabunureTHu [IBB u Taka cbiio u ¢
Beprukainu [IBB pasnonoxenu B paguanHuTe paBHUHU Ha Abrure. CTOMaHEHUTE JbIH,
BKJIIOUMTEIIHO YCHJIBAIIIUTE €IEMEHTH, ca B MEPPEKTHO ChCTOSHUE MOYTH 50 TOIMHM clien
IIyCKaHETO UM B ekcIuioaTanus. ChIOTO BaKH U 3a IETUTE HAa CBOAOBUTE rpeau. JIokaiHo
NosIBsIBAIllaTa C€ KOpPO3USl MO IBIUTE € caMO IMOBBbPXHOCTHA, 0€3 HUKAKBU 3aryOu OT
KOpO3Hsl U TSI € OTCTPAHEHA 10 BPEME Ha LISLIOCTHOTO Bb3cTaHoBABaHe Ha PKO. 3a na He
MOX€e BOJAaTa Jla OCTaHe B HSAKOM OT CBBP3BALIUTE NPBTU C KYTUEOOpPA3HU CEUEHUs Ha
[1BB, cpmmre ca npobutu. JIpyr npoOiem € rHe3JeHEeTO Ha NTUIM B HIKOW BB3JIM Ha
Mocra. ToBa Oemre mpenoTBpaTeHo 4pe3 MOHTHUpaHe Ha Mpexu oT PE marepman, kouto
Osixa OmbHATH C Kabenu OT HephKAaeMa CTOMaHa M 3aKpeleHd KbM CTOMaHEHaTa
KOHCTPYKIUS ChC CKOOH.

8.3.10 AHTHKOPO3HOHHA 3aIUTA

ITonHOBsIBaHETO Ha aHTHKOpO3nOHHATa 3auuTa (PKO) Ha Bcuuku cToMaHeHu eeMeHTH 0e
eHa OT OCHOBHHUTE IIPHUMHH 3a PEKOHCTPYKIMATa Ha Mocta Zd’akov. IToqHOBABaHeTO Ha
PKO Gellle M3BBPIICHO HA BCHUKH CTOMAHEHH eleMeHTH Ha Mocta Zd'akov, T.e. BBpXY
BBHIIHUTE TOBBPXHOCTM HA TpEAMTE HA JbraTa, BKJIIOYUTEIHO TEXHUTE YCHIIBALIH
€JIEMEHTHU, BbPXY CTOMKHTE, BbPXY IJIABHUTE I'PEAM Ha MOCTOBaTa I'bTHA ILUIOYA U BBPXY
Hanpeunute eneMeHTH. PKO Ha BBTpenIHHTE MOBBPXHOCTU HA JBIUTE HE Oele mpeaMeT
Ha peKOHCTpyKIMATa Ha Mocta Zd’dkov. CeramHoTo chcrosuue Ha PKO e 3a10B0oIHTEIHO
U ctabuiHo B apiarocpoyed IiaH. PKO Bb3cTaHOBSBaHETO HAa BBTPEIIHUTE HOBBPXHOCTH
Ha apkuTe mie ObJie M3BBPIICHO OTICIHO Mpe3 CieABAIlMTe TOJWHHA. BB3 OcHOBa Ha
KOPO3MOHHO wu3cieaBaHe [25] 0e mpeiokeHO ISUIOCTHO Bb3CTAaHOBSIBAHE HA
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aHTUKOPO3MOHHATa 3amura [40], KoeTo ce ChCcTou B peMaxBaHe Ha opuruHainHara PKO u
HampaBa Ha HOBO yetupucionHo nokputue: TKP 19B "AnTukopo3moHHaA 3amura Ha
CTOMaHEHU MOCTOBe U KoHcTpykuuu" mpenmucBa PKO camo 3a HOBH KOHCTPYKIIHH,
nopau koeto noauoBsBaHeTo Ha PKO He ce pasraexna tyk. [lopanu ToBa Oemre

M3rOTBEHA OICHKA Ha MPEIJIOKEeHATa CHCTEMA 3a MOKPUTHE 32 Bh3CTAHOBSBAHE HA MOCTa
PKO - Zdakov, kosito Gemte nsrorBena ot kommanusta SVUOM Praha s.r.o. OueHkara,
BKJIIOYBAIIA BIMSHUETO HA XJIOPUANUTE OT IBTHATA COJI IPU 3UMHO MOJIbpKaHe, ONpeaess
CTETeHTa Ha KOpo3uoHHa arpecuBHocT C2. YeTwpucioiiHa TOKPHUBHA CHUCTEMa C
npeBapuTeNHO OJacTUpaHe A0 HUBO Ha YMCTOTa Sa 2% € MpoeKTHpaHa B ChCTaBa:
Hempadur Mastic 45880/19870 100 pum ; Hempadur Mastic 45880/12430 100 pm;
Hempadur Mastic 45880/19870 100 pm;

Hempathane HS 55610/RAL 7000 60 um; O6mia nebenuna 360 um

[Ipennoxenata cuctema O€ TOJIOXKEHAa HA YCKOPEHHM JAaOOpPaTOPHH TECTOBE C
MOJIOKUTEJIEH pe3ylaTaT M MO TO3W HauuH O€ H3MbJIHEHa OCHOBHATa 3aKOHOJATENIHA
MPENOCTaBKa 3a M3MOJ3BAHETO HAa Ta3W CHCTEMa MpU Bb3cTaHoBsiBaHeTo Ha PKO Ha
mocta Zd'akov. OT TnemHa TOUKAa Ha OCHTYpsIBAHE HA JOCTaThueH OaphepeH e(eKT
npeayiaraHata cuctema € mMHoro edektuBHa. Cyx abOpasuB Oe¢ nM30paH 3a HM3MOJI3BAHE,
nopaay HeoOXOAMMOCTTA J]a C€ yJIOBH OTCTPAaHEHHAT MaTepual HaJ HUBOTO HAa BOJAATa Ha
Orlickd Prehrady. 3a To3u cnyuait Ha 6nactupane, Hempadur Mastic 45880 mputexaBa
JOCTaTh4YHA 3aIIMTHA €(PEKTHBHOCT B IIaTa TMOKpHBHa cucrema. OOmiara nebenuHa
orroBapa Ha n3uckBaHusita Ha TKP 19B. CpokbT Ha ekcmioaranus Ha cuUcTeMara 3a
nokputre € 20 rogunu. Cioyx0aTta 32 HalMOHAIHU MAMETHUIU OINPENEIH IIBETOBETE I10
RAL 3a OT/Ie/IHATE CTOMAaHEHH elleMeHTH Ha Mocta Zd'ak, kakTo crejpa:

#baT0 1005 — 3a cTHIOOBE M MBJIHEKHU NPBTH 32 ApaNeTH;

cuH 5003 — 3a mapaneTy, KOpHU3U U CTOMKHU;

cuB 7004 — 3a npyru KOHCTPYKLUHMHU (apKa, Jlarepu, CTaBU, YKpENBaHE Ha CBOJIA, IJIaBHU
rpeau U HallpeuHU Tpead Ha MOCTOBATa IJI0Ya);

Ha ¢ur. 101 mo 107 e moka3zan mpumep 3a HOBHS BapuaHT B mBeToBe Ha PKO BBpXY

OTACIHU KOHCTPYKTUBHU CJICMCHTU HA MOCTA.

®ur. 101 Isru, [IBB o ropeH u 1oyeH nosic u BepTukaanu TpbOHU KojoHU(TK)
®ur. 102 Jleraiin Ha cBbp3BaHe Ha TK B ropHus cu kpai
@ur. 103 YkpenBaHe MeXAy IbIUTE
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@ur. 104 I'open nosic Ha gprata u ceBbp3Base Ha npbTUTe OT [IBB
@ur. 105 [Ibru u ykpenBaHe Ha IbIUTe OJIU30 10 BbpXa

@ur. 106 Hannpeunu rpeny u rpesa 3a peBU3NOHHA KOJIMYKA
@ur. 107 MocTtoBa mio4a B MACTOTO Ha MOANUPAHETO BbPXY MUJIOHA

Wsmeaanten Ha PKO Ha mocta Ha Zd’akov Ge kommamusta Proficolor s.r.o. PKO Ha
KOPHHU3HU TPE/IM U MaparneTy Oellle 4acT OT TOCTaBKaTa Ha T€3H KOHCTPYKIIMH, KOATO Oere
m3BbpiieHa ot ¢pupma OK-BE spol. s.r.o. 3a ga ce moTBepAM MpaBUIHOCTTA Ha M30paHaTa
npoueaypa 3a OjgacTupaHe M MpoleaypaTa 3a HaHacsHE Ha cucTeMaTa 3a MOKpUTHe, 0sxa
U3BBPIIEHU TECTOBE BBPXY pedepeHTHH NOBbPXHOCTH. B chmioro Bpeme Oere
M3CcIeBaHO BIMSHUETO Ha MeToja Ha OyactupaHe: OnacTupaHe ¢ MACHK, BOJA WIM BOJA,
MOCJeBAaHO OT IBICBKOCTpYeHEe. 3a UW3MUTBaHe Osixa onpeaeneHn 4 TO3WIUMU Ha
pedepeHTHH TOBBPXHOCTH BBHPXY CTOMaHEHAaTa KOHCTPYKIMS Ha MOCTa: BBTpEIIHaTa
CTpaHa Ha cTe0JIOTO Ha TJIaBHATA IPe/ia Ha MOCTOBATA IUI0Ya OJIM30 10 OTOpaTa; BHHIIHATA
CTpaHa Ha cTe0JOTO Ha TJaBHATA Ipeja Ha MOCTOBAaTa IUioya OJM30 O OmMopara; CToika
MOHTHUpPaHa BbPXY TEpEHa; TOPHUS MOSC HAa KyTHEeOOPa3HOTO HAIPEYHO CEUCHHE Ha Jbrara
65130 10 onopHHUs Jarep. bsxa npoBeaeH TeCTOBE BbPXY BCsAKa pedepeHTHA HOBBPXHOCT
U 3a TpUTE MeToJa Ha OnacThpaHe: MACHKOCTpyeHe Mpu Sa 22, BOJHO MOYUCTBAHE MpPU
Wa 2', u nsacsroctpyene mpu Wa 2% ¢ cBpbxOnactupane mpu Sa 2':. Cpliara cuctema Ha
MOKPHUTHE, OMKCaHa Mo-rope, Oelle HaHeceHa BhPXY BCHYKHM MOBBPXHOCTH. TecToBeTe 3a
OTCTpaHsBaHE Ha IOKPUTHUATA Clel NEepuoJila Ha CTApEeeHe Ha cHucTemaTa IoKa3axa
JKEJIAaHOTO KAauyeCTBO HAa CHCTEMara 3a MOKPUTHE U MOTBBPAMXA, Y€ IMSACBKOCTPYEHETO €
NoAXOoAN0. TEeXHONOrMYHUSAT pErIaMeHT 3a Bb3CTAaHOBSIBAHE Ha CTOMaHEHaTa
koHcTpykiuss PKO Ha Mocta Zd'akov € W3rOTBEH OT M3NBJIHHTENS - KOMIIAHUATA
Proficolor s.r.o. Yact ot TePf e ocurypsiBaHeTo Ha AOCTHIT JO CTOMaHEHAaTa KOHCTPYKIIHS.
3a paboraTa 1o Jprara € W3IMOJ3BaHO CKeJe, BUCSII KOII BbPXY CTOWKHTE, 32 BHHIITHATA
CTpaHa Ha IJlaBHATa rpeja Ha MOCTOBaTa IUloYa, BHCSILA Macapesika Ha aBTOKpPaH U 3a
HaIlpeyHUTE Tpelr U 3a BbTPELIHATa CTPaHa Ha IJaBHATa rpelna, MOOWIEH PEBU3NOHEH
MocT KoHTponbT Bbpxy usnmbiHeHnero Ha PKO 06e HenmpekbCcHATO OCUTypeH OT JABaMa
WH)KEHepH, crennanuctd no koposus: 3a TDS Ing. Petr MatouSek u 3a Hagzopa Ha Ing.
SpocnaB KopGenapx. Te penoBHO mpejacTaBsixa OTYETH 3a U3MEPBAaHE Ha TParaBoCTTa Ha
MOBBPXHOCTTA clie] OlacTUpaHe W U3MepBaHE Ha JeOenuHaTa Ha OTICIHUTE CIIOEBE Ha
CUCTeMaTa MO BCHYKHU YaCTH HA CTOMaHEeHaTa KOHCTPYKIHUS. 3a PEMOHT OsXa OmpeeleH:
HefonmycTuMu aebenuHu. Te chlno Taka mpoBepuxa e(EeKTHUBHOCTTa Ha TECTOBETE 3a
OTKbCBaHE Ha pe(epeHTHUTE MOBBPXHOCTU. BCHUKM KOHCTAaTaluM MpU NPOBEPKUTE ca
3aMMCBaHM B JHEBHHUKA 3a Oosypkuiickute paborn. Cemuar koHTposl BepXy PKO e
W3BBPIIECH U IpU N3paboTKaTa Ha KOPHU3HATA IPejia U maparera.

8.3.11 OTBoaAHABaHE HA MOCTA
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IIpTHAaTa HACTWIIKA € C HANpPE4YeH HAKJIOH 2% M BoJaTa OT ITbTHATa HACTUIIKA CE HACO4Ba
KbM OOpAIOpUTE B HAANBKEH KaHal U B YyT'YHEHU OTBOJHUTEIH, MOKPUTH C PELIETKH.
OpuruHaliHUTE YYTYHEHU JpeHaxu Osixa B 100po ChCTOsHHME U OfXa H3MOJ3BaHU
noBTOpHO, ¢ur. 108. BogaTta oT moBbpXHOCTTA Ha M30JIALMATa HA MOCTOBATA I1JI0Ya Ce

CTHU4a B KOPUTOTO MCKAY APCHAXUTC. Mem;[y BOOOCTOLIUTC MMaA HAJJIBKHO APCHAXKHO
pe6p0 OT IUIaCT-0€TOH B ITTHOTO IJIaTHO, KOCTO OTBCXK/a BOJAaTa B HAAJIbXXHa ITIOCOKAa KbM
BOJOCTOLIUTCE. Toi KaTo HAaIJIBXXKHUAT HAKJIIOH Ha IIbTA HAa MOCTa € MUHHUMAJICH, MCKIY
BOAOCTOLUTC AOMBJIHUTCIIHO CC MOCTABAT APCHAXHHU HU30JIAallUOHHU Tp'b6I/I. BOI[aTa oT
APCHAKUTEC U JPCHAKHUTEC Tp’LGI/I CC CBBbpP3Ba KbM HAJIBKHUA APCHAXK YPEC3 (I)I/II(CI/IpaHI/I
BCPTUKATIHU Tp’b6I/I. Ha,[[J'I’b)I(HI/ITe BOAOCTOYHHU Tp’b6I/I CC U3KapBatT A0 IMUJIOHUTC U BKApBAT
BbB BCPTHKAJIHU BOAOCTOYHHU Tp’b6I/I, Ppa3I0JIOKCHHN Ha BbTPCIIHUA p"E>6 Ha IMUJIOHHUTC U CC
3ayCTBAT B CbIICCTBYBAlllda BOJAOCITYCKATCIIHA Tp1.6a B TAJOTO HA ITMJIOHHUTEC.

®ur. 108 OTBOmHABaHE B ITBTHOTO IJIATHO

HannbKHOTO OTBOJHSBAHE OT MOJANOPHUTE KbM MUIOHHUTE € ¢ HakJoH 0,7%, a OT BbpXa Ha
nbrata 1o nuioHute € ¢ HakioH 0,5%. ToBa ca MUHMMAaJIHUTE HAKJIOHU, KOUTO MOrar Ja
ce M3IMO0JI3BaT, KaTo ce pueMe PeJOBHO IMOYNCTBaHE Ba IbTH roaumIHo. [loa HanpeyHuTe
IpeAy Ha MOCTOBATa IJI0Ya ce MOCTaBAT HAUIKHU BOJOCTOYHH TpbOU. B ropHara yact Ha
CBOJIa T€ ca TOYHO MOJ A0JIHUSA (IIaHII Ha HalpevHaTa rpeja, Npu MUIOHUTE JOJTHUAT PbO
Ha HAJOBXKHUS JpeHax e Ha 1,2 m nox JnoiaHus pb0d Ha TIJaBHAaTta rpeja Ha
CTOMaHOOETOHHATa IIoya Ha MocTa. Marepuanre, U3MOI3BaHU 32 TPBOHMS JPEHaX Ha
mocta Ha Zd’akov, ca KakTo cie/iBa:

HAJUTh)KHU BOJOCTOYHU TpBHOU: cThKiI0-1aMmuHatoBu GRF tpwou ¢ mpodun DN 200 go 350
mm; BepTHKaJIHAa CBBbp3Balla TpbOa 3a BOJOCTOIM: Tpb0a OT HephxkaaeMa cromaHa DN
150 mm ; n301aLMOHHY IpEHaKHU TPBOU: TpbOa OT HepbkAaema cromana DN 50 mm;
BEpTUKAJIHA BOJOCITyCKaTeIHa Tph0a BbTpE B MUJIOHA: cThKIO-TaMuHaToBU GRF TpBOM €
npoduin DN 400 mm;

8.3.12 IleTn Ha IbIUTE H KOH30JIU

[Tpe3 2015 r. umarmie ekcTpeMHa cyiia 1 HUBoTo B si30Bup Orlickd 6emre ¢ okoso 12 m mo-
HuCKO. [leTuTe Ha ABrUTE U KOH30JIMUTE TOJl CTABHUTE yCTPOMCTBA, KOUTO MPU HOPMATHH
yCIIOBUS ca TOJ BOJaTa, B TO3W clydyaill ca HaJl MOBBPXHOCTTA. M3BBpIIEH € PEMOHT Ha
MOBPEJCHUTE Y4YacThbLId Ha TMETHUTE Ha MWIOHA M KOH30JIUTE IMOJ Jiarepa Ha Jbrara.
MecTtHute 30HHM Osixa pPa3dyUCTEHU OT TOBpeACHHUS OETOH a OTKPUTUTE YacTh Ha
apMupoBKaTa 0s1xa 00paboTeHN ¢ MHXUOUTOP Ha Kopo3usTa. CaHUPAHETO € MU3BBPIICHO C
M3paBHUTEIIHA CMEC OT €IHOKOMIOHeHTHaTta cMec Redpatch 1 B nebGenmmnaa mun. 40 mm.
Ha mMsctoTto Ha gyrute e orcTpaneH OeToH u (pyraTa € MOYUCTEHA C IIeJT, TOCTABIHETO U Ha
HeoOxoqumaTa abia0ouMHa. 3a BrpaxjaaHe U Ha JabiabounHa 1o 0,6 m e M3moa3BaHa
GoeLite 10, xoero mpencTaBisiBa OBP30-BTBBPASBAIIA €IHOKOMIIOHEHTHA CMEC.
[MoBbpxHOCTTA Ha (pyrara e cHabaeHa ¢ pyrupaiia cMec Ha IMMEHTOBa OCcHOBa, ur. 109.
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Dur. 109 Pexabmmranusa Ha KOH30J1aTa
@ur. 110 3ammrHa cTEHa B ITOTHOKUETO HA IBIUTE

OcBeH TOBa € CaHMpaHa CPAaBHHUTEIHO TOJsIMa KyXWHA TOJ 3allUTHAaTa CTeHa B
MOJHOXHMETO Ha Jprata Ha jeus Opsr. Kyxunara Oe 3ambnHeHa ¢ OeroH, ¢ur. 110.
JBITOCPOYHOTO CHMHEHHUE 32 aJKaTHO-CHIIMKATHO pasmanaHe (ASR) Ha 0eToH, H3JI0KEH
Ha JBITOTPANHO M3JIaraHe Ha BOJa, O OTHOLICHHWE Ha OCHOBHUTE HA MHUJIOHUTE W JIOJHATA
YacT Ha KOH30JIMTE, HEe € JoKa3aHo. [IpoOuTh ca coHAaXu M ca B3eTH Hpodu 3a
nabopaTtopHo uzcneasane. OnacHoctta oT ASR 111e poabiDKK Aa ce clien B ABITOCPOUYCH
IUTaH.

8.3.13 IInsionn

IlnaTgopmu u r1aBu HA MUJIOHU

OpuruHaiHUTE IUIOUIAJKM Ha TJABUTE HA MWIOHUTE, KOUTO odopMsxa TaBaHa Haj
BXOJIOBETE Ha MUJIOHHTE, OsSXa CHIIHO JETpaJMpaHd W 3aToBa ca oTcTpaHeHu, ¢wur. 111, u
3aMEHEHU C HOBa CTOMaHOOETOHHA KOHCTPYKIIMSA, aHKEpUpaHa ¢ Ar00enu KbM MUIOHUTE,

¢wur. 112 u dur. 113.

