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BUILDINGS, DEMOLISHED DURING THE CONSTRUCTION OF THE
SLOVAK NATIONAL UPRISING (SNP) BRIDGE

Balaz Ivan!, BalaZzova Pavla?, Kolekova Yvona®

Faculty of Civil Engineering, Slovak University of Technology in Bratislava, the
Slovak Republic;

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;

Department of Structural Mechanics, Faculty of Civil Engineering, Slovak University
of Technology in Bratislava, the Slovak Republic.

Abstract: Collection of rare photographs of old buildings located around Bratislava
Castle which were destroyed during construction of SNP bridge over the Danube
river in Bratislava.

Key words: collection of rare photographs, cultural heritage, buildings around
Bratislava Castle, demolition of old Bratislava due to SNP bridge construction

1. Introduction

SNP Bridge is the second permanent bridge over Danube River in Bratislava, the
capital of the Slovak Republic. It is a steel cable-stayed bridge with a single backward
inclined steel tower and a single cable plane. The asymmetrical position of the inclined
84.6 m high A-shaped tower, crowned by a circular restaurant with 32 m in diameter,
creates a natural balance to the famous Bratislava Castle and the St. Martin's Cathedral.
When it was constructed in 1969, the bridge, with main span 303 m, was the world record
holder in the category of cable-stayed bridges. The bridge was the fourth-longest cable-
stayed bridge span when it opened to traffic on August 29, 1972. It was the winner of the
competition Structure of the Twentieth Century in Slovakia, organized in 2001. The
original name of the bridge was Slovak National Uprising Bridge (in Slovak: Most
Slovenského Narodného Povstania). It was renamed, like other Bratislava Danube bridges,
after the collapse of the communist regime in the beginning of the 1990s. The name “New
Bridge” was valid only in the period 1993-2012. Before and after this period the name is
SNP Bridge. The bridge was designed by a team from Slovak University of Technology
(STU) in Bratislava led by Professors Arpad Tesar, structural engineer for steel structures,

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

2 Balazova Pavla, Mgr., Bc., Slovak University of Technology, Radlinského 11, 810 05 Bratislava and
Comenius University, Gondova 2, 811 02 Bratislava, Slovak Republic, balazpa@gmail.com

3 Kolekova Yvona, Assoc., Prof., Ing., PhD., Slovak University of Technology, Radlinského 11, 810 05
Bratislava, Slovak Republic, yvona.kolekova@stuba.sk
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Jan Lacko, architect and Associate Professor Jozef Zvara structural engineer for concrete
structures (Fig.1).

Just after winning the competition Structure of the Twentieth Century in Slovakia,
organized in 2001 a lot of people attacked SNP bridge in media. The reason was his
location intersecting historical old part of Bratislava around the Castle Hill.

The paper shows collection of several photographs of demolished buildings and their
state in the time just before their demolition.

SvF STU in
Bratislava
Slovakia

Fig. 1. SNP Bridge opened to the traffic in %9“‘ August, 1972: 5
a) Photo: J. Bartos, B. Schreiber, J. Sekal; b) Photo: J. Cenck. PRESS FOTO CSTK.

2. Collection of photographs of destroyed buildings

Figure 2 shows an aerial view of Bratislava in 1919-1921. The purpose of the three
maps is: a) topography of Bratislava in 1958 (Figure 3), b) names and location of streets,
squares and embankments in 1958 before SNP Bridge (Figure 4) and c) the changes in
1980 after building of SNP bridge (Figure 5).

The maps are followed by 150 photographs of buildings which were demolished
during construction of SNP bridge in the sixties and the seventies. The buildings were
photographed mostly in the sixties, some of them in the fifties. Most of the photographs
were taken by Juraj Bonco [2] and Igor Scholtz [3]. Some of them are taken from the book
[2] and from the portal PamMap [4] (courtesy of Professor Juraj Sedivy, founder of
PamMap and owner of the big collection of photographs).

The following system is applied in the arrangement of photographs sequence:

- the photographs on a given street or embankment are arranged from the west to the
east. In many cases this was possible to do it thanks to known house numbers;

- photographs of buildings on embankments next to the Danube river are treated as
first. They are then followed by photographs of building in streets and squares
arranged systematically from the south to the north. The beginning of the streets
and embankments is always in their west end.

- the above system facilitates fining the positions of the buildings on the map in
Figure 4;

- the names of the embankments, streets and squares are in English and in brackets
(...) also in Slovak language, as they are written on the map in Figure 4;

- former names of streets are written in brackets [...];

10
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- some embankments, streets and squares are named after important persons. The
names of these persons are provided at the end of the paper.
The older historical photographs may be found in the portal PamMap [4].

—
Q
=
=
v
2
3
c
(1)
o

1919-1921

= BQATIISLAVA -
POZSONY - PRESSBURG

Fig. 2. Bratislava. Aerial view from 1919-1921.
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Fig. 4. Bratislava. Map 1958. [1].
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Fig. 5. Bratislava. Map 1958. [1].
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Fig. 6. Embankment under the Castle (Podhradské ndbrezie). About 1960:
a) Miinzhaus (monetagium) in the background; b) Miinzhaus. [2].

Fig. 7. Embankment under the Castle (Podhradské nabrezie): a) Church of the Holy Trinity
(Kostolik Sv. Trojice) built in 1734 by bishop Jozef Berényi. Trokanova [former Vitézova,
Korabinského] street is on the left. About 1960; b) Water tower (Vodna veza) was found
here on Pike (Stukova) street. Sixties. [2].

Fig. 8. a) Embankment under the Castle (Podhradské nabrezie). Former inn At Black
Bear. About 1970. [2]. b) Jesenin embankment (Jeseninovo nabrezie) No.2. View from the
Danube river. (Photo Igor Scholtz).

b)
Fig. 9. Jesenin embankment (Jeseninovo nabrezie) No.16, 14 and 12. View from the
Danube river. Kdlal street on the right. 1965. [2]; b) No.12. (Photo Igor Scholtz).
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b)
Fig. 10. Jesenin embankment (Jeseninovo nabrezie).View from the Danube river:
a) No.16; b) No.16. (Photo Igor Scholtz).

Fig. 11. R4dzus embankment (Rdzusovo nabrezie). Buildings prepared for demolition:
a) 31.3.1968; b) 1.4.1968. (Photo Juraj Bonco).

b)

Fig. 12. West end of Zigka street (Ziskova): a) House of F. X. Messerschmidt in the
middle. After 1969; b) House of F. X. Messerschmidt No.49. Between houses there is
Ipel'ska [former Messerschmidt] street. The street on the right is Mlynarska street, where
there were only two houses [2]. F. X. Messerschmidt bought building of the former inn At
Jelen (At Deer) in 1780 and lived in this house. A gravedigger lived in Mlynarska street.

Fig. 13. a) Ipel'ska [former Messerschmidt] street. View from the Danube river. About
1960; b) Ziska (ZiSkova) street No.43. 1965. [2].
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Fig. 14. a) Braunecker street. View from Ziska (Ziskova) street. About 1960;
b) Ziska street. The entrance to Braunecker street on the left. Fifties. [2].

Fig. 15. Ziska (Zigkova) street: a) The entrance to Braunecker street on the left. 1955;
b) The Kamper mansion (Ziska street No.12) in the foreground, the Brimmer mansion
(Ziska street No.18) in the background. About 1970. [2].

a)
Fig. 16. Ziska street (Ziskova): a) The Kamper mansion (Ziska street No.12) in the
foreground, the Braimmer mansion (Ziska street No.18) in the background. 1961; b)
Former Zuckermandel City Hall. The Brammer mansion in the background. [2].

) :
Fig. 17. Ziska (Ziékgva) street: a) Kamper mansion No.12. 1965;
b) Inn on Ziska street No.1. About 1960. [2].
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Fig. 18. a) Ziska street No0.60. 1930. Destroyed in 1961. [2];
b) West end of Pridavok (Pridavkova) street. Around 1962. [2].

b)
Fig. 19. a) East end of Ziska (Ziskova) street. Beginning of Zuckermandel. King's arsenal
from 16th century. 1969. Demolished in seventies. [2]; b) Zuckermandel. Arsenal. 1968.
(Archive of Peter Horansky).

Fig. 20. Pridavok (Pridavkova) street No.38: a) View from Vydrica street;
b) View from the Danube river. (Photo Igor Scholtz).

Fig. 21. Pridavok (Pridavkova) street prepared for demolition. From the left: a) No.38, 36,
34, 32, 30, 28, 26. About 1970; b) No.34, 32, 30. 31.3.1968. (Photo Juraj Bonco).
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Fig. 22. Pridavok (Pridavkova) street. View from the Danube river:
a) From the left No.34; b) No.32. (Photo Igor Scholtz).

b)
Fig. 23. Pridavok (Pridavkova) street. View from the Danube:
a) From the left N0.30, 28 and 26; b) From the left No.28 and 26. (Photo Igor Scholtz).

b)
Fig. 24. Pridavok (Pridavkova) street. View from the Danube:
a) From the left No.20 and 18; b) No.18. (Photo Igor Scholtz).

Fig. 25. Pridavok (Pridavkova) street. No.16: a) View from the Danube river; b) View to
Kalal (Kélalova) street. (Photo Igor Scholtz).
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a)
Fig. 26. Pridavok (Pridavkova) street No.16.: a) View to Kalal (Kélalova) street. 1965;
b) The corner of Pridavok and Kalal street. 1964. [2].

Fig. 27. Pridavok (Pridavkova) street. View from the Danube. From the left: a) No.18, 16
and 14. After 1965; b) No.16, 14 and 12. About 1960. [2].

b)
Fig. 28. Pridavok (Pridavkova) street: a) From the left No.14, 12 and 10. View from the
Danube river; b) No.15. (Photo Igor Scholtz).

Fig. 29. a) and b). Pridavok (Pridavkova) street. No.11. (Photo Igor Scholtz).
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Fig. 30. a) Pridavok (Pridavkova) street; b) Stairs at old water station (Schody pri starej
vodarni). About 1965. [2].

Fig. 31. Florian (Floridanska) street. 1955: a) No.14. Stairs at old water station (Schody pri
starej vodarni) on the right; b) View from Pike (Stukova street). [2]. Floridnska street was
famous in the past for its inns and whorehouses.

Fig. 32. a) Florian (Florianska) street. In the background there are houses on Vydrica street.
1955; b) View from Oeser (Oeserova) street to Pike (Stukova) street. Archive of Peter
Horansky. 1961. [2].

a)
Fig. 33. Pike (Stukovd) street: a) Sixties; b) No.2. 1961. [2].
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Fig. 34. a) Pike (Stukova) street. Abput 1960; b) Water tower (Vodna veza) was found here
on Pike (Stukova) street. Sixties. [2].

Fig. 35. a) West end of Vydrica street. View from the Danube river. Sixties; b) Braunecker
mansion on Vydrica street No.42, so called Kettenhaus (Chainhouse). About 1960. [2].

Fig. 36. Vydrica street: a) View from the Danube river. About 1968;
b) View in direction to the Danube river. Sixties. [2].

Fig. 37. Vydrica street: a) End of Vydrica street. Last buildings prepared for demolition.
[2]; b) No.50. (Photo Igor Scholtz).

22



MEXIAYHAPOJHA HAYYHA KOH®EPEHIIUA BAHN 2022
INTERNATIONAL SCIENTIFIC CONFERENCE BASA'2022

Fig. 38. a) Pridavok (Pridavkova) street No.36 and Vydrica street No.37;
b) Vydrica street No.25. View from Pridavok street. (Photo Igor Scholtz).

b)
Fig. 39. Vydrica street. From the left: a) No.19, 21 and 23. 1962. [2]; b) No.17, 19 and 21.
View from the Castle. (Photo Igor Scholtz).

Fig. 40. Vydrica street. From the left:
a) No.15, 17 and 19. [2]; b) No.11 and 13. (Photo Igor Scholtz).

Fig. 41. View from the Castle. Vydrica street. From the left:
a) No.11 and 13; b) No.5 and 7. (Photo Igor Scholtz).
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Fig. 42. View from Synagogue on Fish (Rybné square). Vydrica street. From the left:
a) No.1, 3, 5, etc. About 1960. [2]; b) No.5, 7, etc. 11.10.1967. (Photo Juraj Bonco).

Fig. 43. a) Vydrica street. From the left: No.1, 3 and 5. View from Vydrica street to
Synagogue. [2]; b) View on Rybné square and Vydrica street. From the left: No.5 and 7.
All buildings except two next to Synagogue were demolished. 1.4.1968. (Photo Juraj
Bonco).

Fig. 44. View from the Castle: a) Rybné square. In the background the brewery just before
demolition. 6.4.1969; b) The same view in 3.4.2005. (Photo Juraj Bonco).

Fig. 45. a) Demolition of Fish (Rybné) square. Reconstruction of St. Martin's Cathedral.
[2]; b) Fish (Rybné square) No.6 before demolition. (Photo Igor Scholtz).
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b)
Fig. 46. Synagogue on Fish (Rybné square): a) Beginning of demolition. 6.4.1969. (Photo
Juraj Bonco); b) Detail of Synagogue cupola. [2].

Fig. 47. View from the Danube river to Fish (Rybné) square: a) Synagogue served as TV
studio. In the background the House at Good Sheperd. 25.11.1968; b) Synagogue
demolition. 13.4.1969. (Photo Juraj Bonco).

- ~4

a) b)
Fig. 48. Fish (Rybné) square: a) No.9 after demolition. 1.11.1968; b) There is the House at
Good Shepherd far in the left. (Photo Juraj Bonco).
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Fig. 51. Hviezdoslav square: a) No.23. Near Hotel Devin after demolition; b) No. ?
(Photo Igor Scholtz).
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Fig. 52. Fish (Rybné) square: a) From the left: No.8 and 9; b) No.9. View from
Hviezdoslav square. (Photo Igor Scholtz).
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b)
Fig. 53. a) Conservatory. View from Hviezdoslav square; b) Conservatory.
(Photo Igor Scholtz).

Fig. 54. a) Fish (Rybné square).View in direction to the Danube river. Conservatory on the
left. Rybné square No.9. on the right. 1965; b) Zuckermandel. Sixties. [2].

a)

Fig. 55. a) Nalepka (Nalepkova) street No.30. Synagogue in the background. (Photo Igor
Scholtz); b) MikulaSska street (on the left) and Zidovska street (on the right). The House at
Good Shepherd is in the middle. View from St. Martin's Cathedral. The end of the sixties.

Fig. 56 a) Rudnay square (Rudnayovo nébrezie) No.7; b) Rudnay square No.7. View from
the yard. (Photo Igor Scholtz).
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Fig. 57. Mikulas (Mikulasska) street: a) No.15 and 17. Sixties;
b) Church of St. Nicholas (Kostolik Sv. Mikulasa). Seventies.
(Photo Mikulas Gazo. Private collection of Prof. Juraj Sedivy on PamMap.sk [4]).

Fig. 58. The building on the left, the Church of St. Nicholas (Kostolik Sv. Mikuld$a) and
the House at Good Shepherd were not demolished. Jewish (Zidovsk4) street was on the
right. It completely disappeared. 6.4.1969; b) The same view. Mikulasska street No.3 and 5
on the left. 22.05.2002. (Photo Juraj Bonco).

Fig. 60. Rest of Jewish (Zidovska street): a) On the left; b) On the right. (Photo Igor
Scholtz).
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b)
Fig. 61. a) Houses on Pilarik (Pilarikova) street prepared for demolition;
b) Petrzalka. North (Severna) street No.1. (Photo Igor Scholtz).

a) -
Fig. 62. PetrZalka. a) and b) Demolition of the shipyard Kablo. (Photo Igor Scholtz).

Fig. 63. Petrzalka. Makarenko (Makarenkova) street: a) No.19; b) No.28.
(Photo Igor Scholtz).

Fig. 64. Petrzalka. Railway track of youth street (Ulica Trate mladeZe). From the left:
a) No.1, 2 and 3; b) No.6 and 8. (Photo Igor Scholtz).
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Fig. 66. Petrzalka. Platan (Platanova) street: a) No.42; b) No.46. (Photo Igor Scholtz).

List of the persons according to which embankments, streets and squares are named:
Braunecker von, Anton, baron, imperial-royal court councillor. He built his palace
according to architect Miihler in 1775.

Brimmer Frantisek. Castle officer at Palffy family from 17" century. Braimmer mansion
(Brammerova kuria).

Bubenko Tomas (17" century). Painter and wood engraver. Bubenko street (Bubenkova
ulica).

Florianska street. Florian street (Florianska ulica). Named according to statue of St.
Florian.

Hviezdoslav Pavol Orszagh (1849-1921). Slovak poet, dramatist, translator. Hviezdoslav
square (Hviezdoslavovo namestie).

Ipel’ska street. Ipel street. (Ipel'ské ulica). Named according to Ipel river. Left tributary of
the Danube river.

Jesenin Sergej Alexandrovi¢ (1895-1925). Russian poet. Jesenin embankment (Jeseninovo
nabrezie).

Jiringer Joseph (1809-1862). Bratislava businessman and philanthropist. Jiringer street
(Jiringerova ulica).

Kalal Karel (1860-1930). Czech teacher and writer. Kalal street (Kalalova ulica
[Kunigsfelderoval).
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Kamper FrantiSek. Austrian nobleman from 16™ century. Kamper mansion (Kamperova
ktria).

Korabinsky Johann Matthias (1740-1811). Native of Bratislava, teacher and writer.
Korabinsky street (Korabinského ulica).

Makarenko Anton Semjonovic¢ (1888-1939). Ukrainian, social worker and writer. He is
often reckoned among the world's great educators, and his books have appeared in many
countries. Makarenko street (Makarenkova ulica).

Messerschmidt Franz Xaver (1736-1783). German-Austrian sculptor most famous for his
"character heads" (Fig. 67). Messerschmidt street (Messerschmidtova ulica).

Mikulas street (Mikulasska ulica). Name according to extinct settlement named according
to St. Nicholas (Sv. Mikulas).

Milynarska street. Mill street (Mlynarska ulica). Named according to water mills on the
Danube river.

Nalepka Jan (1912-1945). Slovak captain who organized and led an anti-fascist Slovak
partisan detachment in the Soviet Union during World War II. Nélepka street (Nalepkova
ulica).

Oeser Adam Friedrich (1717-1799). German etcher, painter and sculptor. Oeser street
(Oeserova ulica).

Pilarik Stefan 1616-1678). Slovak writer. Pilarikova street. Pilarik street (Pilarikova
ulica).

Platan street (Platanova ulica). Street named according to plane (platan) tree.

Pridavok Anton (1904-1945). Slovak poet. Pridavok street (Pridavkova [Jiringerova]
ulica).

Razus Martin (1888-1937). Slovak poet, dramatist, writer, politician and Lutheran priest.
Réazus embankment (Rédzusovo nébrezie).

Rudnay Alexander Stefan (1760-1831). Hungarian-Slovak Roman Catholic prelate. He
started as a parish priest, but later he became the Archbishop of Esztergom, the Princ
Primate of Hungary and a Cardinal. Rudnay square (Rudnayovo namestie).

Rybné square. Fish square (Rybné namestie). Named according to fish market (Forum
Piscium).

St. Martin's Cathedral. It is the largest and one of the oldest churches in Bratislava,
known especially for being the coronation church of the Kingdom of Hungary between
1563 and 1830. In 1760, the top of the Gothic tower was struck by lightning and later
replaced by a Baroque one, which was subsequently destroyed by fire in 1835 and
reconstructed in 1847 (with some modifications), and topped by the crown of St Stephen.
The church attained its present-day appearance during the period 1869 to 1877, when it
was re-Gothicised after suffering damage by fire, war, earthquake and other disasters.
Synagogue. The synagogue of the Neolog Jewish community was demolished in 1969 to
make way for construction of the SNP Bridge. The two-story Moorish building with two
octagonal onion-domed towers was built in 1893 based on the designs of Dezsé Milch. The
Neolog community was established in 1871 by a secessionist group unhappy with the
strong Orthodox leadership of the (mother) Jewish community. The synagogue was
constructed on a square adjacent to St. Martin’s Cathedral, and was a major landmark often
depicted on postcards. The building served as a TV studio during the post-war period.
Stukova street. Pike street (Stukova ulica). Named according to inn Blue Pike.

Railway track of youth street (Ulica Trate mladeze [former Masarykova ]).

Trokan Jan (1857-1894). Slovak writer. Trokan street (Trokanova [former Korabinsky]
street).

Vydrica. Street named according to animal otter.

Water Tover (Vodné veza). The Water Tower is part of Vydrica, an ancient settlement
that used to sprawl below the Castle Hill for centuries. The Water Tower built at the ford
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served as a toll station on the international trade route and as a western fortification,
important for the defence of the city and the Castle.

Zuckermandel (Podhradie). Podhradie (Latin: Suburbium, German: Schlossgrund and/or
Zuckermantel/Zuckermandel, Hungarian: Pozsony-Varallya) has been a district of Bratisla-
va since 1848, previously a separate residence, which around 1800 spread east of the
Castle (between the Castle and the city), south from the Castle (between the Castle and the
Danube) and partly west of the Castle (to Mlynska dolina).

Zidovska street. Jewish street (Zidovska ulica).

Ziska Jan z Trocnova (1360-1424). Bohemian military leader during the Hussite Wars.
Ziska street (Ziskova ulica). The former names: [1860 Zuckermandl Hauptgasse, 1879 Maria
Theresa street, 1921 Podhradska street, in period the 1939-1945 Hermann Goring street].

iy s Lk iry e s

Fig. 67. Some of the “character heads” created by sculptor Franz Xaver Messerschmidt.
Expressive intensity of distorted faces places them amongst masterpieces of 18" century
sculptures.

3. Conclusions

The paper presents collection of photographs taken mostly in the sixties, some of
them also in the fifties. They show buildings demolished during the construction of the
SNP Bridge. The location of the SNP Bridge, crossing the old part of Bratislava, and the
consequent demolition of old historical buildings around Castle Hill is considered by some
as controversial. In fact, most of demolished buildings were in a poor state due to lack of
money for their reconstruction.
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Table 1 Timetable of buildings removal according to plan published in SMK 28.2.1967.
The list of buildings was later continuously updated.

Month, Locality (street, square, embankment, house number) Nurr;ber Number
year hO?lSCS of flats
1966 Zidovska street 20 1 5

Lodna street 12 1 9

Till Hyviezdoslavovo square 23 1 50

March Razusovo embankment 12, 18 2 45
1967 Razusovo embankment 20 1 8

Rybné square 4, 5, 6 3 42
Petrzalka, shipyard, drugstore, ZARES 3 8
. Jeseninovo embankment 2 (conservatory) 1 -

Till -

May1967 J es,emnovo embankment 4, 6 2 22
Pridavkova street 4, 10 2 10
Pridavkova street 16 1 10
Vydrica 5, 6,7, 11,12, 13,15, 17 8 58

Till Rybné square 2 (Synagogue) 1 -

August | Rybné square 8, 9, 10, [6] 3 18
1967 Nalepkova street [30] 1 10

Rudnayho street 7 1 5
Petrzalka, Platanova 9, 33, 38, 40, 42, 46 6 21
X.Tllg67 Razusovo embankment 14, 16 2 29
Jeseninovo embankment 12, 16, [2, 14] 2 10

Till Pridavkova street 11, 15, 18, 20, 26, 28, 30, 32, 34, 37 10 60

February | [12, 14, 38]

1968 Vydrica 18, 21, 25, 27, 29, 31, 33, 35 ] 50
1, 3, 19, 21, 23, 36, 37, 42, 50]

Petrzalka, Trat’ mladeze street 1,2, 3,4, 6, 8, 10 7 43
Petrzalka, Sofijska street 11, 16, 26, 30, 30, 32 5 12

Till March | Petrzalka, Severna street 1 1 2

1968 Petrzalka, Zvazacka street 11, 17 2 6
Petrzalka, Makarenkova street 19, 25, 28 3 6
Petrzalka, Lysenkova street 1, 3 2 2
Petrzalka, Uralska 6 1 2
Probostska street 6 1 1

Till Kapucinska street 2, 4 2 11

June 1968 | Oktobrové square 10 1 5
Pilarikova street 1, 4, 6 3 25
Smeralova street 7 1 3
Veterna street 13, 15, 18 3 18

. Konventna street 8, 10, 13 3 22

Till Suché Myto square 9, 11, 13, 15 4 55

Dezember —

1968 Palisady street 64 1 4
Rybné square 3, 10 1 1
Hviezdoslavovo square 23, 25, 27 3 28

Till Vysoka street 5, 7, 9, 13 4 33

June 1969 | Suché Myto square 2 11

Total Bratislava and Petrzalka side 112 770

Note: Bold face means that there is a photo of the building in this paper. [Italic] indicates
that the building on the photo was not in the list of buildings published in SMK 28.2.1967.
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The paper contains photos of buildings in: Zi$ka street [1, 12, 18, 43, 60] and
Mikulas street [15, 17].

Altogether 112 buildings (1 in 1967, 40 in 1967, 65 in 1986, 6 in 1969), containing
770 flats including 100 flats in Petrzalka (5 in 1967, 345 in 1967, 376 in 1968, 44 in 1969)
with approximately 2 500 inhabitants were in the list of buildings published in SMK
28.2.1967. The inhabitants from demolished buildings were rehoused to the new modern
flats.

The authors attempted to reconstruct the sequence of buildings in streets, squares and
embankments that no longer exists according to photographs taken from [2, 3, 4]. This
detective work worthy of Sherlock Holmes was possible in many cases thanks to known
house numbers and to comparing details in photographs.

The maps on Figures 3, 4 and 5 enable to locate the demolished buildings in the
relevant streets, squares and embankments.

4. Authors

As teachers of Slovak and foreign students at Faculty of Civil Engineering STU in
Bratislava inform students about important historical structures and their designers.
Students are interested also in other actual topics like those treated in [5 - §].
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Abstract: In this paper new and traditional technologies for analysis, restoration,
repair, maintenance and strengthening of historic structures in Bulgaria are presented. It
is emphasized on the masonry structures as churches, mosques, synagogues, monasteries,
tombs, towers, belfries, minarets, etc. A short review of the valuable Bulgarian
architectural, historic and cultural is shown. The general peculiarities of these structures
are discussed. The models and methods for their analysis are regarded and compared. The
seismic response and analysis are drawn. Basic methods and techniques applied for
safeguarding and renovation of such structures are described. Important examples of some
typical representative historic monuments from different historic epochs are given.
Experience, state and problems in this domain are outlined. Conclusions,
recommendations and proposals for study, repair, exhibiting, maintenance and
strengthening of historic structures are derived.
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1. INTRODUCTION

The cultural heritage of Bulgaria is exclusively rich and diverse. It reflects our national
history. Some of these monuments have world meaning and they are under the aegis of
UNESCO. Our duty is to safeguarding and show this valuable richness.