@ur. 111 Pa3pymaBane Ha ri1aBata Ha MUAJIOHA
@ur. 112 ApMupoBKa 3a HOBaTa IJIOMIAKa BKIOUYUTEIHO BX0O/Ia HA MUJIOHA
®ur. 113 Inomanka Hag MUIOHA

Kopnyc Ha nuiiona

3a pasnmuka ot DZS, xbpAeTo ce mpeaBmwkalie OCTOHMpaHE Ha IslaTa TOBBPXHOCT Ha
maxTuTe Ha muioHute ¢ aedenmmHa ot 100 mo 150 mm, Gemnre w3BBpIICHA THHKOCIOWHA
caHauusi Ha IIaxTuTe Ha mnwioHurte. llenta Ha canupaneTo Oemie na ce YBEIHYH
MOKPUTHETO HAa apMHPOBKAaTa Ha OCTOHHMTE 3arOTOBKM Ha M3ryOeHus kodpax, Kato ce
M3II0JI3BA IIbJIHA aHTUKApOOHU3Mpallla U XUAPOU30IallMOHHA 3aMa3Kka. Ha Bceku nusioH e
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MOHTHUPAHO cKene 3a pexabunuranus, ¢ur. 114. Paspymenust 6eToH € pa3OouT C JIeKu
YyKOBE 3a pa3pyllaBaHe, pPa3KpUTH ca KOPO3UPATH YacTH OT apMHUpPOBKaTa. BEeTOHBT e
MpOIyXBaH IO IpsjlaTa IUIONI ¢ BoAHA cTpys moja Hamsrane 2000 Oapa, dwur. 115.
CBBp3BaIIUAT MaTepUAT MEXKTY CTIIO0IEMHUTE YaCTH € OTCTPAHEH JI0 TaKaBa JIbIO0YNHA,

4ye € BBb3MOXKHO Ja ce ymibTHU ¢yrara. lllupunara na ¢yrara 6eme ot 10 mo 40 mm.
Koposupanara Hocelia apMUpoOBKa ce OTpsi3Ba ¢ nuiaiig. BrocnencTBue € M3BBPIICHO
JIOKAJIHO pernpodmiInpane Ha MecTa cliel U3KbpTeHUs: 0eToH. OKOJIO CaHMPaHUS y4acThK
ca MOCTaBEHM paMKu ¢ JedenrHa Ha Jbckute OT 6 10 12 mm. IIpocTpaHcTBOTO MEXAy
pamkuTe Oeme 3ambiHeHO ¢ xopocaH MonoTop-412NFG B enun cnoit. Cnen kato
MaTepuanbT C€ BIOIIM, IbPBEHUTE paMKu Osixa mpemaxHatu. ToBa cb3jmaze T.Hap.
HOKpUTHs, 0T 6 10 12 mm Hajg HUBOTO HAa OPUTHMHAIHOTO Juie Ha OeroHa, ¢ur. 116.
Kpaumjara Ha pbpOoBeTe Ha NMOKpUTHATA Ofxa peryjIMpaHd Ha pbka B IJIaBEH NPEXO..
OcraHanure 30HM, KOMTO HEe ca OWIM JIOKaJHO CAaHUPAaHH, OsiXa MMIIPETHUpPAHH C
MOBBPXHOCTHO HAHECEH MHXUOUTOpP Ha Kopo3usTa Ha apmupoBkaTa Sika Ferrogard-903+,
HaHECEH B JBa J0 Tpu cios. ToBa 3a0aBs HA4alIOTO HAa KOPO3UATA U pa3pyllaBaHETO Ha
MOBBPXHOCTHUTE CJIOE€BE IPe3 CleABALIUTE roguHU. BbpXy dyrara mexnay criodsemure
YacTH Ce€ MoJjara yIuIbTHUTENIHA MBUIA OT YaKbJ U ce nocrass yrrbTHUTENHO PE Bbxe.
Bnocnencreue ymrstHHTENAT Sika Hyflex-250Facade ce Bkapa BbB pyrure ¢ momoinra Ha
nucrosiet. llInaknoBkara ce 3armaxia Ha TMOBBPXHOCTTAa HA pbKa. [1o To3m HaumH Osixa
JOIyCHATH (PyruTe MEXITY CTI00SEMHUTE YACTH.

¢wur. 114 Ckene oko0JI0 THIIOHA
®ur. 115 [NoBspXHOCTTA HA MIJIOHA CJIEN pa3pylllaBaHe HA HEKOXE3UOHHUS OETOH
¢ur. 116 Ioxkputus

8.3.14 IleTn nox croiikuTe

[Tox TpbOHHUTE KOJOHU, MOAMUPAIINA TJIABHUTE TPEId Ha MOCTOBAaTa IUIOYa M3BBH MOCTa
ce M3MBJIHEHU OeTOHHU OCHOBH, ¢ur. 117. OOGexkThT Ha pexaOWIuTaUusATa Ha TE3U
dbyHnameHnTH Oeliie IsITOCTHO OiacTUpaHe U pa3pyllaBaHe Ha AedeKkTupanus OETOH C JIeKU
HEeBMAaTUYHU 4yKoBe. PaskpuraTta u oroseHa apMupoBKa € oOpaboTeHa ¢ MHXHOUTOp 3a
Kopo3usTa. HepaBHOCTMTE ca H3paBHEHM C €JHOKOMIOHeHTHa cMmec Redpatch 1 B
nedenmuna ot 5 no 40 mm, ¢ur. 117. Ha mecra ¢ mo-ronsima nebennHa ca HarpaBeHU
MEXIUHHU COHIAXKU.
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R R SR ton

®ur. 117 Ilera Ha crolikara

8.4 Ilpou3BoACTBEHN CPelH M JHH 32 IPOBEpPKa

[lo Bpeme Ha 1sIaTa PEKOHCTPYKIMSA C€ TMPOBEXKAAT PEJOBHU TEXHUYECKH CpeIld U
KOHTPOJIHM JHH, B KOMTO ydacTBaxa IPEJICTaBUTEIM Ha HU3IBIHUTENS, MHBECTUTOPA,
npoekTaHTa U Hajazopa. OCHOBHaTa Tema Ha cpeljara Oe yTOYHsSBaHE W JONbBJIBAaHE Ha
TEXHUYECKaTa IOArOTOBKA, IIpOBEpKAa Ha BCUYKM JOKYMEHTH U IIpOBEpKa Ha
U3IbJIHEHHETO Ha Tpaduka. IIperoBopure ce Bojaexa Ha CTPOMTEIHATA IUIOLIAJKA.
VYyacTHMLIMTE B cpeljata pelloBHO MHCIEKTHpaxa CTPOMUTENIHATa IUIOMA/Ka. 3a BCHYKU
CpEILM ce BOIAT IPOTOKOJH. Bb3 ocHOBa Ha mopbukata Ha RSD CR 6e CKIII0YeH J0roBop
3a W3BBpIIBaHE HA HE3aBHUCHM KOHTPOJ Ha KadecTBOTO W HAA30p 1O BpeMe Ha
pekoHcTpyKmaTa Ha Mocta Zd'akov mexmy RSD CR m ®akynrera MO CTPOMTENHO
WH)KeHepcTBO Ha Yemkus TexHudyecku yHuBepcuteT B IIpara. Ham3opsT ce mpoBene mo
BpeMe Ha PeKOHCTPYKIMATa Ha MocTa Zd’4Akov. A HIMEHHO Ha/30pBT Gellle OCUTYPeH OT:
Hou. nmx. Tomam Porep, CSc. — 3a cTomaHeHH KOHCTPYKLIUU

Hon. unx. Bragucnas Xpaoymek, CSc. — 3a 6eTOHHM KOHCTPYKLIUU

unx. Spocnas Kopbenapx —3a PKO .

8.5 Pesyarar

PexoHcTpykumsaTa Ha MocTa Zd4akov Mexay 2015 r. u 2017 r. mocTurHa nocraBeHaTa Led:
,,/I3BBpIIIBAaHE HA TaKMBa PEMOHTH Ha MOCTa, KOWTO Jia TapaHTUpaT Oe30MacHOCTTa Ha
JBIDKEHUETO W J1a eIMMUHHAPAT HavyaTHUTE MPOIIECH Ha JeTrpajalivs Ha OTICITHU eJIEMEHTH
Ha KOHCTPYKIIUATA, KOUTO OMXa MOTJIM J1a JI0OBEIAT J0 HaMasiBaHEe Ha TOBAPOHOCHMOCTTA
Ha MocTta B Oiu3ko Obnemte." Tasu men Oemre HaTbJIHO MocTurHata. [IpumaneTo Ha MocTa
Zd’akov ciies 3aBbpIIBaHE HAa PEKOHCTPYKIHATA My ce chcTost Ha 30 centemBpu 2017 T.
OT peKoHCTpyKIHaTa Ha MocTa Zd’4kov Ge HaTpyImaH CepHO3€H OIHT, KOHTO GM MOT'BI Ja
Ce M3IOJI3BA U 3a APYTU PEKOHCTPYKIIMU Ha rojieMH MocToBe. Ha mbpBo MsIcTO, TpsiOBa na
ce WMa MpeABHJ, Y€ JOpU U Hai-3a1biI00YeHATa JUAarHOCTUKA HE € B CHCTOSHHUE Jia
pa3Kpue peaHOTO ChCTOSHHE Ha MOCTOBaTa KOHCTpyKuus. TpsOBa ma ce pas3uuTa
MIPEIBAPUTEIHO HA TMOJIATAHETO HA MOBeYe paboTa, HO M ¢ U3MCKBAHETO 3a TOJIaraHe MpH
BB3MOXKHOCT M Ha MO-Manko pabora. ToBa Boau 10 mpemopbka 3a THPCEHE HA HOBH
3aKOHOJATETHM MEPKH, KOUTO T[OHE JOHSAKBJIE Ja MpeMaxHaT TPOMaBOCTTa Ha
JIOTOBAPSIHETO HA IPOMEHU 110 BPeMe Ha CTPOUTEICTBOTO.

9 3aki04ueHne

Zd’akovsky most e gacT ot Baxkuus IbT 1/19, KOITO OCHIypsiBa Bpb3KaTa Mexkay Ilmisen n
Tabop. HeroBara TpaHcmopTHa (yHKIHMS € BaKHa M 3aTOBa O€¢ pPEIHO Ja Ce W3BBHPIIU
pexoHcTpyKiusaTa My. Cren 3aBbpIIBaHE HAa PEKOHCTPYKIHMATA € HAIBIIHO OIPaBIaHO
MPEATNON0KEHHETO, Y€ MOCTBT Zd4kov me 6bae 6Ge30maceH W HAAEKIEH 3a HIKOJIKO
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necetunetus: Hanpena. KoHcTpykimsita Ha MocTa € mep(eKkTHa OT TEXHHYecKa IJIeAHA
TOYKA U € JJOKa3aTeJCTBO 3a MHKCHEPHOTO MACTOPCTBO Ha YEIIKUTE MOCTOCTPOUTENH B
cpenara Ha MuHaus Bek. CIieIoBaTeIHO HAIlle 3aIbJKCHUE € J]a Ce TPIKUM TPABUITHO 32
TakoBa IMPOW3BEJCHWE W Ja TO MOJIbpXKamMe BHUMATEIHO. MOCTBT Zdakov cpmo ce
OTKpOsIBa CbC CBOSITA apXUTEKTypa. TOH € MHOro 4yBCTBUTEJIHO BIPajJCH B I€i3axa, a
OTpaXKeHHsITa My BBB BOAHaTa MOBBbpXHOCT Ha s3o0BUp Orlickd ca He3abpaBumo
npexwussiBane, ¢ur. 118

®ur. 118 Usrneq kM MocTa
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CAKIRAGA KONAGI, IN BIRGI/ ODEMIS/ IZMIR/ TURKIYE,
A SMALL BOUTIQUE HOTEL IN PAST, 300 YEARS AGO,
HAVING SIMILARITIES WITH RILA MONASTERY, IN BULGARIA

Prof.Dr. architect Yesim Kamile Aktuglu

Dokuz Eylul University, Faculty of Architecture, Department of Architecture
Izmir/ TURKIYE yesim.aktuglu@deu.edu.tr

Abstract: In Turkiye, in Izmir, there are 30 special districts, to have characteristic
settlements and Odemis is one of these 30 special places, has a neighbourhood, called
Birgi, 10km far from Odemis.

In Birgi, there is a characteristic village textures, composed by wooden frame houses.
Some of them are having one storey,some of them two storeys and some of them more
storeys.

Cakiraga Konagi , Fig. 1., is a large house, having three storeys in height. First floor is
constructed with stone, and the upper 2 floors are built in timber frame. In fact, in the
courtyard, there are wooden columns to carry the loads of three storeys height.

In the paper, the structural characteristics of these large house, will be defined together
with its unique architectural plan, as a very important landmark, having a life time for
more than 300 years. Also the similarities with Rila Monastery will be discussed in the
paper to understand the function of the building better.

Key words: Cakiraga Konagi/ Birgi/ Turkiye, wooden frame building, Rila Monastery/
Bulgaria

s

Fig. l.h i_e Sf akiraga Koflagi from the courtyard (photo taken by Y. K. Aktuglu on
25.08.2024)
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1. Introduction —

The Cakiraga Konagi is has a typical Turkish House architectural planning solution
[1], [2], [3], [4], [5] . There are rooms, connected with each other through an open space,
where everybody meets at each floor. Mostly, there are bath tubes inside the closets, inside
the rooms. They have large eaves to protect the body of the building from sun and also
rain. There are also some closed spaces, in cantilevered position on the frontal facades of
the buildings. These are called as “Cumba” or “Cikma” in Turkish Architecture Literature,
Fig. 2. . The facade of the open spaces towards courtyard, have stairs in wooden
contruction, while the Cakiraga Konagi is constructed in 3 storeys, ground floor is built as
a masonry construction with stone, and the next two upper floors are having wooden
framing system to carry the loads and to transfer the loads to the foundations Fig. 3..

Fig. 2. The view of Cakiraga Konagi from the courtyard with eaves (photo taken by Y. K.
Aktuglu on 25.08.2024)

Fig. 3. The outer frontal view of Cakiraga Konagi with three Cikma from the building
(photo taken by Y. K. Aktuglu on 25.08.2020)

The Rila Monastery has more floors as totally four floors [6]. From the courtyard,
both buildings are having similar facades with stairs on the facades towards courtyard, Fig.
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4. .It is clear that there should be a familiar architectural approach, while designing such
kind of buildings, both Turkish and Bulgarian.

For the building in Rila Mountain, is called a monastery, it could be thought that the
Cakiraga Konagi, may be thought as a monastery 300 houndreds year ago. Or because of
the bath tubes in the closets in the rooms, could give a service as a boutique hotel today
and as a Kervansaray at that time, where the trademen came here and stopped for a night or
more.

The reason for this idea is that there are iron railing in the windows, esp the ones
who are towards the open meeting space at the floors, that connects the rooms naturally,
and after restoration, those railings are constructed in wood, Fig. 5. .

Fig. 4. The view of Rila Monastery towards courtyard
( https://www.travelsewhere.net/seven-rila-lakes-rila-monastery/ 08.12.2024)

Fig. 5. The inner view of a suit room with bath tube in the closet at the right side and
having railings on the windows towards open meeting space (photo taken by Y. K. Aktuglu
on 26.08.2023)

2. Structural Details —

The Cakiraga Konagi is a legend about masonry structure and wooden structure of a
building. Due to its long past, for 300 years, the building is still standing up with its real
function, today as a museum. The perimeter outer wall for ground floor and first floor are
constructed in masonry with stone and the outer wall at second floor is constructed with
wooden structure. There are fireplaces in every room for heating. There are extra windows
over main windows to get daylight in, while the window covers, both inner facade towards
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open meeting space and outer facade are closed. Also the security as iron railings over
windows for the inner spaces are more than outer windows. The construction of the stairs,
from first floor to second floor has a very important structural detail, not only the
construction of the stairs, but also the support of the upper floor with the wooden columns
over the wooden beams of the stairs. And the balcony, cantilevered after the columns with
diagonals between columns and the slab of the balcony, at first floor, supporting the upper
balcony at second floor, cantilevered more than the other one downstairs. Also it has long
eaves, Fig. 1., Fig. 6. .

Fig. 6. The inner view of a suit room with bath tube in the closet at the right side and
having railings on the windows towards open meeting space (photo taken by Y. K. Aktuglu
on 25.08.2024)

3. Conclusion

As a conclusion, it could be said that from the point of courtyard views of Cakiraga
Konagi and Rila Monastery may have architectural design similarities, Fig.7. . The
balconies over and over, esp in Cakiraga Konagi has a very special design, after two
columns over the ground, the other floors are in cantilevered positions, supported by
bracings, from two wooden columns at ground level over a stone capital as single
foundations over the slab on earth. In Rila Monastery, there are more floors, but the last
floor has similarities with Cakiraga Konagi and also its balcony planning, supported by
bracings from the columns, has the other similarities. Through the most important unique
design of the rooms with fireplaces and also closets, having bath place, may cal us that in
past Cakiraga Konagi could serve as a small boutique hotel, we call is Kervansaray in past.
Or there may be another thought that Cakiraga Konagi may be a kind of monastery in past.
There were some ruins as church, with a single story, nearby the Cakiraga Konagi, now
under the foundation of a new house, built some years ago. These thoughts arrived due to
the protections over the windows towards the inner space, connecting the rooms,
composing the courtyard. And also not only there are solid covers over the windows on the
outer walls but also there are solid covers over the windows on the inner walls, separating
the rooms from the open spaces, looking to the courtyard.
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In the paper, these important points are wanted to be underlined to start a new
discussion or a new research to learn the connection between Cakiraga Konagi and Rila
Monastery in past [1], [2], [3], [4], [5], [6]

Fig. 7. The view of the building towards courtyard (photo taken by Y. K. Aktuglu on
25.08.2024)
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REVITALIZING A 120-YEAR-OLD RC WATER TOWER STRUCTURE

Zoran Bruji¢ !, Vlastimir Radonjanin®, Mirjana Malesev",
Ivan Lukié4, Slobodan Supiés, Vladan Panti¢®

! University of Novi Sad, Faculty of Technical Sciences

Abstract: Since their inception, reinforced concrete structures have been continually
improved in light of new knowledge, technologies, and/or materials, making older
structures like the subject in question significantly different from today’s common solutions
in their design and implementation. This makes their revitalization a demanding and
multidisciplinary task. This paper provides a brief excerpt from the revitalization project of
one of the oldest engineering RC structures in Vojvodina — the water tower within the
cement factory in Beocin. The facility stands as a very important monument of construction
heritage, but over its 120 years of use, it has suffered significant damage that even
jeopardize its bearing capacity. Numerous activities that conditioned or accompanied the
design process are summarized, such as geometry identification, detailed visual inspection,
in-situ and laboratory testing, repair and rehabilitation measures for elements, with the
main focus given to numerical analysis and adopted structural solutions.

Key words: Water tower, industrial heritage, damage, in-situ testing, assessment,
structural analysis, strengthening of RC elements

1. Introduction

The reinforced concrete 200m3 water tower, designed by Szilard Zielinski, a
Hungarian engineer (1860-1924), is situated within the "Lafarge BFC" cement factory in
Beocin. It was erected at the beginning of the 20th century, by company “Hennebique”,
with construction believed to have been completed between 1902 and 1906, although the
data is not reliable. The water tower has not only become a symbol for the factory and the
entire town but has also been recognized as a significant industrial heritage construction by
the Institute for the Protection of Monuments. It stands as one of the most important
examples of the early use of reinforced concrete in industrial structures in the wider region.
The water tower has been in continuous use ever since. To evaluate the water tower's
structural condition and select necessary repairs for its revitalization, the following
activities were undertaken: 1) In-situ identification of dimensions; 2) Visual inspection to
detect defects and damage; 3) In-situ extraction of concrete cores from columns to estimate
compressive strength and the depth of carbonization; 4) Numerical analysis of the water
tower's load-bearing structure; and 5) Analysis of all collected and calculated data, and
assessment of the state of the load-bearing structure as a whole and its elements. The paper
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addresses the condition assessment and rehabilitation of the water tower [1], with
particular emphasis on structural and numerical aspects

2. Water tower basic data and damage of elements

The water tower has a typical skeletal form, partially braced by walls, and is entirely
designed and constructed in reinforced concrete. Vertically, the structure comprises distinct
parts: the foundation level; the tower section, spanning from elevation +0.00 (ground floor)
to elevation +27.15m (6th floor); the reservoir section, extending from elevation +27.15m
to the elevation of the roof slab at +32.51m; and the roof segment, reaching up to elevation
+35.50m. The tower is formed by 12 columns, arranged at the vertices of a regular octagon
(complex trapezoid-like cross section with maximum dimension of 61/25¢cm) and four
internal ones (chamfered square cross section 38/38cm). External columns are prolonged in
the form of buttress walls, gradually tapering from the foundation upwards (Figure 1).
Below the external columns (with buttresses), radially oriented individual foundations are
constructed, while the internal columns are founded on a common footing. At the floor
levels, solid reinforced concrete slabs are constructed, supported by beam elements
connecting the perimeter columns, by beams connecting the internal columns, and by
radially oriented beams (classified as diagonal and orthogonal). The floor slabs are 10cm
thick, while the bottom slab of the reservoir is 15cm thick. The cross-sections of beams
vary, with the most significant dimensions as follows: radial and peripheral beams on
floors 1 to 4 measure 20/40cm, with tapered ends (up to 65cm); internal beams connecting
internal columns measure 22/40cm; beams supporting the reservoir slab measure 25/55cm;
the reservoir ring beam has a complex 40/35cm section. The walls of the water tower can
be divided into four groups: Facade walls, located on the ground floor and from the 5th
floor up to the last roof slab, vary in thickness (from 8 to 12cm), length, or height; Internal
walls, in the form of infill walls (7-8cm thick) between internal columns, extend from the
first to the fourth floor to form the mechanical installation shaft, and on the 5th floor to
accommodate the spiral staircase; Tank walls: the outer, 4m in radius cylindrical wall, with
a thickness of 12cm, and the inner, 10cm thick, wall constructed between inner columns to
provide square space for the spiral staircase; Parapet walls (railings) with variable
thicknesses and complex geometries. They are constructed from the first to the fourth floor
and on the roof slabs. There are two types of staircases. A single-flight segmented staircase
extends from the ground to the 5th floor. The segments follow the geometry of the
octagonal base and intersect each other at the column locations at an angle of 135°. The
width of the staircase slab is 100 cm, and the thickness is 12-14 cm. Second one is spiral
staircase within a square base extends from the 5th floor (passing through the reservoir) to
the roof slab. It is constructed of prefabricated cantilevered steps connected to a central
circular column with a diameter of 16cm. A more detailed depiction of the structural
elements is provided in [2].
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Fig. 1. Water tower,
foundations and floor plan

After more than 100 years of exposure to environmental influences, similar damages
(albeit of varying intensities) have been observed on all accessible RC elements (Figure 2).
Characteristic damages to the reinforcement bars and stirrups include steel corrosion, often
accompanied by volume expansion, significant reduction in sectional area, and even
fracture of individual bars/stirrups. These issues have resulted in cracks in the concrete
cover along the bars and stirrups, disruption of adhesion between the concrete matrix and
the reinforcement bars, as well as delamination and detachment of concrete pieces from the
cover and matrix. The most prevalent defect is either an excessive or insufficient thickness
of the concrete cover. Particularly severe damage has been observed in the staircases.
Additionally, significant traces of biological and chemical corrosion (such as deposits of
calcium carbonate) have also been identified [2]. Laboratory testing on concrete cores has
determined that a concrete strength of 20MPa can be used for assessing structural capacity.
The depth of carbonation tests on extracted concrete cores, after laboratory sample
preparation, showed that the depth of the carbonated layer within buttresses varies from 4.0
to 9.6cm, while in columns it averages 7 cm. This indicates compromised corrosion
protection of the reinforcement, as the carbonation front has penetrated the protective
layer, the cross-section matrix, and even part of the concrete core. To determine the type,
number, and diameter of the embedded reinforcement, either a magnetic method or direct
measurement was employed. Predominantly, plain bars with diameters ranging from @10
to P28 were used as the main reinforcement. For shear reinforcement in the columns,
stirrups made of plain reinforcement with a diameter of @6 were utilized, while in beams,
steel strips with dimensions of #30x2(3)mm (placed only on the lateral sides) or plain bar
@8 stirrups were most common. The mechanical characteristics of the installed
reinforcement likely correspond to the structural iron commonly used at that time. These
tests determined the specific quantity of embedded reinforcement in the structural
elements, at least in those accessible for inspection.

3. Numerical analysis of existing structure

Since there is no project documentation for the water tower available, the global and
local dimensions of the tower and all structural elements were determined by manual
measurement and by drone “point clouds” surveying. Based on the data obtained in this
manner, a "digital twin" (3D geometrical model) of high accuracy was created (Figure 3a)
and represent a significant specific result of the investigations performed. Once formed,
this model establishes the complete geometry of the facility. For numerical analysis, which
is conducted entirely in accordance with Eurocode norms, a detailed 3D numerical model
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(Figure 3b) of the structure was created. The modeling, computations, and dimensioning
were conducted within Radimpex Tower software environment, closely adhering to the
established geometry of the facility and its elements. The model is formed by line and
surface elements arranged in horizontal levels corresponding to the floors of the structure
(slabs and beams, as well as spiral staircases) and in vertical planes (columns, plane walls,
buttresses, and cylindrical reservoir walls). All modeled elements are assigned physical,
and mechanical characteristics determined by in-situ testing and represented by concrete
class C20/25. All elements are modeled in their original dimensions, acknowledging the
unavoidable need for repairing and rehabilitating the elements. The effects of cracks in
concrete on stress distribution and on deformations during seismic events are addressed by
reducing the flexural, shear and torsional stiffness of all elements according to SRPS EN
1998-1 [4] recommendations. The support is modeled at the foundation level using
Winkler soil idealization. The modulus of soil reaction for the vertical direction is adopted
at a value common for the subject location — 20MN/m3.
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Fig.3. Digital twin (rendered view) and numerical model of the water tower structure

Since the water masses (corresponding to the impulsive and convective parts of the
inertial load), necessary for modal and seismic analysis, are located at levels with no
modeled elements, the masses are applied to a "dummy" ring encircling the central column
(the quarters of a mass is applied in its quadrant points). The lower, "impulsive" mass is
rigidly coupled, while the higher, "convective" mass, is elastically connected to the wall
using appropriate link elements. Masses, their locations and link properties are calculated
in accordance with the SRPS EN 1998-4 [4]. The load analysis comprised the following
basic load cases: Dead load (self-weight of all structural and non-structural elements); Live
load in a form of distributed loads on floor slabs and on stairs (1.0kN/m2 on roof slab and
2.0kN/m2 for rest of surface elements); Snow load distributed on roof slab; Vertical and
horizontal static water pressure; and seismic load. Seismic action, as most important,
includes the inertial pressure of the liquid (via determined masses adequately joined to
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reservoir’s wall), beside inertial forces from quasi-permanent weight. It is analyzed in
accordance with SRPS EN 1998-1 [4] through two orthogonal horizontal components of
action (0° and 90° in horizontal plane) which were determined by use of multi-modal
spectral analysis, preceded by determining the dynamic properties of the structure (modal
analysis resulted with 1.21s first, and 0.27s second directional period; Figure 4). Seismic
action is generated automatically by the software used and cannot be represented in the
form of floor forces. The following data are provided for generating this action: Soil
category B (taken from the seismological zoning map of Serbia by Geological Information
System of Serbia); Reference peak ground acceleration for the location — 0.1g; Importance
class II; Spectrum type I; Damping correction factor of 1.0, related to 5% viscous damping.
Considering the obligation to consider the simultaneous action of seismic components, it
was adopted, as more rational than SRSS method, to combine components by the rule of
summing the effects of one component's action and 30% of the effect of the other
component. This way, two seismic actions are formed (from the previously determined
components). Finally, the 1.50 behavior factor was used. Since the analysis concerns an
existing structure that was certainly not designed for ductile behavior and, among other
things, due to the reinforcement layouts or quantities, plastic behavior of any level cannot
be reliably employed, the structure is considered suitable only for a low ductility class
(DCL “approach”). Hence, the adopted value of the behavior factor. After calculation of
effects in elements, using software automation, the necessary reinforcement amounts in all
modeled RC elements were determined to be compared with the amounts of embedded
reinforcement. The design settings assumed concrete class C20/25, reinforcement with a
newly-formed type of steel, corresponding to the installed iron (yield strength 200MPa,
modulus of elasticity 180GPa), and the reinforcement layouts in the cross-section which
correspond to the determined layouts of the installed reinforcement. Considering the
selected ductility class, DCL, all elements are designed for the ultimate limit state
considering all relevant design combinations, in accordance with Eurocode 2, and
therefore, the additional requirements from Eurocode 8 are omitted.
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Fig. 4. First two mode shapes Fig. 5.Concrete chipping

The results of the comparison of reinforcement amounts (required vs. embedded),
sorted by types of elements, are as follows: Due to the structural layout, the requirements
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for longitudinal reinforcement in the columns is either nonexistent or less than the amount
of embedded reinforcement. However, for the interior columns, along the part where they
behave as "short" (the section of height between the top of the reservoir and the roof slab,
where the columns are not "supported" by core walls, bears the majority of the roof's
inertia), a deficiency in transverse reinforcement was noted (installed as U©@6/20cm).
Practically in all radial beams, in the first five floors, a deficiency of both longitudinal and,
especially, transverse reinforcement was noted. These beams are reinforced with a
relatively small amount of longitudinal reinforcement (£416), while installed transverse
reinforcement in these beams consists of side flat bars that encompass only the “outer”
longitudinal bars. From the standpoint of current knowledge about the desirable behavior
of transverse reinforcement, this arrangement is of low efficiency and poorly anchored
(even if it were not in poor condition in many beams). In the perimeter beams on the first
five floors, the need for longitudinal reinforcement is relatively small and is covered by the
installed reinforcement. However, a deficiency in transverse reinforcement was also noted
here, and it is also formed from flat bars. Unlike the perimeter ones, the interior beams,
which are mostly integrated in core walls, show a very small required reinforcement, with
the need for transverse reinforcement even completely absent. Therefore, no structural
intervention is necessary for these beams. The reservoir bottom radial beams are
overhanging ones where cantilever supports part of the reservoir load and, in general, the
shell around the reservoir. The calculation determined the lack of only transverse
reinforcement, with the note that, due to inaccessibility, the amount of longitudinal
reinforcement installed in the upper zone could not be determined, but embedded
reinforcement is most likely sufficient. The remaining beams at the same level, as well as
the ring beam, do not require strengthening. For all slabs, both intermediate and roof, as
well as for the reservoir slab, it has been determined that, due to small spans, there is a low
requirements for reinforcement, which quantity has been exceeded by the embedded
reinforcement. For all elements where a deficiency in the reinforcement was identified,
strengthening has been designed. With the adopted repair solution, the geometry of some
elements undergoes minor changes, and as the newly designed solution slightly differs in
the analysis of permanent loads from the previous one, the newly designed structure was
also considered through a new numerical analysis. For reference, the fundamental natural
oscillation periods of the two models do not differ by more than 1.5%. It resulted with
relevant amounts of required reinforcements, and based on these, specific profiles have
been adopted.

4. Repair solutions

To ensure the load-bearing capacity and durability of the structure, two sets of remedial
works have been planned, broadly classified as structural and non-structural repairs, both
being extensive in scope. Guidelines from the SRPS EN 1504 [3] standards were consulted
for selecting repair methods, procedures, and materials properties, as well as for
recommendations on design, execution, and concrete structure protection. Non-structural
repairs categorize damages as shallow and deep. Shallow damages affect the protective
layer of concrete with partially exposed reinforcement, while measures involve concrete
and reinforcement preparation (Figure 5a; chipped concrete layer when the reinforcement
bar is partially affected by the corrosion process, but adhesion is preserved), application of
active coating on reinforcement bars, and reprofiling of the section by manually applying
repair mortar. Deeper damages seize the matrix around the bars, and, in some cases, the
core of the section, while reinforcement may suffer reduction in cross-section along with
compromised adhesion. The non-structural repair method for these damages involves
preparing the concrete (Figure 5b; chipped concrete layer when the reinforcement bar is
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affected by the corrosion all around, and adhesion is compromised) and reinforcement,
locally replacing corroded reinforcement bars or adding new ones, applying anti-corrosion
protection to visible reinforcement bars using an active coating, and manually reprofiling
the section by applying mortar. For structural elements, repairs are carried out with mortars
of higher, while for non-structural ones, those with lower mechanical characteristics are
used. Due to the large number of elements with insufficient bearing capacity and the
numerous damages registered on these elements, structural repair has been designed in a
relatively "radical" form. Specifically, it includes:

Removal of the existing and construction of new radial, both diagonal and orthogonal,
beams on the first five floors, which showed insufficient reinforcement quantities (Figure
6; the same principle has been applied to the beams of the next three floor). This solution
was chosen as the simplest from a practical standpoint since all solutions aimed at
strengthening the existing beams are very complex to execute. Due to extremely severe
damage that has significantly reduced their bearing capacity, the replacement of the core
beams on the first floor is also planned. Work on constructing new beams comprises:
supporting the slab in the areas between the beams, carefully cutting the RC slab closely
along the edges of the removed elements, removing the 'detached ' beams by chipping,
including parts of the sound concrete of the supporting elements to expose the
reinforcement, drilling and dusting the holes for the installation of new reinforcement,
installing the reinforcement and filling the remaining space with injection mixture,
cleaning the surfaces formed by demolition and coating them with agents providing anti-
corrosion protection and concrete bond, installing formwork and concreting new beams
with three-fraction (dmax=16mm) C30/37 concrete, and reprofiling the columns. The
concreting is followed by appropriate concrete curing.

#

LARIES

é;;_ 201

. Fig. 6. Newly designed diagonal and orthogonal radial beams of the 1st floor

Construction of new RC slabs on the first five floors. In the previous 'step,' only the
beam elements were removed, not the parts of the existing slab between the beam
reinforcement connection of these slab parts to the supporting beam elements was cut, the
adopted solution involves designing new RC slabs that are constructed over the existing
ones (Figure 7; as an illustration, the reinforcement of the lower zone is given). The new
slabs are 10 cm thick and are reinforced in such a way that they alone, without the
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interaction of the existing slabs, accept and transfer the load (the existing slab parts are
used only as formwork for the new RC slab). Strengthening of the columns of the 6th floor
by adding additional transverse reinforcement (after removing the entire concrete cover
and after exposing the external surfaces of the longitudinal bars from the column’s section
being strengthened), applying anti-corrosion protection (active coating) to visible
reinforcement bars, and reprofiling the section by manually applying mortar.
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. Fig.7. Newly designed RC slab — bottom reinforcement (rotated plot)

Strengthening of the radial RC beams, both diagonal (Figure 8) and orthogonal ones, of
the 6th floor (reservoir’s bottom) involves reinforcing by bonding steel plates and
reinforcement with plates anchored into the existing structure.
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Fig.8. Strengthening of the diagonal radial beams (bottom of the reservoir)

Replacement of the existing single-flight segmented RC staircase with new ones
entirely. Given that the staircase elements have a complex geometry, partially cantilevered
support, and have suffered the most significant damage in the structure, a 'radical' solution
of replacing the elements was adopted. Analyzed alternative solutions, which involved
repairing the existing elements, proved to be extremely demanding and costly to execute.
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The new elements have retained the geometry of the original ones entirely (Figure 9; as an
illustration, the reinforcement of the lower zone of the staircase slab for the 1st to 5th
floors is shown). Along with the staircase, the cantilevered supporting beams are also
replaced.

Fig.9. Newly designed single-flight segmented RC staircase — bottom reinforcement

5. A few final notes

The water tower in the BeoCin, besides being an important example of architectural
heritage and early use of reinforced concrete in complex structures, also bears witness to a
time when structural design was guided by engineering reasoning and intuition. It's a
rational design, with short load transfer paths, and from a layout perspective, it's optimally
composed for the resources (knowledge, materials, experience, etc.) available at the time of
construction. The 120-year continuous use of the facility confirms this more than anything
else. On the other hand, such a long period of exploitation without significant investment
in maintenance has left consequences that
jeopardize the structural integrity. The current condition of the facility indicates the urgent
need for rehabilitation and strengthening, especially considering that the plan is for the
facility to remain part of the production process in the future.
Rehabilitating a structure of this age and condition is an extremely complex and large-scale
task, that even involves ‘sacrificing’ certain original elements and replacing them with new
ones, while finding optimal solutions is not a one-way path but involves constant
reevaluation of advantages and disadvantages, collaboration with experts from various
fields, and confrontation of opinions.
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3HAYEHUWE HA CEU3BMNYHOTO UHKEHEPCTBO ITPU ITPOEKTUPAHE HA
CI'PA/IN - C AKLHEHT BBPXY CBETOBHOTO APXUTEKTYPHO UICTOPHYECKO
HACJIEACTBO

Anren ABpamos ' Jloruo ITapTos 2,
University of Structural Engineering and Architecture, VSU “.L.Karavelov”

Abstract: B mo3u O0oxnao asmopume npassim onum 0a NOOYEPMAsm 3HAYEHUEemo Ha
CEUBMUYHOMO UHICEHEPCMBO NPU NPOEKMUPAHEMO HA C2Paou, CROCOOHU 0a U30bPHICAM HA
8v30elicmeuemo Ha  CUIUMe, 2eHEPUpaHu 6  nepuooa Ha  3eMmempecenue,
npedomepamasaliKu noepeou U paspyulenus, Koumo mozam oa oogedam 00 3az2yba Ha
YoGew KU dHCUusomu U umywecmeo. B mosu ooxknad ca o06cvOeHu HaAKpamko
cmpoedcvem Ha 3emama, MeKmoHUYHUme OBUICEHUsl 8 HeliHume Heopd, 3HAYeHUemo Ha
CEUBMUYHOMO UHICEHEPCMBO NPU NPOEKMUPAHEMO HA c2paol, BKIIOYUMETHO He208amd
ucmopus, yenu, Memoou U NPAKMUYECKU NPULONCEHUS, KAKMO U BPb3KAma My C
@uszukama na 3emama.

Knrwuoeu oymu: ceusmuuno undicenepcmeo, semempecenue, CeusMuyHu 6biHy, Ceusmudnu
uzonamopu, abcopbupane Ha eHepeus

1. OO0 nanHu

CensMHUYHOTO HMH)KEHEPCTBO, H3BECTHO OIIE KaTO 3E€METPbCHO HHXKEHEPCTBO, €
Crieluau3upaHa 00JacT B CTPOUTEIHOTO HWHKEHEPCTBO, KOSTO BKJIIOYBA IPOEKTHPAHE
U KOHCTpyMpaHe Ha Crpajd U ChbOPBIXKEHHUS, CIOCOOHMU JAa U3ABPKAT
Ha BbB3JIcHCTBHUITAa Ha CEU3MHUYHH, BETPOBU U JApPYTH
XOPHU3O0OHTANHU CHIIH, Bb3HUKBANHU B CTPOUTEIHHUTE
KoHcTpykunuu. Crpaaure TpsaOBa na 6baaT MPOEKTUPAHU TaKa, Y€ Aa U3IbpPKAT
Ha CWJIMTE, TCHEPHPAHW N0 BpEME Ha 3eMeTpeceHHe, MPEAOTBPATSIBANKHA TOBPEIU HITH
pa3pymeHusi, KOMUTO Morar Ja JaoBemaT 10 3aryda Ha YOBEIMIKH XHBOTH U
uMyliecTBo. B To3M nokjdang € HakKpaTKo o0O0ChAEH CTPOXKBT Ha 3eMmsra,
TEeKTOHUYHUTE JIBUKCHUS B HEHHHUTE HEApa, 3HAUCHUETO HA CEM3MUYHOTO HHIKEHEPCTBO
IpU TMPOSKTHPAHETO HA CrPajad, BKIIOUMUTEIHO HEroBaTa MCTOpHSA, LEIH, METOIU H
NPAaKTUYECKH TPWIOKEHHUsA, KaKTO M Bpb3Kata My ¢ (¢usnkata Ha 3eMsTa.
CensMHYHOTO HWHXKEHEPCTBO M (pu3MkaTa Ha 3emsATa ca B3aUMOCBBpP3aHU OO0JIACTH,
KOUTO PabOTAT 3a€THO 3a Pa30MPAHETO U CMEKYABAHETO HAa €PEKTUTE OT 3E€METPECCHHSITA
BbPXY KOHCTpYKIMUTE U uH(ppacTpykryparta. Dusmkara 3a cTpoexa Ha 3emsTa
OCUTYpsiBAa OCHOBaTa 3a U3yyaBaHE Ha CEU3MUYHUTE BBJIHHU, TE€HEPUPAHU OT
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3eMeTpeceHus], JOKATO CEeM3MHYHOTO MH)KEHEPCTBO MpHiiara Ta3u HMHPoOpManus, 3a Ja
MPOEKTUPA U U3rPAAU CTPYKTYpPH, KOUTO MOTAT Ja U3AbPKAT HA TE3U CUITH.

2. CTpOC)K Ha 3eMSATA ¥ TEKTOHUYHH ABHKCHUHA

3emsaTa e miuaHeta or CapHuUeBara cuctema. OOpasyBaHa € mpenud okoino 4,7
MJIpA. ToauHU. 3eMara uMa ¢Gopma, OMU3Ka 10 POTALMOHHHUS EJIMIICOM, HapeyeHa
reoufl, KOSATO TMpPEACTaBIsiBA MHCIEHO NpOAbDKEHAaTa MOBBpXHOCT Ha (CBETOBHHUS
OKEaH U MOJl KOHTUHEHTHTE. BB BCsiKa TOUYKA OT Ta3H MOBBPXHOCT cHUJlaTa HA TEXKECTTa
€ HacoueHa NEepIEeHAUKYJISIPHO KbM NOBbpXHOCTTA. PamuycsT Ha 3emsata e okono 6371
km. Cpexna mreTHOCT 5,52 g/cm’. BhTpemHara CTpykTypa Ha 3eMsaTa ce ONpemels
ype3 HM3MEpBaHE Ha CKOPOCTTa Ha pPa3lpOCTPAaHEHHE Ha CEU3MUYHHUTE BBIHU BbHB
BbTpEIIHOCTTAa Ha 3emsTa. CbCTOM OT OT TPU OCHOBHM KOHLEHTPUYHU OOBUBKH,
HapeueHu reocepu(Pur.l):
1) 3eMHa KoOpa (JiuTocdepa - OT TPBIKOTO JUTOC - KaMBbK), 2) MAaHTHS U 3) LIEHTPAIHO
anpo. 3eMHata kopa mnpexacrasisBa 0,8 % ot macata u 0,8 % ot obema Ha 3emsra.
Mma cpexna mrsTHOCT 2,7-2,8 g/em’. Tst e OTAENEHA OT MAHTHATA C T. HAp. PAHMIA
Ha MoxopoBuund (CeM3MHUYHA TpaHUIA), KOATO TMOJ KOHTUHEHTHTE C€ HamHupa Ha
nbyioourHa okosio 70 km, a moa okeaHuTe ce Hamupa Ha abiadoumHa OT 5 1m0 10 km.
[lon Ta3u rpaHuna CEM3MUYHHUTE BBIHM YBEJIMYABAT CKOPOCTTA CH. 3e€MHaTa Kopa €
Hali-ropHata M "Hal-muHaMU4YHATa" 9acT OT TBBPJAOTO TUI0 Ha 3emsTa. B oOm Bua
TS UMa CIIOECT CTPOEX U C€ ChCTOM OT 3 OCHOBHU KOMILIEKCA CKajl: CEIUMEHTHH,
MeTaMOp(hHU U MarMeHH.

e it Ekzocchepa He B
— = rf Tepmocdepa 136
— - so6pepa  Mauat
TOC a
pa

MNopHxa MamrTus |

MauTua

BbvHWHO sappo

BbTrpewHo sapo

®ur.1. Cxema Ha cTpoesk Ha 3emsTa

[IpemecTBanusiTa B 3e€MHATa KOopa HpPEIU3BUKAHW OT TEKTOHUYHU CHJIIM C€
HapuyaT TEKTOHMYHHU [JBW)XKEHUA. Miaaure TEKTOHWMYHU [BUKEHHUS CE€ Hapuyar
neorektonnynn (['open Heoren — kBarepHepeH). 3emHara kopa ce aedopmMupa OT
JIBA OCHOBHM BUJa TEKTOHWYHM CWIN: PaJUaliHU - 10 HAIIPaBJICHUE HA 3€MHUS PaAUyC U
TaHT€HIMAJIHU — CIIPSIMO 3eMHaTa noBbpxHocT(dur.2,3).
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®@ur.2. TeKTOHUIHH TI0YH

®ur.3. /[BrkeHre Ha TEKTOHUYHHU ILIOYH
2.1. Cen3MHYHHU BBJIHHA

Ceu3MHYHUTE BBJIHU ca BUOpAIMH, KOUTO MPEMUHABAT Mpe3 3eMsATa WK BCSIKa Apyra
TUTaHEeTa, JIyHa WJIM €CTECTBEH CITHTHHUK TOPaad BHE3AIHO OCBOOOXIaBaHE HA EHEPIHs,
OOMKHOBEHO TOJ (opMaTa Ha 3E€METPECCHHUs, BYJIKAHWYHU H3PUTBAHUS WIH SIPCHU
eKCIuI03uM. Te3n BBIIHU NMPEHACST SHEprHsl OT €/IHa TOYKa Ha 3eMsTa JI0 Ipyra U MoraT Jia
MPUYUHAT PA3PYIIUTETHE e(DEKTH BbPXY KOHCTPYKIIUUTE U HH(PPACTPYKTypara.