Basic definitions and classifications: in this domain should be taken into account.
Following the World Heritage Committee in conformity with the World Heritage
Convention it has developed a system of operational guidelines which can be maintained
and revised as necessary. The following three categories are specified as world cultural
heritage as well:

Monuments: Architectural works and works of monumental sculptures are included
in this category. Also, structures that have archeological nature and cave dwellings should
be considered in this class. Works that have outstanding value from the viewpoint of the
history, art and science are specified to be considered as monuments too. Particularly for
Bulgaria, this class is represented by a number of old churches in Sofia, Svishtov, Veliko
Turnovo, Nessebar, Roman theater in Plovdiv, etc.
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Groups of buildings: These are groups of separate or connected buildings which,
because of their architecture, homogeneity or place in the landscape, are of outstanding
universal value from the point of view of history, art or science. This class is represented
by a number of houses typical for the period of the Bulgarian Renaissance in the town in
Plovdiv, Koprivshtitza, Veliko Turnovo, Melnik, etc. These houses are related to the
Bulgarian traditions and culture.

Sites: These are works of man or the combined works of nature and of man, and areas
including archeological sites which are of outstanding universal value from the historical,
aesthetic, ethnological or anthropological point of view. From the viewpoint of the civil
engineering the first two categories are the most essential for repairing, strengthening and
rehabilitation. For the sake of simplicity in the further considerations this two categories
will be called shortly “ancient structures” or “historic structures”.

The historic epochs were made their influences by the characteristic religious
structures. Peoples of different ethnic were lived at the Bulgarian territory. They were left
their effect on the temples and other monuments connected with the religious rituals. The
historic processes effect also strong to the church construction. There are magnificent
paragons of this imposing group of historic structures dated from different historic
periods. Some of these masterpieces were built by genius past masters and they are real
sacred monuments. They bring distinguishing marks of their times. First of all they depend
on the canonical function of these structures and the state of the nation (scientific
knowledge, technological level, financial possibilities, state management, etc.) during the
period of their construction. The religious canonical requirements are very strong and
therefore all human interventions to the historic structures should be conformable to them

The engineering interventions should be realized only when all reserves of the historic
structures are exhausted. These interventions should be minimal and appropriate. Usually
these activities must keep the external and internal architecture of the visible parts of the
unique historic structures. Strong control on the human activities in this domain is need to
safeguarding the valuable cultural heritage. In view of these numerous and strong
limitations and requirements the restoration and preservation works including engineering
works meet many difficulties. The multi and inter disciplinary team is need for restoration
and preservation works. It should includes investigators, specialists, designers, executors,
investors, users, etc. Architects, geologists, civil, heating, electrical, hydraulic engineers,
painters, chemists, etc. are members of these group. The activity of this body should be
subordinated to the following factors: information for the state of the cultural monuments,
methods for the management of information, the process of intervention in the monument,
the human resources and the standard base. The second factor is especially important. The
responsibility of these professionals is enormous. Their works of high quality and their
professionalism are compulsory in the name of all human society. Violations, mistakes and
lapses are inadmissible. Three main subsequent steps should be carried out in the process
of safeguarding of the cultural monuments: monitoring, analysis and restoration and
preservation. The monitoring is an expensive activity and it is applied rare in Bulgaria. But
experts make inspections on these monuments. Each monument should be provided with a
“passport” in which all changes, interventions and other data should be recorded. It is
established National Institute for the Monuments of the Culture. Its specialists study the
state of these structures, manage and inspect their restoration and preservation. There are
some national licensed laboratories for testing of construction and soil materials.
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2. GENERAL FEATURES OF HISTORIC STRUCRURES AS GUIDELINES FOR
REHABILITATION

Stones, bricks, wood and mortar were typical construction materials in old times.
Stones and bricks were ordinary made by special technologies. For example the ancient
Roman masters were used special clay for producing bricks. The clay were washed out by
a large quantity of water. Then the clay were matured for some time. After that the bricks
were fired into special furnaces in a high-temperature regime. This production process was
continued about one year. The stone blocks were left in natural conditions for a long time
and the cracked blocks were not used. The stones were cut out or knocking out very
carefully. Often travertine and limestone are used. The mortar was mixed with river felt
and brick small pieces. Therefore the joints in ancient and old masonry are about 4-5 cm
thick. In the cases where the masonry is not wear-out the up-to-date tests sometimes
determine significant higher strengths of these construction materials in comparison with
the present-day ones. Usually the historic structures have shallow embedded stone masonry
strip foundations or column footings, large span and high premises, complex geometrical
forms, underground basements, massive masonry walls minimum 60 cm thick, internal
rows of masonry columns, vaults, domes, arches without or with wooden or wrought iron
tension members in one or two rows and in one or two directions, roofs of different levels,
wooden balconies, frescos, etc. Often the structure above the cornice level is with equal
ceiling on trim joists at one or different levels. Usually one vertical longitudinal plane of
symmetry exists. The stone masonry is mostly implemented. The cultural heritage as
churches, historical buildings and monuments have specific features and deserves special
attention when their civil engineering parameters are to be improved. in a number of cases
conventional methods for repairing and strengthening can not be applied in ancient
structures. it is worth mentioning the following features that are common for large classes
of ancient structures:

1. The construction technologies used in ancient structures are quite different from the
up-to-date technologies.

2. Considering stone and brick masonry structures, their lateral stiffness is mainly
influenced by the gravity effects and adhesion between separate blocks/bricks.

3. The loads that are considered within the analysis are mainly vertical (dead and live
loads). However for seismic active areas like Bulgaria where seismic risk is potentially
large, seismic type of loading appears to be quite unfavorable.

4. Dynamic parameters of ancient structures are not favorable from the viewpoint of
the aseismic design. For example the fundamental period of such type of structures ranges
between 0.10 — 0.30 s, i.e. they are very rigid. The consequence is that such structures are
much sensitive to pulse type of loading. Stone and brick masonry both have large specific
mass.

5. Ancient structures are not ductile and their failure modes show tendencies of brittle
fracture. Current design philosophy based on the reduction of seismic forces as because of
inelastic behavior can not be applied.

6. Repairing and strengthening of the ancient structures should be so performed as to
keep architectural style and some other requirements that are to be satisfied from canonical
point of view.

7. Traditional methods for modeling, calculation and design are not directly applicable
to the analysis. For example, the well known finite element method needs additional
upgrade in order to obtain more adequate solutions. The idea for development of problem-
oriented software is very fruitful for the purposes of ancient structures analysis.
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8. In contrast with the conventional buildings in ancient structures no damages are
allowed. The prevention from earthquakes implies lack of damages.

These structures were well predicted to sustain only or predominantly basic vertical
loads as self weight, useful and snow loads. Possible damages caused by these loads are
the following [14]: wear-out of the stones and mortar, putrefaction and decrease the
bearing capacity of the wooden material. As a result deflections, geometrical changes,
shear of the cross section, crease of the supporting parts occur and can be attended with
carrying away of the above structure. But the historic structures are also subjected to
horizontal reversal loads caused first of all by earthquakes and wind loads too. The wind
loads influence slightly on religious buildings but strong on some high-rise structures as
minarets, towers, belfries. In almost all cases the historic religious structures are not
ensured to withstand the special horizontal loads originated from strong earthquakes.

Almost all Bulgarian territory fall into a seismic active zone. A large part of the rich
Bulgarian culture and historic heritage was effected by the numerous past strong
earthquakes. Many historic monuments were endured significant damages and failures
caused first of all by catastrophic earthquakes and climatic effects. They have no half-
storey plates to redistributed the horizontal loads. Their horizontal strength and the spatial
interaction of the structural elements are insufficient or absent. They resist mainly by their
self weight and work by shear predominantly. (Fig. 1). Their shear base coefficient at some
level, i.e. above structure weight to a horizontal force ratio is up to 0,10, while for the usual
buildings this ratio is between 0,20-0,40. That is mean the ancient masonry structures
withstand horizontal loads up to 10 % large versus vertical loads. The masonry tensile
strength is very little. They can not dissipate energy. Therefore they are quite sensitive to
horizontal loads, tensile stresses in structural elements and non-uniform settlements of the
subsoil. They are in danger to a brittle demolition, if their bearing capacity is exceeded

(Fig. 2).
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Fig. 1. Simplest Fig. 2. Base shear - top displacement relationship for ductile and brittle

model for structures subjected to lateral monotonically increased static load
church seismic
response

In addition during earthquakes specific crack meshes propagate (Figs. 3, 4), the
available tension members get loose or they are pulled out, the internal columns are
inclined, the supporting nodes of the trim joists and beams of the roof structure are
damaged. Strains, crack propagation, deplanation and disembowelling of the masonry,
failures, non-uniform subsoil settlements are the most spread damages in these structures.
This insufficient horizontal loading capacity of the historic religious structures is always
limiting for their state. Significant construction interventions are need to safeguarding them
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according to current design codes and standards. During the catastrophic earthquake in
1858 in Sofia there were 24 mosques and 7 churches. But the minarets of 19 mosques were
destroyed and large cracks were arisen. Only 2 churches were stayed fitted for use too.
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Capillary humidity, aggressive effect of the candle smoke, the human temperature and
humidity arising by the congregation and visitors are other external actions on these
structures. These actions and especially the humidity effect also on such structures.

3. IMPROVING THE SEISMIC RESISTANCE OF HISTORIC STRUCTURES

As it is mentioned above, ancient structures are not ductile and are unable to dissipate
energy. In contrast with the newly designed buildings their failure mechanisms are in a
large extent related to brittle failure. The amount of inelastic strains that is expected in
ancient structures is considerably small to ensure seismic loading reduction and seismic
protection. Thus, it is implied that linear elastic behavior is still valid. After exceeding the
elastic limits the capacity of the structure is soon reached and then the structure is
collapsed. Figure 2 illustrates the principle of strengthening that is used as basic
philosophy. A single wall structure is considered being subjected to monotonically
increased lateral load. This type of analysis is often used to predict some of the properties
of the system. The relationship base shear Qp,. — top displacement, v, , is selected as
representative for structural behavior. Current design philosophy enables the structure to
dissipate energy by making it ductile (see the plot of the line denoted by "ductile”). The
elastic limit is slightly exceeded and inelastic behavior is initiated.

The plot of the next two curves in Fig. 2 is given for better understanding the
difference that exists between ductile and brittle structures. The line denoted by “brittle 1~
is representative for structure, whose capacity in shear is Oy ;. Before reaching this limit
structure will remain elastic. For a value of Qpu2 slightly greater than Qp,e; structure
will be fractured. If this structure is to be improved, its strength should be increased rather
its stiffness (see the curve, denoted by “brittle 2”). It means that the strength is increased
reaching the value Oy, 2. The idea of strengthening is to increase structure strength using
structural engineering approaches. The reasons for important structural defects in the
historic structures can be summarizes and generalized in three groups as follows:
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- Mistakes during the construction, operation and repair because of insufficient
knowledge of the construction science;

- Deformations, crack propagation and damages caused by the basic loads;

- Deformations, cracks and damages due to seismic actions;

- Environmental conditions as sun radiation, water, rain, humidity, frost, temperature
changes, air pollution, etc.

4. ANALYSIS OF HISTORIC STRUCTURES

The antiseismic insurance of the historic religious structures is more difficult. Many
problems arise. First of all the real available carrying capacity of the structure is to be
carefully studied and evaluated. The physical-mechanical characteristics of the original
construction materials (stones, bricks, mortar, wood) of the bearing elements, the soil and
the properties of the whole examined structure should be studied carefully by field and
laboratory tests using the experimental and analytical methods of the structural physics,
soil mechanics and construction materials. Especially shear test of the masonry is need.

The tangential (shear) strength in horizontal direction versus the normal tensile and
compressive stresses in vertical direction in conditions of different normal and tangential
horizontal stresses are the most important characteristic diagrams of the masonry. Non-
destructive or destructive experimental methods can be implemented. Full-scale dynamic
and static experiments of the structure are need to determine the free vibration periods,
distortions, displacements, inclinations, settlements. This test can be accomplished by
special dynamic equipment. The displacements are measured by transducers located at
appropriate places of the structure in plan and in height. The crack mesh propagation
should be studied too. The current seismic design codes are not treated this type of special
and complex structures. Adequate mechanical-mathematical models of the structure should
be used in research. The effective up-to-date methods should be applied in dynamic and
seismic analysis. First of all the finite element method (FEM) is most appropriate for
structural analysis. Thick shell or 3D brick elements of higher order are adequate for
modeling of walls, vaults and domes. Thick beam-column or 3D brick elements of higher
order are suitable for idealization of the columns, foundations and arches. Special masonry
models and elements can be utilized also. The shear are to be taken into account.

The cracks in masonry can be modelled in some ways: by finite elements with double
unconnected nodes at the two sides of the crack, with orthotropic elements of different
properties in parallel and orthogonal directions to the crack, using special finite elements
provided with special properties as gap elements, etc. In the first case large stress
concentration is obtained. In the second case the value of Young’s modulus in the crack
orthogonal direction can be assumed 5-10 times less than in parallel direction. In this case
stress concentration is slightly expressed. All finite elements should be orthotropic since
the value of Young’s modulus in horizontal direction, i.e. parallel to the horizontal joints
between the masonry rows is less than in vertical direction, i.e. orthogonal to these joints.

The old thin shell elements of lower order and plane initial geometry are too
inaccurate. They are provided with 5 DOF - 3 displacements and 2 rotations - in each
corner node. These elements lead to non-smooth diagrams of the internal moments at the
nodes since the curvatures expressed by the second derivatives of the displacements are not
included as basic unknowns (DOF) and there are no internal nodes at the element sides.
Therefore fine meshes should be implemented. The new thick and thin shell finite elements
of higher order with curved initial geometry and including shear are significantly more
precise. They are assumed to provide with 6-9 DOF - 3 displacements, 2-3 rotations and 2-
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3 curvatures - in each node and have internal nodes on the element sides and in the shell
thickness. As a result smooth diagrams of the internal moments at the nodes are obtained.

Then rough meshes can be used. Results obtained by some models and methods
should be compared. During strong earthquakes the historic structures should be kept in
view of their importance. The modal superposition method and the response spectrum
method can be used in linear seismic analysis. Two equal or correlated horizontal
simultaneous spectra in parallel and orthogonal directions to the church main entrance can
be used. Then the results will be on the safety side. A preliminary solution to a vertical
seismic spectrum usually establish that for this type of structures the internal forces caused
by a vertical seismic spectrum are usually less than 30 % to the internal forces originated
by dead vertical loads. In these cases a vertical spectrum is not need according the design
codes for masonry structures. Non-linear time history seismic analysis is recommended
and rational for such unique and important structures. In such cases real characteristics of
the construction materials including non-homogeneous or orthotropic masonry and
adequate real or artificial accelerogramms of the region and the site should be taken into
account. As a rule two criteria for masonry failure can be applied. They cover displacement
and force requirements respectively.

Powerful and multi-purpose computer programs as ANSYS, COSMOS, NASTRAN,
ABACUS, SAP, TOWER, ALGOR, STAAD, etc. are desirable (need). The complex
geometry can be previously idealized by the AUTOCAD, SOLID EDGE, COREL DRAW,
PRO-ENGINEER, etc. programs. The structure are to be investigated numerically and/or
experimentally before and after the strengthening. Comparisons and assessments are need.
Moreover the structure must be ensured in all periods of its structural renovation.

5. METHODS AND TECHNOLOGIES FOR STRENGTHENING OF HISTORIC
STRUCTURES

The restoration and preservation of historic structures is difficult, important and
responsible problem. New effective and adequate methods, materials and technologies
should be used to ensure their reliability. Experienced experts should be engaged.
Restoration works are expensive too. They need to be executed of high quality. The
strengthening can not increase the ductility of these structures but it can enlarge their
bearing capacity (limit for brittle failure). Seismic isolation or vibration dampers are
almost impossible in such structures. The research results and estimation serve to make a
precise diagnostics and to accept right and optimal approach for the strengthening. Some
methods for strengthening of the masonry foundations are shown in Fig. 5 [11].

The aim of this approach is to reach strong soil at deeper level and to decrease the
stresses in the soil-foundation contact surface by enlargement of the foundations. In the
case a) the dimensions of the foundation basic plane are spread by new stone masonry
built-in in the old masonry making bond between them. To improve this connection steel
anchors of diameters 12 to 16 mm and class A-III can be anchored in the horizontal joints
at a distance 50-60 cm and cement-lime mortar can be used as a connection. In the case b)
the strengthening of the existing masonry foundations is realized by execution of the
concrete enclosures. Steel anchors can be driven in the horizontal joints of the masonry to
withstand the horizontal forces arising in the vertical joints between the masonry and the
concrete enclosure. In the case c) the strengthening is analogous to the case b) but the
concrete enclosure is reinforced by transverse and longitudinal reinforcement. In the case
d) for stronger overloading of the existing masonry foundations the strengthening is carried
out using the concrete enclosures united by horizontal bearing steel beams of spacing 1,5-
2,0 m. They distribute the concentrated loads in longitudinal direction between
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longitudinal beams built-in into the concrete enclosure. The transverse beams cross via
holes bored through the existing foundations. The holes are about 50 cm in dimensions and
after the mounting of the cross beams they are filled up by concrete. The simplified
diagram of the stresses at the subsoil before and after application of the additional loading
is drawn in Fig. 6.

a - Enlarging of the masonry base by stone masonry
b, d - Enlarging by a concrete enclosure
c - Enlarging by a reinforced concrete enclosure

1 - Masonry

2 - New masonry, connected with the existing ones
3 - Old masonry

4- Anchors

5 - Concrete enclosure

6 - Reinforced concrete enclosure
7 - Sand bed

8 - Concrete add

9 - Bearing beam

10 - Distributing beam

11 - Thickening concrete

Fig. 5. Methods for strengthening
the bases

In the case of the cohesionless soils, If the masonry foundations are in a good state, their
load capacity can be increased by their silicatization, i.e. by injection of cement mortar
and water glass. If the soils are cohesive, it can be implemented an electrical-chemical
method to enhance their carrying capacity (Fig. 7).
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Fig. 6. Simple scheme of the strengthening of the soil under
increased loading under the the foundations

foundations

Some of these historic structures were built at sloping land. The rain and surface water
were caused common wetting and erosion of the masonry. Therefore on the side of water
moistening dry channels were built to collect and lead away water and the walls to remain
dry. There are not serious problems about the strengthening of the historic structure to
vertical loads. The main ideas and principles are presented here. The old and rotten bearing
elements are replaced or strengthened. The damaged masonry can be rebuilt. The damaged
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tension members are also substituted by the new steel ones including the anchor places.
Different types of braces are used: steel (bars, shaped iron), wooden (circular, rectangular),
steel with wooden cover, etc. The braces can be anchored by epoxide resin directly in the
holes bored in the masonry. They can be anchored outside of the reinforced concrete legs
(footings) hidden into the masonry wall. The holes can be drilled through the whole wall
thickness and the anchorage can be made outside of the wall. Sometimes the tension
members are provided with pipe thread to be tightened, if it is need. The damaged internal
columns are replaced or strengthening in their lower footing. The cracks are filled up by
appropriate structural mortar neutral to the masonry. All these activities require permanent
and continuous contact between the structural engineer, architect, painter hydroengineer,
heating engineer and engineer-geologist to control the results from the intervention. The
capillary humidity is removed by adequate in disposition and in type isolations, air
channels and floors, electrical heating, injection of masonry and subsoil for their
hydrophobization. The insufficient foundation in depth, type and dimensions can be
improved by spreading and tamping. In special cases the appropriate foundation pile
system can be applied. The seismic vulnerability of these structures can be decreased by
hardening of the roof disk (Figs. 4, 8) [14], i.e. by maximal diminishing of its strains and
the seismic internal forces to be transfered onto the existing outer masonry wall. To
achieve this aim at the top of the walls at the cornice level a hidden horizontal closed
reinforced concrete frame (ring) can be built and connected by dowels with the underlain
existing masonry (Fig. 9). It is very important to ensure the reliable anchorage of the
hardened roof disc into the r/c frame. This frame can be provided with vertical r/c legs with
or without footings hidden in the masonry walls too (Fig. 10).

In this way better connection between the frame and the walls is achieved and the
braces can be anchored more reliable through the r/c legs or footings. If the roof is located
at different levels, this frame can be built at the top of the largest and higher main
structural body. Besides, if the limitations admit, vertical r/c columns hidden in masonry or
as external wall pilasters can be also built and connected with the roof frame forming a
space r/c system. But usually the canons of the East Orthodox Church do not permit the
pilasters. Another way to strengthening the historic religious structure is to build a new r/c
roof (vaults, domes, etc.) located above the existing damaged masonry roof (Figs. 8-10 ).

The new roof is structurally connected with the r/c roof supporting frame (ring)
mentioned above. This roof can cover directly the old one or by an air interlayer to ensure
the “breathing” of the existing roof. This is need in order to keep the climatic conditions in
the temple. In this way the frescos can be preserved more successfully. The connection
between the two roofs is realized by steel anchors (dowels) built-in them. In this way the
old roof is hanged to the new one. This method is especially suitable in the case of very
damaged existing roof. The new roof can be cast-in-situ or be built by light concrete
blocks. In the second case thin steel meshes are used in the joints between the adjacent
blocks. Ordinary it is assumed the new roof will sustain the old one. Besides the new roof
prevents the old one from outside to the surrounding environment effects and can improve
its isolations too. In another version of this idea the new roof can be built directly on the
old one as a thin cover constructed by structural polymer mortar reinforced by thin steel
meshes and strips of geotextile (geo-nets). The holes were remained in the cover to breath
the old roof. This approach is implemented in the church *“St. Iliia” in Iliilamtzi [ 14].

Such idea can be extended if the old damaged masonry roof is hanged on steel roof
frames anchored in the r/c roof horizontal frame hidden in the walls (Fig. 11). To ease the
hanging a central r/c beam built-in the old roof can be used. This technique was applied to
the church “St. George” in Kremikovtzi [14]. In other cases the pretension of cracked walls
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in one or in two directions (horizontal and/or vertical) will increase the load capacity of the
structure.

Fig9.Dowels between "5t - ;:f

the new and old roofs
Fig.10.Legs,
footings and brace
anchorage

Fig. 8. Strengthening of the damaged masonry vault
(dome) by hanging it on the new r/c one located
above
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Fig. 11. Strengthening of the damaged masonry vault by hanging it on the steel frame
above

If there are no other possibilities or they are insufficient, some monuments can be
visibly strengthened from inside and/or outside. For example the structure can be girded
with external horizontal closed steel or r/c frames which tighten the masonry walls.
Horizontal ray-type beams can connect these frames with steel or r/c columns erected at a
certain distance to the old building. All monument can be put on by transparent plastic to
keep the visibility. The polymer can contents built-in special fibers for heating and thaw
the snow by electricity. It is admissible for some monuments as minarets, towers, belfties,
etc. to change them from inside. In these case the strengthening can be executed by
construction of an internal thin r/c enclosure connected with the old masonry walls by steel
dowels. The reinforcement consists of thin straight and curved bars. The role of dowels
can be performed also preliminary cleaned joints of the existing masonry removing their
visible mortar and then gunite is injected. If the limitations admit, r/c columns and beams
can be constructed outside and structurally connected directly with the external walls. This

new r/c space structure can be hidden by stone facing or brickwork casing from outside.
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This technology was applied in the church in Eleshnitza. Besides in these easy cases
the cracked walls can be restored as the following (Fig. 12) [11]. The old plaster is
removed. On the two sides of the masonry steel meshes are mounted. They are united by
steel anchors, crossing through the entire wall thickness at spacing 50-60 cm. The mesh
covers the cracked surface and exceeds its bounds of 50-60 cm. Then the masonry and
meshes are injected by the gunite 2,5-3,0 cm thick. If the crack reaches to the wall corner,
the strengthening meshes continue minimum 100 c¢m in the opposite side (Fig. 13).

If the wall masonry cracks are strong, an more essential intervention is need (Fig. 14).
On the two ends of the crack vertical columns passing through the whole masonry
thickness are executed. The crack is crossed by intermediate horizontal and vertical belt
courses located chess on the external and internal masonry sides. The pilaster thickness is
from 10 to 15 cm. The brick masonry between them is reinforced with a mesh and then it
is injected by gunite 1,5-3,0 cm thick. The masonry top end should be finished with a r/c
belt course which to catch the roof wooden structure (Fig. 15).
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If openings in the brick masonry are need, the two-side of the masonry can be covered
with meshes anchored at intervals of 50-60 cm (Fig. 16) [11]. Moreover strengthening by
the vertical and horizontal bars (above the opening) minimum 4N14 anchored at least 50-
60 cm after and on the two masonry sides is need. To prevent the shear strains in the
masonry around the opening, it is reinforced by horizontal and vertical stirrups on the
opening contour. In the case of wall up the existing openings, they are reinforced by
horizontal meshes via 3-4 brick rows (Fig.17). The strengthening of the strip between two
walls located in one plane, can be made by cold formed shaped steel in the corners of the
strip and its reinforcing by transverse and longitudinal bars continuing out of the strip
minimum 50-60 cm still.
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The deformed vault or arch can be contemporary supported by wooden (from the oak
core) or steel curve-pieces. If steel pipe will be used, preliminary a sample is made by a
steel bar 6,5 mm in diameter, bent on the real curvature. Then the steel pipe is bent using
the thin sample bar. The cracks can be filled up by mix prepared by epoxide resin, stone,
marble sand and brick powder and hardener. Large cracks can be enlarged and excavated
to 8-10 cm in depth and then to be injected. Another way is to plaster up slightly the cracks
by a thin layer of mix prepared by gypsum and stone or brick powder and then the internal
cavities of the cracks to be filled up gravitationally by epoxide resin poured out carefully
from above. In such cases good thickening of the cracks can be achieved. First of all in the
beginning of the restoration and preservation process the monument is covered by
contemporary steel cover till the necessary amount for safeguarding works is available.

This cover is used also during the construction works. It is made by steel frames
(columns and beams) and corrugated iron for roof and walls. The engineering systems
(heating, ventilation and electrical systems, a water supply and sewerage system) should be
put in order also. In view of the features of the liturgy the heating system should be
appropriate also to keep the interior and micro climate and to be economic. The heating
systems used are by electrical heaters under the floor, by channels in which hot air
circulates, by radiators, etc. In some cases special computer programs are implemented to
find the optimal decision. Ventilation systems are only utilized in limited cases due to the
interior, heating and climate.