Mma nBa OCHOBHM THIA CEM3MHYHU BBJIHU: HANIHKHM (Wi P-BbHM) 1 HanpeuHu (wim S-
BBJIHU).

2.1.1. Hannexuu (P-) Beaau: Te3u BbIHU KapaT YaCTUIIUTE B 3eMATA Ja C€ JIBHXKAT
Hampea-Ha3aJ Mo MOCOKa Ha Pa3MpOCTPaHEHHETO Ha BBIHATA. 1€ ca ITbPBHTE, KOUTO
JOCTHUTAT JI0 CeM3MOorpaduTe U CIEIOBATEIHO YECTO C€ HAPHYAT MbPBUYHH BHIIHH.
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2.1.2. Hampeunu (S-BbsiHM): Te3u BBIHU KapaT 4aCTULUTE B 3€MsTa J1a CE JIBUXKAT
NEepIeHINKYIIAPHO Ha IIOCOKaTa Ha pas3lpoCTpaHEeHMe Ha BbiIHata. MMa nBa BuAa
HaIlpeYyHU BBJIHU: S-BBJIHHU, KOUTO CE€ Pa3NpOCTpaHsABAT Ipe3 TBBPAU Tena, U R-BbiHH,
KOHUTO C€ pa3lpOoCTpaHsIBaT Mpe3 TeYHOCTH M razoBe. CeM3MUYHUTE BBIHM CE JBHXKAT C
pa3IMYHU CKOPOCTH B 3aBUCHMOCT OT MaTepHalla, pe3 Kolto npemuHasar. Hampumep, te
ce JBMXKAT MO-Obp30 Mpe3 TBBPIU CKaJIM, OTKOJKOTO IIpe3 TeuHa MarMa MM pa3ToleHa
ckana. Ta3u pa3nuka B CKOPOCTTa Kapa BBJIHUTE Jla CE€ OI'bBAT WJIM U3KPUBSABAT, TOKATO
ObTYBaT Ipe3 cloeBeTe Ha 3eMsATa, (EeHOMEH, M3BECTEH KaTo CEeM3MHUYHa pedpaxius.
W3cnenBaHeTo Ha CEM3MUYHHUTE BBJIHM HU TIOMara Ja paz0epeM BbTPEIIHOCTTAa Ha 3eMsTa,
HeilHaTa CTpyKTypa M CbCTaBa Ha HelHHUTe cioeBe. Ceu3MOIO3UTE M3MON3BAT Taszu
uHpopManus, 3a Ja HW3ydaBaT TEKTOHMYHATa AKTUBHOCT, Jla OTKPHBAT MHHEPAIHH
HaXO/HUIIA U IOpH Jla HAMUPAT CKPUTH KyXUHM UM nemepu. OCBeH ToBa pa3dupaHeTo Ha
MIOBE/ICHUETO Ha CEM3MUYHMUTE BBIHHM € OT PEIlaBalll0 3HAYECHHE 3a MPOEKTUPAHETO Ha
crpaay U MH(pacTpyKTypa, YCTOMUMBU Ha 3eMETPECEHUs, KaKTO U 3a MPOTHO3UpPAHE Ha
MOTEHIIMAIHU 36METPECEHUS U OL[EHKA Ha TEXHUTE MOCIEANIIH

3. HaunHM, N0 KOUTO CEM3MHUYHOTO HHKeHEPCTBO U pu3uKaTa Ha 3emsTa ca
CBbpP3aHu

3.1. TI'enHepupaHe Ha CeM3MUYHU BbJHU:

Ouszukata Ha 3emsTa OOSCHABA KaK C€ TEHEPUpPAT CEU3MHYHUTE BBIHH 10
BpeMe Ha 3emerpeceHre. Korato nMa BHE3alTHO OCBOOOX/IaBaHE HA CHEPrHs B 3€MHATa
KOpa, Bb3HUKBA TPENTEHE, KOETO Ch3/IaBa CEU3MHYHHM BBJIHH. T€3M BBIHU C€ JBIIKAT
npe3 3emsATa W MPEAU3BUKBAT BUOpalMU B ONM3KUTE KOHCTpYKIUH. Pa3Oupanero Ha
IpupojilaTa Ha TE3W BBIHA € OT CBIOIECTBCHO 3HAYCHHWE 3a CEHU3MHUYHOTO
WHXXCHEPCTBO, THhM KaTo ToMara NpH MPOSKTUPAHETO HA CTPYKTYPHU, KOUTO MOTaT
e(eKTUBHO Ja MoeMaT W pa3ceiiBaT CHEPrusTa Ha Te3W BHJIHH.

3.2 Ceu3MHYHH CKOPOCTH:

@usukata Ha 3emATa oOmpeneNns CKOPOCTTa, C KOSTO C€ pPa3mpOCTpaHsIBAT
CCU3MUYHUTEC BBJIHU IPE3 PA3IMYHHUTC BUAOBC CKAJIM U MaTCpHAJIA. Tazu PIH(bOpMaI_[I/ISI
€ OT pellaBallo 3HAYEHHWE 3a CEU3MHUYHOTO HH)KEHEPCTBO, Thil KaTO MO3BOJIsIBA HA
WH)KEHEpUTE Jia MPEIBUIAT KakK IIe Ce AbpXKAT KOHCTPYKIMUTE MPHU PA3IUYHU YCIOBHS
Ha 3emerpeceHus. Kato pa3OupaT CeM3MHUUHHTE CKOPOCTH, HMHXXEHEPUTE MOorar Jaa
HOPOEKTUPAT CTPYKTYPH, KOUTO MOTraT Ja U3Abp>KaT Ha BUOpALMUTE M HANPEKEHHUETO,
HNPUYUHEHH OT TE3H BBIIHH.

3.3. WNHTEeH3UBHOCT HAa CEU3MHUYHUTE BBLJIHHU:

(I)I/ISI/IKaTa Ha 3€M$IT8. ChIIIO TakKa H3CJI€ABAa KaK MHTCH3MBHOCTTA HAa CCU3MHUYHHUTC
BBJIHU Bapupa B 3aBUCHMOCT OT Pa3CTOSIHUETO OT EMULEHThpa Ha 3EMETPECEHUETO U
aba00OYMHATa HAa M3TOYHMKA. Tasu wuwHpoOpManuss € BakHA 32 CEU3MHUYHOTO
MHXXEHEPCTBO, ThH KaTo IOMara Ha MH)XEHEpUTE Ja OMNpEeleisIT KOM 30HU ca Haii-
M3JIOKEHU HAa PUCK OT 3€METPECEHHs] M CHOTBETHO J1a MPOCKTUPAT CTPYKTYPH, KOUTO
MOTaT Ja U3IbPKaT Ha TE3U CUJIH.
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34. Metoau 3a u3mepBaHe:
Odusukara Ha 3eMsATa pa3paboTBa PA3TUYHH METOIAM 32 W3MEpPBaHE HA CEU3MHYHHTE
BBJIHHA, KaTO HANPUMEpP CEU3MOMETPU M aKcelepoMeTpu. Te3u WHCTPYMEHTH Ce
U3II0JI3BaT OT CEM3MHYHHTE WH)XCHEpU 3a ChOMpaHe HAa JaHHU 332 CCM3MUYHUTE BBIIHH,
TCHEPUPAHU OT 3EMETPECCHHUs, KOMTO CIell TOBa CE W3MOJI3BAT 3a MPOSKTHpPAHE H
OIICHKa Ha CTPYKTYpHATa IBUIOCT Ha CTPAJUTE U ChOPBKCHHUSTA.

3.5. YCToHYNBOCT HA KOHCTPYKIMATA:

Cenm3MHUYHOTO ~ WMH)XEHEPCTBO  M3MOJ3Ba HMH(OpManmusATa, MperocTaBeHa OT
¢m3ukara Ha 3emsTa, 3a Aa TPOEKTHpPa KOHCTPYKIHH, KOUTO MOTaT Ja M3AbpKaT Ha
cer3MU4YHHM cuii. ToBa BKIIIOYBAa M300p Ha MOAXOIAIIM MaTepUaid, ONTUMU3UpPAaHE Ha
dopMaTa U pa3sMepUTEe HA KOHCTPYKIHUATA M BKIFOYBAHE HA CCM3MUYHU H30JATOPH WIIH
ycTpoiictBa 3a abcopOupaHe Ha eHeprus, 3a Ja C€ HaMald BB3ACHCTBHETO Ha
CEM3MUYHUTE BBJIHU BbPXY CTPYKTYpaTa. 3eMETPECEHUETO U CEU3MUYHOTO HMHKEHEPCTBO
ca TACHO CBBbP3aHH, Thil KaTO 3EMETPECEHHSATA TMPEICTABISIBAT 3HAYMTEICH PHCK 3a
uH]pacTpyKTypaTa 1 0€30MacHOCTTa Ha XOpaTa B paiiOHH, IPEIPA3NOI0KEHU KbM TSIX.

4. UcTropus Ha CeM3MHYHOTO MHKEHEPCTBO

Cen3sMHUYHOTO HMH)XCHEPCTBO HMMa CBOUTE KOPEHH B JAPEBHH BPEMEHA, KOTaTo
XopaTa 3aroyBar Ja CTPOST CTPYKTYPH, KOMTO OWXa MOTJIH Ja YCTOSAT HA TPHUPOIHU
OCIICTBUS KaTO 3EeMeTpeceHUs. JIpeBHUTE pPHUMIISHHA, HANPUMEpP, Ca HW3MOJI3BAIH
TEeXHHWKa, HapeueHa ,,0pus incertum®, KOSTO BKJIIOYBA MOAPESKIAHE HAa KAMBHH C
pa3nuuHud pasMepu U ¢opmu, 3a Aa abcopOuparT HANPEKEHHETO M Ja HaAMaJsT
pucKka OT pazpyuiaBaHe 1o Bpeme Ha 3emerpeceHusi(®@ur.4). Ilpes 16-tu Bek
apxuTekTbT AHzpea llamaguo BbBekIa KOHIENIUATa 3a "KoHTpadopcu" - BHHIIHH
MOAMNOPH, U3MOJI3BAHM 33 YKPENBaHE Ha CTEHUTE CpEUly CTPAHUYHO Bb3JEHCTBAILU
CHIIH.

®ur.4. [loxpexaane Ha KAMBHH C Pa3IMYHU pazMepu U (HopMH
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IIpe3 20-tu Bek HampeIbKbT B TEXHOJOTHMHTE W HAYYHUTE TO3HAHUS JIOBEIE
0 pPa3sBUTUETO HA CBBPEMEHHOTO CEU3MHUYHO MHXeHepcTBo. Ilpes 1933 r.
Kamudopuuiickusar uacTHTYT 3a TexHosorum (Caltech) mpexuBsBa OMyCTONIMTEITHO
3eMEeTpeceHre, KOeTO MOoa4YepTaBa HEOOXOAMMOCTTA OT MO-CTPOTH CTPOMUTEIHU HOPMH
u craHgaptd. ToBa cpOMTHE BOJAHM 10O Cch3gaBaHeto Ha Komwmcusita 3a
npodecroHallHa TpaKTHKa B O0JIaCTTa Ha TpaxaaHckoTo crpoutenctBo (APPC),
KOATO pa3zpaboTBa mbpBus ceusmuueH koaekc Ha CAILl npes 1973 r. Jlnec
CEeM3MHYHOTO WH)XEHEPCTBO TMpOJb/DKaBa Ja Ce€ pa3BuUBa, Thil KaTo YYEHUTE
npugoOuBar 1mo-1o0po pa3dupaHe 3a TIOBEJACHHETO Ha CrpajuTe IO BpeMe Ha
3eMETpeCeHHusl W pa3padOTBaT HOBU MaTepHaidi W TEXHUKU 3a TOHo0psiBaHE Ha
TSIXHATa YCTOHYMBOCT.

4.1. Ileau Ha ceM3MMYHOTO MHKEHEPCTBO

OcHOBHaTta el Ha CEU3MUYHOTO HHXKEHEPCTBO € Ja TrapaHTHhpa
0e30MacHOCTTa Ha XOpaTa U HMMYIIECTBOTO Ype3 MPOEKTUpPAHE Ha Crpaau, KOUTO
MOTarT Ja u3AbpXKAT Ha CHJIHM 3€METpPEceHHMs. 3a MOCTUTaHEeTO Ha Ta3u Lel
CEM3MUYHHUTE WHXKEHEPU  HU3MOJ3BaT KOMOMHAIMs OT TEOPETUYHHU  3HaAHWUS,
eKCIIePUMEHTAHU HW3CIEABAaHUs W KOMIIOTBPHO MOJENupaHe, 3a aa pasz0depar Kak
pa3IMYHUTE CTPYKTYpHU CHUCTEMHM pearupaT Ha CEM3MHYHU Bb3JeHCTBUSA. Te cbhllo
Taka pabOTAT B TACHO CHTPYJHHYECTBO C ApXHUTEKTH, T€OJIO3M M JPYTH CIECHUAINCTH,
3a Ja HISHTH()UIUpPAT MOTCHIUATHUTE PUCKOBE OT 3€METPECEHHUs BBHB BCEKH HAJICH
palioH U Aa pa3paboTAT NOAXOSIIN CTPATEIHH 32 CMEKYaBaHE Ha TE3U PUCKOBE.

5. Metoau Ha CeM3MUYHO HHIKEHEPCTBO

HMa HAKOJIIKO KJIHOYOBM METOAQA, M3IOI3BAHU OT CEM3MHUYHUTE HMHKEHEPU 3a
MIPOEKTUPAHE HA YCTOWYMBH HA 36METPECEHUS CTpaiu:

5.1. AHaJu3 HA THHAMHYHOTO NoBeaeHue: To3W METO[ BKIIOYBA H3II0OJI3BaHE
Ha MaTeMaTHYeCKH MOJIENU 3a CUMYJUpaHE Ha IOBEJECHUETO Ha CTPYKTYpUTE IOJ
BB3/ICUCTBUETO HAa CEM3MHYHU CWIM. Upe3 aHanm3upaHe Ha TE3W MOJENIM UHKEHEPUTE
MOTaT Ja OMNpeNeNsiT KPUTUYHUTE TOYKM Ha CTPYKTypara, KbJIETO MOXE /1a Bb3HUKHE
MoBpeJa U Ja MPOEKTUPAT YKPEMBaHUS WM MOAU(PHUKAINH, 32 J]a IPEJOTBPATIT TaKHUBa
TTOBPE/IN.

5.2. HzcaneaBanmss Ha ObJ3sm aHaau3: [Iba3eHeTo € 0aBHOTO, JUHEHHO
JBH)KEHUE Ha 3€MATa [0 BpPEME HA 3EMETPECEHUE, KOETO MOXEe Ja IPUYUHHU
HATPyNBAaHE HA HAINPEKEHUE B CTPYKTYPHHUTE €IEMEHTH. Upe3 MpoBeKAaHEe HA IBI3SIIN
aHAJIM3M WHXXEHEPUTE MOTAT Ja OIEHAT CIOCOOHOCTTAa Ha Crpajara Ja H3IbpkKa Ha
TE3W CHJIM 0€3 MMPEKOMEPHO OT'bBaHE WJIH pa3pylllaBaHe.

5.3.0LIGHK3. Ha CCU3MHYHATA YSA3BHUMOCT: Ta3um TexHMKa BKIIOYBA OIICHKA Ha
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BCPOATHOCTTA MOaJICHA Crpaja Ja GI:I[G MmoBpE€ACHa MJIM YHHUIINOKCHA I1I0 BpPEMC Ha
3C€MCTPECCHHUEC BB3 OCHOBA Ha (baKTOpI/I, KaToO BB3paCTTa Ha Crpaaara, MU3IOJI3BAHHUTC
MaTepuali U MCCTOIIOJIOKCHUCTO 174 CIIpsAMO HM3BCCTHU PA3JIOMHU 30HH. CJ'ICI[ TOBa
HHXXCHCPUTC MOraT Ja IpCeajoKaT MCPKH 34 HaMaJsIBAHC Ha CCHU3MHUYHUA PUCK, KATO
PEHOBHUPAHC HJIM YKPCIIBAHC Ha CbIOCCTBYBAIM CTPYKTYPH WKW IIpWJaraHe Ha II0-
CTPOTI' CTPOUTCIIHU HOPMHU 3a HOBU KOHCTPYKIIUH.

5.4. Ilpoexktupane Ha KOHCTPYKTUBHM cucTeMH: CeU3MUYHUTE HWHXKEHEpU
pa3paboTBaT pa3iMyHU TUMIOBE KOHCTPYKTHBHH CHCTEMH, MIPEeIHA3HAYECHU Ja ToeMaT U
pa3ceiiBaT eHeprusita, TE€HEpHpaHa IO BpeMe Ha 3eMeTpeceHHs. Te3u cucreMu
BKJIFOYBAT PAaMKOBH KOHCTPYKIIMH, JUCHEPCHU CUCTEMU U TOJYTBHPAU KOHCTPYKIIHH,
BCSIKA ChC CBOM COOCTBEHH YHHKAIHU MPEIMMCTBA U OTPAHUICHUS.

5.5. VYCbBBpIIEHCTBAaHM  U3YUCIMTEIHU  MHCTpyMeHTH: Hampenbksr B
KOMITIOThPHATa TEXHOJIOTUS I03BOJIABA HAa CEU3MHUYHHUTE HMHXXEHEPHU Ja Ch3JaBar
CJIIO)KHM MOJICJIM Ha Crpajid U OKOJIHA Cpela, KOETO MM II03BOJIABa Jla TEeCTBAT
pa3iMyHu JU3allHU M CLEHapuu Ha 3EMETPECEeHHUs, Mpead Ja IOCTPOST
JefiCTBUTENHATa CTPYKTypa. Te3W HUHCTPYMEHTHM IMOMaralT Ha WHXXEHEpuTe Ja
ONTHMHU3UpAT IW3aliHa Ha Crpajara 3a MakCHUMallHa YCTOMYMBOCT Ha 3€METPECEHMUs,
KAaToO CBIIEBPEMEHHO MHHHMMHU3HMPAT Pa3XOAUTE U BB3JECHCTBHETO BBpPXY OKOJIHATA

cpena.

6.IIpuJioxkeHne HA IPUHIMIIMTE HA CEM3MUYHOTO HHKEHEPCTBO B
CTPOMTEIHATA MPAKTUKA

[Ipunaraneto Ha NPUHIMINTE HAa CEU3MUYHOTO HHXKEHEPCTBO B CTPOUTENIHATA
IIPAaKTUKa € OT PELIaBall0 3HAUYEHHE 32 U3rPaKJAHETO Ha O0€30MacHU U HAJECKIHU CTPaIu
B paillOHM C BHCOK CEU3MMUYEH DHUCK. HSKOIKO KOHKpETHM NIpPUMEpH 3a YCIIELIHOTO
IIpUJIaraHe Ha TE3U MPUHLMIN ca AaJIeHU M0-A01y B TekcTa[1,2,3]:

6.1. Can ®panuucko, Kasupopuus

Cnen omycromurtenHoto 3emerpeceHue B Can ®panuucko npe3 1906 r.,
IpaabT MpUEMa CTPOTH CTPOUTEIHM HOPMH, U3UCKBAIIM H3IIOJI3BAHETO HAa CTOMaHa
U OCTOH B HOBUTE CrpaJd BMECTO ABPBEH Marepuasl. Te3u MPOMEHU 3HAYUTEIIHO
HaMaJsiBaT Opos Ha JKEPTBUTE M pa3pyLICHHUATA MO BpeME Ha CJIEABAILIOTO TOJSMO
3emerpecenue mpe3 1989 r,. B Tokuo(®ur.5), Anonus. SMOHCKUAT Tpag € 0cOOCHO
YyBCTBHUTEJICH Ha 3EMETPECCHHs TOpaad pa3loiIOKEHHETO MY BBPXY AaKTHBHA
pa3iomMHa 30Ha. Benpekn ToBa, upe3 mMpuilaraHe Ha CTPOTH CTPOUTEITHH HOPMH H
H3IMO0J3BAHC HAa HWHOBATMBHH KOHCTPYKTHBHHM CHCTCMH KaTO CTOMAHCHU pPAMKU U
JUCTICPCHU CHUCTEMU, Toxuo ycusa ga CBCAC A0 MHHHMYM HICTUTEC OT HAKOJIKO
TOJIEMHU 3€METPECeHHUs Mpe3 MUHAIUS BeK.
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®ur.S. 3emerpecenue B Tokuno,1989

6.2. HoBa 3eqanaus

Cnen mopenuiia OT ONMYCTOIIMTEIHHM 3eMeTpeceHus B Hadainoro Ha 2010 r.,
HOBO3EJIAH/ICKUTE BIACTH MPEANpPUEeMaT IIHPOKOOOXBAaTHH pedhopMH B CBOUTE
CTPOWTETTHH HOPMH, 32 Jla MOJOOPAT yCTOMYMBOCTTa HA CrPagUTe KbM CEH3MUYHU
crOuTus. Te3u pedopMu BKIIIOUBAT M3MCKBAHETO BCHYKH HOBH OOIIECTBEHU CTpajd
na ObAaT MPOSKTUPAHU Ja U3IbpPIKAT HAa 3eMETPECeHUs ¢ MAarHUTYA 7,5 Mo ckaiara Ha
Puxrep. [lokaro 3eMeTpeceHusATa MOTAT J1a TIPUYMHAT 3HAYUTEITHH MMOPAXKEHUSI BPXY
KOHCTPYKIIMUTE HA HCTOPUYECKH Crpajad, IAMPEKTHOTO pa3pyllaBaHe Ha TaKHWBa
CTPYKTYpH OT 3E€METPECEHUE € CPABHUTEIIHO PAIKO. ToBa € Taka, 3all0TO T€3H Crpaau
OOMKHOBEHO Ca BHHMATEITHO NPOCKTHPAHM M KOHCTPYUPAHHW, 32 Ja H3IbpXKaT Ha
CEeU3MUYHH CWJIH, OCOOCHO aKO ca PasMOJIOKCHH B PalOHU, MPEIPa3NoOIOKEHH KbM
3eMeTpeceHrs. BbhIpekn ToBa MMa Cilydad, KOTaTO HCTOPHYECKH CTpaaud ca Owid
CEpHO3HO TIOBPEACHU WJIH JIOPU YACTUYHO Pa3pPyIICHH OT 3€METPECCHHSI.

6.3. 3emerpecennero B SAnonus npe3 2016 r.

3ambkbT Kymamoro e wuctopmuecku 3ambk B rpan Kymamoro, mpedekrtypa
Kymamoro, SAnonus. Iloctpoen mpe3 15 Bek, Toi e eauH OT Haii-ctapuTe U A00pe
3ara3eHu 3aMblM B CTpaHara. 3aMBbKBT € OWJI CBHJETENl Ha HAKOJIKO o0caau U OWUTKH
pe3 CBOSITA UCTOpUsS, BKIIOUMUTENHO obOcamara Ha KymamoTo mo BpemMe Ha mepuoja
Cenroky u oOcamara Ha Kymamoro mo Bpeme Ha mepuona Emo. Ha 16 ampun 2016 T.
CUJIHO 3e€MeTpeceHHe ¢ Maruutyj 7,3 yaapu roxHara 4actT Ha Kromry, KoeTo 1oBene 0
3HAYUTENTHU IIeTH Ha pa3jIMYHU HCTOPUYECKH OOEKTH, BKJIIOYUTEIHO 3aMbKa
Kymamoto(®ur.6-®ur.10). 3emerpeceHMeT0 NPUYMHABA CEPUO3HH IOBPEIM HA 3aMbKa,
KaTo CTE€HU U MOKPUBHU C€ pa3pylliaBa, a HAKOU YaCTH OT KOHCTPYKIMSTA Ca HAI'BIHO
YHUILOKEHHU.
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®ur.6 u ®ur.7. cropuuecku 3ambk B rpaa Kymamoro

®ur.10. Ucropuuecku 3ambK B rpajg Kymamoro

Cnen 3CMCTPCCCHUCTO AIMMOHCKOTO IPABUTCIICTBO O6§IB$IB3., 4C MIC OTIIYCHC CpCACTBa
3a Bb3CTAaHOBSABAHC HAa UCTOPUUCCKUTC O6€KTI/I, BKJIIOUHUTCIIHO 3aMbKa KYMaMOTO.
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PecraBpanusra 3anousa npe3 2017 r. u 3aBbpmBa npe3 2020 r., orOensaspaiiku 450-
rogulIHuHaTa OT Bb3CTaAaHOBABAHCTO Ha 3aMbKa.

6.4.3emerpecenuero B Hemau npes 2015 r.

Kynara [/[paxapaxapa, ucropuuecka HaOmoarensa kyna B Karmanny, e cepuosHo
MoBpeZieHa Mo BpeMe Ha 3emerpecenuero B Heman npe3 2015 r. Kynara e moctpoeHna mpe3
1834 r. u e nocta nomyisipHa TYpPUCTHUECKA aTPAKIKs, IpeAiaraia NaHopaMmHa riieJika
KbM Ipajgia u okosnHocTute My(®@ur. 11 u ®ur.12 ).

3 il S
®ur.11 u ®ur.12. Ucropuuecka HabaroaaTenHa Kyiaa B Karmanay

[Ipu 3emeTpeceHneTo KynaTa NpeTbprBa CEPUO3HU CTPYKTYPHHU LLETH, BKIOYUTEIHO
CpyTBaHe Ha TropHara W uacT. B pesynrar Ha ToBa KyjaaTa € cbhbOOpeHa 3a IMOpagu
M3CHUKBaHUS 3a Oe3omacHOCT. Bbrnpeku 3arybara Ha OpuUTrHHAIHATA CTPYKTYypa, YCHUIIHATA
3a Bb3CTAHOBSBAHE 3aroy4BaT ckopo ciea ToBa. Hosara kyna /Ipaxapaxapa € opunuaiHo
oTkputa mpe3 nekemBpu 2018 r., 3ama3Bailku OpUTHHATHHS CU JU3alH U QYHKIUS KaTO
HaOolaTelHa TOYKa. PEKOHCTpyKuusATa BKJIIOYBA M3IOJ3BAHETO HA TPaJWLMOHHU
CTPOUTENIHM TEXHUKA M Marepuaid, 3a Jla Cce 3ama3d aBTEeHTHUYHOCTTa Ha OOeKTa.
3eMeTpeCceHHeTO 3acerHa CEpUO3HO KYJITYpPHOTO HacieAcTBO Ha Hemnan, npuunHABalKH
SHAYUTCIIHU HICTU WJIM YHHUIIOXXaBaHC Ha MHOXCCTBO HCTOPHYCCKU 00€eKTH U APXUTCKTYPHHU
3a0eJeKUTEITHOCTH, 0COOCHO B paiioHa Ha KaTtmaHy, KOWTO € 00EKT Ha CBETOBHOTO KYJITYPHO
nHacienctBo Ha FOHECKO. Hsixkom ot Haii-3acernatute oOektu BKItouBaT rioman JlypOap,
nBopenbT Xanyman JIxoka, xpambt CBasiMOyHatT u XpambT boaHar.

®ur.13 u Pur.14. 3acernarure obextu 1wioman Jypbap, nBopeusT Xanyman J[xoka,
xpambT CBassMOyHaT U XpaMbT boaHart.
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6.5. 3emeTrpecennero B Mapoxo npe3 2017 r.

ITo Bpeme Ha 3emerpeceHwero B Mapoko Ha 26 depyapu 2017 1. HIKOJIKO
HUCTOPUYECKH Crpagd B Mapakem ca NOBpeNeHM WIM paspyumieHd. EauH or  Hail-
3a0eeKUTEIHATE Cydan € pkamusTa KyryOws, emHa oT Hali-CTapuTe W W3BECTHU
Tokamuu B Mapoxko. JlkaMusTa npeTbprisiBa 3HAYUTENHU 1IE€TH, BKIIOYUTETHO MYKHATUHU
M0 CTCHHTE W MaJ{HaiNa Ma3wika. J[pyru ucropudecku obektu, karo meapeceto ben KOced
u nBopena baxws, ChIO Taka MpeTHPMABAT IIETH, Makap W HE ToJikoBa TexXKu(durlS u
®Our.16).

b

e

MHOro OT CrpaAvTE B APEBHMA MPaA €& HaNYKaHH |
I F o 2 2

!

®ur.15. n Pur.16. Hcropuuecku crpagu B Mapaken ca NOBpEAEHU WIH
paspyLicHH.

Cen3MHUYHOTO MHXEHEPCTBO MIpae JKU3HEHOBAXKHA pOJIA B MPOEKTHUPAHETO U
M3TPaXAAHETO HA CTpajiv, KOUTO MOTAT Jia W3AbpKAT HA BUCOKUTE CTOMHOCTH YCHIIMSTA,
TeHepUpPaHU MO BpeMe Ha 3emeTpeceHus. KaTto pa3Oupar moBeIEHUETO HA CTpajuTe MpHU
CEM3MHUYHH YCJIOBHUS U Pa3paboTBAT MHOBATUBHU KOHCTPYKTHBHU CHCTEMU U CTPOUTEITHU
TEXHUKH, CEM3MUYHUTE WHXKEHEpPHU IOMarar Ja ce 3alluTAT Xopara U MUMYILIECTBOTO OT
OITYCTOINUTEITHATE €PEKTU HA TE3W MPUPOTHU OeacTBHs. Thil KaTo HAMIETO pa3OupaHe 3a
3eMETPECECHUSITa U CTPOUTEIHUTE MaTepUaliu IpOIbJKaBa J1a pacTe, MOXKEM Jla OYaKBaMe
MO-HATATHIICH HANpeabK B OOJacTTa HAa CEM3MHUYHOTO HWHKEHEPCTBO, KOETO IIE HU
MIOMOTHE JIa Ch3/1aJIeM M0-0€e30MacHU U MO-yCTOMYMBH crpaau 3a obaemero[1,2,3].
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[1]. Frankffurter Allgemeine - Das Erdbeben hat viele Kulturdenkméler zerstort, 2015
[2]. Der Spiegel - Grof3e Schiden bei Touristenattraktionen, 16.04.2016.

[3]. Frankffurter Allgemeine - Das Erdbeben hat viele Kulturdenkmaler zerstort, 2017.
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Abstract: The aim of this paper is to help prevent the repetition of disastrous mistakes in
the design and construction of load-bearing capacity of steel bridges with box sections,
and contribute to engineering practice in this field. The cases describe there, show that the
main causes of catastrophe are bad workmanship and a failure to recognize and think
through accident scenarios. This theme put the questions whether our engineering students
are getting the education they need for their future work. In the days before engineering
science made it possible to predict the behaviour of load-bearing structures, failures were
the main source of education and progress for builders. In the same way today, load-
bearing structures must prove themselves in practice. Machine and particularly car
makers can run a pilot series to remedy defects before going into production, but the one-
off nature and size of building structures make it impossible to test their loadbearing
capacity and remove defects before construction. The paper shows the significant influence
of the Merrison Rules for the explanation of the collapses of the steel bridges with box
section.

Key words: steel bridges, box sections, load-bearing capacity, disastrous mistakes,
1. Introduction

When analyzing the causes of structural failures many investigators find, that there is
hardly any case which could have been prevented by more detailed calculation, according
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to [1]. Other authors (J. Scheer [1], D.W. Smith [2], and O. M. Hahn [3], Fr. Faltus, M.
Skaloud [19] and J. Pechar [20]) have looked into this problem and came to the same
conclusion. The basic cause of most of catastrophic failures was one of the following: -
possibilities of failure were never even considered during design; - conditions were not
thoroughly investigated or recklessness during design or construction (rashness or even
foolishness). On some occasions, successful structures have also been the cause of failure
in later structures when seemingly unimportant changes, such as in size or slenderness,
turned secondary factors into major influences [4]. According to [1], a collection of
structural accidents might easily lead to the conclusion that construction work very
frequently involves failure. There is no doubt that accidents happen too often and it cannot
be denied that certain catastrophes could have been avoided. Nevertheless, the number of
failure occurrences must be measured against the huge number of structures. When
discussing the individual cases of bridge failure, the authors have mostly deliberately
refrained from repeating well-documented investigations. We merely make reference to
them, except in cases where our own deliberations have caused us to reach different
conclusions [1]. As engineers continuously produce technical innovations with
increasingly challenging load-bearing structures such as bridges with wider spans, of
lighter design and new materials, it can happen that due to the limitations of their standard
of knowledge, they fail to identify Aitherto unknown phenomena and dangers. Many bridge
collapses have been prevented only by the fact that the circumstances were fortunate and
we can often learn as much from these cases as from the major disasters.

2. Case Study

Progress in welding technology enabled the steelwork industry to make economic use
of the torsional stiffness of the box girder combined with its aesthetic and maintenance
advantages. Eccentric loads were largely absorbed by the two main girder walls and it was
possible to build cable-stayed bridges suspended only in the middle. There were further
advantages in trapezoidal box girders because their narrow lower width was good for the
piers while their wide upper width allowed a generously proportioned road deck. The
bearing of flange compressive forces in the wide, mostly longitudinally stiffened bottom
flanges of the box girders was something new. The buckling theory had developed beyond
the current codes of practice at the time but it was too little known, or even recognized,
that the post-critical reserves, which are generally available in webs, only apply to flanges
under certain circumstances and above all that imperfections there are of far greater
significance. The result was that compressed and stiffened flanges were designed and
constructed, in most cases unknowingly, with smaller failure probabilities than are usual in
bridge building.

2.1 The 4th Danube Bridge in Vienna

The series of incidents with large steel box girder bridges began in 1969 with the 4th
Vienna Danube Bridge. The failure was initiated by temperature actions that had not been
taken into consideration and an additional factor was oversimplified assumptions
regarding the distribution of dead weight, which led to underestimation of the stresses at
the points of failure (Fig.la,b,c). However, the bridge, with individual spans of: 120m -
210m - 82m did not collapse because, as a continuous beam over 3 spans, it retained its
load-bearing capacity as an almost statically determinate system even without significant
bending moments in the two buckled areas of the compressed bottom flanges.
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—== —_— = b) i &y c) [
Fig.1,a,b,c. 4th Danube Bridge, Vienna, 1969 [1], a) Failure of stiffened, compressed
flanges of box girders, b) Weld seam of longitudinal stiffeners-configuration in buckled
areas, ¢) Similar seam in a less severely buckled area.

The approx. 7.5m wide compressed bottom flanges of the two adjacent box girders
were strengthened here with flat steel longitudinal stiffeners 580mm apart (Fig. 1¢). In the
area of one of the two bulges their cross section changed from 160 x 12 for the 10mm thick
floor plate on the one side of the joint to 200 x 14 for the 12mm floor plate on the other. At
the other failure point the 12mm floor plate was strengthened with 200 x 14 stiffeners and
the adjacent 15mm plate with 200 x 15. The joints are shown in Fig. 1b, and one of them
can be seen on the left hand side of the photograph 1c. In the area of the 10mm floor plate,
the single spans had a load bearing stress of approx. 73% yield stress with w/d = 580 and
obviously buckled before the failure of the entire span. Fig. 2a shows the buckling of the

single span in close proximity to the main damage.
b~ 4

() S ) e—_
Fig. 2a,b. 2th Danube Bridge, Vienna, 1969 [1] a) Buckling areas near failure point, b)
Sharp fold in seam,

The joint led to a displacement of the axis of gravity by approx. 1 cm. It is surprising that,
to our knowledge, none of the investigations remarks on the cut-outs to be seen on the left-
hand side of Fig. 1c. The value r = 30mm is derived from this photograph and is probably
accurate. The cut-out weakened the smaller 160 x 12 profile and, calculated according to
the German code DIN 18 800/2, Element 301, gave the floor plate an effective area of
approx. 413 x 10, approx. 95%. This localized weak spot due to the cut-out and the
displacement of the axis of gravity corresponds to the failure profile (Fig. 2b) with the
sharp fold at the joint location. In addition to this, the relatively slender flat steel stiffeners
with w/d up to approx. 13 had already been deformed laterally by welding of the joint (4 to
6mm according to [5]), which further limited their stiffening effect (see detailed
investigation in [5]).

2.2. Case Study: Cleddau Bridge in Milford Haven, Wales,

Nine months after the failure in Austria, the Cleddau Bridge in Milford Haven,
Wales, collapsed during erection. The 819m bridge with individual spans of 77m - 77m -
77m - 149m - 213m - 149m - 77m, was built with trapezoid box girders 6.1m high, 12.5m
wide at the top and 6.7m at the bottom. The road deck projected at both sides and was
20.3m wide. During cantilever erection, the ninth element was to be attached to a section
already projecting 59m to reach the second pier. While this 17m long section, weighing
approx. 100 t, was being extended, the transverse girder of the bearing over the first pier
failed. The cantilever arm broke off and fell to the ground (according to [5]). The cause of
the collapse was false assessment of the loading capacity of the large bearing plate and
with this the failure to appreciate the importance of the eccentricity of its stiffeners,
together with the unusual force flux resulting from the inclination of the webs. The fact

281



MEXIAYHAPOJHA HAYUYHA KOH®EPEHILIUA BAHWN’2024
INTERNATIONAL SCIENTIFIC CONFERENCE BASA'2024

that the structure was severely under-dimensioned becomes apparent in that the highest
support force in later service life of the bridge was to be 55% higher than at the time of
failure. Although the failure mode might suggest failure of the box girder (Fig. 3), author
in[ 1] emphasize that the damage in fact had nothing to do this. In [1, 19] authors find this
important because this accident is frequently grouped with those of other box girders,
whose failure was due to the failure of stiffened plate flanges.

Fig. 3. Cleddau Bridge in Milford Haven, state after failure. 1970 [1]

2.3 Case West Gate Bridge, Melbourne
Only about four months later, the West Gate Bridge in Melbourne, Australia, collapsed
during its erection (Fig. 4a).

18,67 m

5,94 m 3,20m 9,58 m

& b) !
Fig. 4,a,b. West Gate Bridge, Melbourne, collapsed span, half cross section [1]

The 848m bridge with span lengths of 112m - 144m - 336m - 144m - 112m had a
three-cell, trapezoid cross section (Fig. 4b). The bridge beam was to be cable-stayed in the
three inner spans. The unusual mode of erection, the inappropriate measures taken to
remedy difficulties caused by faulty procedure and finally the collapse itself are described
in [6, 7]. Figure 5a shows that the superstructure was first erected in two sections and
Figure5b shows the large and varied deformations to the longitudinal joint, which had to be
removed to enable the parts to be connected. The superstructure collapsed when this
attempt was made.

......

Fig. S5a,b. West Gate Bridge, Melbourne, longitudinal joint. 1970 [1], a) View from below
before joining; b) State during joining

The accident had nothing at all to do with the buckling problem of box girder flanges.
One of the reasons for the failure was overload of the box girder during attempts to align
the camber by ballasting the box girder, which was being erected in halves and thus had a
considerably reduced load-bearing capacity. The publications about the collapse [8, 19, 20]
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and about the reconstruction [9,19] contain further sources and information about the
accident and give details of the defects in the original design of the bridge.

2.4. Case study: The Koblenz-Horchheim bridge over the Rhine in Germany

The Rhine Bridge in Koblenz, Germany (Fig.6a,b.c) is another typical example for
the failure of stiffened compression flanges too. The Koblenz-Horchheim bridge over the
Rhine in Germany collapsed during erection in 1971, exactly one year after the accident in
Melbourne, and once again the bridge that failed had a large trapezoidal box girder. The
structure was designed as a three-span bridge with a total length of 442 m. The 103m side
spans were to be constructed first followed by the middle span which was to be assembled
cantilevering from both sides without temporary support. Using an approx. 100 t derrick
positioned at the tip of the cantilever on the left bank side, 104m of the middle span had
been constructed when the bridge girder collapsed approx. 50m from the pier in the left
side of the Rhine.

a) gt Y ) S - ) S TS
Fig. 6,a,b,c. Rhine Bridge, Koblenz. 1971 [1] a) Bridge after collapse, b) Bridge before
collapse; b) Bridge during collapse

This occurred during lifting of the first part of the last section on the left side of the Rhine
and resulted from exhaustion of the bearing capacity of the longitudinally stiffened plate
bottom flange (Fig. 7a,b).

b)
Fig. 7a,b. Rhine Bridge, Koblenz, construction in failure area [1] a) Cross section; b)
Erection joint in bottom plate

The failure was mainly due to the detail of the bottom flange joint at the point of
failure [10]. Fig. 7a shows the cross section of the bridge and Fig. 7b shows the joint in the
floor plate with the longitudinal stiffeners. As the initial plan was to weld the cross joint in
the floor plate automatically, a 400mm gap had been left between the ends of the
longitudinal stiffeners 1/2 IPE 330. This gap was closed in the area of the stiffening webs
by a fitting piece not connected to the bottom plate and by a flange splice rib welded to it.
There remained a 30 + 400 + 30 = 460mm long window without support in the bottom
plate, which was 1Imm thick in the failed joint. Welding deformations contributed
significantly to the weakness of the joint cross section with a slenderness ratio between
460/(0.289) = 145 for the plate member with hinged supports and 145/2 = 72 for the plate
member with fixed ends. Although the plan to use an automatic welding machine was later
abandoned, the joint configuration designed to suit it was not changed. Tests carried out as
part of the expert report into the collapse [1] show how the joint cross section failed (Fig.
8a,b). When construction of the bridge recommenced, the extreme cantilever portion of
more than 100m was avoided by lifting the 600 t middle section of the main span from the
now much shorter cantilever arms (Fig. 8b). The course of the accident is described in
[8,19] and also in [11, 12, 6,19].
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Fig. 8a,b. Rhine Bridge, Koblenz [1],a) Fallure in weldmgseam (experiment), b)
Rebuilding with shorter cantilever

2.5. Case Study: Zeulenroda road bridge over Weida valley in Thuringia

The accident occurred during a cantilever erection in the second span, after two
sections had already been assembled to form a 31.5m cantilever (Fig. 9b) and the third,
approx. 14m long section, which was to be placed on temporary supports, was being
prepared for positioning. The engineering world allegedly only heard many years later
about the collapse of the Zeulenroda road bridge over Weida valley in Thuringia, East
Germany during its erection in 1973, according to [1], H. P. Ekardt, provided a detailed
report on this incident combined with generally valid observations about the responsibility
of engineers [13] (1998), according to H. Elze who had dealt with this failure in a lecture
in 1996 [14]. After completion of the bridge, the valley was to be flooded to serve as
accumulation. The 6-span, 362m long bridge with 55m side spans and 63m middle spans
had a trapezoidal box girder 2.15m high with an upper width of 5.4m and 4.0m lower
width. The bridge deck with sidewalks was 11m wide and projected 3m at each side. The
bottom flange was stiffened with 5 125 x 20 flat steel longitudinal stiffeners and with 150 x
10 flat steel stiffeners between the cross frames (Fig.9a). The box girder failed due to
exhaustion of the compressive strength of the bottom flange in the second span directly in
front of the pier (Fig. 9c).