46




MEXIAYHAPOJHA HAYYHA KOH®EPEHIIUA BAHN 2022
INTERNATIONAL SCIENTIFIC CONFERENCE BASA'2022

6. PRESERVED AND RESTORED HISTORIC STRUCTURES
6.1. Strengthening of the tomb in Sveshtary

This tomb (Figs. 18-20) was built in 4™-3™ century B. C. for a Thracian eminent ruler
[2]. It is situated at an archeological reserve “Sborianovo” which comprises the territory of
one of the most remarkable centers of the religious and political life in ancient Trace. The
tomb illustrates the perfect construction technology, impressiveness, rich sculptor and
painting decoration, high creation and talent of the genius ancient master. Therefore the
tomb is included in the list of the world cultural heritage. It was discovered in 1982
excavating a tumulus. The tomb consists of a corridor (4,06 m long, 1,85 m wide and 2,15
m high) and 3 almost square cameras of different heights (4,55 m of the tomb camera and
3,25 m of the side camera). They were built by well trimmed stone blocks from white
limestone and they were covered by semi-cylindrical vaults. The total dimensions of the
tomb are 7,52 m long and 6,23 m wide at the facade. This unique monument of exclusive
significance is a part of an unified architectural complex.
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Fig. 19. Vertical section L5 |
Fig. 20. Plan of the tomb

The structural and technological preservation,
I™& Irestoration and presentation of the tomb was a
£ | complex problem due to the following severe
limitations: prohibition to the wet processes near
the tomb, to keep the climatic conditions in the
tomb, highest biological sterility of the used

materials, maximal consideration and

t‘}k )
Fig. 21. Covering shell structure
at the site

First one was also climatic and nearest to the tomb. It was assembled by the steel
sheets simultaneously with the careful excavation around the tomb. A soil layer 60-70 cm
thick was remained on the tomb to keep the internal climate. The second one was erected
later on the tumulus part above the tomb and it was a tubular scaffold of large dimensions
(about 18 m span) and far from the tomb. The constant covering is composed from two 1/c
cylindrical shells of equal span and 20 cm thick but of different radii of curvature (Fig. 21)
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[17]. The higher shell was designed with a variable radius in two steps but the shallower
shell has a constant radius. They were cast-in-situ at a site situated about of 35 m to the
external temporary covering. The shells were provided with two external longitudinal
supporting ribs near the ends. The vaults were lifted by 10 hydraulic jacks of 50 t every
one and jacked dawn on 6 special transport double rail cars supporting the shell ribs. The
back r/c retaining wall was constructed behind the tomb against the tumulus embankment.
Then the higher shell was transported by pushing the rail cars between the two temporary
coverings and to the back wall. Then the shell was slightly lifted by the jacks and jacked
down on the lead thrust bearings placed at the preliminary constructed r/c strip
foundations. The shallower shell was transported by thrusting the cars to the first shell,
jacked dawn on its bases and the two shells were connected. The fore r/c wall was built.
The internal temporary covering was disassembled. The soil layer on the tomb was
removed. The external temporary covering was dismounted and the shell vaults were
mutually and uniformly filled back. All technological process were realized by a strong
time control. The shells were computed by the FEM applying the STRUDL program. This
unique technology is also very effective. The technology and the transporting cars were
technical innovations. The tomb was presented in 1985.

6.2. Research and strengthening of the basilica “St. Sofia” in Sofia

This church is a unique monument from the early Byzantine construction. It dates
from the second half of the 5™ century [1], [2], [3]. It is a three auditorium construction
with total length 46,50 m and width 23,00 m (Figs. 22, 23, 24). The central part of the
structure is divided into three auditoriums by massive masonry columns with a cross-type
cross-section. They are connected one another by arches without capitals. The main
auditorium after crossing with the transverse auditorium continues with a same height in
the altar space and forms a Latin cross. On the crossing place of the two auditorium a
square is formed marked by 4 columns that sustains the main cupola by means of 4
triangular spherical surfaces. The cupola is hidden from outside by tetrahedron. In 1878 the
main architect of Sofia the Czech L. Bayer and engineer Prosech pay attention to the
church keeping and restoration. The basilica ‘Saint Sofia’ has almost 15 century history. It
had been constructed for a long time. The structure has endured some strong earthquakes.
The last reconstruction of the church has been made in 1930. Two investigations were
made to evaluate the seismic vulnerability of the church. The first one is accomplished for
the unstrengthened structure in 1989 by the computer programs COSMOS [8] and IES
using 3D brick finite elements [5]. The second analysis is performed in 1998. In this study
the spatial model is composed from existing structural elements from one side and some
new strengthening elements (two reinforced concrete shells above the existing masonry
domes and six tension bars of the roof arches and vaults) on the other hand [6]. The
analysis is made by the finite element method (FEM) using also the COSMOS computer
program [8]. The model contains 2475 finite elements and 2283 nodes with 6 DOF (3
displacements and 3 rotations) in each one (Fig. 24). The total number of equation is
12666. The following types of finite elements are used:

- type 1: 3-node linear triangular thick shell element;

- type 2: 4-node linear quadrilateral thick shell element;

- type 3: 2-node linear 3-D elastic beam element.

The shell elements have bending and membrane stiffnesses. The shear deformations
are taken into account. Elastic and isotropic material is assumed. The particular structural
elements are defines as ‘regions’. The finite element mesh of each ‘region’ has a maximal
dimensions up to 1,5 m (Fig. 24). The adjacent ‘regions’ are connected each other by
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common nodes which guarantee displacement and rotation compatibility. Supporting nodes
are entirely fixed. The geometrical characteristics of the structure are the following: the
wall thickness varies from 1,10 to 2,00 m, the masonry vault thickness is 0,30 m, the new
r/c shell is 0,10 m thick. The material properties of the brick masonry are: the Young’s
modulus is E=1350 MPa, the shear modulus is G=0,4E=540 MPa, the mass density is

=1800 kg/m3, but for the concrete they are: E=25000 MPa, G=0,425E=10625 MPa,

=2500 kg/m’. The basilica structure is analyzed under vertical load and seismic actions of
9™ degree according to MSK-64 and Bulgarian design codes [7]. The first 6 periods of the
undamped free vibration are obtained as T;=0,287 sec, T,=0,216 sec, T3=0,197 sec,
T4=0,178 sec, Ts=0,154 sec, Ts=0,153 sec. The internal forces and stresses are computed
considering the first 50 natural mode shapes. The seismic analysis is accomplished by two
simultaneous horizontal seismic signals given by two correlated horizontal spectra. As a
result the stresses in the dangerous points of the structure are obtained for the following
two combinations: 1% combination - max stress = stress caused by the vertical load + stress
from the seismic action; 2™ combination - min stress = stress caused by the vertical load -
stress from the seismic action. The characteristic stresses of the wall masonry are:
compression stress is 0,9 MPa, tension stress is 0,03 MPa, tension stress under bending is
0,04 MPa, shear stress is 0,05 MPa but for the roof masonry they are 0,5 MPa, 0,005 MPa,
0,01 MPa, 0,01 MPa respectively. The vertical stresses , and the tangential stresses in
walls and columns caused by the vertical and seismic loads exceed the material strengths.
As a result brick elements are in danger. The stress concentration around the tension
members is observed. Full scale dynamic experiment is realized too [4]. The numerical and
experimental results have good agreement.

Fig. 22. St. Sofia Fig. 23. Axonometric plan-section  Fig. 24. FE model of the St.
basilika Sofia basilika

Many structural damages are detected [13]. Large cracks in vaults, domes and walls, soil
settlements, deformations, decrease of the material strengths by the surrounding
environmental effects, etc. are available. The main reason for damages are the past strong
earthquakes. Some structural interventions are made during the last years to safeguarding
of this unique and important monument in the center of Sofia. The investigations
discovered that the structure responses as it is comprised of particular (isolated) fragments
due to the deep and large cracks between them and insufficient contacts between the
interventions. The structural spatial unity is slightly expressed. The basilica was very
vulnerable to seismic actions. Therefore the effective structural measures were
accomplished to restore the entire response of all structure. The cracks are filled up by
injection of mix prepared by epoxide resin, stone powder and marble sand (Figs. 25, 26)
[13]. A SIKA injection technology for restoration of the masonry continuity is applied. The
large cracks are excavated 10 cm deep and enlarged to ease their injection. Some of cracks
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are filled up gravitationally discharging carefully the mix mortar from the roof after the
cracks were preliminary closed by a thin surface coating. About 2 tones epoxide resin are
used. Some masonry and masonry joints are rebuilt. The r/c floor plate and beams are
strengthened. The new r/c vaults and domes with their supporting beams and rings are cast-
in-situ on the old cracked brick masonry ones. The cracked masonry roof elements are
hanged on the new ones by steel dowels (Fig. 26). The tension members of high strength
steel bars are mounted in the arches and vaults. Their anchorage is in holes 50-60 cm in a
diameter and 120 cm deep drilled in the walls or outside of the walls using the epoxide
resin or cement mortar. They were tensioned by thread studs or nuts. Soil injection ate
executed also. Some stone masonry foundations are enlarged and made deeper. Some
temporary openings were blocked. An external r/c belt course is built at a level 0,00.Some
tension members are assembled under the floor plate too.
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6.3. Strengthening of the church “St. Iliia” in Iliiantzi

The vault of this church has numerous severe cracks (Fig. 27) [14]. The large cracks
cross through the whole thickness. As result the vault consists of 4 particular parts and it is
strong deformed. The new roof is built directly on the old one as a thin cover constructed
by structural polymer mortar reinforced by thin steel meshes and strips of geotextile (geo-
nets) ( Figs. 27, 28). The holes were remained in the cover to breath the old roof. The old
roof and its covering are suspended on the new transverse steel frames structurally
connected by vertical legs to the r/c beam hidden in the masonry walls. The suspension
members are anchored through the joints in the old roof connecting with longitudinal
reinforcement mounted in the longitudinal joints. In this way the braces are united at two
levels. The large cracks are filled up by the epoxide resin from inside. A trial fragment was
prepared and tested. The deflections during the disassembly of the scaffold after the
strengthening are controlled by transducers. The total deflections were up to 1-2 mm only.
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Fig. 27. Strengthening of the vault by polymer mortar and suspending on the new steel
frames
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6.4. Analysis and strengthening of the minaret of Tombul mosque in Shumen

The Tombul mosque (Figs. 29, 30) has been constructed in about 1743. The mosque
minaret is 38,74 m high [21]. Till the +8,65 m level the minaret is joined to the mosque
lower body but this connection is structural up to the +5,57 m level only. The minaret main
high prismatic part has a circumcircle diameter of 1,70 1,53 m and wall thickness of
23,0 18,5 cm. The aboveground minaret structure up to the +30,55 m level is constructed
by stone masonry. The principal damage of the minaret masonry is series of particular
almost vertical cracks at the foot of the main prismatic part (Fig. 30 a). The cracked sector
is 2 3 m high. It is need to check the minaret safety.
{\ o The full-scale dynamic tests of the minaret part between the
-~ 0,00 m and #2541 m levels have been done (Fig. 30) [24]. The
masonry part of the minaret structure between the levels of
+5,57 m and +30,55 m is studied numerically also (Fig. 30) [21].
It is modelled as a vertical plane cantilever beam-column rigidly
. fixed at its bottom to the minaret low body (Fig. 31). In order to
consider all structural features the beam is divided into 20 finite
elements. The linear dynamic, static and stability analyses of the
model are accomplished by the FEM and ROKU program [22].
The well known uniform beam-column finite element of six
DOF is used. The seismic loads, the dynamic and resonant wind
loads are determined by the response spectrum method
according to [7] and [25]. The structure static stability is verified
and then the higher-order bending moments caused by the
vertical loads on the deformed beam axis in small displacements
are computed by the iterative Vianello-Dischinger’s method. The
cross-section bearing capacity is checked by the stresses.

Fig. 29. Minaret in Shumen
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Fig. 30. Minaret in Shumen

A good agreement between experimental and numerical results is obtained. The
structure safety is not ensured due to the horizontal loads. Therefore an urgent
strengthening of the stone masonry is need to be made only from inside by an appropriate
way to restore the minaret normal safety in accordance with the current Bulgarian design
codes. The strengthening should cover in height the whole internal surface of the masonry
wall or at least the unsafe lower portion of the main prismatic part. Two alternative ways
for repair and strengthening are discussed in [21], [23]: prestressing by internal vertical
tendons and construction of an additional internal reinforced concrete skin. The first seems
to be a simple and elegant solution which would leave no visible traces. However it was
considered as impractical because the masonry cross-sections will be too heavily loaded to
withstand the additional compression from the necessary prestressing force of about 1000
kN. Nevertheless the first way was adopted but it was not been applied due to financial
shortage. Moreover several cracked stones can be replaced by new hard ones. Probably the
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second technology will be more rational. It has been applied in Hungary [23]. A thin
reinforced concrete skin 5-8 cm thick can be constructed over the whole internal surface of

the masonry wall. Concrete grade C28 has been used and injected in place. It can be
reinforced by vertical steel bars N 20-25 mm and 8 mm thin helical wire following the
minaret ascending internal stairs. The vertical reinforcement can be made continuous
spliced by thread-bars through 30 mm holes drilled in the stairs close to the wall and by
ensuring adequate laps of the bar successive lengths. To ensure the full interaction of the
existing masonry and the new internal skin, the mortar internal joints have been raked out
and the stones have been washed before concreting. Thus penetration of the raked-out
joints by the concrete has provided continuous shear practical dowels between the two
materials (stone and concrete) for their work together.

7. RECOMMENDATIONS AND PROPOSALS

Now the basic difficulties for safeguarding of the cultural monuments are the financial
shortage in the last years and the activity of the treasure-hunters. The numerical reanalysis
and redesign as well the full-scale dynamic and static experiments of particular phases
during the structure repair are necessary. The use of high performance materials and
techniques as carbon fibers, geo-nets, fiber reinforced plastics and grids, steel nets and bars
for reinforcing of historic, old and new masonry should be enlarged. But the limitations
should be given in applying the modern materials and technologies to keep the original
architecture of the monuments and to escape unfavourable effects to the environment. The
cultural heritage, restoration and preservation works of historic and old structures should
be studied by students and specialists in the corresponding universities and colleges.
Specializing post-graduate courses for professionals will be useful. Moreover scientific
problems for research and renovation of such structures are actual and important for
diploma works, post-graduate diploma and Ph.D. theses. International research and
educational projects are need to be elaborated in this domain. Scientific workshops,
conferences and other activities should be held to discuss and exchange experience,
achievements and knowledge on these problems between the professionals. More data
should be collected in this area. Closer relations between the universities, institutes,
companies and specialists are need. Larger amounts should be given for safeguarding of
the cultural monument all over the world and especially in Europe. The national
governments and the authority of EU are responsible to enlarge and support these activities
and to make them reality. The cultural heritage of the world must be kept for the next
generations by all means[26].

8. CONCLUSION

Special attention should be paid to prevention measures for safeguarding of the
historic objects. As a rule the historic structures are not ensured to horizontal loads and
especially to strong seismic actions. The human intervention on the historic structure
should be minimal, careful and adequate. New and effective models, methods and
technologies should be used to study, preservation and restoration of these unique and
valuable cultural monuments. The safeguarding of the cultural heritage becomes one of the
main problems of each civilization. The relation to the cultural heritage is a mark for the
civilization of every nation. The European countries with their long and rich cultural
history take a special responsibility to keep the roots of life at the Earth. In the future
united Europe every country will keep your national cultural identity. The richness of the
Europe is in its cultural and historic variety.
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ABOUT THE HISTORY OF CONSTRUCTION, PROJECT DESIGN AND
ERRECTION OF THE PALAZZO DEL LAVORO IN TORINO

Cristiana Chiorino !

! Cristiana Chiorino, Arch. Phd, Scientific Consultant of Pier Luigi Nervi Foundation,
8, via Aosta 36, 10152 Torino

Abstract: Viewed as a symbol of integration between structural and architectural
invention, the Palazzo del Lavoro has fascinated entire generations by emphasizing, with a
certain mannerism, the overly exposed role of the structure. The competitive tender for the
construction of the 47,000.m” pavilion that, for the Centenary of Italian Unification, was to
have hosted an important exhibition on labour, was won by Nervi & Bartoli with Pier
Luigi Nervi, his son Antonio and Gino Covre in 1959. The project revolved around the
subdivision of the square roof into 16 independent “umbrellas”, each 40.meters per side,
separated by continuous strip skylights and made from a sunburst pattern of steel beams
fixed to a central column with a variable geometry, a recurring characteristic in Nervi’s
work. The perimeter gallery is instead constituted of Nervi’s typical isostatic ribbed slabs,
realized using moveable ferroconcrete formwork, based on a process widely tested by
Nervi in various buildings. The proposal was deemed convincing for its simplicity and
structural legibility and, thanks to the modular solution and differentiation in materials, it
was the only submission capable of guaranteeing completion within the limited time
available. Beyond the technical data, nonetheless impressive —. 158.meters per side,
26.meters in height, and a total volume of 650,000m’ — the most innovative aspect of the
building was, in reality, the organization of the building site. Work began in February
1960 and by late December the building was already complete. This huge architectural
space, listed by the Ministry of Cultural Heritage in 2011, has continued to pose problems
of reuse since the ending of the “ltalia '61” celebrations. After years of abandon and
neglect, a variant of the Master Plan, approved by the City Council in 2008, provided for a
new use of the structure: the building, now privately owned, should be transformed into a
shopping mall housing also boutiques, restaurants and public establishments.

“If one considers the near future of construction, I think that we can glimpse a progressive
separation between residential architecture and the great works of a collective nature
which, driven by general progress, will increase their dimensions and thus progressively
reduce the freedom of choice of their structural and constructive schemes. Indeed it is
evident that, when the dimensions of a building are very large or, for any reason,
important issues of statics are at play, the liberty of the schemes, shapes and dimensions of
the resistant structures is diminishing until once certain limits have been reached they
become virtually nil ’[1].

Pier Luigi Nervi

Key words: Palazzo del Lavoro, 16 independent “umbrellas”, huge architectural space

! Cristiana Chiorino, Arch. Phd, Scientific Consultant of Pier Luigi Nervi Foundation,
8, via Aosta 36, 10152 Torino, e-mail: @comunicarch.it
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1. Introduction

The engineer and constructor Pier Luigi Nervi [2], spoke these words during a lecture
at Oxford University in 1960. Perhaps he was referring to the “huge structure” of the
Palazzo del Lavoro of Turin where the building work —which had begun in February 1960—
was coming to an end at the time of his Oxford lecture. Besides “static problems,”
numerous other factors had come into play while determining the project solution which
enabled the Nervi & Bartoli Company to win the tender published by the Committee for
the celebrations of the Centenary of Italian Unification (Italia.’61). The entire question of
Palazzo del Lavoro —from its design project to its construction — reflects the complexity of
Nervi’s design undertaking. It reveals the determination with which Nervi combined the
roles of designer and entrepreneur throughout his career, thus maintaining a continuity
between the moments of invention, calculation and then of execution so as to control all
the economic and quality aspects of the work [3]. Seen as a symbol of the integration of
structural and architectural invention and publicized by major national and above all
international journals [4], the Palazzo del Lavoro has fascinated entire generations [5]. By
emphasizing, with a sort of mannerism, the way in which the structure is almost flaunted, it
marks the transition to the third phase of Nervi’s design activities, that of the great
international commissions in which the “Nervi system” became a repertoire of solutions to
be adopted around the world.

2. The tender

The call for tenders for the construction of the Palazzo del Lavoro, the exhibition
pavilion in Turin built for the 1961 celebrations of the Centenary of Italian Unification to
host the great exhibition on labour directed by Giovanni Agnelli and staged by Gio Ponti,
was published on 4 July 1959 [6]. Based on a preliminary plan by Ludovico Quaroni, it
required the construction of a symmetrical pavilion along two principal axes at right angles
to each other. The building was to provide 47,000°m2 of usable surface area for
exhibitions and a range of services, and was to be used subsequently as a National Centre
for Professional Education [7]. The call for tenders [8], which put the emphasis on low
construction costs and the “expressive” use of construction techniques and materials,
allowed three months for the development of a working plan, including structural
calculations, estimated bill of quantities and financial quotation. The panel of judges was
chaired by Viorio Bonadé Boino, head engineer of the Construction and Systems division
at Fiat, and the panel members were Lodovico Barbiano di Belgioioso, Luigi Carlo Daneri,
Franco Albini, Adalberto Libera, Giovanni Michelucci and Roberto Pane. Six Italian
companies, with their associated architects and engineers, presented tenders: Borini and
Padana with Roberto Gabei, Aimaro Isola and Riccardo Morandi; Dalmine with Sergio
Nicola and Aldo Rizzoi; Guerrini with Carlo Mollino, Carlo Bordogna and Sergio
Musmeci; Guffanti with Piero Locatelli; Nervi and Bartoli with Pier Luigi Nervi, his sons
Antonio and Mario, and Gino Covre; and Recchi with Gino Levi Montalcini, Aristide
Antoldi and Angelo Frisa [9]. On 20 October 1959 the jury judged that only Nervi and
Bartoli’s proposal was entirely suitable (Fig.1).
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Fig.1. The project presented by Pier Luigi Nervi, 1959.
Fig.2. The square based umbrella at the base of the project, 1959.

Although it lacked a number of the tender requirements, for example, having the
unified surface broken up by pillars — which Turin-born architect Carlo Mollino [10],
attacked in an eventually unsuccessful appeal — Nervi’s proposal was convincing in its
simplicity and structural legibility. The Nervi design [11], the only one capable of meeting
the very tight deadlines, was centered on the subdivision of the square roof into 16
independent umbrella-style elements with sides of 40meters, separated by continuous strips
of skylights and consisting of a central pillar with a cross-section varying continuously
from a cruciform shape at the base to a circular shape at the top, and radiating steel beams.
The independence of the individual umbrellas, taken as the inspirational motif, has
continued to be the symbol of the building. The choice of the square structure was taken to
be a declaration of honesty over extravagance, but it was above all the result of precise
economic conditions, and it was the only possible answer in view of the time constraints.
Having a year at most for its construction dictated the need for a modular structure based
on the reproduction of identical independent units that were self-supporting and able to be
executed separately. The variable geometry of the support structures is a recurrent feature
in Nervi’s work (Palazzo dello Sport, Rome 1959; Corso Francia viaduct, Rome 1960;
Savona railway station 1961). Besides its indubitable value in terms of form, this above all
dispensed with stability and construction issues. The modular solution and the
differentiation of the materials would allow the almost simultaneous process of creating the
structure and the finishing, and managing the problem of the casting and hardening times
for the reinforced concrete [12]. The consensus of opinion between the designer and the
company also worked in favor of efficiency and speed of execution, as had been the case in
previous designs that Nervi had completed Exhibition halls (1948-1950), the Fiat factory
buildings (1955) and the public tram depot (1954) [13].

Nervi had initially intended to use reinforced concrete for the roof, re-utilizing the
system of ribbed umbrella structures he had adopted in previous works. Instead in
September 1959 he called in Gino Covre [14], one of the principal Italian engineers for
steel structures. For the composition of the cantilevered beams, Covre had proposed two
solutions for the tender: one with a solid I-beam section with vertical ribs to reinforce its
core and another, more metallic version, composed of a lightened node framework and
secondary points which had not been not established beforehand. The committee judging
the tender chose the first solution, even though it was heavier and more expensive. Until
that time not many buildings had been constructed using steel structure: the most important
of these were the ENI office block by Marcello Nizzoli and Giuseppe Mario Oliveri (1956-
1958) in San Donato and the Turin SIP office building by Domenico Morelli (1957) [15],
while the Rinascente designed by Franco Albini and Franca Helg and built by the Badoni
Company with Covre was still under construction in Rome. However, the solution that was
adopted in the end used solid I-beams with reinforcing ribs le, visible, connected by a
perimeter beam that served as a strengthening element for the entire system, with the effect
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of harnessing and redistributing the loads between the various projection beams. With
sheet-steel insulated waterproofed cladding panels, the 16 squares of the roof covering
were joined together by a network of 2-meter-wide skylights composed of metallic up-
sidedown V-frameworks with metal window pane holders without pu®’y. From the
functional organization standpoint the project envisaged the creation of two exhibition
levels: one on the ground floor, below ground level, and the other about 10°meters above,
supported on a mass of pillars and crossed by perimeter pillars with a square opening at the
centre; on the intermediate floor there was a continuous perimeter gallery, the outside
entrance and the services.