- r \ N K " C) "( e i -
Fig. 9ab c. Bridge, Zeulenroda reservoir,1973 [1], a)View of stiffened bottom plate
b)Before the failure, ¢) Broken cantilever

It must, however, be pointed out right from the beginning that in spite of the errors
described in the assessment of the load bearing capacity of the stiffened flanges, defects of
constructional details were always the primary cause of failure. K. Roik [9] therefore
correctly identified the cause of the occurrences in Vienna, Milford Haven, Melbourne und

Koblenz, with the words “In all cases the main cause lay in defects in constructional
detailing”. The first four of the five incidents have been reported, sometimes as
summaries, in publications: [7, 19] and [5, 20]. For this reason they are only briefly
described here while placing emphasis on general aspects of the cases.

3. Consideration about mentioned failure of the Bridge construction

According to [1] the authors of the Zeulenroda Bridge have been unable to obtain for
aforementioned failure of the Bridges any details of the forces and moments at the failed
cross section, any measurements, such as the panel thickness or frame spacing, or the
configuration of the high-tensile bolt joints. All he can do is to summarize the details
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contained in [13] and [14] as follows: the bridge had been designed in 1968, i.e. prior to
the failure of the 2nd Danube bridge in Vienna. In accordance with building regulations, a
global safety factor of only 1.15 had been determined. For this purpose the load-bearing
capacity of the stiffened flange under compression was obviously overestimated by
equating it with the ideal buckling load. The pressure on the project schedule also seems
significant. Although the Koblenz failure two years earlier should have served as a warning
to check all assumptions used for the structural analysis, time was running out and this was
omitted. The total separation of erection planning from structural design also played a role.
Witnesses have reported — off the record — that discussions in professional circles often
mention the suspicion that the failure might have been due to defects in the steel supplied
from the USSR according to the GOST standards. Another suggestion was that unusually
strong sunshine on the day of the accident might also have caused an extreme difference in
temperature between the top and bottom flange. As in Koblenz, the load on the end of the
cantilever arm was avoided during reconstruction by use of a mobile crane standing on the
floor of the valley. The incidents in Vienna, Milford Haven, Melbourne, Koblenz and
Zeulenroda have often been quoted as grounds for experimental and theoretical research
into the buckling problem. The failures occurred in longitudinally stiffened steel box
girders, but this does not mean that the accidents are to be assigned fully to the breakdown
of the buckling theory, in spite of the errors that occur in practice. The accidents can be
assigned to the following causes [1]: The 4th Danube Bridge in Vienna: temperature
effects, simplified assumptions on dead weight distribution, construction: flat stiffeners,
Jjoint eccentricities, weakening at joint, welding deformations; Cleddau Bridge in Milford
Haven, Wales: Failure of bearing cross girder due to under-dimensioning; Case West
Gate Bridge, Melbourne: Uncontrolled erection procedure; The Koblenz-Horchheim
bridge over the Rhine in Germany: Design detailing: weak joint configuration,
Zeulenroda road bridge over Weida valley in Thuringia: Insufficient safety margin
during erection and false assessment of load bearing capacity of the stiffened bottom
flange of the box girder. The statement “nevertheless... in the end even the slightest sign of
low buckling stability, which would again be dealt with during erection, contributed to the
disaster” is certainly correct according to [1] U. Kriiger's assessment [15]. In spite of
information being available in engineering literature, there was little knowledge of when
post-critical reserve strength was available to allow these formally slight buckling
stabilities relating to the ideal buckling load to be justified or, on the other hand, when
ideal buckling loads greater than failure loads made it necessary to base the assessment on
other factors and include appropriate safety margins. Failure of structures almost always
results in injury and loss of life. Structural safety is therefore of primary importance right
from the beginning of conceptual design and should not be influenced or affected by other
objectives such as cost, aesthetic shaping etc. Structural failures — and many partial failures
— are often caused by one careless mistake arising because a vital problem has not been
recognized, has been underestimated or carelessly treated. A bridge is never designed and
built by only one engineer. A competent team is a fundamental requirement for the
successful completion of a structure, according to [1]. At the same time every person
involved must be prepared to support his colleagues even beyond his own particular field
of action. Standardized safety is the basis of design. It must cope with shortcomings in
design and construction, the development of the live load, the material strength and finally,
the loss of resistance due to potential corrosion. Standards are established for “normal®
cases and sometimes they are not suitable for a particular project. Clearly, the safety
requirements must be different for a simple, well-protected structure from those for a
sensitive, exposed structure. For example, essential safety may be carefully modified for
the assessment of an existing construction provided that any new parameters are
considered and the condition of the construction is thoroughly inspected. Any structure in

285



MEXIAYHAPOJHA HAYYHA KOH®EPEHLIUA BAHW 2024
INTERNATIONAL SCIENTIFIC CONFERENCE BASA'2024

which local failure could lead to a total collapse must be subjected to a higher degree of
design safety. The examples of failures in this article, due to lost of load-bearing, does not
aim to lecture the people involved in their design. For this reason, the incidents here are
described without names of the concerned parties, in order to be fair to the affected
colleagues, while at the same time learning from their mistakes.

3. Collapses Failures and Merrison Rules

According [18] the UK Merrison Committee [17,19,20] was set up after the fatal
1970 collapses at Milford Haven Bridge, (Fig. 2a,b,c) when 4 people died, and West Gate
(Yarra) Bridge when 34 people died. Key members were Prof Horne and Dr Flint who
were charged with examining the reasons for failure, setting up major programmes of
theoretical and experimental research on box girder behaviour and rapidly producing the
detailed interim design and workmanship rules (IDWR) [18]. Prof Horne and Dr Flint,
aided by the transport authorities, BSI Bridges Committee chaired by Dr. Kerensky [18],
the steel research, consultancy and contractor community, produced radical new design
and assessment rules IDWR in 2 years. This was remarkable and contrasts with the slow
fragmented process for the Eurocodes. On Milford Haven, Dr Merrison drawing on, the
now largely inaccessible, reports by Shirley-Smith, Pugsley, Jones of RAE and BAC states
that “The primary case of the collapse of the Milford Haven Bridge was a failure of the
diaphragm over Pier 6, and that this failure was certainly not primarily due to
manufacture of the bridge or its components. The diaphragm as designed simply was not
strong enough to resist the severe compressive forces it was subject to during erection.”
There was a full public investigation [19,20] of the failure of the West Gate Bridge.
Collapse was attributed to two inadequacies: -the designers failed to make the slender
stiffened plates and the details of joints which were strong enough; -the contractor adopted
an unsuitable method of erection which triggered the collapse.

Reading the full report should be mandatory for all involved in the design or
construction of mega-structures, so that they understand the complexity of interacting
technical, contractual and human factors which combined to cause the fatal collapse.
Following Milford Haven collapse full height stiffeners had been added to the diaphragms
over the bearings at West Gate, but the failure was elsewhere near mid span at a
transverse joint between the half boxes as they were being forced together. The
shortcomings of the original design were highlighted by the extent of strengthening
required for both the erection process and for service requirements. One unusual feature of
West Gate Bridge was the bolted assembly introducing eccentricities in connections of
prefabricated stiffened panels. This choice was to avoid site welding after a failure to
communicate the requirements for fabrication of the 1962 King Street Bridge [18] led to
the brittle fracture of its girders in service. Others had problems with box girders. Research
on box girders became a priority worldwide and international cooperation facilitated the
progress.

5. Influence of the Merrison Committee and International Research on the

development of steel box girders in the world

According to [18] the results of this UK work and similar another from around the world
[19-24] is reported in many conference proceedings. The Proceedings of the 1976
Conference on “Steel Plated Structures* at Imperial Collage provided updated and test and
analytical results. Further developments were covered at the 1977 “ECCS/IABSE Liege”
conference on the stability of steel structures. Other relevant research includes.
Proceedings of the 1980 Cardiff conference ‘New Code for the Design of Steel Bridges’
set out the UK state of the art before the issue of BS5400-3 1982 “Steel Bridges”. The
simplifications in the BS5400-3 meant that the opportunities for more detailed analysis and
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advanced design based on the research programmes and the rapid evolution of finite
element analysis were inhibited. In the UK box girders were shunned for 30 years after the
collapses, with Dartford (1991) and Second Severn main span (1996) being plate girders.
In Germany in 1978 the DASt-Ri 012 ,,Plate buckling® was published. Around the world
box girders flourished including Germany (e.g. K.-Adenauer-Bridge 1972), Czech
Republic (1974) [19-24] and Bulgaria (1976 and 1986). The “Asparuhov Bridge” in Varna
(Fig.10a,b), Orthotropic Bridge in Sofia(Fig.11a,b,c,d), Viaduct “Hemus”(Fig.12a) and the
“Gateshead Millennium Bridge™ (Fig.13a), shows what can be achieved by exploiting the
strengths and torsional rigidity of box girders.

Fig.10a,b. a) View of the Asparuhov bridge,1976 b) Erection of the blocks
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Fig.11a. Longitudinal cross-section and top view of the separate sections
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Fig. 12a.. Viaduct 2 “Hemus” highway Fig.13a. a) Gateshead millennium bridge 1850 to 2000

Conclusion

According to [1,19,20,21,22,23 and 24] not one bridge collapse, as reported in this
article, was due to inaccurate structural safety analysis. It is also doubtful whether the
safety theory based on a probability approach, which is now the basis for all new standards
internationally, is likely to reduce the incidence of failure and collapse of structures. This is
because the causes are not statistically distributed, but are rather gross errors that do not fit
into any probability calculation. Such concepts are perhaps better suited for appraising the
serviceability of our structures. They are often forced to extrapolate and to accept the risk
this entails [16]. Here the scientific progress in structural engineering has not brought
about any radical changes, and hence we agree with H. P. Ekardt [13], “Construction is in a
state of continuous development, progressing through emergency situations and constantly
breaking new ground in actual projects, creating something new, and in this respect is
removed from state or legal control — the area to be controlled is in itself insufficiently
objectified and defined for the requirements of law. What is needed is professional self-
control based on knowledge, experience, balanced judgment and responsibility. Control
and self-control are the two poles between which the practice of designing innovative load-
bearing structures moves, particularly when the area of technology involved is in a state of
rapid development..” The foreword began with a quotation from George Frost [17] and in
this sense these descriptions are intended to contribute to the science of engineering.
According to J. Scheer’s [1] experience: “building work is often linked with failure; this
has always been the case and always will be”. Yet if we learn from the circumstances and
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mistakes leading up to disasters in the past, we may possibly help to reduce the number of
failure occurrences, collapses and catastrophes in the future [1].
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Abstract: A brief overview of the live and work of a prominent Slovak designer of
steel and composite steel and concrete structures: Ivan Viest, who studied at S VST
(STU) in Bratislava from 1941-1946 and emigrated in USA in 1948. He collected
date about the civil engineers (CE), architects (AR) and surveyors (SU) — the
graduates of SVST in Bratislava who emigrated from 1948 -1989 in more than 12
countries. They are all an integral part of the cultural heritage of The Slovak
Republic.

Key words: Slovak structural engineers, emigrants, cultural heritage
1. Introduction

Dr. Ivan M.Viest published a complete list of the names, including the electrical and
mechanical engineers, in his autobiography, An Immigrant’s story, Xlibris Corporation [3].
He gathered the data together during the period from 1990-1999. His efforts and the
support of his friends, acquaintances and a wide circle of emigrants (B. Albrecht, A. K.
Skovranek, N. E. Samek, F. Bakes, J. Zavesky, P. Kaiser, B. Sevruk, J. Vi¢ek, P. Lizon, V.
Mocidk, etc.) resulted in obtaining very valuable information.

2. Dr. Ivan Miroslav Viest, Ph.D

Dr. Viest has been active in the building industry in the USA for 41 years in the field
of the design of steel, concrete and composite steel-concrete structural members. He has
achieved results which have had a decisive influence on the development of this type of
construction both in the USA and other developed countries.

He studied at SVST from 1941-1946. In the last year of his study he served as an
assistant to a professor of steel structures. He was a member of VRO (the Panslavic
Revisionist Organization). Its basic goal was the restoration of the democratic
Czechoslovak Republic. He was also a member of the Resistance Movement of the Young
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Generation (Odbojové hnutie mladej generacie) until the liberation of Slovakia in 1945. In
addition, he took part in the Slovak National Uprising (SNP). He passed his final
examination with honors at the Branch of Construction Engineering (OIS) of the Slovak
Technical University in Bratislava. He graduated and obtained the degree of Ing. in1946.
In the same year he accepted a job as an engineer with the Slovak construction enterprise
Lanna. In March 1947, he was awarded a scholarship by the Rotary Clubs of Georgia for
studies in the United States. Due to the events in February 1948, he decided to accept the
position of a research assistant at the University of Illinois in Urbana in the Department of
Theoretical and Applied Mechanics.

Fig. 1 Dr. Ivan Viest (10.10.1922, Bratislava — 11.02.2012, Village, Bethlehem, USA)

His advaned studies were completed with his achievement of the degree of Doctor of
Philosophy (PhD.) in 1951. He celebrated the Golden Jubilee of his marriage to Barbara K.
Stevenson. He met his wife 1952 as she was completing her studies in Chemistry at the
University of Illinois. They were married in May 1953. In the following year he became a
member of the Council of Free Czechoslovakia (Rada slobodného Ceskoslovenska).

In May 1953, Dr. Viest was placed in charge of the shear strength of reinforced
concrete and the strength of long reinforced concrete columns research. The significant
results he achieved have been exclusively used up to the present. In March 1954, he started
experimental research into stud shear connectors of composite steel- concrete structural
members. The requirements for the design of stud shear connectors, developed by Dr.
Viest were adopted by AASHO (the American Association of State Highway Officials) in
1956. The studs were first used in a bridge in the same year.

In 1955, Dr. Viest became a citizen of the United States.

In 1956, he proposed the formation of a committee on composite structures that was
established jointly by ASCE (the American Society of Civil Engineers) and ICI (the
American Concrete Institute). The Committee’s design recommendations were published
in 1960. Guidelines for the design of composite structures were published by AISC in
1961. Around 1970, composite design became an accepted practice throughout the United
States. The results in the field of repeated loading of bridge members and the achievement
of an ultimate limit state were utilized in practice after AASHO issued the Load Factor
Design for steel highway bridges in 1971.

After leaving the Bethlehem Steel Corporation in 1982, he opened an independent
practice as a consulting structural engineer. He named it IMV Consulting. Dr. Viest
organized and chaired the first Engineering Foundation Conference on Composite
Construction held in 1987 in New Hampshire. The conference was repeated in 1992 in
Missouri, in 1996 in Germany, in 2000 in Canada, in 2004 in South Africa, and in 2008 in
Denver. In March 1990, Dr. Viest made his first visit to Slovakia. During this and
subsequent visits he re-established personal contacts and contacts with the professional
public and universities in Slovakia. Over the years, Dr. Viest has participated in the
activities of many national and international professional societies including among others,
the NAE, ASCE, AASHO, AISI (the American Iron and Steel Institute), BSSC (the
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Building Seismic Safety Council), TRB (the Transportation Research Board), IABSE (the
International Association for Bridge and Structural Engineering), RCRC (the Reinforced
Concrete Research Council), etc. He has held important positions in many of these
associations and has been awarded honours. In 2002, he was honoured with the title Doctor
Honoris Causa by the Technical University of KoSice. After 1989 visited several times
Department of Metal and Timber Structures, Faculty of Civil Engineering, STU in
Bratislava. He gave lectures there and donated a collection of professional American
journals to the department. He corresponded with the first author for several years.

Dr. Viest has authored and co-authored five books and about 150 articles published in
refereed professional journals devoted to: a) Composite Structures [2], b) History of
Engineering Foundation [1], Fig.2, ¢ ) his autobiography: “An Immigrant’s Story” [3], Fig.
2. There has also been a family tree of the Viests since 1700. He is the son of Ivan G. Viest
and Maria Zacharova. His father was a mechanical engineer with the Slovak Railroad and
became president of its operations in 1936. His older sister, Zora, died in 2002 and Ivan
was survived by his younger sister, Tatiana Maria Simkova, several nieces and nephews in
Slovakia. General Rudolf Viest is his uncle and Ivan Simko, a politician, is his nephew.
General Viest, a member of the Czechoslovakia government in exile in London during
WWII, became a commander of the Army in Slovakia in 1944. He was captured by the
Germans in 1944 and killed in Berlin in 1945.

Some of his publications may be seen in Figs. 2 and 3.
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Fig. 2 Books written by Dr. Viest. From the left: 1991 [1], 2009 [4], 2006 [3]
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3. The civil engineers (CE), architects (AR) and surveyors (SU) — the graduates
of SVST (STU) in Bratislava who emigrated from 1948 -1989

Table 1 The list of civil engineers (CE), architects (AR) and surveyors (SU) — the
graduates of STU (SVST) in Bratislava who emigrated from 1948 -1989, where the
data about the year of graduation and study fields are known

Name Gl"adu Field Occupation Workplace Ye:inr of
No Surname ation of (institution/position) (country) emigra
at STU | study tion

I |Bohumil Albrecht | 1944 [cg | UiV of NM/Professor of g, 1947
Mechanical Engineering

2 |Juraj Bajgar 1964 CE USA

3 | Frank Bake$ 1958 CE Burns & Roe/Hydraulics | USA

4 | Maria Bakes 1960 CE N. Massand/Project USA

5 Peter Bart 1966 AR U. S. State Department USA

6 | Bruno Beisetzer 1967 AR Private Practice/Project USA 1969
Deutsche Welle/

7 Vladimir Blaha 1959 CE Television Editor & Germany 1963
Author

8 Boris Boor 1951 CE Peru

Dusan Botka 1966 AR Greece
10 | Cubomir Brezina | 1963 AR Canada
. Road & Traffic Authorit .

11 | Oldrich Brychta 1964 CE NSW Australi a/Designery Australia 1968

12 | Miroslav Bubak 1966 CE Canada

13 | FrantiSek Bubenko | 1966 AR USA 1968

14 |Jan Buzak 1967 CE Architect M. Bolczek USA

15 |LadislavCemny  |1952 |cE | UPiv- of MN/Professorof ) g,

Civil Engineering

U. S. Army Corps of
16 |Karol Chlebana 1979 CE Engineers, / Germany
Project Leader

17 |DuSan Chovanec | 1958 CE Cantonal Gov./Bridges Switzerland 1968

1g | Emery (Imrich) 1554 | g USA
Csintalan

19 |Peter DaniSovic¢ 1959 |CE Canada alebo

USA
Thomas Day- Greater Vancouver
20 Maduflvicky 1961 CE Region. District/Proj. Canada 1968
(Tomas Manager,
Madunicky) Consultant & Lecturer
21 |Jozef Dolezel 1966 AR Canada
22 |Ladislav Domen |1967 |AR | ¥ astimil Koubek USA 1968
Architects
23 | Tomas Dratva 1960 CE Switzerland
24 |Miloslav Drobny  [1973 |cE | D A- Simons/Stuctural e, o5 1974
Engineer
25 | Oldtich Drzmisek | 1962 CE Switzerland 1968
26 |Jean Eteny 1967 |Ar | Digital Equipment Corp. | ge o d | 1968
(Jan Hetényi) International
27 | Lubomir A. Farkas | 1978 AR USA
28 | Martin Gregor 1976 AR USA
29 |Robert Havranc¢ik | 1978 AR
30 |Ivan Hliva 1968 CE Canada
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Irena Hliva

31 S 1969 CE Canada
rod. Kuliackova
32 | Aladér Horsky 1963 CE Germany 1968
33 | Peter Horvay 1961 AR Germany 1968
34 | Peter Hron 1967 AR Germany 1968
, Regional Municipality
35 |Jan Hudoba 1968 CE Hamilton/Struct. Eng, Canada 1968
36 |Otilia Hudoba  |1968 |cE | Regional Municipality 0, 0o 1968
Hamilton/Struct. Eng.
37 |Stefan Izakovic  |1959 |AR Switzerland 1968
38 | Valéria Janek 1966 AR Germany 1968
39 |Igor Jenik 1966 AR Germany 1968
Jén Alexander Shell Canada Products
40 . 1961 CE Ltd./Engineering Canada 1969
Janovjak )
Coordinator
41 Ludwig (Cudovit) 1967 CE Hess Switzerland 1969
Jochmann
42 | Alica JuldaSova 1967 CE Stahlton Switzerland 1969
43 | Martin Kianicka 1965 CE Switzerland
44 | Jan Kodi 1949 AR Austria
s Technical University
45 |Ivan Kocian 1964 AR Braunschweig/Architect Germany
46 | Maria Koronyiova | 1974 CE USA
47 |Jozef KoSinar 1961 CE Australia
48 |Ivan Kot 1967 AR Germany 1968
49 |Ivan Kralovi¢ 1963 CE Canada 1968
50 |Michal Kravec 1968 AR | Private Practice Germany 1968
Anton
> Krivosudsky 1976 AR
52 Viasta KrgpkoY 2 11966 AR | Columbia Broadcasting USA 1968
rod. Flamikova
53 |Igor Labuda 1978 AR USA
s4 |Janalebeda g6 cp Switzerland
rod. Cizmarikova
55 | Peter Lizofi 1961 |cg | Univ-of Tennessee/Prof. g, 1968
of Architecture
. . Private Practice,
56 | Milan Lojdl 1965 AR Milan Architects Inc. USA 1970
Eva Lojdl Private Practice,
>7 rod. Virsikova 1965 AR Milan Architects Inc. USA 1970
58 |Leo Longauer 1962 CE Switzerland 1968
59 |Frantisek 1964 |CE Germany 1968
LoSonsky
6o | Helena Mackovd 466 | Ap 1968
rod. Lednarova
61 |MariaMaderovd o7, g Switzerland
rod. Vesela
Magdaléna .
62 | Majeskéd 1963 |Cp | Omtario Department Canada 1968
, Transportation
rod. Furdova
63 | Fedor Manka 1961 CE USA
64 | Anton Mathia 1976 AR Germany
65 | Fedor Medek 1966 AR Australia 1968
66 | Tibor Mernicky 1966 AR Canada 1968
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67 |Pavol Miklian 1967 AR Sweden 1968
68 | Rudolf Mitura 1963 CE Switzerland 1968
69 | Valér Mocak 1955 |aR |Private Practice/Expert | 5q 1969
Consultant
., Ammann &
70 \O/Larili;‘;“ Fedor 11044 |CE | Whitney/Head, USA 1947
Geotechnical Laboratory
71 | Ivan Ondrus 1963 CE Sweden 1968
7p |JuliaOndrus o0 g Sweden 1968
rod. Dencikova
73 | Oldfich Pajkrt 1961 CE Netherlands 1968
74 | Branislav Pavuk 1970 CE
75 | Stanislav Pisoncik 1964 |CE | lolmes & Narver, USA 1968
Inc./Design Leader
Krup Stahl AG/Head,
76 | Ivar Plasil 1955 CE Design of Engineered Germany 1969
Structures
77 | Rastislav Porubsky | 1965 CE Switzerland 1968
78 | Alena PospiSilova | 1967 AR Great Britain 1968
79 | Milan Ruzek 1963 CE Switzerland 1968
80 | Zoltén Saro 1974 |AR USA
81 | Angela Schmidt 1967 CE Architektbiiro Switzerland 1968
82 | Marian SecCansky | 1964 CE Switzerland
Federal Institute of
83 | Boris Sevruk 1961 CE Technology/Senior Switzerland 1968
Scientist
Ferguson Simek
84 | Stefan Simek 1964 CE Clark/President & Canada 1968
Principal
Frantiska
85 | Sitnaiova 1957 CE Beatti & Pronse Australia
(Szitnyaiova)
86 | Tomas Skalsky 1967 CE Switzerland 1969
87 | Pavol Slavik 1966 AR Germany 1968
88 | Peter Soldat 1971 CE USA
89 | Pavel Stankay 1967 CE USA 1968
90 | Norbert Stibrani 1958 CE Project Planning, Ltd. Canada 1969
Sze Straka Engineers
91 |Peter Straka 1964 CE Ltd/Presiden tg Canada 1968
92 | Charles S. Strelka | 1966 CE Kuchar & Strelka Canada 1968
93 |Ladislav Stucka 1967 AR USA 1968
94 | Jan Svihra 1965 |cp |Keewatin-AskiLtd/Vice- o, 0040 1969
President
95 | Juraj Sykora 1963 CE Canada 1968
g |Darina Sykora 1 gc5 | op Canada 1968
rod. Uhrinova
U. S. Department of
97 |Dennis S. Tarnay | 1957 CE Energy-Federal Energy USA 1967
Regulatory Commission
98 |Jan Teichner 1962 CE Germany 1968
99 | Pavol Timkanic¢ 1967 CE Hackensack Water Co. USA 1968
100 | Peter Toth 1958 CE Canada
Ground Water Technology
101 | Martin Trnovsky | 1966 CE Inc./Manager, Caribean USA 1967

Operations
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Lawrence Berkeley Labs
. . Univ. of
102 | Danica Truchlik 1965 AR California/Facilities USA
Architect
Morrison Knudsen Co.-
103 | Boris Uskert 1966 CE International Engineering | USA 1968
Co./Head Architect
104 | FrantiSek Veleba | 1967 CE Germany 1968
105 | Peter Venetianer | 1964 CE Switzerland 1968
Ivan Miroslav Prlvaj[e .
106 | |,. 1946 CE Practice/Consulting USA 1947
Viest .
Engineer
107 |Juraj Visny 1962 AR Switzerland
108 | Josef Karl Vicek | 1956 CE C& . . o Canada 1969
V Engineering/Principal
Private
109 |Josef Anton VIcek | 1950 CE Expert/Construction Switzerland 1969
Logistics
110 | Marian Weber 1968 AR Switzerland 1968
111 | Joseph Yeast 1966 |AR Great Britain | 1968
(Kwvasnica)
112 | Jan Zavesky 1959 |CE |} /ﬁeﬁfgiﬁg‘fg:s%n Australia 1968
113 | Aristid Zelenay 1953 CE Switzerland

Table 2 The list of ciyil engineers (CE), architects (AR) and surveyors (SU) — the
graduates of STU (SVST) in Bratislava who emigrated from 1948-1989, where all the
data are not known

Gradu .
Name ation Field Occupation Workplace Yez.lr Of.
No of e e . . emigrati
Surname at (institution/ position) | (country)
study on
STU
1 |Jozef Andrasko  [1967 |CE |Private Practice Hamburg, 1968
Germany
2 Ivan Bolcek AR USA
3 Igor Celko AR Switzerland
4 Viera Drzmiskova CE Switzerland 1968
5 | Jakub Hluchy AR Switzerland
¢ |Bern Pavol AR Switzerland 1968
Karamann
7 | Jaroslav Kevicky AR Canada 1968
8 Maria Kianickova CE Switzerland
9 |Ivan Klinovsky CE Canada 1968
10 | Anna Kohler CE Private Practice Australia 1969
11 |Lucia Korbelova AR
12 | Peter Korda SU Government Switzerland 1965
13 | DuSan Lamos CE Fondexcan Canada
14 | Amer Massarani 1977 CE Canada
15 |Pavol Minarik AR
16 |Milan Miske AR USA 1968
17 |Jevoslav Opial 1966 CE Switzerland
18 | Marcela Pauer CE Germany 1969
USA &
19 | Paul Putora AR Lanny Investment, Inc. . 1968
Switzerland
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20 | Boris Rajek CE USA 1968
21 |Pavol Razgha CE USA
22 | Rastislav Schrenk AR Germany
23 | Vojtech Sebesta CE Private Practice USA 1968
24 | Sebestova CE Private Practice USA
25 | Fero Simko AR Schultze Simko/Partner | Germany
26 | Stanislav Stanc¢ik AR Switzerland 1968
27 | Paul Stefka CE Great Britain 1968
National Research
28 | Otto Svec CE Council/Building Canada
Research
29 |Naco Vacval CE Canada
30 | Ada Weberova AR Switzerland 1969

4. Statistical evaluation

The list of data about 249 persons is divided into two parts in the book. In the first
part there are 172 names whose year of graduation from the STU and field of study are
known. In the second part the data are not complete. The structure of the graduates of STU
(SVST) who are listed as emigrants in the first part can be seen in Table 1. The percentage
that depended on the period of emigration is illustrated in Table 2. The graduates of STU
(SVST) emigrants on Dr. Viest’s list of names settled in more than 12 countries. The table
shows the percentage ratio depending on the country they emigrated to. Their application
in practice is shown in the next table.

Table 3 The percentage ratio of graduates of STU — the emigrants in the first part of
the list

Civil engineers | Architects Electrical Electrical Chemical
engineers engineers Engineers
43 % 23 % 14 % 14 % 5%

Table 4 The percentage ratio of graduates depending on the period of emigration in
the first part of the list

Before 1968 in 1968 in 1969 After 1969

6 % 70 % 16 % 8 %

Table 5 The percentage ratio in depending on the country the persons from the first
part of the list emigrated to

USA |Canada |Switzerland |Germany |Australia | Other countries (Austria, Great
Britain, Greece, the Netherlands,
Peru, South Africa, Sweden)

1/3 |1/4 1/5 1/10 1/20 1/15

Table 6 Application in practice of the graduates of the STU emigrants from the first
part of the list (most of them are employed in the private sector)

Design and consultations Industry State organizations,
universities, etc.
1/2 1/4 1/4

Dr. Viest quotes from an article by J. Vi¢ek in his book Czechoslovak Engineers and
Architects (1990): “The knowledge of graduates of Czechoslovak technical universities
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enabled them to be highly respected and to become successful. The quality of
Czechoslovak universities meets the requirements of universities abroad. Dr. Viest gives
examples of the unique structures, the emigrant graduates of STU (SVST) participated in.

They are, e.g., high-rise office buildings, banks, and hospitals in cities such as New
York, Boston, Montreal, Paris, Singapore, the Opera House in Sydney, prestressed bridges
in Australia, the Verrazano  Narrows suspension bridge in New York, the
Kohlbrandbriicke cable-stayed bridge in Hamburg, etc.

The shortened version of the first and second part of the list of graduates of STU
(SVST) which was developed by Dr. Viest can be found in the above tables. Some parts of
both lists concerning only the graduates related to the Faculty of Civil Engineering: civil
engineers, architects and surveyors have been used with his permission [11].

The first author has several letters from Dr. Viest, including his own biography with
very interesting details not given in this paper. The biography was submitted by the first
author to authors of encyclopedia Beliana.

Interesting is the following taken from one of his letter: ,,I have a computer, I am
writing this letter on it. I was first introduced to computers during the 1947/48 school year
at the Georgia Institute of Technology. I started programming myself in the late 1950s. 1
bought my first personal computer in the early 1980s. I am not connected to the Internet, as
I have decided to prevent anyone else from accessing my computer®. The letter was written
in perfect Slovak on January 11, 2009.

Conclusion
The five Slovak prominent designers: Kozak, J., Bustin, J., Behul, V., Martincek, M.
and Bezak, 1. and their structures are described in [13]. As Magnificent No.6 can be
considered Postulka, J. [14]. Dr. Ivan Viest is therefore considered as Magnificent No.7.
All these great men were exceptionally modest.
The guiding principles of Dr. Viest:
1. Learn to like your everyday work and embrace it fully;
2. Steer your work toward the future but also endeavour to learn from history;
3. Maintain good relationships with your co-workers, as well as with a wide circle of
friends and acquaintances; and
4. Do not forget the need for relaxation in a variety of forms such as sports (he has climbed
several peaks, he enjoyed skiing and playing tennis and he is fond of playing golf),
reading books and magazines, travel, participation in cultural events, etc.
Memorial Tribute to Dr. Viest was written: a) by GT Georgia Tech, School of Civil
and Environmental Engineering, College of Engineering [5] and b) by famous John W.
Fisher (1931), who visited Bratislava in 1994 with group of several American professors
[6] on web side National Academy of Engineering [7]. Dr. Viest wrote Memorial Tributes
to three famous Americans: a) Anton Tedesko (1903-1994) [8], b) Eivind Hognestad
(1921-2000) [9] and c) Jackson Leland Durkee (1922-2007) [10], who thanks to Dr. Viest
sent to the first author his collection of bridges with world record spans. Durkee obtained
collection from LaBelle, both worked at Bethlehem Steel Corporation.
Information about three Slovak emigrants may be found in [12].
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KPATKA UCTOPHSI HA MOCTA HA JUKEUMC BIOKAHBH UIJIC,

HAZ PEKA MUCHUCHIIN B ITEPUOJA 1867-1874

¢t ipen. AnToaneTa JuMuTpoBa JuMuTpoBa’

'BCY ,»JIr00eH KapasenoB*

Pe3wome: Hzcnedsanemo npasu xkpamvk 0030p Ha Mocmwvm Hiidoc, npoexmupan u
NOCMPOeH OMm U38eCMHUSL CaMOyK uHacenep [ocetmc broxkanvn Hiioc 6 nepuooa 1867-74
2., 3HaeH Kamo Hau-Cmapusm mMocm NOKpUl obemMHomo Kopumo Ha pexa Mucucunu, npu
Ceunm Jlyuc, sa616aujo ce HAU-MAWabHOMO MOCHOBO CLOPBIHCEHUE 30 BPEMEMO CU, KAKMO
U NBpUAM KOMOUHUPAH ABMOMOOUNIEH U JiCele30NbmeH MOCHI, U32PAoeH U3YSI0 Om
cmomanena koHcmpykyusa. Mocmvm Hiioc e cvopwvoicenue, Koemo umdicenepume Ouxa
Hapexu ,,cepvx 3acmpoer/o“, no /icetimc Brokanvn Hiioc pazeusa 0bp3vK UHOBAMUEEH
nooxo0 6 NpOeKmMupaHemo HAd MOCMOBOMO CHLOPBIUCEHUE om makwve mawjad. Mocmvm
Hitoc e nvpsusm, usepadern ¢ NOMOWMAa HA MPbOHU eleMeHmU U NbpeUsm, Koumo
pasuuma  u3yAI0 HA KOH3OJIHA KOHCMPYKYUs 3a u3epaxcoame HA MOCmMo8amd
KOHCmMpYKyus. B Koncmpykmugen acnekm, mMocmsvm e no2leoHal U HA3a0 6b8 8pememo,
U3NON36AUKYU PUMCKAMA APKA, KAMO KOHCMPYKMUBEH eleMeHM, NHeGMAMUYHU KeCOHU Cd
OUIU UBNON36AHU NPU U32PANCOAHEMO HA ONOpUme Ha MOCmA, 6KONAHU 00 HeOpb38aHaAmd
00 moeasa 0vaboyuna om nao 100 oyma, 0o docmueane Ha mevPOO OBHO.

Knrwouoeu oymu: mocm, Mocmvm Hiioc, cmomana, cmomanena 0vea, opeopena apxa,
KOH30JIHA KOHCMPYKYUS, NHEBMAMUYHU KeCOHU

1. BnBenenue

Mocmvm Hiioc vocu umero Ha JDkeiimc brokambn MWiinc, camMOyk HMHXKEHED,
IIPOEKTHpAJI U MOCTPOMJI HECPABHUMOTO ChOPBIKEHHUE Ipe3 2-Ta nosnoBuHa Ha XIX Bek.
Mocmvm Hiioc e nbpBuaAT MocT npe3 Mucucunu Ha tor or peka Mucypu. Ilo-panHn
MOCTOBE € UMaJIo Ha ceBep oT Mucypu, KpAeTo pekata Mucucunu e no-tacia. Huto equn
OT MO-PaHHUTE MOCTOBE HE € oL, KoeTo npenonpenens Midc xato Hail-CTapusT MOCT,
npeMocTBall pekata. Mocmwbm TpeacTaBiIsiBa KOMOMHHpPAaHA KOHCTPYKIIHS, KOSATO IMOeMa
aBromMoOmsieH Tpaduk W oOe3leuyaBa >KEIE30MbTEH IPEeBO3 HaA peka Mucucuim,
cBbp3Baiiku rpagosere CeitHT Jlync, Mucypu, u U3rouen Ceitnr Jlync Ha mara UnuHoiic.
I'pamexsT HA MOcTa 3amouBa nipe3 1867 r. 3aBbpieH e npe3 1874 (dur.1).

1
Ant. Dimitrova, Sen. Lecturer, USEA-VSU ”L. Karavelov” (vsu.bg), antoaneta_dimitrova@vsu.bg ;
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®ur.1. Mocrer Uiing, ot Ceiint Jlync 1o Usrouen Ceiint Jlyne, Ununokc, Han p.
Mucucunu (https://en.wikipedia.org/wiki/Eads Bridge)

2. OcCHOBHH MapaMeTpH Ha MOCTAa

OcHoBHUTE ITApaMeTPH Ha MOCTA ¢a IIOCOYEHH B Tadauna 1.

Tabmuna 1.

Koopannaru ]
38°3741"N 90°10'17"W

Tun ADpPKOBHUIEH MOCT

O0ma gpaKuHA 6,442 ft (1,964 m)

IMupounna 46 ft (14 m)
Haii-nbago 520 ft (158 m)
NpeMoCcTBaHe
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3a ma moeme OrpoMHHUS BOJACH o0eM m 00y3aae MoImiTra Ha peka MUCHCHUTIH, MOCTBT
Hitoc w3uckBa mopeawiia OT WHKCHEPHU TMOJBHU3HM, KATO INMHPOKOTO W3IOJI3BAaHE HA
CTOMAaHA KaTO CTPOUTEJIEH MaTepual, KOATO M3MECTBa KOBAHOTO XKEJA30 KaTO OCHOBEH
MaTepuan 3a ManabHu KOHCTpyKiuu ToraBa. OcHoBuTe Ha Hildc, BKOTIaHU HA JTBJIOOYHHA
ot Hag 100 ¢yra mox Bona, ce ABABAT HAM-ABIOOKUTE TOJBOJAHU KOHCTPYKIIMU 1O OHOBA
Bpeme. MHcTanupaHu ca ¢ TIOMOIITa HA IMHEBMATUYHU KECOHH, O€3CIOpHO, aOCOIOTHO
MHOBATHBHO NMPUJIOKEHHE Ha KECOHHA TexHoJorusi B CheAMHEHNUTE 1aTH B OHE3U THU. Te
Cce SBSIBAT HAW-TOJIEMHUTE KECOHHU OOTYIIH, H3rpaxaanu Hakora. lleHTpaaHuaT oTBop Ha
MocTa OWJI M3NbJIHEH ¢ AbIoBa NMPbTOBAa CTOMAHEHA KOHCTPYKUMS, C IBbJDKMHA Ha
npemocTBaHe oT 520 ¢yra, KOETO MpEeACTaBlsBa € HaW-ABITHIT MACHUBEH YYaCThK,
MOCTPOSIBAH MO OHOBA BpeMe. APKOBUIHHUTE ABIH ca OWIM CTPOCHH KaTO KOHCTPYKIUH,
BUCSIIN OT BPEMEHHO M3TPaXKIaHU JTbPBEHU KYJIH, CIIOMEHABAHU JIOPU KATO U3IOJI3BAHETO
3a IBPBU BT HA "KOH30JIEH MPUHIMM" 32 MalaOHO MOCTOBO ChOPBHKEHHE OT TaKbB BHU/I.
Te3u WHKCHEPHU TPUHITUIN Ca U3TMOJI3BAHM B IMOCIICJICTBUE 32 U3TPAKIAHETO HA TO-KbCHU
MOCTOBE, Hanpumep bpyknuHckusaT moct, npe3 1870 r. MocTsT € Bnucan B Hanmonanuus
PETHCTBD Ha HUCTOPUICCKHUTE MecTa KaTo HaIMOHAJTHA HUCTOpUYECKA
3a0enexxutenHocT(¢pur.2-8) (hitps:/en.wikipedia.org/wiki/Eads_Bridge).