Fig.3. The presentation of the winning project by Nervi (on the right), October 1959.
Fig. 4. The new project approved, 22 January 1960, perspective cross section

3. From tender to project execution

After various changes, the site of the Palazzo del Lavoro was defined on 23°November
1959 as being on the southernmost edge of the Italia.’61 exposition complex with a parallel
axis to the south radial road Corso Polonia which had been built in 1956. The competition
project had to be finalized and executed with the supervision of the Fiat Constructions and
Systems division [16]. The project was immediately subjected to a series of changes to
ensure swi,er execution -and to satisfy the exhibition requirements which were defined in
parallel with the start of construction. A er various meetings with Gio Ponti, Ludovico
Quaroni, and members of the executive commi’ee of the Labour Exposition, in May 1960
the Nervi studio drew up the definitive project [17]. The basement floor was raised to
ground level as requested by the adjudicating committee [18], while the second level was
deferred until after the celebrations. The 10-meter-perimeter gallery remained intact and
was built with isostatic ribbed floors inspired by the isostatic lines of the bending
moments, a variation on the orthogonal crossed ribbing patented by Nervi in 1949 which
he had already used in 1953 for the Ga’i Wool Mill in Rome. A basement floor was added
for service areas, along with a day hotel and two projection rooms. Vertical access routes
between the hall and the gallery, which varied in parallel with the exhibition solutions
proposed by Ponti, were finalized as eight traditional staircases and seven escalators placed
in correspondence with the perimeter pillars. Heating and ventilation systems were
projected [19], whose realization was postponed
until a er the celebrations were over [20]. Ponti urged the elimination of the second level
supported by what he did not hesitate to call “a jungle of 182°little pillars that left, visible
only the four central columns and obscured the view of the others.” Ponti frequently laid
claim to his role in the transformation of Nervi’s project [21], a contribution that his friend
Nervi never failed to acknowledge [22]. Also at an advanced stage of the works, Ponti
suggested a series of changes to the project. In particular he wanted the lighting of the
exhibition space to come only from below so as to highlight the columns and the umbrella
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effect of the beams, but Nervi disagreed [23]. In the competition project there was a series
of details that had remained unsolved, including the glass walls [24].“Of this excellent
project,” as Bruno Zevi wrote on the day a,er the results of the competition were
announced, “the only worrying aspect is the inconsistency of the envelope. Each modular
scheme presents the problem of figuratively concluding the repetition of the modules, of
connecting its rhythms to the outer walls, designing the la’er in conformity with the
structural language. From what one can make out from the scale model, Nervi has not yet
tackled the issue, the glass walls that provide the envelope are vague and anonymous,
while the reinforcing corner pillar is weak and out of context. Identifying the construction
method of a building of this type is to travel 99% of the path to art; but this will be
achieved or not by solving the last 1% which means exactly the moulding of the envelope
in its two-dimensional rhythm” [25]. The elaborate external wall was worked out later by
Covre. It is 19 meters high and divided in two by an opaque strip of the same thickness as
the floor to be completed later, which was completely independent from the structure and
was le, undefined for the tender competition. The external facade is composed of a curtain
wall constructed from the inside, with brisesoleil [26], and sheet-metal sha s fixed at the
bo*om on cardan joint supports and at the top on piston rods, absorbing horizontal
movement and expansion [27]. The windows of the facade are in aluminium while the
doors are in iron [28]. The independence of the outside envelope compared to the internal
structure is further highlighted by the removal of the four corners, a solution that intends to
underline the leading role played by the structure in architecturally connecting the
building. In reality only night views — when the envelope virtually disappears®— or indoor
views make it possible to grasp the majestic movement Nervi imprinted on the structural
arrangement. During the day the envelope alone is absolutely impenetrable: cutting off the
rhythm of the interior pillars, it does not express the umbrella structure.

project approved, 27 January 1960, plan.
Fig.6. General view of the construction site

4. The building site

Apart from the technical or purely quantitative data —158 meters long by 26 meters high
with 650,000 m’ of volume.— the construction site and its organization constituted the most
innovative aspect. The building works started with outlining the foundations on 1 February
1960 [29] and the construction was finished on 31 December of the same year [30]. The
excavation and backfilling began in mid January and went on until April, while the
palification of the foundations was concluded in June [31] The foundations were outlined
at the same time as the plinths and load-bearing walls: work on continued into August as
they were built stepby-step the pillars were while being completed. About 300 people

61



VI MEXAYHAPOJHA HAYYHA KOH®EPEHIIUA BAHN 2022
VI INTERNATIONAL SCIENTIFIC CONFERENCE BASA'2022

worked on the Nervi Company building site. To these should be added the workers pu’ing
up the metal structures, those involved with the doors, windows and systems, technicians
and draughtsmen, for a total of about 1,000 people [32]. The site data [33], reveal that the
pillars and roof were constructed over a period of a month: each pillar corresponded to
construction of one unit of roofing. The building of the pillars began on 1 April at the
rhythm of a pillar and a half per month: by 30 July ten of them had already been
completed. The assembly plan for the roof and perimeter floor casting [34] reveals that the
metal roof started from one side of the perimeter, then the roofing of an adjacent perimeter
pillar and a central one was laid, and from this point work proceeded with the roofing of
the first and then the second row of pillars (so as to have two complete rows); in the third
row two non-adjacent roof coverings were laid and then the fourth row was dealt with,
concluding with the central column. Nearly 21 meters high, the 16 reinforced concrete
pillars rose from a cruciform base (5 x 5 m), and they were progressively tapered and
moulded to close at the top with a circular supporting area with a 2.5-meter outside
diameter. The need to have a self-centring, freestanding formwork (without internal tie-
rods) whose weight could be li-ed by a crane and with a volume that allowed casting to be
concluded in a day led to the subdivision of the formwork into six sha,s, marked with a
2x2 channel to separate concrete pouring and absorb the inevitable differences in color of
the cement mixture. The work plan set the pace of completion at ten days for each pillar:
once the formwork had been mounted, the cement was laid in 24 hours with the night shi ,
and then the next sha, (1day) was done and the two areas of concrete were poured in the 24
hours and so on for the three sha,s for a total of seven days which became ten with the
cleaning of the formwork. Produced externally with an iron beam framework, on the inside
the individual type moulds were fully lined with a double layer of wooden planks. The
planks on the inside, which were no higher than 12°centimeters, were cleaned and planed
after each pour [35]. To facilitate the organization of the building site and to aid work
progress also in bad weather, scaffolding was built with waterproof sheeting spread over
the top to cover the entire pillar, and heating was provided inside this provisional worksite
structure to enable complete drying of the concrete [36]. At the same time, the roof beams
were being constructed in the workshops and transported to the site by the Badoni
Company from Lecco. At the top of the pillars was a truncated cone capital, anchored to
the concrete structure by means of fastening screws, and a polyhedral corona joined to the
fixed-joint drum of the 20 cantilevered I-beams connected by a perimeter beam that served
as a strengthening element for the entire system. The total weight of each square was about
125,000 kg. The ground level floor was made up of the main beams poured on site onto
which were laid 10-meter-prefabricated beams at a distance of 1,66 meters. On these rested
prefabricated slabs reinforced with poured concrete joints above the secondary beams
between one floor slab and another. The isostatic ribbed slab on a mobile deck, which is
the real synthesis of Nervi’s work and of his concepts of economy with a constant quest for
the aesthetic appearance through the application of the laws of statics, was realized using
formworks in ferro-cement. These were composed of individual assembled modules which
were rolled along rails and li ed again by jacks where they were set ready for the next span
of the slab to be poured, according to a procedure Nervi had already widely experimented
with in various buildings including the Gatti Wool Mill (1951-1953) in Rome, the
Manifattura Tabacchi in Bologna (1951-1953) and the Mirafiori workshops in Turin
(1954). During the executive phase the passage from concrete pillars to steel roofing
looked incongruous. As speed of execution was paramount, the mixture of heterogeneous
materials was not le, to its authentic look. The steel was painted utilizing a rather cement-
like light grey gloss paint, which defeated any intent of contrast and tended to conform it
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with the concrete, revealing Nervi’s propensity for the original idea of a building all in
ferro-concrete, including the roofing.

|

g

Fig.7.The construction of the “umbrellas”
Fig.8.The construction site
Fig.9. The construction site: welding roofing sheets

5. Inside setting

The setting and layout of the exhibition, coordinated by Ponti but with the involvement
of the most advanced architectural and artistic culture of the day, from E’ore So’sass to
Marco Zanuso, and from Lucio Fontana to Bruno Munari, was strongly influenced by the
imposing structure of the building, “rejecting any solution that did not leave all the
columns visible” [37], it consisted of extremely light, ephemeral partitions in aluminium,
and panels clad in translucent,reflecting stainless steel which enclosed the Italian section.
These slender translucent or mirrored elements represent a deliberately transitory
construction arranged alongside the monumental expression of Nervi’s columns. In the
choice of se’ing it is possible to glimpse Ponti’s difficulties in structuring an exhibition
layout in a gigantic hall without proportions. Nervi’s building is imposing with its
monumental columns but it lacks spatial rhythm, it is a static space that is not designed,
and it needs another substructure to be inserted for it to be shaped and modulated. Before
this immense space, which excludes views and stands empty and inert, Ponti built crooked
12-meter high walls that broke up the rigid geometry of the container. The main criticism
leveled at the Palazzo del Lavoro a,er its inauguration was that “it is an enormous umbrella
that needs to be rebuilt inside for it to be utilized” [38].

Fig. 10. The design by Gio Ponti, perspective views on the columns, 29 April 1960.
Fig.11. Interior view of the exhibition setting.
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6. From 1961 until today: abandoned and reutilized

In Ugo Gregore®i’s 1963 film Omicron, the buildings of Italia *61 depict the backdrop
of a science fiction future metropolis [39], worthy of the best scenarios of the Mickey
Mouse universe. The future of that imaginary city instead became a chronicle of
demolitions, increasing neglect and missed opportunities. Bruno Zevi had already
identified the difficulties that would be encountered in utilizing those structures:
“Architects plan buildings independently from their contents, then architects arrive to set
up the exhibition and they have difficulty filling the general predetermined spaces. At the
root of all the aesthetic and technical defects of exhibition architecture is this procedural
dissociation. The perimeter of the Colosseum is 527meters, that of Palazzo del Lavoro
reaches 640, the Basilica of St Peter’s covers an area of 15,160rn2 and the Palazzo del
Lavoro 25,000m”. But who is interested in these data? The positive verdict for Italia.’61 is
restricted to the town plan. The rest is rhetoric, more or less mechanistic futility is folklore
given that nobody has yet invented a possible rational utilization of Palazzo del Lavoro
when the party is over” [40]. Despite the various solutions for a possible reutilization
proposed by Nervi himself in the public tender of 1959, including for sports facilities [41],
on the day a,er the exhibition closed there were already reports on the utilization of the
buildings and works constructed for the centenary celebrations [42]. It was predicted that 3
billion lira would be required for the adaptation of the building in the absence of the initial
project’s requirements. Initially it was thought that the Italia.’61 structures could become
the headquarters of one or more education centers of high, middle and low-level
professional training. In 1962 the Nervi office was entrusted with the project of
transforming the building into a professional center. The cost of this operation turned out
to be unsustainable, so the only option was to propose that the Palazzo del Lavoro should
become the headquarters of the United Nations International Labour Organization so as to
a’ract foreign capital into the city.
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Fig.12. The proposal to reuse the Palazzo as a sports center designed by Nervi himself, 10
October 1959.
Fig.13.The proposal to reuse the Palazzo as a sports center designed by Nervi himself, 10
October 1959.

64



VI MEXAYHAPOJHA HAYYHA KOH®EPEHLIUA BAHN 2022
VI INTERNATIONAL SCIENTIFIC CONFERENCE BASA'2022

Thus in December 1963 the Ministry of Finance (owner of the building but not of the
land on which it stood) entrusted the building to the Comune (municipality) with a
convention of 19 years to make it the headquarters of the United Nations International
Labour Organization which took up residence there in 1965 affter important reconversion
works [43]. The most important work was the construction of a second and third floor
(partly based on the project by Studio Nervi with the executive project of the Fiat
Constructions and Systems division). The staircases that led to the intermediate gallery
were eliminated in favor of four groups of fixed staircases and escalators in the corners
behind a wood panelling screen where the various systems were installed. Above all the
roof panels in thin sheet steel had turned out to be unstable [44], and insufficiently
insulated: these had to be substituted with prefabricated ferro-cement panels. Moreover the
building required insulation work to be inhabitable (new doors and windows, double-
glazing on the facade, wire mesh glass for the skylights, insulation and waterproofing of
the roofing), with modular divisions (new porches at the ground floor entrances and
interior movable partition walls), new technical equipments (false ceilings for cables along
the isostatic ribbed ceilings of the first level, plumbing improvements, drink-ing water, fire
security devices, hot water), and new air conditioning and fan coil units along the outside
walls, convection heaters for the rooms facing inwards onto the hall, electric fans on the
ceilings, underfloor radiant heating panels for the central hall covering the whole floor in
Montecatini marble, and a new heating and cooling station. All this cost about 2 billion
lira. At the beginning of the 1970s the City of Turin tried to utilize unsuccessfully a part of
the Palazzo del Lavoro for the installation of a public sports complex including a
swimming pool, sports fields and an athletics track. The United Nations International
Labour Organization abandoned the building in the mid 1980s a,er constant increases in
maintenance costs with problems of infiltration from the roof and leaks from the radiant
panel systems. The building continued to be partially used by the Regional Administration
Authority which installed the regional cartographic center, a vocational training center and
the Giorgio Quazza Institute for Information Technology and Electronics there. During this
period there was also the idea to convert the Palazzo into a conference centre [45], still
using a Studio Nervi project for a cost of about 10°billion lira, but this was never realized.

AR NS
Fig.14. The opening ceremony of the ILO, October 1965
Fig.15.The roof before (left.) and a.er (right) the addition of the cooling/heating pipes, 1961-
1965.

The Region also abandoned the building, and in the mid 1980s the Palazzo returned to
the State Property Office. Between the 1990s and the early 2000s it was utilized only
partially by the Faculty of Economics and Business, and by the Central Police
Headquarters. The years went by without there being a proper strategy for the building’s
use. In 2000 a feasibility study conducted by the Turin Polytechnic and coordinated by
Professor Aimaro Isola was commissioned by the Province of Turin. The study proposed
its conversion into a Science Center; then there was the hypothesis to make it the
headquarters of the prestigious Egyptian Museum; and a er that the idea was put forward to
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make the Palazzo the headquarters of Fiat Engineering. However, none of the projects
tackled the crucial problem, which was also the original defect: that it should be
reintegrated into the urban fabric with a real collective use. The sheer volume of the
building was a great stumbling block. Any conversion project had to take into account the
problem of heating a volume of this size or whether to use the complex as an enormous
covered square in which to build a series of independent volumes.

Fig.16. The roof before (left) and a.er (bottom) the substitution of the steel panes into
prefabricated ferro-cement ones.

In 2004 the Turin Municipality decided to purchase it: the asking price was 20°million
euros. However, the procedure was long and complex. Despite the Mayor’s provocative
proposal to have it wrapped up —literally — so as to hide it from sight during the 2006
Olympic Winter Games, the Palazzo del Lavoro continued its wretched existence as a
sporadic exhibition hall. In October 2005 a variation of the zoning use clauses of the Town
Planning Regulations was approved (which at that time specified its use as an exhibition
space) into ‘“new zoning use for tourism, culture, exhibition and the service sector,
conferences, research, university, services for people and for enterprises”. This might be a
way out, although there may be concerns about the broad spectrum of the uses permi*ed
and proposals advanced. There is again the idea of using the building as an umbrella for
smaller structures which, however, could still be six storeys high. In 2007 Fintecna, the
estate agent of the Ministry of Finance, chose the ideal partners for a real estate portfolio,
and the Turin estate agent Gefim was picked. The final variation of the Town Planning
Regulations was approved in July 2009. It allows for a change in the zoning use of the
Palazzo for commercial uses and for a considerable increase in its construction volume.
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Fig.18.The central exhibition space.
Fig.19. The interiors with false ceiling covering the isostatic ribbed slabs

Moreover, it should bring into the Municipal coffers at least 3.7°million euros for
development of the building and 8°million euros for the planning fees. It was only in 2010
that Pentagramma, a company composed of 50.% Fintecna and 50.% Gefim, was able to
identify the final user: the Dutch group Corio which builds shopping malls using a pension
fund. The project was presented in 2011 and for the urban planning aspect it was signed by
the Turin architect Alberto Rolla who maintains that he intends to faithfully pick up the
hypothesis developed by Nervi for the conversion of the building during the tender phase
in 1959. In reality, however, his project proposes the construction of bulky internal
volumes.

Fig.20. The original ceiling with isostatic ribbed slabs
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In July 2011, when the building celebrated its 50th anniversary, it finally came under
the constraints of the cultural heritage code. The constraint that was imposed referred,
however, to the relational value of a commemorative event, which is heteronomous as
regards the values of the work. It is not clear why it was decided that the Palazzo shouldn’t
be protected for its intrinsic value [46]. In the report the salient features of the internal
space and the architectural concepts in relation to the structural aspects are not indicated.
This in effect prevents any specific limitation by the Soprintendenza (government
department responsible for the environment and historical buildings). Hypothetical
limitations would include, among other aspects: the height of any volumes, which should
not exceed that of the perimeter gallery; their arrangement and the amount of space they
occupy; and their distance from the pillars so as to respect the internal perspective space
defined by the succession of pillars and by the interplay of light. As the building is now
private property, the Soprintendenza can give its approval on the basis of a preliminary
project without acting as tutor throughout the project process. The public administration is
the only authority remaining that can impose the protection guidance that would result
from this work. At the beginning of 2012 the city of Turin set up a specific commi®ee for
the refurbishment but this was done more to respond to the inhabitants’ perplexity over the
building of yet another shopping mall than to protect an architectural monument of the
20th°century, to the extent that only local politicians sit on this commi’ee, with the
owners, and no architects.

In June 2012 the regional administrative court blocked the project following a
complaint [47], by the company that manages the shopping mall in the nearby ex-Fiat
factory Lingo®o, an icon of modern movement built between 1915 and 1922 and
transformed by Renzo Piano Building Workshop into a multipurpose center in the 1990s.
The project for the Palazzo was therefore suspended. Being a celebration of Italian
technique and know-how admired around the world the building was likely to become a
symbol of immobility. Suddenly in August 2015 the southern part of the building was
devastated by fire. From this fire, the municipal authority has made a commitment to
accelerate and conclude within one year the approval process. In December 2015 the
planning agreement was finished, and it was approved by the Turin City Council in mid-
January 2016: the transformation of the Palazzo was then scheduled for completion by fall
2018, but then always postponed for regulatory and economic reasons. No transformation
is documented until the beginning of 2019. The failure to fully utilize the Palazzo due to its
high maintenance costs is a reminder of how policies relating to major events may fail if
they are not connected to the real economic and social requirements of the city, despite in
this case the innovative formal and technological qualities of its architecture.
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Fig.21.The Palazzo in 2017
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110 YEARS SINCE THE BIRTH OF THE GREAT BULGARIAN ENGINEER
ASSOC. PROF. DR. ENG. BORISLAYV B. BANKOV AND HIS STEEL BRIDGES
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Abstract: In this paper the author present a short autobiography of the great Bulgarian
engineer and lecture assoc. prof. Dr. Eng. Borislav B. Bankov. It is given short information
about his education and scientific works in Brno and Darmstadt. Attention is drawn to six
realized steel bridges projected himself.

Key words: education, 110 years anniversary, steel bridges, autobiography
1. Introduction

Assoc. Prof. Dr. Eng. Borislav B. Bankov(Fig.1) was born on 26 September 1912 in a
family of teacher in Kneja, a small Bulgarian town. He finished school in Knezha-Bulgaria-
1932. In 1940 he graduated civil engineering in Brno, Czech Republic. He was assistant of
Prof. A. Hawranek at the department of “Steel bridges and constructions”. Till march of 1942
he worked in engineering company of Prof. Kleinlogel in Darmstadt, Germany. Between
April 1942 and August 1944 he was assistant of Prof. K. Kloppel at the department of
“Static, Steel bridges and constructions”. At the time he completed his promotion and
published his book “Anwendung der B-Belastung bei der Berechnung von EinfluBllinien”.
After that he returned to Bulgaria and taught in different universities in Sofia, Russe and
Varna. In 1968 he began to construct bridges. Till 1972 he constructed various kinds of steel
bridges near Varna. In 1968-69 he constructed the first welding railroad bridge in Bulgaria
approximately 400 m. long. In 1975 he constructed and managed the building of a road and
railroad bridge near Varna. Prof. Bankov was awarded a medal for his great projects in 1976.
In 1977 he constructed the steel highway-bridge “Bebresh” - 740 m. long. In the same year he
made a special steel construction-168 m, long for the building of a concrete road-bridge. In
1980 he was superviser of a steel bridge in Elin Pelin. The elements of this bridge were made
in formerly Jugoslavia. In 1981 he constructed a special steel system for the renovation of a
road-bridge 160 m. long. 1983 he constructed and managed the building of 90 m.-long bridge
near the airport of Sofia. For this project he was awarded a prize. In 1984/86 he constructed
and managed the building of compositesteel-concrete bridge near Varna. In the period 1984-
86 he made a project for a bridge near the village of Roglez with parts from an old steel
bridge.

! Doncho Partov, Prof. Dr.Eng., HSCE “L. Karavelov”, Sofia, partov@vsu.bg
? Dobromir Dinev, Assoc. Prof. Dr. Eng.UACEG, Sofia, ddinev fce@uacg.bg
? Georgi Hristov, Institute of Roads and Bridges, Sofia, Bulgaria
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Fig.1. D-r ing. B. Bankov(1912-1992)

2. Structure, Design and Construction of a Steel Scaffold Bridge in Sofia

2.1. Structure

In the beginning of the 90's, in Sofia, the capital of Bulgaria arose the necessity for a long
bridge connecting the center of the city to the airport[1]. For this purpose a steel-reinforced
concrete bridge was designed and constructed with a total length of 2114 m, a width of 21.5
m and a height above the ground of about 10 m. The bridge is located in a densely populated
urban environment. This important, effective and aesthetic bridge serves as a connection
between the busiest input-output highway and the airport of Sofia. It ensures a convenient
access to some highways, railways, streets and the airport. As a result of this requirement, the
erection of the reinforced concrete bridge is not allowed to cross the railway between Sofia
and Varna. So, a 90 m long middle steel part was designed to cover two spans of 45 m each in
the multi-span bridge structure (Fig. 2). The steel superstructure in the form of an open steel
cross-sections (or boxes, alternatively) ere prefabricated in the shipbuilding plant “Stoyan
Pavlov” in Varna. The parts of the steel structure were cut out by a CAD/CAM system
according to the final detailed drawings. Full corrosion protection was provided at the
construction site. The structure of the bridge was divided into separate sections (Fig. 3) with
such dimensions and weight that they could be transported by trucks about 500 km from
Varna on the Black Sea coast to Sofia[1].
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Fig. 2. Longitudinal cross-section Fig.3. Tnple-box section of the brldge deck
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2.2. Construction technology

The r/c foundations are initially cast-in-situ. The steel superstructures are assembled by
a crane using prefabricated elements . In longitudinal direction 8 mounting sections are
formed. In transverse direction 5 mounting deck sections for each of two decks are produced.
The supports and columns are initially mounted to bases. Then the deck elements are lifted
and joined to each other. High-strength bulgarian steel and welded junctions are implemented.
The girders were taken to the construction site where they were lifted into their final position
with a mobile crane “Demag”,(Figures 4 and 5).

Fig. 4. Assembly of the box girders Fig.5. Composition of a separate box girders

Each deck has a roadway of 7,5 m width with two one-way lanes. The steel decks are
stiffened by longitudinal and transverse ribs. Transverse diaphragms over the supports and
between them are also constructed. Some parts of the two steel decks have different and
variable curvatures and crosswise slopes. A dividing longitudinal middle gap is available
between adjacent decks. The V-type supports are rigidly connected to the decks. The r/c
supports are also rigidly linked up the foundations but the steel supports are tied by
cylindrical hinges to the bases. The two middle vertical r/c columns of the steel bridge part
has a rectangular variable cross section and they are bound by elastomeric bearings to the
steel decks but by rigid couplings to the foundations. The adjacent V-type supports as well as
the columns of the two decks are connected to particular r/c foundations (Fig. 6 and Fig.7).

Fig. 7. Assembling of the steel “V”-
to the lower orthotropic steel deck supports
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2.3. Analysis and design

For the final detailed design in the early 1982 it is computed by refined linear elastic
spatial frame models and the finite element method using the computer program STRUDL.
The structure is designed for all loads and models during its assemblage and operation.
Additional manual computations of some elements are then accomplished taking into account
several important peculiarities. The curvature effect on the strains and internal forces is
considered. The restricted and pure twisting of the box-type thin-walled steel and r/c girder
decks are then regarded. The inclined supports with variable cross sections are computed by
their deformed schemes under eccentric compression. A parabolic constitutive law of the
concrete but the Prandtl's law for the steel are assumed. The bearing capacity of the critical
sections in all phases is ensured. The technical tests proved the high quality structure. The
bridge was put into operation from 1983. The construction costs was restored. The traffic in
this urban region is improved.

2.4. Summary

The steel orthotropic bridge over the railway Sofia-Varna is an example of an effective
structural method for medium span bridges. It is applicable for spans of 20-60 m considering
that the prefabricated steel components are transported by road. To achieve of design
versatility with the use of steel as a building material, a visually attractive structure could also
be created. Since the region of Sofia is an active earthquake area, seismic codes had to be
considered. However, the structure was proven to be ideal for earthquake regions. The
superstructure with small mass, together with the inclined supports and columns formed a
structure with excellent stiffness. A high level of precision was required during the process of
construction, since much of the work had to be carried out in advance under the factory
conditions. The technical tests proved the high quality of the structure. This important and
complex bridge has been operating successfully about 40 years (Figs. 8 and 9).

Fig. 8. A view of the concrete and Fig. 9. A view from beneath the steel orthotropic bridge
steel bridges
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3. Large-Span Steel Travelling Spatial Trussed Girders for Assembly of Precast
Reinforced Concrete Bridge Beams

3.1.Structure of the equipment

The installing structure consists of two particular main spatial longitudinal parallel
identical frame or trussed girders axially spaced in 5,6 m. Each of them has a total length of
168 m, 4,25 m in height 1,2 m axially in width and its weight is of 210 t (Fig. 10a,b)[1].
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Fig. 10a,b. Overall view of the steel trusses — a); Cross-Section 3-3 and 4-4 of the two
Trusses-b)

Every girder is composed from 15 separate prefabricated units (mounting blocks) in
length - 13 inner uniform with a length of 11,0 m and a weight of 18 t and 2 outer non-
uniform (the upper and the lower chords are inclined as a belaying cleat or as an fork arm) of
12,5 m long and of 21 t heavy. The units are made up in an automated factory for
prefabricated steel structures. The whole equipment and each of its two girders have one
longitudinal and one cross vertical plane of symmetry. Each lattice girder is made up from I-
type steel rods. It is composed from 4 longitudinal horizontal parallel beams (excepting the
outer blocks where the top and the bottom beams are inclined to the horizon) and discretely
located vertical beams (left and right), cross horizontal bars (upper, middle and lower) and
stiffening diagonal members (bracing struts) in all four side surfaces and within some cross
sections also. A continuous upper plate of 1,5 m width and a lower plate of 1,2 m width are
constructed also. They have a considerable stiffness in their horizontal planes necessary to
bear the vertical and horizontal loads including lateral impacts during the movement of the
upper installing and lower adjusting rolling trucks. A lower narrow-gauge double-track
railway is welded on the bottom side of the longitudinal beams of each of the two girders . It
serves to roll the equipment on four special steel underlying mechanical trucks (two by two
under each trussed girder). These moving adjusting trucks can roll by 8 lower wheels on the
two parallel cross double-track underlying railways situated at the side or on the r/c abutment
in the initial adjustment process but attached on the cross cast-in-situ reinforced concrete
bearer frames between and over the bearings on the bridge column heads( Fig. 10c,d) in the
following operation or adjustment phases. The frames are equally high to the precast deck
beams. These rolling trucks enable the equipment to move in the bridge length by rolling on 8
upper wheels and across the bridge as well to rotate in horizontal and in vertical planes also.
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¢)

Fig.10c,d. High-Strength Bolt Link Between Two Mounting Blocks of the Equipment
Structure-a); An Installing Equipment, Two Lower Rolling Trucks and Cross Rails Under
Them-d)

During the movement, adjustment and operation the individual frame (truss) girder of
the blank or loaded equipment can be supported either as a cantilever or to be simply
supported on two consecutive columns as well to be supported as a continuous beam on three
columns (bridging two spans) without or with one or two cantilevers depending on the
position of the bearings. During the movement of the equipment on the lower adjusting
rolling trucks, attached to the r/c frames on the bridge column heads, the bottom longitudinal
chords are subjected both to axial and bending loads due to the direct action of the wheels of
the trucks. This local action is large. Therefore the bottom longitudinal beams are designed
and constructed stronger than the upper ones and they are strengthened by densely located
short vertical ribs and by a horizontal plate too. A single rail on the upper plate of each of the
two girders is located in the vertical longitudinal axis of this plate on a longitudinal rib
endured by cross bars. The last members withstand the loads from the elevating two installing
motor trucks and transfer them at the girder joints. In this way the upper chords are subjected
to axial loads mainly and they are relieved. The lifting and pulling electrical mechanisms are
installed on these trucks. The trucks move on the upper broad-gauge double-track railroad the
rails of which are placed on the two particular equipment girders. The weight of the trucks is
about of 40 t. The total weight of each equipment frame is of 230 t (about of 1,4 t per meter)
and the total movable load on it is up to 260 t. The upper plates of the equipment are
connected only by two cross members at the ends (just to the connections between the outer
fork arms and the first inner units) of the two girders. These members serve also as stops of
the movement for the upper trucks.