Pt BL -
FORTREAS —u o= WL,

p -N‘ﬁ“ A— -\..
_ e wr AT e,
P o it o

®ur.2. [Inakar ot 0kon0 1874 1., miarocTprupan KOHCTPYKIKATA HA MOCTa

303



MEXIAYHAPOJHA HAYYHA KOH®EPEHLIUA BAHW 2024
INTERNATIONAL SCIENTIFIC CONFERENCE BASA'2024

®ur.3, MocteT Uiiac B mpouec Ha U3rpaxaane okono 1874 r.
®ur.4, Pucynka Ha Mmocta Uitac ot 1875 r., or Kamun H, [pai

®ur.5, [TyHKT 332 chOMpaHEe HA IBTHU TAKCH
®ur.6. Moctet Uitac - mornen ot cranuus East Riverfront St. Louis MetroLink

®ur,7. MoctwT Uiiac, mokazpami ABMkeHNeTo HA MetroLink Biiak Ha 10J1€H MBTEH JIEK.
Bunumu ca cBEeTIMHHUTE CTHJIOOBE HAa TOpHATa aBTOMOOHWIIHA MIaTdopma.
®ur.8. IIpemunasani Biak Ha MetroLink mo mocTa Uiiac
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3. IlpunoxkeHue HA CHOPBHKEHUETO

Pa3zpacTBaHeT0 Ha Kele30MbTHUTE JUHHMHM cieln [paxknaHckaTa BoOWHA IOTHCKA
3HAYUTEIIHO PaBUTHETO HAa pPEYHOTO KopabormnaBaHe. [lo To3u Haumn Ywukaro ce
YIBBp)KJaBa KaToO LEHTbpP Ha THProBUsATa Ha 3aman. MocThT € Oui mpenBUieH Ja
BB3CTaHOBU BennuueTo Ha CelHT Jlyuc kaTo HeHTbp Ha ThProBUATA, Ype3 CBHP3BaHE Ha
JKEJIe30ITbTHHUS U aBTOMOOWITHUS TPaHCTIOPT Tipe3 pekata. Jxeiimc Hiinc e 6w u30paH 3a
[JIaBeH MHXEHep MO0 U3TPaXKIaHe Ha ChbOPBKEHUETO. MOCTHT € MOCTPOEH OT KOMITAaHUSITA
3a MOCTOBHM CbOpbkeHUs ,,Hnunoiic u Ceiunm JIyuc®. Ilogusnsinuren e ,Kuiicmoyn
bpuosxc Kvmnanu®“, ocHoBana mnpe3 1865 r. or Annapro KaphHerw, xoumo wusrpaxnar
CTOMaHEHaTa KOHCTPYKIIUS Ha MOcTa. B onmuT 1a moacurypar 0baelne Ha MUIaBaTeJTHUTE
CH ChAOBEe, KaKTO U B 3alllUTa Ha MHTEPECUTE CH, MapaxOJHHUTE KOMIAHHM JOOUpAaT 3a
MOCTaBsSHE HA OTPAHMYEHHS B CTPOUTEIICTBOTO HAa MOCTOBE, IOCTaBSHKM HETOCHUIHU
CTaHJapTH 3a Pa3CTOSIHHMS U BHUCOYMHHU, HEUYBaHU MpeAu. ToBa € HaloKEHO, 3a Ja ce
MOJICUTYPH HEO0OXOJIMMO €KCIJIOATAllMOHHO MPOCTPAHCTBO 3a IUIABATEIHUTE ChAOBE IOJ
OCHOBaTa Ha MOCTOBETE, N0 OHOBAa BpeMe. 3aWHTEPECOBAHUTE CTPAHU HA MAPaXOIHUTE
KOMITaHWY Ca TUIAaHUPAIIU Ja MPEIOTBPATST U3TPAXKAAHETO HA KAKBHUTO U J1a € ChbOPBKECHUS
WM KOHCTPYKIIMH, C TIeNl Ja CU OCUTYPAT MPOIBIDKUTEIIHO HAIMOIIKUE B PeUHUs Tpaduk,
KaKTO ¥ 32 MOAIbpXKaHE Ha THPTOBUATA B PETHOHA, a M J1a bP)KAT B 3aBUCUMOCT JPYT BUJ
TpaHCTOPTHU TpeBo3Baun. CKpHTa 1en € OWJo Ja ce M3MCKBAa M3TPaKIAaHETO HAa MOCT,
TOJIKOBA TPaHIUO3€H M BHCOK, Y€ Jla € HEeBb3MOXKHO Jla C€ W3JUTHe, cleABailku
OOLIONPUETH/YCTAHOBEHH CTPOUTENHA TEXHUKH. TakbB MOCT OM HM3UCKal PaJMKAIHO
MHKEHEPHO pelIeHHE B Mpolieca Ha poekTupaHe. CUIIHOTO TeueHHe Ha peka Mucucuni e
ouno moutu 3.8 MeTpa B CEKyH/Ia, a TIPe3 3uMaTa CTPOUTENIHTE € TPSIOBAJIO Jja MPEeo10IsIBaT
U JIEICHU IJIACTOBE.

4. AHanorusi Ha MOCTa C TPH-OTBOPHA IbI0BAa KOHCTPYKIUS

Opebpenara apka e 100pe U3BECTHA CTPOUTEIIHA TEXHUKA OT BeKoBe. KoHCTpyKInsTa
Ha TpbOHA METaJHa apKa C TPU y4yacThKa ce MOIbprKa OT 3ayCTBaHUS B JBara Kpas, T.€. B
JBaTa Opsira, KakTo W OT HOCEIIM KOJIOHU WJIM OMOPH B CpejaTa Ha pekara. 3a TO3U MOCT,
YeTUpU YM(Ta apKH Ha y4acTbK (FOpHA U J0JIHA) ca OWJIM IPEBUICHH - HAa Pa3CTOSIHUE OT
oceM ¢yta (2,4 M) eqHa OT Apyra, MOAAbPKAWKHU JEK WIH IITHO TIJIATHO 32 aBTOMOOHWJICH
Tpauk Ha TOPHO HUBO, W JKEJIE30IbTHA MaTGopma Ha M0aHO HHUBO. KoOHCTpykuusita
BKJIIOUBA PAa3HOOOpa3HM, HO UM 03aJayaBallld IPOEKTAHTCKU pELIeHUs, aapecupaiiku
pa3nuyHM HampexeHus. ToraBa, HIaTCKUTE M (efepaiHUd peryianuu He MO3BOJISBAT
BUCALIM WJIM MOJEMHU MOCTOBE, WJIM AbPBEHHM KOHCTPYKIMH. MIma orpaHuueHus 3a
IbJDKUHATa Ha OTCeYKaTa Ha MPEMOCTBAaHE M 3a BUCOYMHATA HAJ JIMHUSATA Ha BOJHOTO
HUBO/mIaTHO. OCBEH TOBA, MECTOIOJIOKEHHETO M3UCKBA ChITIACYBaHE HA Pa3IMKUTE BB
BHUCOUYMHHUTE - OT HUCKaTa 3aJIMBHA HU3MHA Ha WMnuHOoICc Ha M3TOYHMS Opsr Ha pekara 10
BHCOKaTa cKaia Ha Mucypu Ha 3anajaHus Opsr. BugoBere HaTHUCK, CHIIM Ha BB3/ICHCTBHE U
HaIlpeXeHUs1 BOIU 10 MPOEKTUPAHETO HA MOCT, PAa3M0O3HAT U NMPU3HAT KaTO HUHOBAaTUBEH 110
OTHOIIIEHHE HA MPELUU3HOCT U TOYHOCT HAa KOHCTPYKLUATA, KaKTO U IO KOHTPOJ Ha
KauecTBOTO. B TO3m ciywail, ToBa € mbpBOTO H3IOJ3BAHE HA JIETMpaHa CTOMaHa, KaTro
CTPOUTEJIEH MaTepual B/3a MamadHa CTPOMTEIHA KOHCTPYKUMS, Ype3 H3IO0JI3BaHE Ha
KOMIIOHEHTH OT JIiTa XpOMHUpPaHa CTOMaHa — BBIIPEKH Y€, KAKTO MOKa3BaT JIabopaTOpHU
U3MUTBaHUA OT 1988 T., KOTHMYECTBOTO XpOM € OMIIO TBHPJ/IEC HHUCKO, 3a J1a UMa Jane e(eKT
Ha SIKOCT W 3JpaBUHA. 3aBbPUICHUSAT MOCT CBHUIO W3M0JI3BAa 3HAYUTEIHU, HO HEU3BECTHHU
KOJIMYECTBA KOBAHO JKeJA30. Mic TBbpaM, Y€ rojasiMaTa yCTOMUMBOCT HAa CHJIa HAa HAaTUCK
Ha CTOMaHaTa € MHOTrO IMOAXOJAINA 3a M3MOJ3BaHETO W MpH JU3ailH Ha W3AMIHaTa (Ha
BHCOYHMHA) apKa WM PUMCKa apka, win Hanpumep: Stilted Arch (Dwur.9).
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®ur.9. Cxema Ha pumcka apka (https://encyclopedia2.thefreedictionary.com/stilted+arch)

Pemennero My e pe3yaTar OT CTpaHHAa KOMOMHAIUs OT CIy4ailHOCT U HEOOXOIMMOCT,
MpPEeAUMHO TOpaaAd HEJOCTaThYHO M00pHM CHIPOMAT CBOMCTBA HA AJTEPHATHBHH
MaTepHaJIn.

5. TexHoJiorusa Ha pyHIMpPaHe HA MOCTA

CkanHaTa OCHOBAa € MOXeEJO Ja Ob/e AOCTUIHATAa camMoO 4pe3 AbJIOOKO COHIUpPAHE,
ouneiiku 125 ¢yra (38 M) moj HUBOTO Ha BojaTa OT cTpaHara Ha MnuHolic u 85 ¢dyra (26
M) B 1b1004MHA OT cTpaHata Ha Mucypu. Cnennduynn Gu3nuecku TpyAHOCTH Ha 00eKTa
CTUMYJIUPAT HMHTEPECHU CTPOUTETHH pewieHus. J[ba00oKUTe KEeCOHH, M3MOJI3BaHU 32
W3rpaXJaHe Ha MOJIOPHHUTE KOJOHHM W HOCEIIM OIOpH, OTOENs3BaT HOBa TIJlaBa B
rpaxaaHckoTo cTpoutenctBo. Hocemure crbiaboBe ca uznern Ha nodytd 30 M. moa
MOBBPXHOCTTA Ha HUBOTO Ha peKara. buaelku BB3NMPEMSITCTBAHU J1a U3TPAAST BpeMEHHA
MOJIIOPHA CKEJIETHO-PAMKOBA KOHCTPYKIMS 33 HU3rPaXJAaHETO Ha apKOBUIHUTE IbIH,
KOeTo OM MONMpeumwsio Ha IUIAaBaHETO IO peKaTa, WHKeHepute Ha Wiinc m3obOpersBar
KOH30JIHa TaKeJakHa cucTeMa. 3MJaHU CThJI00Be Ca M3UIHATH Ha BHCOYMHA OT MOYTH
37 metpa - npubnusuTenHo BUcounHata Ha 10-eTakHa crpaga. Okosio 24 MeTpa OT TO3H
Y4acTbK € M3KOMaH Mpe3 MAChYHOTO KOPUTO HA peKaTa, 10 JOCTUTaHETO Ha CKAIHO ABHO.
Wnc mpunara ctpouteneH MeTo 1, KOWTO € HabmonaBai B EBpona, mpu KoiTo 3umaapusra ce
MOCTaBs/U3rpakla BbPXY MeTallHa Kamepa, I'bJIHA ChC CI'bCTEH BB3IyX. B kamepara ce
n00aBsi KaMbK, KOETO BOJH JI0 TOTHBAHETO HAa KecOoHAa. PabOTHUIM ce TMypKaT B KECOHa, 3a
Jla HaXBBPJIAT MACHKA B TIOMIIA, KOSITO IO U3CTPENIBa BB Bb3JlyXa, 3a J1a MOXKE 3UAAPHUITA
Ja ObJie U3IbJIHEHA U TaKa BI0XKEHA B KOPUTOTO HA peKara.
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6. 3HAYMMOCT Ha MOCTA B OHA3H €lOXa M OTHOLIEHHETO HA 06HICCTBOT0 npu
HEroBOTO OTKpUBAaHE

MoctsT Hiiac e 6un npusHat 3a 0e3cOPHO MHOBATHBHO U BBIHYBAIIO IMOCTHXCHHE.
[Ipe3 nenust cu xxuBot, Uiiac npugodusa 47 maTeHTa, MHOTO OT KOUTO ca OWJIU MOJTy4YeHU
3a 4acTU OT KOHCTPYKLHMATAa Ha MOCTa M YCTpoiicTBaTa 3a HEroBoTO m3rpaxnaane. Ha 14
toan 1874 r. JIxon PoOuHCHH moBexaa "mpoOeH cioH" TecT-pa3xojaKa MO HOBHS MOCT
Wiinc, 3a na nokaxe, ye e 6e3onacHo. OrpoMHa ThHJNA aluIoANUpa, JOKATO CIOH C€ THTPH
TpoMaBo KbM Mnmnoiic. OOLIonpuero BsipBaHE IJ1acd, Y€ CIOHOBETE MMAT MHCTUHKTH,
KOMTO OMXa TW Hakapald Ja He Ja CTBIIBAaT BBPXY OMACHM KOHCTpyKuuu. MWiinc
OpraHM3upa ABM)KEHHETO Ha 14 JIOKOMOTHMBA, KOUTO IPEMHUHABAT E€IHOBPEMEHHO IIPE3
MocTa, B aBeTe nocoku. IIpesunentst Yucuc C. I'pant ocBemasa mocta Ha 4 ronu 1874
r. I'enepan VYwiam T. Ilbpman 3abuBa 37maTHaTa MHKa, OTOESA3BAaliKM Kpas Ha
U3TPAXKIAHETO HAa ChbOPBKEHUETO. YecTBaHETO B JIeHS Ha OTKpuBaHEeTO Ha 4 romu 1874 1.
BKJIIOUBA I1apaj, KOUTO ce npoctupa Ha 24 kM no ynmuuure Ha Celnt Jlync. Ilpes 1949 r.
3/lpaBMHATa Ha MOCTa € M3IUTaHa C €JeKTPOMAarHUTHHU TEH30JaT4MIU. Y CTaHOBEHO €, 4e
nbpBOHayanHaTa oneHka Ha Eads 3a momyctumo HatoBapsane oT 3000 mayHna Ha ¢yt
(4500 kr/m) Moxe na Obae yBenmmueHa 1o 5000 maynaa va dyt (7400 kr/m). Criopen Kapon
@®epunr emu, npodgecronaneH nucaTesn, KOWTO € Hanucan ouorpadus Ha au3aiiHepa Ha
MocTa, MOCTBT Miifc Bce olie ce cuuTa 3a €IWH OT Hail-MalaOHUTEe MOCTOBE, CTPOCHU
HSKOTa.

TPHU-0TBOPHA CTOMAHCHA KOHCTPYKIIUHA

7. TrpceHe HA aHANOIUsA MeKAY TPH-OTBOPHA KAMEHHA ALIOBAa KOHCTPYKUHSA H

Jxeiime Uiige Hukora He O ctpoust MocToBe. B oHe3u Bpemena Uiinc ce 3anaBs ga
criacsiBa ¥ BB3CTAHOBSIBA Pa30MTH mapaxoau mo pekute Mucucunu u Mucypu. 3HaeH e
KaTo caMOyK MH)KeHep. 3a Ja Oblie Bh3MOXKHO J1a ce mpeMocT pekara npu Ceitnr Jlyuc,
Wiinc e u3uckan HampaBaTa WiM u3pabOTBAaHETO HA CTOMaHa IMO-37paBa OT JKEIS30.
[TpousBeneHa 3a mbpBU OBT OT becemep mpe3 1854 r., ToBa e Ouiia cToMaHa, KOATO HUKOTA
npean He € Ouiia U3MoJI3BaHa B CTPOUTENICTBOTO Ha MocToBe! [loBeueTo MocTOBE 11O OHOBA
BpeMme ca Ounu ¢ (epMOBH KOHCTPYKIIMHM WM BHCSIIM MOCTOBe, HO Wiinc e uckan na
ChU€TaC HOBMsI CTOMAHEH MaTepual C JpeBHa (popma, a UMEHHO, TaKa MO3HAaTaTa PUMCKa
apka  (¢ur.10.) (https://www.freepik.com/premium-ai-image/symbolic-ancient-roman-
aqueduct-arch-transparent-background 149318143.htm).
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®ur.10. KameHeH Tpu-0TBOPEH MOCT

TpuTte 3HAYNTETHO ABJTA W BHCOKH APKH Ca TMO3BOJIMJIM HAa MHOXKECTBO DPEYHHU
I1aBaTCJIHU CBAOBE C BHCOKM BHCOUYMHHU Hda IJiaBaT H" HpeMI/IHaBaT mog MOCTOBOTO
ChOpBXKEHHUE. 3a J1a OCBIIECTBU APB3KOTO CH MHXXEHEPHO pemieHue, Mitac e tpsoBamo ma
npeonosniee Auapro KapHeru oTHOCHO M3MOJ3BAaHETO HAa BUCOKO-KaueCTBEHaTa CTOMaHa Ha
becemep u Cumenc-Maptun (Bessemer u Siemens-Martin) 3a HOBOTO MOCTOBO
chopbkeHue. KapHerm He € BspBaj, Y€ HU3MOJB3BAHETO HAa WHOBATHBHO-pa3paboTeHaTa
CTOMaHa, a ¥ KaTO HOB CTPOUTEJICH MaTepHall 3a IeJINTe Ha MOCTOBAaTa KOHCTPYKIIMS, I
0b1e 6e3omacHo. [Ipe3 1872 1., cinen kKaTo KaMEHHUTE HOCEIIH CTHJIOOBE HA MOCTA CTHITBAT
Ha TBHPAO ABHO U ca (UKCHUPAHHW CTAaOWUJIHO B 3€MHATa OCHOBA, W CJEA KATO ISUIOCTHO
OTIOPHHUTE KYyJIW Ca W3TPAJICHU U 3aBBPIICHH, CE€ 3amoyBa paboTa MO CTOMaHEHEHOTO
npeMmoctBaHe. PagukanHusat nu3aiiH Ha Miijac U3nMckBa BiaraHeTo Ha OrPOMHO KOJIMYECTBO
Metan — usnon3sar ce Omm3o 2400 Ttonma cromana u Haa 3100 TOHA KOBaHO KEJSA30.
KomnanusTa Steel 1a1a Bb3MOKHOCT 32 TOBA APB3KO pellleHHeE.

Ilono0Ho Ha apkara I'eiiTyeli qHec, mocTbT Miiac e cMMBOJI Ha rpajga 1o OHOBa
Bpeme. MoctsT Uiinc, 3asbpiied B CeltHT Jlync npe3 1874 r., € mbpBUAT B CBETAa MOCT C
000co0eHa KOHCTPYKIIMSA Ha cTOMaHeHa Abra. Toil ce siBsiBa U MbpBaTa B CBETa 3HaYMMa
CTOMAaHEHA KOHCTPYKIMS OT KaKbBTO U J1a € BUJ, KOETO € J0BEJIO JO IIOBPaTeH MOMEHT B
CTPOUTENICTBOTO Ha MOCTOBe U crpaaud. Uiinc ycmsBa na mpemocTH (a HpexXBBPIIN)
miMpokara peka MHUCHCHIIM B OTCEYKa, KbJIETO MallllMHa CMATalM, 4€ ToBa OM OUI0
BB3MOKHO. Jlopu ormie npean na 0b1e 3aBbpiieH, MocTbT Hiiac ce mpeBpbina B CHMBOI
Ha Ceiint Jlyuc (ur.11).
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®ur.11. Usrnex va mocra (https://www.waterwaysjournal.net/2024/07/01/eads-bridge-remains-an-
engineering-marvel/ )

Cam no cede cu, MoctbT Uiifnc ocTaBa HHAKEHEPHO 4y0. SIBABa ce eIMHCTBEHATA
CTPYKTYpa, KosATo cbliepHrun Ha Apkara [eiityeit (The Gateway Arch) karo cumson
Ha Celint Jlync! ,,ToBa HaucTMHa € HEHaJAMMHATa CTPYKTypa Ha CbBBPLICHCTBOTO M
KpacoTaTa, U HUKOra HE MM OMpPB3Ba‘“, MuIle MOeThT YoiT YuTMmaH npe3 1882r., ocem
TOJIMHHU CJIeJ] OTBApsSHETO Ha MOcTa 3a JBMxeHue (pur.12).

®ur.12. N3rinen ua mocra

8. PexaOuuauranus Ha mocta npe3 2012 roa.
IIpe3 2012 r. /IBycTpanHara abpkaBHa AreHuusra 3a Passutue/Merpo crtapTupa

MPOEKTa 3a pexadbmnuranus Ha MocTta Miiac, 3a 1a yabpDKd eKCIUIoaTallMOHHUSL MY ITUKBIT
noHe A0 2091 roguna. Br3craHoBsiBaHUsATA BKJIIOYBAT MOJIMsIHA HA 1,2 MUJIMOHA NTAyH 1A
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MOJIIOPH, CKOOM M pyra OMoOpHa cToOMaHa, Aatupamia ot 1880 r.; mpemaxBaHe Ha IsiaTa
0051 U KOpO3us OT HAJCTpoiKaTa; MpedOosaIUCBaHE HA HAJCTPOHKaTa C aHTUKOPO3HOHHO
MOKPUTHE; PEMOHT Ha MOBpEACHA KOHCTPYKILUS; BBH3CTAHOBSBAHE HAa OCTOHHU OIOPH;
BB3CTAHOBSIBAHE Ha TYXJIEHH apKH, W HAATpaKJaHe Ha peJICUTe Ha KOMIIaHUATA
MertpoJluak (MetroLink). OOmara cToifHOCT Bb3nM3a Ha 48 MWIMOHA IIATCKU J0Japa,
kato 27 WMWIMOHA Jojlapa ce ooOe3neuyaBaT Ha 0a3a AMEPHKAaHCKHUAT 3aKOH 3a
BB3CTAHOBsIBaHE U peuHBecTHpaHe, oT 2009 r. Bropeku, ye ce oyakBa Ja 3alo4yHE IIpe3
2009r., pabotaTa 3amouBa 4yak npe3 2012 r. mopaaud TPYJAOBH CHOPOBE U TO-BUCOKU OT
OUaKBAaHUTE OLIEHKM Ha paszxoauTe. M3mbiHuUTEnuTe 3aBbpIIBAT mnpoekra mpe3 2016 .

(pur.13).

Ha ocHoBaHue rope-u3inoKeHoTo J0TYyK, MOXKe Ja ce Kaxe, ye JkeliMc brokansn Uitac
€ uMaj abCcoJIIoTHATA UJesl 3a BU3MS Ha MaIlaOHO CTOMAHEHO ChbOPBKEHUE, T.€. HalpaBara
Ha MOCT OT CTOMaHAa, MaKkap 1 TOBA Ja € NPEIONPEACIIIO H3IBJIHEHUETO U U3TPAKIAHETO
Ha MHOTOKPATHO, CTaTUYECKU HEONPEEIINMa CTABHO IIPHTOBA (pepMOBa KOHCTPYKLH.

®ur.13. Usraen na mocta npe3 2016 roa. ( https://www.archpark.org/visit/points-of-
interest/museum-at-the-gateway-arch/new-frontiers/eads-bridge )
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