3.2. Conclusions

The rational installing structure and the mounting technology are proposed, elaborated
and applied successfully. The structure of the installing equipment, the lower adjusting rolling
trucks, the upper installing rolling trucks and the installing technology are technical novelties
and inventions. These unique structure and technology are very effective, reliable and

fine(Figs.10e,Y).
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Fig.10e,f. Overall view of the steel trusses — e); Cross- Sectlon 3-3 and 4- 4 of the two Trusses-
f)

Before using the gantry truss for transporting the 60m bridge girders with 220ton weight
Bulgarian Road Agency[2] performed series of load tests to prove its load bearing capacity
and compare the structural behavior with the project developed. Under load and support
conditions in accordance with schemes SH 1.1, SH 2.1, SH 2.2 and SH 2.3 vertical
displacements of the particular measuring points are measured by means of Maximov’s
deflecto-meter and with precise geodetic level measurer “KONI”.

Fig.10g. 3D FEM of the double twin gantry truss with 168m length

For the comparison of the results with the developed by the Bulgarian Road Agency tests and
calculations a 3D FEM[2] of the gantry truss is developed with SAP2000 software — Fig.10.g. The
connection between elements is assumed as rigid.

Fig.10j. Support conditions and loads arrangement for scheme SH 2.2. (F=680.81kN).
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Fig.10k. Support conditions and loads arrangement for scheme SH 2.3. (F=680.81kN).

4. Design and Erection of Composite Road Bridge

4.1. Bridge technical details

The road bridge throws over railway line Sofia-Varna and sewer for central heating of
Varna[l]. The railway traffic between the capital Sofia and the big town Varna is very
intensive. It was very important the erection of the bridge not to break the railway traffic. The
situation-plan gives the opportunity for using an internal support which devides the upper
construction into two equal spans. Two variants are examined: continuous beam on three
supports and two simply supported beams. After analyzing advantages of the two variants is
choosen the second one. The upper construction consits of two identical simply supported
beams with a span of 44 m. The cross-section is composed from four steel beams which are
connected by a ribbed bottom and unified along their upper flange with a reinforced thick 20
cm concrete prefabricated slab( Fig.11a,b). The intermediate trusses are formed of L-profiles
and are at intervals of 10 m. The effective width of the Bridge is 9.5 meters providing two
lanes of traffic. Box width is 2.7 meters.

Fig.11a,b. Construction of the cross-section

4.2.Design consideration

The upper construction of the bridge can be treated as a composite prismatic shell. The
static calculations include all actions of dead load, live load, wind pressure, temperature
effect, erection forces and effects, seismic forces, creep and shinkage effects, forces and
effects due to removing of temporary supports. The bridge is investigated as a statically
determinate composite steel-concrete beam. The composite action between steel girders and
concrete slabs is ensured by means of grouped headed stud connectors at intervals of 0.5 m.
The studs are welded to the beams by equipment CROMP-ARC. They are situated in precast
slabs. The studs are with diameter 19 mm and height 120 mm.The prestressing of the steel
beams is realized by four temporary supports for each beam elongated at distance L/5 one
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from another. Each support bears 500 kN hydraulic jack. The separated beams are loaded by
the jack with 100 kN direct upward force resulting in reverse elevation of the bridge
(Fig.12a). The bridge was put into operation from 1986(Fig.12b).

R ¢ "‘:

Fig. 12a,b. Reverce elevation of the structure-a); Inside view of the bridge-b);

5. Reconstruction of the 80th Old Steel Bridge Structures and their Implementation in a
Road Bridge and Conditions after 35 years in Exploations

5.1. Construction of old bridge

The steel constructions were made at the end of the XIX century[1]. They consist of three
separate steel truss girders of the simple beam statically system. The main girders of the
30.80m. span old bridge is with a parallel upper and lower chord. Each of them is a bi-
construction of two main steel trusses, connected between each other at the nodes of the upper
chords with horizontal cross web beam and vertical X-type bracing, situated under the
horizontal beams. (Fig.13). A lower and upper wind bracing connected the two lower chords
and the two upper chords of the main girders. The height of the every truss girder is 3170mm.
every truss is divided into 10 fields by vertical struts. The distance between verticals is
varying from is 3080 mm. The diagonals are extended over one field, and are inclined to the
middle of the bridge. They have no bending stiffness and are therefore designed only for
tensile forces. This is a reason, why the diagonals are crossed in the middle in two fields of
the bridge. The distance of the main girder axes is 4,0m. Between the cross web beam, four
horizontal longitudinal truss girders are situated. They are with parallel chords and crossing
diagonals, so that there appear chords were in the plane of the cross girders. The height of
these beams is 550mm. All elements of the trusses are made of angles and flats connected by
rivets. The bridge structure is made of wrought iron. All parts were assembled and riveted
together on site. It is interesting to note that this type of bridge was common at that time.

Detailed instructions and advice for design and construction for this type of bridge are giving
in[1].
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5
Fig.13.View on disassembled steel Fig.14. View on strong damage,
bridge construction due the corrosion

5.2. Condition of the structures

The condition of the disassembled bridge was detailed inspected, before the design stage.
the main problem was corrosion of the steel parts. additionally, if was known that salt, had
been used on the road surface more than 70 years. the structure had many details which
needed a very efficiently method for inspecting and repairing. in some places, the damage
seemed to by very bad (severe). the steel flanges had started to peel and there was no easy
way, how to stop this process. also, some of the cross and longitudinal beams the upper and
lower chords, knots plate, wind bracing were strong damage, due the corrosion and as a result
of a incompetence by disassembling of structures loading and unloading and its transportation
to the river “Lom”. (Fig.14).

5.3. Concept of rehabilitation works

The rehabilitation concept consisted of:

Analysis of the structure and increasing the structural capacity of the steel truss, according to
the present design code; Replacement of the deteriorated steel elements; Building of a modern
composite steel- concrete road plate; Widening of the width up to 9,0m; Repainting of the
whole steel structures; Repairing of the damaged structures and accessories, including the
stone guard of pears

5.4. Conclusions

At the beginning of the 1980 the Ministry of Transport in Bulgaria give instruction for the
disassembly of the steel construction of a road bridge over the Jebel river (near the town of
Kardjaly). After a 70-year exploiting these old steel constructions were transported in May
1982 to Rogletz village for the execution of a diversion over river Lom of road III 564,
leading to Rogletz village near the town of Vidin, which lay on the river Danube. The river
Lom is a right tributary of the Danube in territory of Bulgaria. As a results of the analysis the
upper and lower chords of the main girders, the cross girders, the longitudinal girders, the
lower and upper wind bracing not proposed to be strengthened. This rehabilitation work was
carried out in the time 1982-1987 [1]. It was possible to strengthen the old road bridges from
the beginning of 20 century to withstand the higher loads of actual standards. The historical
appearance can also be maintained (Fig. 15a,b). A practical case is presented where
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rehabilitated steel structures are used for construction of a new bridge. The steel constructions
were made at the end of the XIX century. All elements of the trusses are made of angles and
flats connected by rivets. The condition of the disassembled bridge was detailed inspected,
before the design stage. For the repair and rehabilitation of the old steel structures was applied
the European practice. The new road deck was chosen to be precast concrete plate. A team of
experts monitored the new bridge, which is in operation for 35 years, and concluded that its
characteristics are according to the standards(Fig.15a,b).

Fig.15a,b. Side of view on new rehabilitation bridge construction-a); View on bottom surface
with wind bracing-b);

6. The Rehabilitation of small Aparuhov Bridge in Varna — Design and Construction

6.1. Introduction

In January 1975 Russian ship “Pavel Postishev” hit the lifting machinery of the movable
span causing an accident that completely destroyed the movable part, and seriously damaged
the two adjacent segments[1]. The situation was temporarily handled by constructing two
military pontoon bridges, replaced two weeks later by two decommissioned steel bridge
structures. Under these circumstances the design of a new combined road-railroad bridge with
a movable middle section began under the leadership of Assoc. Prof. B. Bankov, Ph.D, [1]. It
was proposed that two of the three damaged segments at the Varna side be replaced by new
steel structures. The central span which used to be self-raising, was now subject to a limitation
of a self-weight of 95 t. to allow lifting it by a 100 t crane every evening. The movable part
was to be permanently fixed on completion of the big Asparuhov bridge, whose construction
was under way at that time. After feasibility studies on several alternative solutions, the final
conceptual design included a solid-walled steel structure between the abutment at the Varna
side and pier 2, and a steel truss spanning from pier 2 to pier 3. The rest of the bridge was kept
in its original state, i.e., a riveted steel structure between piers 3 and 4(Fig 16).

MANLK ACTAPYY0p MOCT

Henogbuyua waem-uzmg  Togbuxyma Yacm - pa3hes

Fig. 16. The new bridge — plan view and side view
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6.2. Stationary and movable parts of the bridge

The stationary part at the varna side was designed as a solid-walled simple beam with
span 24,360mm measured between the bearing centres. the cross section shown in (Fig. 17a),
is a classical example of a steel bridge with an orthotropic deck. the width of the bridge
between the parapets is 10,480mm, with the two main girders placed at 8,000mm centers. the
main girders are stiffened by cross-girders spaced at 1975mm. the main girders and a 12mm
thick steel plate fastened to their top flanges form together a channel section. the 12mm steel
plate is stiffened by 10x160mm longitudinal stiffeners at 300mm centres. the longitudinal
stiffeners are continuous through all the length of the bridge, passing through purpose-made
grooves in the webs of the cross girders. with this design the deck becomes an orthotropic
slab with different stiffness in the two orthogonal directions. the pedestrian walkways are
2450mm wide at the right-hand side, and 930mm wide at the left-hand side. they are designed
as orthotropic slabs and are attached to the main structure as cantilevers. the thickness of the
walking surface is 6mm, stiffened by 6x60mm steel strips. the cantilevers are 200mm deep “i”
beams with a bottom flange10x160mm, a web 8mm thick, and 1.5% gradient for draining.

a) — e . b) ==
Fig. 17a,b. Cross section of the stationary part-a); Cross section
of the main truss at a main cross girder location —b)

In order to satisfy the requirements of ship navigation, i.e. the bottom of the structure to be
at the same level as that of the bridge before the accident, a truss solution with the road at the
bottom chord level was proposed. Both from structural and aesthetic point of view, a simple
triangular lattice without vertical members was adopted, (Fig. 17b). In addition, the structure
had to weight no more than 95t, since it would be lifted by a 100 t floating crane during
operation. In order to meet the weight requirement, the deck was designed as orthotropic slab,
which includes parts of the bottom chord of the truss. The truss was designed as statically
determinate, both internally and externally, with a span of 31,620mm. The bottom chord was
divided into six members, with node-to-node distance 5270mm. The deck consists of a 12mm
thick plate stiffened by 10x160mm longitudinal stiffeners at 300mm centres, main and
secondary cross girders at 1757mm centres, where the main cross girders are spaced at
5270mm, and are supported by the nodes of the truss. The secondary cross girders are
connected to the bottom chord of the truss, between the nodes, at equal intervals, three girders
per node-to-node span. In order to alleviate the secondary cross girders, the main cross girders
have significant stiffness. In fact, they are designed to independently carry the railroad traffic
loads, without resorting to the contribution from the orthotropic deck, i.e. the orthotropic
action is considered for the secondary cross girders and the longitudinal stiffeners only. The
internal forces are obtained for heavy-vehicle loading HK80, and train loading type A. The
secondary cross girders have a constant cross section with dimensions as follows: 8x450mm,
12x1550 and 20x160 for the web, the top and the bottom flanges respectively. The cross
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sections of the top and the bottom chords, as well as those of the compressive diagonals are of
box type. The tensile diagonals are designed as “I”” sections.

6.3. Conclusions

The design and construction of the small Asparuhov bridge was executed without
interruptions, due to the importance of the project to the national economy. The orthotropic
structures were designed to modern standards, and were completely shop-welded at the Varna
ship-maintenance yard. The design and construction were executed in parallel, which resulted
in a fairly short completion period; just three months. All works, and the welds in particular
were subject to strict quality control. All butt welds were X-ray inspected. A defective weld
would then be removed, welded and inspected again. The bridge structures were shipped to
site by a 100t Gants floating crane. The final assembly was done by simply placing the
assembly units at their design locations. The assembly process went smoothly and was
completed in a few days. The total weight of the structures was 81t. for the stationary part and
113t, for the movable part. The quality control for the design calculations and drawings was
done by Prof. Dr. Hristo Popov, a prominent Bulgarian expert in steel bridges.

7. Design and Construction of the Orthotropic Steel Deck Bridge in Elin Pelin, Bulgaria
7.1. Introduction

The construction of the elevated road link on road II-165 Yordankino — Elin Pelin — Novi
Han started on completion of a competitive design-and-build bidding procedure in which
eight companies took part — “Nobels Group” from Belgium; “SFEM” from France, ”Klos”
from the Netherlands, “Krupp” and “Thyssen” from Germany, “S. M. Finsider” from Italy,
“Gosha” from former Yugoslavia, “Rudnitsi i Zhelezarnitsa” from Macedonia[l]. The
solution proposed by “Gosha” is an application of a unified modular system for the
construction of elevated roads; its main features are described here on.

7.2. Structural solution for the elevated road at Elin Pelin
The elevated road is about 300 m long, and crosses over the railroad in the vicinity of the
Elin Pelin railway station. The deck is a statically determinate plate girder system of Gerber

type consisting of fifteen spans, as shown in Fig. 19. The largest span which is between piers
9 and 10 has length of 30 m. The rest of the spans vary in a close range between 18.766 m and
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18.793 m. The principle girder of the Gerber system (with cantilever protrusions of 400 mm
from the supports) is between piers 9 and 10, with the secondary girders between piers 1 to 9
and 10 to 16, being supported by a pier and a cantilever protrusion.

Fig. 19. Structural solution. Longitudinal section and plan view.

Three versions of the cross section were proposed with width of the road between 7.00
m and 7.50 m. The 7.00 m version shown in Fig. 20 was adopted for construction. The
proposed structural solution for the elevated road is a classical example of an orthotropic road
slab. The deck consists of main plate girders connected at the top by a steel plate. The steel
plate is stiffened by longitudinal ribs and transverse girders. The stiffness in the two main
orthogonal directions is different, hence the name “orthotropic”. The structural solution for
the orthotropic slab is shown in Fig. 21. The structure for the road lanes is an orthotropic slab
with thickness of the top steel plate 12 mm. The longitudinal stiffeners under the road lanes
have a trapezoidal cross section manufactured by bending of a 6 mm thick metal sheet, Fig.
22. Ribs of such dimensions are sufficient for spans up to 3.00 m, and their significant
torsional and bending stiffness allows them to perform well for temporary asymmetrical
loads. Two pedestrian lanes (2.35 m and 1.50 m wide) are attached to the road lanes. They are
also designed as orthotropic slabs with thickness of the top plates 10 mm, and 8 mm thick 150
mm deep longitudinal stiffeners.

240 7] q
Fig. 20. Adopted cross section Fig. 21. Structural solution
for the orthotropic slab

The road is supported by piers, at axes 2 to 15, and by the abutments at axes 1 and 16.

Piers 2 to 8 and 11 to 15 are designed as plate I section columns, Fig. 8. Piers 9 and 10 are
designed as box section columns.
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Fig. 22. View of the sidewalks of the completed bridge (bottom).

7.3.Technical and economical requirements

The structure is delivered from the workshop coated with two layers of primer and
painted. Two additional layers of paint were applied after assembly. The road surface — 7mm
“Road coat” type was applied in two layers on site after assembly.

Fig. 23. The completed bridge
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he total weight of the structure is 9890 kN. The design was submitted for review in June
1980, static and dynamic testing was carried out by the Road Institute (Bulgaria), and in May
1981 the facility started operation. A view of the completed bridge is shown in Fig. 23.
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ABOUT THE HISTORY OF EXHIBITED HALL No: 5 IN PLOVDIYV,
REALIZATION WITH SPATIAL AND CONPOSITE STEEL - CONCRETE
STRUCTURES, AFTER 35 YEARS EXPLOATATION (2022-1987)

Doncho Partov' and Zdravko Ilievz,
12 University Structural Engineering and Architecture “L. Karavelov”

Abstract: In this paper the first author present the history of exhibited hall 5 in Plovdiv,
realization with steel bar roof construction, type “MApxI” and composite steel — concrete
floor structures,after 35 years exploitation (2022-1987). Statics and dynamics investigation
using finite elementmethodwas made and present as diploma project in 2006, with the second
author of the contribution, which impressed the engineering community in our country and
abroad with the depth of its investigation.Investigation is providing with SAP 2000.

Key words: MFE, steel bar, roof construction, composite steel-concrete structures

1. Introduction

The exhibition hall was intended for organization of exhibitions of the latest
achievements of our and foreign building industry. The project is developedinthestudio of
architect H.Staynov(H.S)inpartnershipwiththefirstauthor(D.P.) of thisarticlein 1987. Building
consists of two main parts: exhibition hall and administrative building(Fig.1a,b). In front of
the main entrance is erected an independent spatial structure in order to demonstrate the
system “MArchl”.On the east side, a monolithic RC staircase leads to the exhibition gallery at
a height of 3.60 m, where there is also a cinema with 214 seats.The exhibition palace has a
built-up area: 1872 m?, unfolded built-up area 4675 m? and built-up volume 25902 m>.

a) HESALE T WA l—'l b)
Fig.1a,b. Situation: according H.S.-a), Elevation:North, East, Cross and Longitudinal
Sections:-according D.P.- b)
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For the roof structure of the exhibition palace, a solution with a spatial-rod structure was
proposed, the great possibilities of which allowed in this case to realize an individual
architectural volumetric planning solution with different compositions in horizontal and
vertical direction [1, 2].

1. Constructive solution

A spatially-bar two-layer structure with orthogonal upper and lower meshes and their
connecting diagonals was chosen.The grid cells are square with dimensions of 3.0 x 3.0 m.
The height of the structural plate is 2.121 m. In plan, the roof structure is a rectangle with
basic dimensions: variable width 30-33-21 and length 54 m.In the longitudinal direction, the
structure changes its height from elevation + 0.00 to the elevation of the lower belt as follows:
5.10; 7.221; 9.342; 11.463 m. (Fig. 2, 3, 4, .5).
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Fig. 3. Vertical section: 1-1, According-ZI, Fig.4. Vertical section: 5-5, According-ZI

The support of the structure is carried out not only on the lower belt but also on the upper one,
where the heads for supporting the upper belt are specially expanded, with special bolts milled
in one plane, rolled into their holes (Fig. 5a).In order to unify the heights of the steel columns
supporting the structure to take the loads from it through the upper belt, special structures are
constructed, made of a high-strength bolt ribbed along its height with steel plates, which are
welded to the upper end of the columns (Fig. 5b,c).
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b) A

Fig. 5a,b,c.Extended of upper surface in nodal head along upper flange -a), Support, specially
ribbed bolt, for additionally structure at the columns-b), Assembly of the roof structure with a
ribbed bolt when pairing the spatial pyramids-c)

The columns are made of welded full-wall "I" profiles with dimensions of 200 x 340 mm
(Fig. 6a).The spatial structure is executed as a continuous structural plate of two fields
supported along axis 5 through 9-6-6-6-6 m(Fig. 6b).In order to rationally use the spatial
behavior of the structures in square fields, in the places of transition from higher to bottom
level, a pairing of the spatial grid was performed, in which only one-way behavior in the
direction of the transverse size of the structure was excluded (Fig. 6¢).

Fig.6a,b,c.The columnswith dimensions of 200 x 340 mm-a); continuous plate on two fields
supported-b); one-way behavior in the direction of the transverse size of the structure was
excluded-c).

The rods are made of steel pipes of different diameters. At the ends of the rods are welded
inserts fitted with axial bolts and moving hexagon special sleeves. The rods are with
coordinating lengths of 3,0 m. Thespatialstructureis made of the following types of pipe sizes
profiles: ®60/4, ®76/4, ®89/8, ®102/4, ®127/7, ®133/8 (Fig.7a,b).

$ 45339 60307633 | 3t ing
4 80,32 102.435;¢Me; [ L3813

R

Fig.7a,b. Structural rod -a); Main structural rod - elements-b);

91



VIMEXAYHAPOJHA HAYYHA KOH®EPEHIIUSA BAHN’2022
VI INTERNATIONAL SCIENTIFIC CONFERENCE BASA'2022

v SOy !
! ol
ey 4 ¥
Rl

c) :

Fig.7¢,d.Nodal members-c); Nodal members and anticorrosion protection-d)

The nodal members represent polyhedrons inscribed in spherical surfaces. On the flat side
of the polyhedrons are drilled holes, which are threaded on the inside. Parts of the nodal
members are used to connect horizontal rods at an angle of 90 and diagonal rods at 45
(Figs.7c, d). Predominantly they are used for buildings with spatial structures composed
pyramids with square basis.The maximum tensile force that occurs in the structure and is
absorbed by a high-strength M30 bolt is equal to 370 kN, and the maximum compressive
force encountered in the structure is equal to 510 kN. The support of the structure is carried
out along the contour with a total of 32 columns and inside the structure in 4 places on the
RCdiaphragms(Fig. 8a). The spatial stability of the hall is ensured by reinforced concrete
diaphragms, rigidly connected to the columns by means of dowel connections(®wur.8b).

Fig.8a,b. RC diaphragms-a); RC diaphragms for spatial stability -b)

Of particular interest are the details of the spatial strengthening of the three-story
administrative building [3], next to the hall, in which part of the rod members of the spatial
structure had to pass through special box structures left in the reinforced concrete
diaphragms(Fig.9a,b,c and Fig.10a,b,c).

p ;,,j‘g{ a'lm“ e
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d

Fig.9a,b,c.Special box structures left in the reinforced concrete diaphragms
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Fig.10,a,b,c. Special box structures left in the reinforced concrete diaphragms

2. Application of the composite construction of Exhibited hall in Plovdiv

In 1987 for the exhibition hall of the Association "Construction and building industry" at
the International Fair in the city of Plovdiv: a three-story administrative building, a cinema
hall and a shop with composite floor structures, were designed (Fig. la,b). The structural
solution at elevations 0.00, +3.60, +7.20 and +10.80 m is a joint skeleton-beam composite
steel-concrete structure, which consists of transverse, longitudinal beams and columns made
of full-wall "I" welded sections. The composition distance between floor beams is 3.00 and
2.50 m (Fig.11). The beams according to the static scheme are simple, with spans from 3.00
to 10.00 m. They are supported on steel columns and reinforced concrete walls. The
connection between beams and columns is designed to take only vertical reaction. For this
purpose, a special seat made of sheet steel is welded to the flange of the columns, on which
the beam chair by means of two unequal L140.90.10 profiles welded to its stem (Fig. 12). In
order to carrying horizontal exploitation forces, the corner profiles are attached to the columns
by means of two M20 bolts. The connection between beams and reinforced concrete walls, is
realized by means of an embedded steel plate in the seismic diaphragms.

Fig. 11. Composite construction Fig.12. Joints between steel columns and RC walls

All columns of the three-story skeleton - gallery, cinema hall and shop - have uniform
dimensions of 200/340mm. The columns end at their lower end with a support plate
measuring 40/400/600mm (Fig.13a). The column step is connected to the strip foundation by
two 30 mm anchor bolts. The floor plate with a thickness of 14cm is made of two parts: a
prefabricated, pre-made in factory conditions, a pre-plate with a thickness of 8cm and a
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monolithically cast part with a thickness of 6cm. The connection between the two parts is
specially designed skeletons of reinforcing steel placed through 300 mm. The joint work
between the steel beams and the reinforced concrete slab is carried out by means of bolted
dowels with 18mm and length 115mm, welded in the axis of the upper belt of the beams
evenly along their entire length with an electric welding apparatus of the English company
"KROMP-ARC". The spatial stability of the building is ensured by vertical reinforced
concrete diaphragms. located between the steel columns and rigidly connected to them by
means of dowel connections (Fig. 13b and Fig.13c).

a)
Fig.13a,b,c.Column step of the building - a); Steel columns and RC diaphragms-b,c)

The application of the composite structures for the first time at this site in our construction
practice, proved the necessity of their use. Their use leads to a great saving of steel in floor
structures, which amounts to 40 50% compared to traditional steel structures. With large
support distances, a low structural height of the floor structure is achieved. The stiffness of the
floor elements is significantly increased when considering the composite work of the two
materials. In composite floor structures, the reinforced concrete slab is stiff enough to act as a
horizontal diaphragm, eliminating the horizontal stability ties used in traditional steel frames.
The application of reinforced concrete slabs leads to an economy of remaining trapezoidal
sheet formwork]. In this way, technological time is saved for the preparation of the
reinforcement, with a completely monolithic execution of the construction site.

4. Technology of installation of the steel structure

The structural plate between axes 9 and 17 is assembled on the prepared site, after which
it was raised with a capital to a height of 2.12 m, above the site elevation. Next, a structural
mesh was assembled between axes 16 and 19. Using an elevation of:+3.60 m for an assembly
platform, the structure between axes 1 and 19 was also assembled. In total, the installation of
the entire structure was carried out by 4 installers at the Druzhba plant in 14 days. The
installation of the roof structure together with the capitals, chairs, purling and lighting fixtures
was carried out by three cranes. (Fig.14 ab,c and Fig.15a,b,c) on 13.08.1987. The roof
construction is assembled synchronously at the level:+/- 0.00 and +3.60 m for 7 days by 4
workers and erected in place with the aid of three cranes "Liebherr", "Grove", "Faun".

94



VI MEXAYHAPOJHA HAYYHA KOH®EPEHIIUA BAHW 2022
VI INTERNATIONAL SCIENTIFIC CONFERENCE BASA'2022

Q)

Fig.15a,b. Assembly - view: north —a); Installation - view: west —b)

The roof coverings are made of "Bulgarmonopanel" with a thickness of the insulation
layer of 50 mm. The support of the panels on the capitals from CFP 160 x 55 x 4. The slope
of the roof lines is achieved by varying the heights of the chairs, made of WFP 100 x 100 x 8§,
connected to the joints means of bolts M20.

S. Static and dynamic investigation of the exhibition hall using FEM and SAP 2000

The static solution of the structure was carried out for a load of: self weight, snow, wind
and horizontal and vertical load from earthquake forces using the software product “SAP
20007 [4,5]. In addition, the structure is examined in the assembled state (supported on four
points). For the static and dynamic study of the structure, frame elements with six degrees of
freedom in each node were used - three translational and three rotational components (Fig. 16)
and shell elements with six degrees of freedom in each node — three translational and three
rotational components (Fig. 17).

i Face 6 Top (+3 face)
EE Face 5: Bottom (-3 face)

Face 2 nuz1 o 2 - iz

b) Four-Hode Guadrilateral 5 hell Element Three-Hode Triangular Shell Element C)

Fig.16. Frame element Fig.17. Shell element
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During the geometric construction of the model and its discretization, a mesh of 3656
frame elements and 4984 shell elements was generated. The spatial rod construction consists
of 1595 frame elements (Fig.18)

Fig. 18. The structure in the assembled state

The foundation of the exhibition hall is filled with strip foundations under the vertical bearing
elements and a partial foundation slab under the stair well, and elevators haft in the
administrative part. The ground base is modeled using the "joint springs" option, with which
it is possible to calculate the coefficient of the ground bed (theWinkler constant) (Fig. 19) and
(Fig.20).

Fig.19. Facades - north and east[5] Fig. 20. Facades - north and west[5]
5. Conclusion

The total amount of steel for the roof pipe structure is 42 tons. The spatial structure was
manufactured at the "Druzhba" plant in Mihailovgrad, and the steel columns at the
"RaichoKirkov" plant in Plovdiv. The construction of the exhibition hall of the Association
"Construction and construction industry" was carried out from 1.03.1987 to 15.09.1988 with
quality and on time under the skillful leadership of the technical manager D. Chukalov. The
attempt to implement a continuous spatial rod structure supported on 36 supports was
successful. The accuracy of execution of the steel columns and the accuracy of their assembly
allowed the structure to step simultaneously on all support points without much difficulty.An
architectural-constructive composition, very original in its appearance, was realized in a very
short time, which reflects the modern achievements of building constructions in our country,
(Fig.21, Fig.22, Fig.23, Fig.24, Fig.25).
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Fig. 21. Outside view Fig. 22. Front view : side: river Maritza

Fig. 23. Front view Fig. 24. Outside view Fig. 25. Outside view
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In memorium
for Civ.Eng. Zdravko Iliev (1980-2021).

The article dedicated to the short but meaningful and rich with professionally executed and
designed interesting construction sites during the life of: Civ. Eng. Zdravko Iliev (1980-
2021). He worked on this this diploma thesis with great enthusiasms and defended with an
excellent grade in 2006 at VSU, L.Karavelov. It was reported at a conference in the
Department of “Structural Mechanics” in Bratislava, where he was applauded and praised for
the great creativity he had put into the static and dynamic research and this complex building
structure in 2006.

PS.The results obtained in the 1987 study of this exhibition hall with the computer program
STRUDEL of IBM, were the same with those obtained by SAP 2000. To illustrate the
achievements for investigated of the exhibition hall using FEM and SAP 2000, are shown
some pictures with 3D models from contents of this diploma work(Fig.26, 27, 28, 29, and 30).

Fig. 26. Outside view Fig. 27. Outside view

Fig. 28. Outside view Fig. 29. Outside view

Fig. 30. Front view
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METHODS FOR INVESTIGATION AND RECONSTRUCTION,
MANAGEMENT AND ADAPTATION OF THE IMMOVABLE CULTURAL
HERITAGE (ICH)/ IN BULGARIA IN THE CONDITIONS OF GLOBAL
SUSTAINABLE DEVELOPMENT

F. Rangelova!, Y. Kandulkova?, A. Apostolova?, Y. Cenkova*

Abstract

One of Bulgaria's greatest treasures is its cultural heritage, including structural and
architectural values. Nowadays, the cultural heritage of every nation is perceived as
a common human wealth. The world community stands for common principles to
respect the cultural variety and traditions of various nations.

Renovation of architectural and structural values is a topic of great importance
worldwide, especially in the most developed societies. It comes because of the
necessity to improve the condition of existing buildings of high importance in
compliance with the requirements for sustainable development, as well as preserve
the immovable cultural heritage for future generations.

One of the main aspects of the renovation of architectural and structural values is
the restoration and reinforcement of their structure, which ensures their preservation
and safety. Structural sustainability and safety evaluation of existing values is a
complex task to be performed, as the applied methods in that case substantially differ
from the methods for design of new buildings. On the other hand, side such
structural reinforcement could possibly end up in conflict with the cultural
identification and value of an architectural monument.

Therefore, the choice of method to restore and reinforce the existing architectural
and structural value depends on its cultural value, ranging from basic maintenance
where no cultural value of the building is sought to be changed, to a complex
restoration and renovation, in the case of need to improve its operational state.

The need for structural renovation of cultural and historical monuments is justified
by the objective of achieving one or more of the following circumstances: the
presence of visible damages in the building; damage or destruction occurred after an
event that affects the stability and load-bearing capacity of the building structure (as
earthquakes and other natural disasters, and accidents); change of the function of
the building, and implementation of the requirements of modern norms and
standards in terms of stability and the load-bearing capacity of the structure
(Eurocodes, modern design standards for seismic).
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In the framework of the proposed paper, main object of the study is the immovable
cultural heritage in Bulgaria as a bright symbol of national identity with relevance to
the values of European and global scale, coming from the era of Antiquity, Middle
Ages, after the Liberation and Architecture of XX th and XXI st century. This raises
the team's interest to develop, define and classify the methods of examination and
reinforcement/recovery of immovable cultural heritage in Bulgaria in compliance
with global sustainable development, to future generation.

Keywords: investigation, reconstruction and conservation, management and
adaptation, immovable cultural heritage, global sustainable development 1
Introduction One of Bulgaria's greatest treasures is its cultural heritage, including
structural and architectural values. Nowadays, the cultural heritage of every nation
is perceived as a common human wealth. The world community stands for common
principles to respect the cultural variety and traditions of various nations.

1 Introduction

One of Bulgaria's greatest treasures is its cultural heritage, including structural and
architectural values. Nowadays, the cultural heritage of every nation is perceived as a
common human wealth. The world community stands for common principles to respect the
cultural variety and traditions of various nations.

The need for structural renovation of cultural and historical monuments is justified by the
objective of achieving one or more of the following circumstances: the presence of visible
damages in the building; damage or destruction occurred after an event that affects the
stability and load-bearing capacity of the building structure (as earthquakes and other
natural disasters, and accidents); change of the function of the building; and
implementation of the requirements of modern norms and standards in terms of stability
and the load-bearing capacity of the structure (Eurocodes, modern design standards for
seismic).

In the framework of the proposed paper, main object of the study is the immovable cultural
heritage in Bulgaria as a bright symbol of national identity with relevance to the values of
European and global scale, coming from the era of Antiquity, Middle Ages, after the
Liberation and Architecture of XXth and XXIst century. This raises the team's interest to
develop, define and classify the methods of examination and reinforcement/recovery of
immovable cultural heritage in Bulgaria in compliance with global sustainable
development, to future generation.

2 Problems addressed to the management of the immovable cultural heritage

One of the greatest treasures of Bulgaria is its cultural and historical heritage, including
architectural and construction values. The rich cultural heritage of Bulgaria is distinguished
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with unique and complex character, including yourself: high cultural value of the various
historical layers that represent impressive examples of the types of construction and
historic sites and monuments with special meaning to the values of the era of Antiquity, the
Middle Ages, after the Liberation of Bulgaria and the Architecture in XX and XXI
centuries; a rich historical rearrangements of the environment resulting from the significant
an exchange of influences between the West and the Orient in a European cultural
crossroads; pluralism of the cultural heritage - stylistic, religious and ethnic, which allows
areas of the harmonious coexistence of different religions, ethnicities and aesthetic
concepts.

In the context of globalization, immovable cultural heritage has exclusive value that should
be protected by measures of public interest. One of the most important documents for the
preservation of immovable cultural heritage is International Charter on the Conservation
and Restoration of Monuments and Sites — the Venice Charter. (The Venice Charter, 1964)
Rigorous methodology for interventions is defined in the Charter, to be preserved the
heritage. Article 9 from the Charter in most decisive and it becomes a law on the
restoration and renovation activities. It states: “The process of restoration is a highly
specialized operation. Its aim is to preserve and reveal the aesthetic and historic value of
the monument and is based on respect for original material and authentic documents. It
must stop at the point where conjecture begins, and in this case moreover any extra work
which is indispensable must be distinct from the architectural composition and must bear a
contemporary stamp. The restoration in any case must be preceded and followed by an
archaeological and historical study of the monument.” (The Venice Charter, 1964, article
9). “Any intervention in an immovable cultural heritage (ICH) found full intrinsic value of
site and recreates for the society the significance of Cultural Property and creativity of the
author and the social consciousness. The basis of criteria determined the limits of the
possible and permitted interventions in the life and the future of Immovable Cultural
Heritage Sites “. (Mikhailovsky, 1971).

The adaptation is one of the eligible ways of interfering with the ICH in the process of its
preservation. According to the current Cultural Heritage Act “Adaptation is the protection
of immovable cultural property by ensuring their contemporary use, consistent with the
conservation and restoration methodology”. (Cultural Heritage Act (of Bulgaria), 2009).
The understanding of adaptation evolved into a complex method that includes activities for
conservation and restoration and sets the function of the site, it restores its usability and
adapts it to the actual structure. The role of adaptation in conservation is in the rebirth of
old or introduction of a new function. Every new function on a site brings a new attitude to
the object itself. The adaptation allows preserving the nature of the object while it persists
over time. The adaptation is intervention, which is determined by the need for modern use
of the site. It can be treated in two ways - first as compromise with site's documentary, but
on other hand as an only way for continuing existence on the site. The adequate new
function provides excellent reintegration of the site in modern life without reduce its value
and preserve its viability.
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The preservation of the original spirit is the most important characteristic, which will
remain a major carrier of the historicity of the site. While at the beginning of the previous
century the processes of adaptation run relatively smoothly and the basic rule is to
accumulate historical layers, the subsequent economic, political, and social changes lead to
a change in attitudes to architecture and urban planning - clearing urban layers and
replacing them with new components. The result of these actions is sharp and nasty
intervention in historical zones and in urban structure. Today these areas, usually in the
central areas are attractive places for replacement of building with "higher," "more
representative", "more comfortable" or "commercial". The inherited values do not adapt to
modern need, this is reason for the appearance pseudo-ancient houses or modern faceless
structures that do not harmonize with the surrounding buildings.

Today the immovable cultural heritage of every nation is perceived as human wealth, the
protection of which the world community, respecting cultural specifics and traditions of
different peoples backs general principles. Knowledge and respect for these principles is a
sign of civility and professionalism in the attitude to the heritage. Modern principles of the
protection of architectural and construction values embody:

1) The renovation intervention is preceded by a thorough understanding and research of the
value of its kind, state, typology, style of similar objects on it etc.

2) Respect to the original in cultural property - the authenticity of value is its essential
feature (if an object is not authentic certificate, it just is not valuable as defined by it). In
this sense, the preservation of the original is a-priori objective of its conservation.

3) The renovation concept is a function of the heritage value.

4) The renovation additives are different from the original as well as the material and the
manner of construction.

5) Architectural monument should be preserved in its development, preserving, and
proclaiming the valuable contributions of all periods of his life and traces of passed the
renovation activities.

6) Value of the monument in all its aspects (scientific — documentary and aesthetic - art) is
the renovation intervention. Each renovation is based on a thorough understanding of the
monument.

7) The renovation must demonstrate a lack of knowledge about the monument and allow
future studies of unclear fragments - this feature of the renovation approach is extremely
important because it is a contribution for the European renovation theory, it is a jump to
the modern principles of the renovation.

8) The renovation intervention rather than physical preservation of the monument is to be
achieved and its readability - renovated value must be understood and liked by the people
to enable them to appreciate and preserve.

9) Renovation of values is associated with the first idea of using the monument, but still
such an intervention is seen as a compromise with the principles of its conservation.

10) Communication of the monument is an important tool for inclusion of the general
public to architectural heritage and understanding as a social value, but it should be
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achieved on a strictly scientific basis without any compromise on the authenticity of the
knowledge of antiquity.

11) With renovation we apply modern building materials.

12) The renovation intervention is preceded and implemented in documenting the
memorial and performed the renovation activities.

13) The environment of the monument is subject to equivalent care protection. The term
"cultural environment" is gaining in importance, which raises the question as to sustainable
development; Recalling are links between different categories of heritage on the one hand,
and policies for urban planning and development of territories on the other. Architectural
value, although set in a bygone era, is part of the modern environment and should be
viewed as a vital element of modern reality and potential for its development.

Renovation of cultural property (architectural and construction) is a topic of great
importance worldwide, especially in the most developed societies. It is the result of the
need to improve the condition of the buildings of the existing values in accordance with the
new conditions for sustainable development and preserve it for future generations.

Existing cultural property (architectural and construction) are subjected to processes of
destruction over time, leading to an inability to perform the functions assigned to them by
their construction. In some cases, the renovation is a necessity dictated by the desire to
improve conditions in them or adapt them to new functional requirements.

One of the main aspects of the renovation of cultural values is the restoration and
strengthening of their structure, which ensures their preservation and safety. The
evaluation of the sustainability and safety of the structure of existing values is a complex
task because applied for these methods differ from the methods for designing new ones.
On the other hand, the possible strengthening of the existing structure of a cultural property
could conflict with their cultural identity and value.

Therefore, the choice of method to restore and strengthen of the existing cultural property
(architectural and construction) depends on its cultural value, ranges from basic
maintenance where we don’t aim to change the cultural value of the building, to a complex
restoration and renovation, in the case of need to improve the serviceability state.

As stated above, the cultural property (architectural and construction) is regarded as
existing buildings with significant cultural value. They may be buildings, towers, bridges
etc. They are mainly performed by ceramic masonry and wood, sometimes with elements
of steel or iron.

The need for structural renovation of cultural and historical sites is justified by the
objective of achieving one or more of the following circumstances: the existence of visible
defects in the building; damage or destruction occurred after an event that affects the
stability and load-bearing capacity of the structure (as earthquakes and other natural

1 Department of Construction Management and Economics (DCME), Faculty of Structural Engineering (FSE),
University of Architecture, Civil engineering and Geodesy (UACEG), Christo Smirnenesky Blvd. 1, 1046, Sofia
(Bulgaria), fantina_fce@uacg.bg

2 Department of History and Theory of Architecture (DHTA), Faculty of Architecture, University of Architecture, Civil
engineering, and Geodesy (UACEG), Christo Smirnenesky Blvd. 1, 1046, Sofia (Bulgaria), yorkand@abv.bg

3 Department of Construction Management and Economics (DCME), Faculty of Structural Engineering (FSE),
University of Architecture, Civil engineering, and Geodesy (UACEG), Christo Smirnenesky Blvd. 1, 1046, Sofia
(Bulgaria), al.apostolova@gmail.com

4 Department of Construction Management and Economics (DCME), Faculty of Structural Engineering (FSE),
University of Architecture, Civil engineering, and Geodesy (UACEG), Christo Smirnenesky Blvd. 1, 1046, Sofia
(Bulgaria), jolina_cenkova@abv.bg

103



MEXIAYHAPOJHA HAYYHA KOHOEPEHIINA BAHW 2022
INTERNATIONAL SCIENTIFIC CONFERENCE BASA'2022

disasters, and accidents); change of the function of the building; and implementing the
requirements of modern norms and standards in terms of sustainability and the bearing
capacity of the structure (Eurocode, modern design standards for seismic loads).

The construction of immovable cultural heritage poses a challenge for modern methods of
diagnosis, analysis and renovation, rehabilitation, and restoration, as the application of
modern codes and standards in construction is very limited in their nature.

Moreover, structural rehabilitation of cultural and historical sites carries with it
consequences in the architectural, historical, structural, economic, and social terms,
depending on the extent and duration of the process of renovation. In implementing the
structural renovation of cultural property all these aspects must be considered. The
implementation of structural rehabilitation necessarily involves the application of
engineering knowledge, considering the cultural specificities of the site of renovation.

Only when there is interaction between the engineering requirements and compliance with
the cultural characteristics adequate decisions can be taken for the renovation of
immovable cultural heritage. To be successful from an engineering and cultural point of
view, an intervention has to be implemented based on generally accepted principles for the
restoration of immovable cultural heritage, must be the principles set by one of the
referenced documents for restoration of architectural heritage, namely the International
Charter on the Conservation and Restoration of Monuments and Sites — the Venice Charter
1964 / in more detail above / more mainstream, including: ensuring the structural stability
and safety; preservation of the cultural value of the building; ensuring minimal
intervention; reversibility of the intervention; integration of the entire building;
compatibility of the materials; minimal price.

In practice, however, it is not always possible to follow all these principles simultaneously,
as they sometimes are in conflict with each other. Usually achieving structural stability and
safety of immovable cultural property conflicts with the preservation of its cultural and
historical value. Hence the need for structural strengthening of immovable cultural heritage
imposed compromising these principles within accepted norms.

In practice these principles are considered the reference conditions for intervention. The
study of the immovable cultural heritage in Bulgaria, as a symbol of national identity with
particular relevance to the values of European and global era of Antiquity, the Middle
Ages, after the Liberation and architecture of the XX and XXI centuries for development,
refinement and systematization the methods of investigation and conservation/restoration/
rehabilitation of ICH in Bulgaria is very important and significant in the direction of
supporting the country's efforts for the preservation and transmission to future generations
of this cultural-historical heritage in compliance with global sustainable development.
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Nationally representative data on the state of ICH in Bulgaria, alternative for their
conservation/ restoration/ rehabilitation, management, and possible adaptation methods,
and analyzes is not only a significant benefit to stakeholders but give adequate
understanding of the extent and nature of the upcoming their implementation work.

All these considerations explain why the study of methods for investigation and
restoration/rehabilitation, management, and adaptation of ICH in Bulgaria are of such
importance.

The collection of empirical data and analysis on the set of problems give valuable
information required for process management and sustainable development of ICH in
Bulgaria; have great value in the development of modern legislation, which is enshrined as
a priority strategy for the development of national, European, and global level, and national
identity; as well as it is relevant to the fields of advertising, tourism, and business.

3 Determination of Methods for investigation and reconstruction, management, and
adaptation of the ICH - hypotheses and approaches

With respect to architectural and construction values belonging to Global and Bulgarian
heritage, the investigation and research of the issues related to the Methods for
investigation and reconstruction, management and adaptation of the immovable cultural
heritage are declaration of solidarity with the efforts of modern society to preserve this
heritage for future generations.

First are development, definition, and systematization of methods of investigation and
conservation/ restoration/rehabilitation, management, and adaptation of ICH. The
investigation and research are addressed and systematized also the used typical
construction materials and structural systems as well as typical defects and failures in the
structure of ICH.

Important research is subjected on the study of factors influencing the state of ICH.
Classifying them according to their degree of influence in the hierarchical relationship will
enable us to establish which of the tested methods require refinement or adjustment in
accordance with the declared common principles and requirements for the protection of
world cultural heritage, considering cultural specifics and traditions of different nations.

During the study the following assumptions must be verified:

Hypothesis 1 - Verification on the assumption that the state of ICH is determined by the
influence of various factors such as period of construction, type of design material and
system, location, natural resources, and the environment, etc., The degree of their influence
is different for different objects.
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Hypothesis 2 - Verification of the assumption that there is a different value of the separate
ICH's. This will help the scientific justification of the decision-making process of their
investigation and conservation/ restoration/rehabilitation, management, and adaptation.

Hypothesis 3 - The methods of investigation and conservation/ restoration/rehabilitation,
management and adaptation of ICH determine the type and value of the separate ICH.
There are various alternative methods of investigation and restoration/rehabilitation,
management, and adaptation of ICH whose selection must be carried out strictly
individually to preserve the value of the site, subject to generally accepted principles for
this.

Hypothesis 4 - ICH in Bulgaria presents the specifics of Bulgarian history and culture in
terms of architectural and structural shapes, functionality, and appearance. Must be
assumed that in terms of taking measures management and adaptation of ICH in Bulgaria
in the direction of modernization, they will prove more definitely conservative.

Hypothesis 5 - Communication of the monument is an important tool for inclusion of the
public to cultural heritage and understanding as a social value, but it should be achieved on
a strictly scientific basis without any compromise on the authenticity of the knowledge of
antiquity, suggesting that the renovation intervention than physical preservation of the
monument is to be achieved and its readability. It is likely that the research must establish
an attitude to compliance with certain rules in the conservation/ restoration / rehabilitation
of ICH, but it is violated because of the need of renovated value can be understood and
liked by the people to enable them to appreciate and preserve it.

Multi-criteria analysis of the Methods for investigation and reconstruction, management
and adaptation of the ICH provide more comprehensive methodology for the management
of ICH with possibility for alternative and innovative solutions in the context of global
sustainable development. The complex methodology is determined by the interdisciplinary
nature of the problem, which is embedded in the Architecture and Art, Construction and
Geodesy.

The depth comparative analysis of the methods for investigation and conservation/
restoration / rehabilitation of the immovable cultural heritage (ICH), in Bulgaria, that is
extracted from theoretical and experimental research can be used as a starting point and the
basis for making adequate science-based solutions for sustainable development and
preservation of ICH for future generations. Although ICH was built in the past, but the
ICH is a part of the modern environment and should be seen as a vital element of modern
reality and potential for its development.

4 Conclusions
Renovation of architectural and structural values of Cultural Heritage is a topic of great
importance worldwide, especially in the most developed societies. It comes because of the
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necessity to improve the condition of existing buildings of high importance in compliance
with the requirements for sustainable development, as preservation of the Immovable
Cultural Heritage (ICH) for future generations.

The study of methods of investigation and restoration/rehabilitation, management, and
adaptation of the immovable cultural heritage (ICH) as general, as in Bulgaria, contributes
for the transformation of human society into “Society of Knowledge”; provide new
knowledge about the ways for the conservation of ICH, which are obligatory in the context
of sustainable development. This is achieved through the analysis of: ICH status, factors
that affect their architectural and structural rigidity; the type of materials of which are built;
their structural systems; damage; methods of investigation; methods for restoration/
rehabilitation and the possibility of adaptation.
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FOOTBRIDGES ACROSS HISTORIC SITES : CABLE SUPPORTED
ALTERNATIVES

Philippe Van Bogaert!
Civil Engineering Department, Ghent University, Belgium

Abstract: Three cable supported alternatives have been developed for footbridges
over historical sites. The variants are cable structures and thus exhibit a completely
different behaviour from the arch structures, previously developed. The first variant
is a straight intersection of variable width. In comparison with an arch, it is striking
that the deformability is much greater and the fundamental frequencies are
significantly lower. However, the characteristic values for dynamics, such as the
Scruton number and the accelerations of the bridge deck are significantly better. To
span the site of 200 m in length, pylons of 46.7 m in height are needed. As a second
alternative, a semi-circular suspension footbridge of variable height has been
developed. Direct comparison with an arch counterpart is not evident. However, it
could be deduced that this structure has a fairly high frequency and is also not
sensitive to the important types of vibration. A full elevated walkway around a
circular site can certainly be compared to its arch-shaped counterpart. Despite the
lower fundamental frequency, the higher flexibility and the increased consumption of
steel, the cable-supported structure performs better as for its dynamic behaviour.

Key words: Historic sites, cable-supported structures, vortex shedding, human
induced vibration, Scruton number, conceptual development

1. Introduction

Covering historic sites has been implemented on several sites in order to protect them
from unwanted intrusion, from disturbing of the archeologic activity and to provide shelter
from weather, erosion and weir. However, these shelter structures may have negative
influence on the protected remains [1]. This generated the idea that partial cover, including
movable additional shelters by foils, might provide a limited answer to this issue. In
addition, the public should be allowed to see valuable remains and archeologic activity,
without interfering with it. For this, several historic sites have been equipped with elevated
walkways around the places of interest. The latter mostly allow a bird’s eye view on the
remains.
This idea has inspired to try develop concepts for walkways above historical sites. In
previous research 3 concepts, mainly based on arch forms, have been developed. For each
one satisfactory results were obtained, although 2 out of 3 alternatives required structural
damping due to vortex as is proven to be the most detrimental condition. Vortex shedding
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might be improved by using cable systems, rather than arch members. This has inspired the
present research for finding cable supported walkways.

To remind of the former work, 3 arch-type alternatives are reported in [2]. Each alternative
consists of 2 lateral load-carrying tubular members connected by crossbeams. The first one
is a straight crossing of a single arch, offering a public view at the arch top. Alternative 2 is
a tripod-arch with a central viewpoint and reinforced connection of the 3 arch branches.
Alternative 3 is a circular walkway around the site, both ends descending to the ground
floor.

2. Cable-supported alternatives

The emphasis of all objects seen on a historic site should be the heritage objects and
remains. This implies that either the number of pylons for cable-supported structures, or
the height of the pylons should be limited. Thus the focus should be drawn away from the
new structure, which must be as light as reasonably acceptable. As the arch principle gave
rise to heavy member’s sections, cable structures may become more advantageous.
However, one may expect that cable-supported structures will be more flexible and suffer
from dynamic effects such as vortex induced vibrations and human induced stability
problems. Hence, any analysis will require nonlinear calculation.
As for the live loads on this type of structure, conditions similar to the former research,
valid for non-public or controlled occupation, have been applied. This includes a vertical
live load of 1.5 kN/m? for any location on the bridge superstructure and 2.5 kN/m? for
those locations where visitors may come together, such as viewpoints. For public
walkways the load would equal 2.5 kN/m? all across the footbridge’s deck. The floor of the
walkway consists of 31.52 mm laminated glass, which allows to have a maximum distance
of crossbeams of 3 m. Limiting the number of crossbeams adds to the transparent character
of the structures.

2.1. Alternative 1 : straight crossing

This type of walkway is particularly adapted to cross a circular or rectangular site of
200 m diameter or relevant dimension. The vertical clearance below the structure is at least
8 m. The latter makes it not adapted to higher remains than some 4 to 5 m. Nevertheless,
for a bird’s eye view, visitors will have a good view on the site. The largest slope of the
walkway equals 6%, which might give difficulty for motor disabled persons. The width of
the walkway varies from 14 m at the entrance to 5 m at the narrowest point and to 12 m at
the centre where a wide space for viewing is provided. It is expected that visitors will
gather at this particular location and the load of 2.5 kN/m? will be practical. Although
disturbing the view, the vertical hangers, connecting the main suspension cable to both the
stiffening girders are arranged at a distance of 6 m. The number of hangers may be large,
yet their diameter of 16 mm is kept small.
The main suspension cable, consisting of 37 T 15 strands, is a single flexible tension
member. Hence, the hangers show an inclination, which may cause hindrance to the public
when walking along the railing. Therefore the railings cannot be straight at the edge of the
walkway deck and must revolve around the hangers. This should prevent distracted people
from running into the hangers.
Fig. 1 shows the general concept of this alternative. The distance of pylons equals 209.38
m, their height being at 46.7 m above the level of the walkway. Obviously, the main cable
cannot sag lower than some 11.3 m above the walkway. This should avoid further
hindrance for visitors due to the sloping hangers. Fig. 1 also exhibits the 3 backstays of
each pylon. The efficiency of this arrangement may be discussed. The idea is that all 3
backstays are equilibrating the pylon’s top and the two outside stays are either loosened or
stressed by horizontal wind. It appeared that none of these backstays becomes slack.

110



MEXIYHAPOJHA HAYYHA KOH®EPEHIINA BAHN’2022
INTERNATIONAL SCIENTIFIC CONFERENCE BASA'2022

Figure 1 : Alternative cable-supported straight crossing

2.2. Alternative 2 : semicircle tour

The counterpart of a tripod cable supported structure proved to be an inadmissible
solution, since it would have required to supplement the structure with either a central
pylon, to be built inside the historical remains, or several huge pylons that would have to
be connected to the central platform. In view of the guiding principles to respect, this
alternative is not a complete walkway around the site. The elevated part is limited to one
side, since the aim is to allow the public to approach a higher part of het historic site, such
as a small tower or hilltop. The part at ground level then is used to view the lower side of
the remains. Obviously this structure is less ambitious than the former. It is adapted to
circular historic sites of 200 m diameter, although the circle centre is somewhat shifted to
outside the location.

Figure 2 : Alternative 2 semicircle tour

The maximum elevation of the walkway is now slightly higher as for alternative 1 and
reaches 10 m thus allowing closer view of an elevated part. The walkway width is constant
and equals 6 m, since there will be no preferred gathering point. The pylons reach 10 m
above the walkway and are located at a curved distance of 51.33 m. As they are located
outside the circle, the pylons have an inclination of 15°. The hangers connecting the main
cable with both edge beams of the have a slope of 8.7° for the outside hanger and 23.5° for
the inner hanger. This somehow increases the risk of having insufficient horizontal
clearance on the walkway and explains why it is 1 m larger than for alternative 1. The
hangers are at a distance of 8.5 m and a small diameter of 12.5 mm, whereas crossbeams
are provided at a distance of 2.8 m. Each pylon, including those at the ends, has a single
backstay.

The main suspension cable consists of 21 T 15 strands and shows a sag of 9%, which
certainly is lower than the 13% of alternative 1. Again, the main cable is a single element.
Fig. 2 exhibits the general layout of this alternative.
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2.3. Alternative 3 : Full circle tour

The third alternative is a complete walkway around the site. The diameter equals 200
m and the public has access to the walkway by a straight ramp, which is rigidly connected
to the superstructure. The full circular walk around a site might be more attractive to the
public than the hybrid alternative 2. The main characteristics of this structure are similar to
the former one, albeit the details are different. Instead of 7 pylons, there are 11 of the same
height at a distance of 54.1 m. Each pylon has a double backstay, the first and last having
an additional long backstay to counteract the horizontal cable force. The walkway is 6 m
wide and the hangers are located at a distance of 9 m and have a diameter close to 15 mm.
Crossbeams are provided every 3m. The single main suspension cable of 19 T15 strands
shows a sag of 11.5 %. Fig. 3 exhibits the general layout of alternative 3.

Figure 3 : Alternative 3 full circle tour

3. Results from nonlinear analysis

3.1. Straigth crossing

As mentioned in 2.1, the vertical load of 2.5 kN/m? is concentrated near the span
centre. This is exhibited in Fig. 4. Since the ends of the superstructure can easily be fixed
to abutments and excessive deformation must be prevented, the boundary conditions were
chosen as to simulate hinges at the 4 extreme points of the superstructure. This implies that
thermal effects will cause the superstructure to rise during warming and to sag while
cooling. However, no negative reactions were found.

et —— ===

Figure 4 : Distribution of pedestrians load (blue = 2.5 kN/m?, red = 1.5 kN/m?)

Since the exact location of the site is yet unknown a basic wind speed of 26 m/s? has been
assumed. Since the characteristics of the various elements like main cable, hangers and
bridge deck are different, the wind pressure varies from 1.43 kN/m? for the pylons to 1.77
kN/m? for the main suspension cable. An important load is the horizontal force of 1 kN/m
at the top of parapets or railings. This is due to persons leaning on these closures, which is
most probably what happens in practice. The main cable as well as the hangers need
prestressing in order to avoid slackness and to obtain the desired shape of the structure. In
this, the effect of pretensioning on the deformation modulus is taken into account.
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Element group Unity check
Main Cable 0.97
Backstays 0.51
Vertical Cables 0.51
Longitudinal profiles 1.23
Pl . Pylons 0,74
b= ) s - ) — d Crossheams 0.39

Figure 5 : Unity checks Alternative 1

Results of ULS-calculations can be expressed in the unity check of equivalent stress. Fig. 5
shows the adequate design of cables and beam sections, since for most members the unity
check approaches 1. For instance, in the main suspension cable it reaches 0.97. Yet the
extreme 2 m sections of the main lateral tubes of the walkway deck need some
reinforcement, since the unity check reaches 1.23.

The flexibility of the structure can be assessed by the deflections caused by the live load.
Compared to the overall length between both pylons, the relative deflection equals 426 mm
/ 217479 mm = 1/637. There is no reference value for the deflection, yet since it is below
1/500 this is generally qualified as flexible but within acceptable limits.

3.2. Semicircle tour

In this case various positions of the 2.5 kN/m? vertical loads have been considered. This is
exhibited in Fig. 6. A chessboard combination seemed to generate the most detrimental
situation. Identical conditions for wind load have been implemented. This leads to wind
pressures varying from 1.46 kN/m? on the pylons to 1.99 kN/m? on the main tube girders of
the walkway deck. Obviously, since the main suspension cable is lower than for alternative
1, the wind pressure is decreased. The effect of persons leaning on railings and parapets is
all the more relevant in this case. The boundary conditions are similar as for alternative 1
and are fixed by hinges. Prestressing of the main cable is almost unnecessary, whereas the
backstays need considerable prestress of 3000 kN.

Figure 6 : Chessboard loading (blue area 2.5 kN/m? red : 1.5 kN/m?)

The ULS verification by unity-check renders values between 0.23 for the main suspension
cable to 0.79 for the pylons, 0.80 for backstays and 0.82 for the vertical hangers. The low
value for the main cable is due to dynamic effects and the large deformations of the cable.
This is altogether not a surprise, since the deformations of the walkway deck reach to
186.3 mm / 53558.7 mm = 1/287. This value implies that the structure is highly flexible
and might cause problems for wind and vortex shedding, as will be explained in 4.3. The
alternative of reinforcing the lateral tube members of the walkway deck introduce higher
vibrating mass, which probably lead to an increase of dynamic effects.

3.3. Full circular tour

The effects of the vertical load reached a maximum value either for full loading or
for alternating spans between pylons as shown in Fig. 7. Again, prestressing of the main
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suspension cable and the hangers is virtually unnecessary, due to the short distance of the
pylons. The backstays require pretensioning of about 3000 kN. Since the whole structure is
elevated, the wind load is slightly higher than for alternative 2 and varies from 1.46 kN/m?
on the pylons, 1.57 kN/m? on the main suspension cable to 1.99 kN/m? on the walkway
deck.

In ULS the unity-check shows all parts are designed to maximize the material, since the
values vary from 0.7 for backstays to 0.85 for lateral tube profiles to 0.87 for the pylons.
The exception is again the main suspension cable with a unity check value of 0.23. The
same reason as for alternative 2 applies.

The stiffness of this structure is higher than for alternative 2, since the vertical deformation
due to live load equals 123.3 mm / 628319 mm = 1/425. This is still flexible, albeit the
structure is almost fully cable supported and less hybrid as the former alternative

Figure 7 : Variable load on full circular tour
4. Dynamic effects

4.1. Relevant types of dynamic effects

In this type of footbridges, two important dynamic effects may cause failure or have
detrimental consequence. First, the effect of wind may generate vortices and thus
resonance or at least unacceptable structural accelerations. Thus failure or fatigue may
cause collapse. The vortices may originate directly from wind or be combined as wind-rain
vibration. A second threat to the structure are human induced vibrations. The latter are
caused by walking or running people, including the lateral effect of modifying the centre of
gravity of people’s body. If the frequency of these movements approaches the natural
frequency of the structure, resonance can occur. At least the structure’s accelerations due
to this effect should be determined and compared to acceptable limits.

Table 1 : Critical ranges for natural frequencies of footbridges according to [3]
Type of mode vibration | Critical range (Hz)
Vertical 1.25<f<23
Lateral (torsional) 0.50<f<1.2

In summary, the procedure for vortex shedding consists of the following steps. First the
natural frequencies and free vibration modes should be determined. The nature of the
vibration modes should be carefully determined, in particular whether the vibration is in
the vertical, horizontal or torsional sense. A first test is to compare the frequencies with the
critical range in [3] as mentioned in Table 1.
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In addition, the natural frequency has to exceed 5 Hz to be absolutely free of human
induced vibration. The real vibration accelerations can be found as in [4]

=i m* = £5 (1)

__r
Amax = T p
¥ £

In these equations p and m are the generalized load and mass and & is the damping factor.
The value of the pedestrian load P is prescribed in [3]. From this value the value of p is
determined by :

p=P n’y n’ = 2

The value of the reduction factor y can be found in [3]. Recommended limiting values of
the accelerations are 0.7 m/s? in the vertical sense, 0.2 m/s? in lateral sense or for torsional
movement and 0.4 m/s? for exceptional crowd conditions.

Assessment of the wind induced vibrations consists of determining the critical wind speed
from equation (3) :

_ by
Verit =

% 3)

b being the depth of the bridge deck, ni the i-th frequency and S; the Strouhal number of the
structural element under consideration. In case of cylindrical cross-sections the number is
found from equation (4).

S == 4)

Pupinad
D being the cross section diameter, n the vortex shedding frequency and Vwina the
corresponding wind speed. The degree to which wind vibration actually occurs depends on
the structural damping Js, the linear mass m and is expressed by the Scruton number S. as
in equation (5)

S.= % 5)

If the Scruton number is lower than 20, no wind vortex will be generated [4].

4.2. Dynamic effects of alternative 1
The lower range of frequencies for the structure correspond to free vibration of some of the
vertical hangers. The modes, corresponding to the lowest frequencies of the various bridge
parts are shown in Table 2. Fig 7 exhibits the lowest mode for vertical vibration of the
walkway deck and vertical hangers. The Table also mentions the accelerations due to
human induced vibration.

Table 2 : Frequencies and accelerations alternative 1

Bridge part frequency Type of Critical | Max acceleration
vibration (m/s?)
Lateral tubes deck 0.55 vertical yes 0.023 m/s?
Lateral tubes deck 0.57 Lateral-torsional yes 0.066 m/s?
Vertical hangers 0.64 Vertical Yes 0.043 m/s?
Lateral tubes deck 1.07 Torsional yes 0.161 m/s?

None of these accelerations may disturb neither pedestrians nor the structure itself.
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Figure 8 : Fundamental mode alternative 1

Concerning vortex shedding, the Strouhal number equals S¢ = 0.18 and the Scruton number
has been derived in Table 3. As can be read from Table 3, all values of the Scruton number
exceed 20; the pylons being closest to any vortex effect. The table also exhibits the
maximum displacement due to any possible vibration. These values are also below any
critical threshold.

Table 3 : Scruton numbers alternative 1

Bridge part b (m) n (Hz) | type Se Ymax (mm)
Lateral tubes deck 0.813 0.55 vertical 30.48 7.54
Main suspension cable 0.081 0.55 vertical 197.29 |6.26 107
Vertical hanger 0.016 0.18 lateral 197.29 |1.241073
Backstays 0.070 0.55 vertical 197.29 |6.11 1073
Pylons 1.219 3.91 horizontal | 23.79 5.97

In conclusion, it is believed that the design of alternative 1 is not sensitive to unwanted
dynamic effects and needs no damping of any sort.

4.3. Dynamic effects of alternative 2

For this alternative the vertical hangers are again corresponding to the lowest natural
frequency of 0.20 Hz. The first vertical vibration mode of the walkway deck corresponds
to 0.78 Hz. Obviously this alternative seems to resist better to vibration. A particular effect
is a transversal mode parallel to the line connecting both ends of the semi-circle.
Apparently only the anti-symmetrical mode with a single belly and bump, can be
generated. Fig. 9 shows the general view of a typical mode, with various simultaneous
bumps. Table 4 exhibits the frequencies and accelerations of human induced vibrations.

A1) : E! ﬂ_g{é{é e

|

Figure 9 : Typical vibration mode alternative 2

None of these accelerations may disturb neither pedestrians nor the structure itself.
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Table 5 exhibits the results of calculations for vortex shedding.

Table 4 : Frequencies and accelerations alternative 2

Bridge part frequency | Type of vibration | Critical | Max acceleration (m/s*)
Lateral tubes deck | 0.78 vertical yes 0.076 m/s?
Lateral tubes deck | 0.87 vertical yes 0.096 m/s?
Vertical hangers | 0.98 Vertical Yes 0.091 m/s?
Lateral tubes deck | 1.05 Horizontal yes 0.064 m/s?

4.4. Dynamic effects of alternative 3

The lowest natural frequency of 0.40 Hz corresponds to a mode of shifting the whole
structure parallel to the access ramp’s axis. The following modes concern the vertical
hangers and show frequencies between 0.48 and 0.62 Hz. At a frequency of 0.63 a general
mode shifting the structure along an axis perpendicular to the ramp axis is generated. This
demonstrates that the whole cable-suspended structure may move in this direction, the
access ramp being the sole fixed location. Therefore an additional horizontal support has
been provided opposite to the access ramp. This is materialized by a simple couple of
sloping bars as a type of bracing.
Fig. 10 shows the general view of a typical mode, with various simultaneous bumps. Table
5 exhibits the frequencies and accelerations of human induced vibrations.

Figure 10 : Vibration mode alternative 3

Table 5 : Frequencies and accelerations alternative 3

Bridge part frequency | Type of vibration Critical | Max acceleration (m/s?)
Lateral tubes deck | 0.40 Horizontal // to ramp | no 0.010 m/s?
Vertical hanger 0.48 lateral yes 0.028 m/s?
Lateral tubes deck | 0.63 Horizontal F to ramp | yes 0.020 m/s?
Lateral tubes deck | 0.74 Vertical Yes 0.049 m/s?
Lateral tubes deck | 0.77 Vertical yes 0.053 m/s?
Lateral tubes deck | 0.81 Vertical yes 0.060 m/s?

None of these accelerations may disturb neither pedestrians nor the structure itself.

Table 6 : Scruton number alternative 3

Bridge part b (m) n type Se Ymax (mm)
(Hz)

Lateral tubes deck 0.914 0.40 | Horizontal Il ramp | 27.15 25.6

Main suspension cable | 0.060 0.40 | Horizontal Il ramp | 197.29 |8.01 10

Vertical hanger 0.0267 | 0.40 | Horizontal Il ramp | 197.29 | 3.73 1073

Backstays 0.060 0.40 | Horizontal I ramp | 197.29 | 12.3 10?

Pylons 1.219 6.47 | Horizontal 23.79 9.14
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Table 6 exhibits the results of calculations for vortex shedding. Obviously, strong
indication exists that alternative 3 is not sensitive to unwanted dynamic effects and needs
no damping.

5. Comparison of cable-supported and arch type structures

Since this conceptual research supplements previous proposals of arch-type
walkways, a comparison is of capital importance. The 3 cable-supported alternatives are by
far more flexible than their arch-type counterpart. Hence, it was expected that consistent
damping measures should be taken to avoid vortex, generated by wind, as well as human
induced vibration. None of these appear as the accelerations are all within acceptable
values. Tables 7 to 9 exhibit the relevant values after comparing. Obviously, the
alternatives 2 of both types are fundamentally different and the comparison may be
qualified as inaccurate.

Table 7 : Compares arch-type and cable-supported alternatives 1

characteristic Arch-type alternative 1 Cable-supported alternat. 1
Mass per unit length of main | NA 40.65 kg/m
cable

Steel Grade S 460 S 460
Diameter lateral tube profiles | 1100 / 1300 mm 813 mm
Thickness tubes 80 mm 16 mm
Crossbeam short type CHS 500/40 HEA 240
Crossbeam long type CHS 500/40 HEA 360/500
Vertical deformation due to 16 mm 426 mm

live load

Max value unity check 0.97 0.97
Fundamental frequency 0.29 Hz 0.55Hz

Type of lowest mode 2 wave lateral 1 wave lateral
Scruton number lateral tubes | 94 30.48

Max vertical acceleration 0.0035 m/s? 0.1609 m/s?
Max horizontal acceleration 0.0069 m/s? 0.2651 m/s?
Dampers needed ? No No

For both type 1 structures, the lateral tubes are heavier in the case of the arch-type. This
implies the mass of structural steel is considerably higher. However, the cable steel is more
expensive than regular structural steel. The arch-type alternative has a limited range of
flexibility, and the substantial mass of this construction accounts for its lower frequency.
Additionally, compared to the cable-supported option, the Scruton number of the arch type
is significantly higher, which helps to explain why the accelerations for both vortex
shedding and human-induced vibration have clearly lower values. All things considered,
the arch-type structure seems to perform better.

Table 8 : Compares arch-type and cable-supported alternatives 2

characteristic Arch-type alternative 2 Cable-supported alternative
2

Mass per unit length of main | NA 22.20 kg/m

cable

Steel Grade S 460 S 460

Diameter lateral tube profiles | 1100/1300 mm 914 mm

Thickness tubes 80 mm 16 mm
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Crossbeam CHS 700/30 HEA 220
Vertical deformation due to 41.3 mm 186.3 mm

live load

Max value unity check 0.97 0.82
Fundamental frequency 0.64 Hz 0.78 Hz

Type of lowest mode General torsion 1 wave vertical
Scruton number lateral tubes | 16.12 27.15

Max vertical acceleration 0.00082 m/s? 0.0962 m/s?
Max horizontal acceleration 0.00082 m/s? 0.0638 m/s?
Dampers needed ? yes no

Both second alternatives are hard to compare. However, the arch-type option again has a
higher structural steel mass per length of the structure. There is no basic issue because
torsion is the fundamental mode for the arch-type and this form of vibration can be
successfully and simply suppressed by sealed tuned liquid column dampers [2]. A semi-
circular cable-suspended structure, however, might actually be more cost-effective than a
tripod.

Table 9 : Compares arch-type and cable-supported alternatives 3

characteristic Arch-type alternative 3 Cable-supported alternat. 3
Mass per unit length of main | NA 22.20 kg/m
cable

Steel Grade S 460 S 460
Diameter lateral tube 480/500 mm 914 mm
profiles

Thickness tubes 12 mm 16 mm
Crossbeam CHS 200/10 300/14 HEA 360/500
Vertical deformation due to | 40.3 mm 123.3 mm
live load

Max value unity check 0.86 0.82
Fundamental frequency 1.48 Hz 0.40 Hz

Type of lowest mode torsional 1 wave lateral
Scruton number lateral tubes | 18.90 27.15

Max acceleration 0.13 m/s? 0.06 m/s?
Dampers needed ? yes no

A proper comparison is available with option 3. The cable structure's steel walkway is
heavier than the arch's superstructure. The mass of the cable system must also be included.
However, in the latter scenario, the construction is sufficiently robust, and the
characteristics that govern the vibration modes are far more favourable. Consequently, one
would be tempted to think the cable structure is preferable..

The comparison mainly considers the technical feasibility, in particular related to dynamic
effects. However, both the public and the owners must be convinced about the building of
such structures, given their form and character, as they appear above or next to heritage
remains. In this context, arch-type structures are less imposing and might be more
acceptable. Therefore the structure with the highest both visual and technical quality may
well be the tripod arch structure. It also performs higher as a separate structure than any
other. However, the complete circular cable-supported structure may be highly appreciated
by owners and the public, since it is the least imposing and particularly well adapted to
circular historic sites.
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Conclusion

Following the development of arch structures that can serve as walkways for visitors
above or around historical or archeologic sites, similar typologies have been developed as
cable-supported structures. Since cable systems are definitely more flexible than arches,
special care has been given to this particular aspect. It appears that the deformations can be
relatively large, but that both the aero-elastic stability and the effects of human-induced
vibration fall very well within the set limits for comfort and stability. This is the case
because both the accelerations due wind and those induced by people walking, are quite
low and because the Scruton number is always higher than 20. A comparison of all
relevant parameters has been proposed and additional damping is not required in any of the
cable-supported systems. In general, the vertical hangers are the most critical parts.
An important question is also whether the owners and operators of historic sites and the
authorities would give a favourable opinion on these types of structures, so that they would be
considered as an alternative to full covering of sites. The condition for this is that they should not
so much attract the attention of the public, but would be modest as a concept and not require an
excessive amount of space. In order to meet the latter requirement, one arch-type and one
cable-supported type are ultimately proposed as the most promising alternatives.
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Abstract: The archaeological research of Kokalyanski Urvich began in 1969 led by Dimitar
Ovcharov, an archaeologist at the National Museum of Military History. During the excavations
were determined the dating and name of the church: "St. Prophet Elijah". In 2022, a team of the
National Museum of History and the Department of Medieval Archaeology of NAIM-BAS
conducting research of the Citadel’s Fortress found a new Christian temple dated back to the
14th century. It is significantly smaller in size in comparison with the "St. Prophet Elijah"”
church, but has a high concentration of mural fragments scattered throughout its ruins. The
main goal of this paper is to present a primary review of the newly discovered remains.

Keywords: Kokalyanski Urvich, christian culture, middle ages, church, in fresco

The studies of Kokalyanski Urvich began in 1969 by Dimitar Ovcharov, then an archaeologist at
the National Military History Museum (Ovcharov, Petrunov, 2021, 19-33). As a result of his
archaeological research now we know the name of the church "St. Prophet Elijah" and its date.
The excavations of the Citadel of the Fortress started in 2021. In season 2022, a team of the
National Museum of History and the Medieval Archaeology Department of NAIM-BAN, during
their research discover a new Church at the same place. It dates from the 13th-14th century. The
Church is significantly smaller in size, but with a high concentration of mural fragments
scattered throughout its ruins. The subject of this publication is to present the documented
remains and a primary review of the new data. The initial plan of the survey was to trace the
probable enclosure wall, the rampart of the Citadel, from the east to the west Urvich Hill. As
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soon as the excavations began, it was established that we had come across a Church'. The
destructions and the treasure hunter dig were the reason to choose this place. This allowed us to
outline a plan of a facility with dimensions of 4.90 x 8.55m. The building is placed on the very
edge of the plateau, after which an almost vertical slope begins. The dimensions of the Church
are very compromised by various aggressive impacts, duration of the destruction, vegetation and
the natural slope of the terrain. The width of the walls is from 0.75m to 0.90m in depend of the
level of preservation, and the construction is double-faced with a white mortar joint. In terms of
construction, many reused materials from Antiquity were found. Bricks and tiles embedded in
the structure, but not as structurally defining elements, but as separate segments inserted during
the construction, as if accidentally found and reused from an earlier construction. The entrance
from the west is Im wide and was formed with an arch of slab stones, destroyed in place in the
passage. They have the same presence of ceramic inserts, without a specific sequence. Between
the dozen cleared slabs, three bricks with a thickness of 0.03 m, located in an uneven sequence,
stand out to form the arch. The depth of the apse is not big in size - 0.96m, and yet it came across
a carefully shaped base for an altar table with dimensions of 0.80x0.60m. This make Church No.
2 not a chapel, but a functional Church building in which all type of services took place. Violeta
Dimova wrote in detail about the medieval religious architecture in her work (Dimova 2008).

At the very first moment of the initial scraping of the sediment, a large amount of highly
destroyed mural fragments was found. Their findings can be localized throughout the study area,
but the highest concentration is in the interior of the church, as well as from the west, where the
building is dispersed in a western direction and, along with the stone of the superstructure,
numerous plasters and coloured frescoes have been found. As we know, the foundation of the
Second Bulgarian Kingdom was precisely connected with the Christian culture. Only on
Trapezitsa in Veliko Tarnovo are documented more than twenty churches related to the period of
the 13th-14th centuries. (Dimov, 1915, 130-137.)

At this stage of the research, it is difficult to determine the date of the wall painting of the
Church in the Citadel. We provisionally fix the dating between the 13th and 14th centuries, due
to the lack of detailed clarity, at this early stage of the research, upon the materials involved in
the technology for the preparation of the wall paintings. The base of information is constantly
changing and being supplemented in the direction of interdisciplinary - technical-technological,
colour, art history-iconography, historiography, ethnography and other studies. The fragments
collected during an archaeological survey "in situ" are conditionally sorted according to their
location, being studied in groups. Under visual, microscopic examination, readable plaster layers
are documented, which are clearly distinguished from the fine, upper layers. And here, as in most
medieval buildings, fine-grained sands are characteristic of the lining plaster. The plaster is hard,
dense, grey with coarse sand and pebbles. The plasters of all the fragments are calcareous, but

!'T would like to thank to the whole research team and especially to the Excavation Director Violina Kiryakova
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with different sand content, as well as with different fineness of the sieved sand. Visibly rough, it
is clearly distinguished from the other, calcareous - fine plaster (intonaco). The levelling, lining
plaster has significant sand impurities, while the layer on which the painting rests has a much
finer structure, consisting primarily of white lime, with minimal amounts of impurities - grains of
sand. As a feature of the temple "St. Elijah" here in the lime plaster we find an organic filler. Its
composition significantly lightens the second layer and firmly attaches it to the lower one. The
building plaster consists of well-sifted mortar - fine sand, straw (grass) and, above all, lime.
There are only traces of organic impurities, plant fibres and stems have been decomposed. In
places, several layers of lime smears with chalk can be seen, aiming at stabilization and
alignment. The upper surface is polished, fully in the traditions of ancient and medieval
(Byzantine) technologies. It can be said that the amount of organic filler in lime plaster is
significant. As on the last, polished layer, the mural decoration is executed.

The pigments used in the paints decoration of the Temple are made of natural materials. The
paint at the bottom is applied ethereally. It has a very fine structure, with the exception in few
places it thickens is with a dense texture, where traces of the painter's brush can be observed.
Colour pads are applied evenly. The analyses of the material display partial use of classical "in
fresco" which was modified as "in secco". Usually, the technological implementation of the
mural decoration took place in stages. The first one included the application of graphics and "in
fresco" - technique, with the application of preparatory colour pads. This was carried out in parts,
since the fresco technique required a quick application of the paints on the still wet plaster. The
final completion of the murals was done by applying paints with the addition of binder. What are
its characteristics and its composition would be determined by the subsequent physico-chemical
studies. The architectural and construction data complement the specifics of the stone structure
of the wall with mortar from the building and the brickwork. Registering the repairs and
renovations would also provide additional clarity about the life of the Church. The organic
material of the structural elements — wooden beams traces of the iconostasis and other structures
are parallel topics to the future research process.

During the survey of Church No. 2, a small number of artefacts were found, but their discovery
in between the destructions to the east and northeast of the Temple, helped to precise its dating.
Between them are three triple, openwork earpiece elements, made of gilt silver, with the
characteristic filigree and soldered beads. The preliminary dating of the ornaments is the 14th
century, and their location is between the destroyed columns of bricks and mortar that blocked
the altar niche. Another important highlight among the finds is the burial of an ecclesiastical
vessel, almost centrally in front of the apse, from the east. A cross and a lamp were buried in a
small pit, partially surrounded by small stones. Both objects are made of iron, and their hoarding
must be dated to the time after the end of the functioning of the building. This most likely
happened at the very end of the 14th century or later in the 15th-17th centuries, and we must note
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that the burial falls at a height above the contemporary terrain of the building, at the level of the
substructure. Another important highlight of the study of Church No. 2 is the unearthed grave of
a young woman located northeast of it. The grave is very disturbed as a result of bioturbation,
but the earrings found on the spot, finely made of silver, date it to the end of the 14th century.
Thus, together with the representative fragments of the fresco decoration of the Church, its
architectural features and the objects discovered so far, a dating within the 13th-14th century can
be established. The refinement of the chronological duration and the establishment of the date of
construction of Church No. 2 will be possible after the complete uncover of its interior and the
exhaustion of the layers in the surrounding terrain and in the Church itself.
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Fig. 1 — The Citadel of Kokalyanski Urvich, view from the east.
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Fig. 3 — The apse space, view from the west.
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Fig. 5 — The relics, cross and lamp, after restoration.
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Fig. 6 — Measurements of Church No. 2.
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RECONSTRUCTION, MODERNIZATION AND BUILDING OF FOOTBALL
STADIUMS IN THE SLOVAK REPUBLIC

Jaroslav Repa!

Stavokov projekt s.r.o., Brnianska 10, 911 05 Trencin

Abstract: Roof constructions of football stadiums must mainly comply with safety
criteria. In terms of security risks, they must therefore meet the strictest criteria.
Durability is also an important factor. At the same time, they should also meet
architectural requirements, which are often influenced by the budget.

The development of new technologies and materials is also reflected in various
roofing projects for football stadiums in Slovakia.

Key words: football stadium, reconstruction, modernization, building
1. Introduction

The modernization of football stadiums in Slovakia has moved forward significantly
in the last ten years. It was a logical development. Almost all football stadiums in Slovakia
did not have adequate technical infrastructure. The only stadium that gradually underwent
reconstruction was the MSK Zilina stadium. It was also used for matches of the Slovak
national team. Some stadiums were no longer suitable even from the point of view of
safety and their parts, or the entire grandstands had to be taken out of use.

Their maintenance, as well as inappropriate structural solutions, had a significant
impact on the state of the supporting structures of the stadiums. That is also why the
government of the Slovak Republic by its resolution no. 115 of February 27, 2013
approved the financing of the reconstruction, modernization and construction of football
stadiums for the years 2013-2022 in the amount of 45,000,000.00 euros. By concluding a
contract between the Ministry of Education, Science, Research and Sport of the Slovak
Republic and the Slovak Football Association, stadiums were selected that will be able to
draw funds for their renovation. Stadiums were still divided according to UEFA criteria.
Two stadiums in Zilina and Trnava were included in category 4, the others in categories 3
and 2. It was a significant shift in the modern era of modernization of football stadiums in
Slovakia.

2. Safety and durability

Football is becoming a bigger and bigger phenomenon. It is a source of huge funds

I Jaroslv Repa, Ing., PhD,, Stavokov projekt s.r.0. Brnianska 10, 911 05 Trencin,
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and some gigantic constructions of stadiums are connected with it. Most of the stadiums in
the respective countries have been modernized or built new, mainly in connection with the
organization of international competitions - European or world championships. The
development of new technologies, materials and construction procedures has also
significantly affected this sector. In many countries, modern stadiums are their pride and
rank among important buildings that testify to the strength of the economy or the maturity
of the nation. However, safety and durability are the most important attributes of all types
of load-bearing structures.

In football stadiums, this aspect is all the more significant, because in these
objects there is a large accumulation of people - in the order of tens of thousands. An
important part of football stadiums are the roofs of the grandstands. Most of the stadiums
that are included in the highest category with four stars must have all the grandstands
covered. It is a significant shift in terms of protection of grandstands from the effects of the
weather. Grandstands are the most heavily loaded structures. Therefore, their safety comes
first. Whether the constructions of the grandstands are designed from concrete or steel,
their roofing does not cause a significant degradation of the materials as with uncovered
structures. New technological procedures in the field of concrete prefabs contributed
significantly to the safety and durability of tribune structures. Most of the stadiums built in
recent years have grandstands made of prefabricated elements made of high-quality
concrete. Prefabrication has enabled the realization of elements of various shapes and sizes
in recent years, but mainly contributes to increased safety and durability. Even from an
architectural point of view, such elements are preferred. The proportion of prefabrication
compared to old stadiums is incomparable. However, it should not be forgotten that despite
this, it is most important to design the right type of prefab for the given part of the structure
and to choose a proven type of detail. When assessing prefabs, their verification at the 1.
ultimate limit state and II. serviceability limit state is very important. In this regard, the
dynamic stress on the grandstands caused by the crowd plays a significant role in safety.

Another important part of the stadium is its roof. In most cases, this forms the main
architectural element. In most stadiums, these roofs are realized using steel structures of
various types. The type of proposed structure depends on several factors. At the beginning
of the design project, the architectural requirements are set and their fulfillment in terms of
the overall architectural expression and its integration into the site in question. However,
the roof must again meet the criteria set for safety and durability. A properly designed
static system and the use of suitable materials is the first prerequisite for a building to be
safe and to have the required lifespan. Climatic changes play a significant role in the
design of the roofing structure. Even in European conditions, we are already exposed to
extreme weather fluctuations, especially the effects of wind. Therefore, we must prepare
for situations that cannot be underestimated in connection with the effects of frequent
storms or hurricanes. This issue is related to the reliable design of the tribune roofing. An
important role is played by the dynamic component of the wind and its flow. For such
important buildings as stadiums, it is advisable to prepare a wind study and verify the roof
in a wind tunnel. The costs associated with such verification are incomparable to the level
of risk that may arise from an inappropriately designed construction. That's why it's
important to appeal to investors to have such a wind study drawn up already during the
proposal.

An integral part of the project documentation for such important buildings as stadiums
should be a statics audit. An independent assessment of the audit is thus another important
one a point that contributes to the safety of the building. It is important that the checking
structural engineer (Priifingenieur) - auditor has experience with similar buildings. An
example is the established and functioning static control procedures in Germany.
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Even if all the conditions associated with the design of the stadiums are met, the
building may not meet the criteria of safety and durability if the quality requirements
imposed on the delivery and assembly of the building are not met. In order for the
construction to meet these requirements, it is necessary for the selected contractor to meet
the strictest quality assurance criteria for such constructions, not only during its
implementation, but also during the warranty period of the work. These aspects should
already be taken into account during the selection procedure of the construction contractor.
The same must apply when choosing a designer. The general designer must guarantee not
only the quality of the project but also professional author supervision during the entire
construction of the work. The same applies when choosing a construction supervisor.

The construction supervisor should have sufficient experience with such constructions.
Therefore, in most cases, it is advisable to choose a larger company for supervisory
activities.

So, if we can define the main attributes of safety and durability of the supporting
structures of stadiums, then they are:

- suitability of the designed static and supporting system,
- appropriate selection of structural elements,

- suitability and type of designed materials,

- performance of control static audit,

- quality of work implementation,

- control activity during the implementation of the work,

- maintenance and care of the building during its lifetime.

3. Supporting structures of the grandstands and their roofs

The design of the support structure of the tribune is primarily influenced by the
architectural design. However, it is important that such a structure is also designed safely.
A suitable static system of the tribune's transverse structure and global stability in the
transverse and longitudinal direction are the basic prerequisites for the reliable transfer of
permanent, imposed and climatic (variable) actions. From the point of view of the
materials used (with the exception of wooden ones), the support structures of the
grandstands can be divided into:

- steel,
- concrete,
- combined.

In the last period, the supporting structures of the grandstands built from concrete are
mainly used. The reasons are simple. Concrete is one of the oldest building materials, and
in recent years, mainly due to modernized prefabrication procedures, it has been
increasingly used. The technical, technological, aesthetic and economic advantages
include, for example, permanent color, low maintenance costs and a long durability, which
practically coincides with the life of the object. The surface treatment of concrete elements
plays an important role here. With a suitable combination of all aspects, brilliant surfaces
with surface porosity of up to 1% can be achieved. Fig. 1 shows an example of the
combined construction of the western tribune of the City Arena football stadium in Trnava.
This tribune was the only one subject to reconstruction. The original main supporting steel
frames of the roof were left. The main steel beams of the tribunes were newly realized, on
which prefabricated concrete benches for the auditorium were placed. As standard, the
benches were equipped with slats for seating. A new ramp was built to install lighting up to
a height of 23,788 m.

131



MEXIAYHAPOAHA HAYYHA KOH®EPEHIINA BAHN’ 2022
INTERNATIONAL SCIENTIFIC CONFERENCE BASA'2022

23788 REZ
J

— dilatacny celok "L"

+9,030

Detail kotvenia betonovej lavice do
¥ ramu ocel'ovej tribliny

Fig. 1. Transverse link of the combined structure of the west tribune of the City Arena in
Trnava. Cross section, dilatation unit L. Prefabricated panel. Detail of the anchoring of the
concrete bench to the frame of the steel tribune.

Fig. 2. Example of the structure of the northern prefabricated tribune of the City Arena in
Trnava.
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Fig. 3. The supporting structure of the northern tribune of the City Arena in Trnava
Cross section, dilatation unit H.

In Fig. 3 is an example of a solution for a multi-storey tribune of the City Arena football
stadium in Trnava. A part of the premises serving as parking areas is scattered below
ground level.

Fig. 4. City Arena in Trnava, view of the completed building.
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Fig. 5. City Arena in Trnava, view of the pedestrian zone — part of a multifunctional
building.

4. National Football Stadium in Bratislava

The construction of the national football stadium in Bratislava was the largest and
most significant investment in the modernization of football stadiums in Slovakia. The
stadium 1is built on the site of the former stadium (legendary Tehelné pole — Brick field),
thus preserving the continuity of the environment. The project is the author's work of Ing.
arch. Kallay. The stadium with a capacity of 22,500 spectators meets the highest criteria of
UEFA standards for category 4. There are multi-storey VIP zones, SKY-boxes and
congress halls. More than 1,000 parking spaces are available in the stadium underground.
The construction of the stadium was carried out by the company Strabag Pozemné a
inZinierske stavitel'stvo, s.r.o. The entire project also includes commercial parts - an
administrative building and a residential complex of buildings "Tehelné pole". These
buildings were also realized by the firm Strabag Pozemné a inZenierske stavitel'stvo, s.r.o.
The construction was completed in 2019. From the point of view of the project solution,
the most modern methods were used on the construction, such as the production and
assembly of the steel structure of the grandstand roofing and the roof membrane, or in the
field of monolithic reinforced concrete structures, the use of COFRA 220 elements and
prefabricated structures. From a static point of view, it was a complicated load action,
especially in the assembled state. The most complex phase in this issue was the debugging
of structures from the point of view of II. serviceability limit state. The company Stavokov
projekt s.r.o. provided the static part of the implementation project for the entire stadium
and also for both commercial buildings. Work on the implementation project began in the
fall of 2016.

The National Football Stadium won the prize in the Construction of the Year 2019
competition in Slovakia for an exceptional and progressive project solution. The expert
jury was impressed by the mastery of the demanding static solution of the steel structure of
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the grandstand roof with exceptional loading of the cantilever-like parts of the structure,
which forms the largest membrane structure in Slovakia and, for the challenging solution,
is atypical of the prefabricated structures of the stadium grandstands. The new football
stadium Tehelné pole was nominated for the 'Stadium of the Year' award for the best
stadium opened in 2019. The award is awarded in two levels. One is awarded by sports
architects, but football fans can also vote. The competition is announced by
stadiumDb.com, one of the world's leading websites dedicated to football stadiums.
Tehelné pole won 111 place from 21 selected participants of the competition.

-
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Fig. 6. Visualization — National football stadium and complex of commercial
buildings. Author: Ing. arch. Karol Kallay.

5. Bearing concrete structures of the upper structure

5.1 Tribune beams

The supporting elements of the grandstand, both lower and upper, are designed as
prefabricated. They are placed on supporting monolithic frame structures in the column
heads or to brackets on columns. The width of the tribune beams is 500 mm and the static
height is 900 mm. They are fitted via end teeth with holes formed by HWR @ 80mm, on
elastomeric bearings with thickness 10 mm with the prescribed bearing capacity - for the
spikes of the column brackets. Holes or HWRs are thoroughly poured with concrete min.
C30/37 finer fraction, or better - Emcekret.

Due to the implementation process, the part of the ceiling at the elevation of +14.0 is
solved with a pair of prefabricated beams.

5.2 Tribune benches

Tribune benches were mounted on the tribune beams. The clear width is 800 mm
and the step height is 360 mm for the lower grandstands up to level +6.00 and 550 mm for
the upper grandstands above level +6.00. There are atypical elements resulting from the
technical solution at the edges and near the stairs. The basic shape type of the grandstands
is the so-called inverted and double-bent-L so called "double-headed", due to the max.
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restrictions of horizontal joints. Where, for composition and structural reasons, it was not
possible to preserve this principle, the cross-section is simply turned - L.

The first outermost row from the grandstand and on the gallery has the shape of an
unequal-armed letter U due to the creation of the railing border. The uppermost row of
benches is supported by a prefabricated railing brace. To better ensure watertightness, the
joints of the benches are placed in the upper position of the seats, with placement on a
rubber sealing profile in the insertion groove. Statically, the benches act as hinged, simple
beams with the possibility of deformation due to temperature effects. The material used
was: concrete STN-EN 206-1-C40/50-XC4, XF1(SK)-CI 0.4-Dmax16-S3.

Fig. 7 Assembly of the structure of the western tribune and tribune benches.

6. Basic characteristics of the grandstand roof

The roof of the grandstands of the national football stadium is characteristically
divided according to the orientation of the world sides into:
- North grandstand
- East tribune
- The western tribune
- South tribune
The steel structure of the South and East grandstands are structurally identical. The
structure of the northern grandstand is placed lower so that it does not cause excessive
shading of residential buildings. The structure of the western grandstand is mounted on the
load-bearing reinforced concrete structure of the roof. The maximum heights of the
grandstand structure were defined in the building permission. From this, the heights of the
steel structure were derived, which were increased by the value of the deformation from
the structure's own weight and the roof shell. The roof shell is made of a PVC membrane.
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6.1 Static action and stability of the structure

The structure of the roof of the grandstands of the national football stadium is
designed from steel. The basic static scheme for all grandstands consists of a cantilever.
From a static, but also an architectural point of view, only the eastern and southern tribunes
have the same shape. The layout of the cantilevers is different for individual types of
grandstands:
- North grandstand: 23,30 m
- East grandstand: 29,00 m
- West grandstand: 24,38 m
- South grandstand: 29,00 m

The cantilevers are designed as lattice systems anchored to reinforced concrete
structures. The cantilevers on the northern grandstand are hinged to a single-bay steel
frame anchored to the load-bearing reinforced concrete elements of the grandstands. The
rear part of the structure consists of a bracket and a tie rod for anchoring the shell.
However, these elements also perform a static function to balance the system. The
cantilevers on the western grandstand are hinged to a two-bay steel frame, anchored to the
load-bearing reinforced concrete roof elements.

The cantilevers on the east and south grandstands are hinged to the steel column.
In the rear part of this structure, a balancing system is designed, designed from a steel
horizontal bracket and a system of two truss rods.

The stability of the roof constructions in the longitudinal direction for all types of
grandstands is ensured by lattice braces. In the case of membrane constructions, the upper
chords of the trusses correspond to the convex curves of the membranes and are offset with
a margin so that they do not come into contact with the membrane, which would cause
problems with water drainage. Lattice stiffeners also perform an important function during
the assembly stage when tensioning the roof membranes, where large tensile forces occur
perpendicular to the longitudinal axes of the upper straps of the trusses due to prestressing.
In the front part of the roof in the length L = 12,0 m, a structure for skylight is designed.
This construction is designed from rolled IPE profiles and Jickel profiles, on which full
polycarbonate plates with thickness 10 mm were placed.

6.2 Description of the supporting structures of the roof

The upper chords of the truss brackets are designed from Jickel profiles. The
diagonals of the vertical members and the bottom chords are designed from tubes. Vertical
lattice longitudinal stiffeners for a span of L = 8,15 m ensure the stability of the brackets in
the assembly stage, but mainly perform a stiffening function against the action of the
horizontal effects of the membranes. The steel constructions of the cantilevers were made
in the workshop, delivered in one piece.

7. Conclusion

This contribution is primarily dedicated to the two largest stadiums in Slovakia. The
multifunctional complex City Arena in Trnava, designed according to set of Eurocodes [1],
won all the awards, including the main prize in the Construction of the Year 2015
competition. The construction of the National Football Stadium in Bratislava received an
award in the Construction of the Year 2019 competition for an exceptional and progressive
project solution.
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Fig. 8. Schematic cross-section of the eastern grandstand. PVC perforated membrane. PVC full
membrane. Lighting part.

Fig. 9 Instalation of the steel structure of the grandstand roof.
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Fig. 11 National football stadium in Bratislava, illumination lighting.
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Abstract

The settlement of Osoje in Travnik represents a unique historical and architectural-
environmental complex of traditional residential construction of the Ottoman cultural and
civilizational heritage in Bosnia, which at the beginning of the 21° century is under the
threat of complete destruction and oblivion.

The remains of the authentic physical structure are few and disappearing rapidly in the
daily effort of the local population to achieve, first of all, more optimal, better living
conditions, and then to create "architecture"” of an inappropriate expression, which was not
generated by the legal framework of construction in the historical context, which resulted in
degradation wide scale.

The aim of the work is to determine and justify the existence of a characteristic
autochthonous type of residential house in the settlement of Osoje, which will enable further
procedures for protection, restoration and the use of this spatial unit.

The results of the research-analytical procedure should serve as the initial basis for
determining protection and restoration measures, which range from legal preventive
protection - recording in local and central institutions for the preservation of cultural-
historical heritage, which would further enable preventive protection through
consolidation/structural restoration, and finally a complete procedure of physical
restoration with conservation and restoration works in correlation with a comprehensive
plan for the use of the locality in accordance with the needs of the local community and the
wider urban area of the city of Travnik, with an emphasis on the preservation of cultural

identity.

Key words: traditional residential house, Travnik, Osoje, Dimlucara, upper floor, Ottoman
period.
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1. Introduction

1.1. Osoje in Travnik — historical-architectural-urbanistic analysis

Fig. 1. Travnik as seen by an unknown artist at the end of the 1 g century - view from the settlement of
Podilovaca, Travnik.

Travnik has always been a meeting place of different cultural and civilizational
influences. Created by the formation of a medieval fortress at the beginning of the 15™
century during the reign of King Tvrko, it soon came under the administration of the
Ottoman Empire, and took on all the characteristics of an oriental bazaar modified by local
conditions and traditions, which it has mostly kept until today. This is understandable given
the four-century rule of the Ottomans and the decentralized administrative and geographical
position of the city after the annexation of Bosnia to the Austro-Hungarian Monarchy. Such
an existence on the margins and the inadequacy of the urban center of Travnik for
transformations according to the principles of European cities resulted in only sporadic
architectural interventions dating back to the period from 1878 to 1914 — the only significant
impact was played in the development of the city from an industrial aspect. Thus, a city that
could boast of over 150 years of viziership gradually stagnates and becomes a kasaba.
Nevertheless, the non-enterprising spirit of construction favored the preservation of the
physical structure of the historical core. Major destruction occurred in a fire in 1903, and in
the period after World War II, when in the first years of reconstruction and in a different
socio-cultural atmosphere, in the need to create a mere roof over the head, there was
inappropriate construction, the demolition of valuable historical-architectural units and
construction of buildings without relation to the traditional and found.’ Moreover, it was
traditionally considered "backward", and as such, purpose-built buildings are also
demolished — Konak (lodging), bezistan (covered bazaar, where there are shops with
manufactured goods and haberdashery), san (a house that serves as an inn and lodging for
travelers) and numerous other buildings from the Ottoman period suffered such a fate.

Only in the 60s of the last century, with the awakening of awareness about the values
of cultural and historical heritage on a wider level, did such demolition activities stop.

* See more about history of Travnik, Jovi§i¢, Vanja, “Time Machine : Tvrdava Stari grad Travnik” Zavicajni
muzej Travnik, Travnik 2010.
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Urbanization of the city begins with an emphasis on the protection of these historical
architectural zones and individual construction within them.

Through private investments, this project had a significant impact on the
rehabilitation of the old parts of the city.

Fig. 3. Panoramic view from the fortress Stari grad in Travnik to the village of Osoje (2021).

At that time, recordings were made of most of the preserved old traditional houses in
Travnik. Forty eight of them were published in the Study — Travnik Houses of the Travnik
Local Museum (H. Zeljkovi¢). The study served as a basis for the architects to create seven
possible typical projects for the selected zones.*

"Architectural solutions were made in a contemporary way, with the exterior
appearance of an old residential house with the necessary preservation of original exterior
materials (stone, lime, Sindra/wooden cover, carpentry)."

In addition to the construction of typical buildings, a detailed regulatory plan was
drawn up in that period, which provided for construction according to the laws of
"traditional urbanism".

The implementation of these plans was quite successful at first, but soon there was a
disrespect for the postulates of traditional construction — generally at the urban planning
level, and then also in terms of design. Unfortunately, today we can witness the anarchy of
newly built buildings, as well as projects financed from the public budget — such an example
is the high school in the settlement of Osoje.

* Sujoldzié, E., “Travnitka kuéa”. Divan, the newspaper of the cultural society of Muslims ,,Preporod*
Travnik. Number 14. March 1994.
5 .

Ibidem.
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Fig. 4. An inappropriate modern intervention in a historical setting. a) High school in Osoja where one of the
traditional residential houses in the Osoja settlement is visible on the left. b) Traditional residential house in

the settlement of Osoja. Status recorded in May 2014.

Although it would be possible to discuss the appropriateness of the construction of
typical residential buildings in the 60s last century, which do not interpret the established
legalities of building an old Bosnian house into a modern architectural language, but almost
completely take over the form, with such detail in the construction that we get confused
about the time of creation of these buildings. It can be said that recent interventions degrade
the environment to a much greater extent due to the neglect of the spatial relations of the
traditional matrix.

Fig. 5. One of the typical buildings built using traditional building principles. Status recorded in May 2014.

Approaching the city from the east, on the right bank of the Lasva river,® one notices
the medieval fortress, at the foot of which the original carsija (bazaar) developed with the
surrounding mahala (city District), which are arranged according to the concept of an
oriental town with public and sacred buildings (EI¢i Ibrahim Pasa medresa founded in
1705/Muslim religious school, numerous mosques — of which the Jeni mosque was built in
1549, sahat kula/tower clock, mezarja/cemeteries, turbeta/mausoleum, sadrvani/fountains).

® Lagva is a river in central Bosnia. It flows through Travnik, from west to east, and then through Vitez, and
after a total of 49.4 km, near Zenica, it flows into the Bosna River. It is formed by two rivers, Karaulska and
Komarska, which join in the settlement of Turbe.
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The settlement of Osoje developed on the right side of the river Lava and represents
a typical example of the functional separation of intimate and public traditional urban
settlement of the Ottoman cultural climate (mahala — city District / carsija — bazaar), with
narrow streets and mutual communication between Upper, Middle and Lower Osoje.

While the original residential settlement of Travnika was formed under the castle,
Osoje was created later. Although in the immediate vicinity of Donja carsija (Lower
bazaar), the area remained uninhabited — the extremely steep terrain the were unsuitable for
construction and living. Only when the expansion of trade and commerce in Donja carsija
(Lower bazaar) led to the need to expand the city, construction began on the slopes on the
other side of the bridge.

Fig. 6. The original residential settlement of Travnika is formed under the castle, and the settlement of Osoja is
formed on the right side of the river Lasva. a) The lower bazaar in Travnik - view from the village of

Podilovaca (cca. 1900). b) View of the settlements (mahala) Sumece and Osoja (1903).

A logical assumption would be that the settlement originally developed along the
river itself in the lower part of Osoje, for reasons of direct contact and access to running
water. In support of the hypothesis about the origin of the settlement in the lower part, the
fact that there was a dZamija (mosque) across the street from Arnautovié¢'s house speaks for
itself. However, the architecture of the found buildings and the position of the second
mosque, which today exists in the upper part of the mahala (city District), tells us something
completely different.

Fig. 7. a) Configuration of the terrain of the Osoje settlement. b) View from the direction of Sumece and
Loncarica settlements.
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Why the settlement was enthroned precisely on such a high location remains
unknown, and one of the possible reasons could be access to a source of drinking water — a
well. The well present in Gornje Osoje (Upper Osoje) leads us to this conclusion, and the
name Bunar (Wells) of one of the streets in the upper part of the settlement is also
indicative.

Seen from an urban and architectural-design point of view, the settlement of Osoje
was shaped by several basic factors — socio-political, religious, climatic-spatial. The
specificity of each of them, directed by further interactions, generates conditions for the
development of the form of a characteristic image of the environment, which consists of the
multiplied form of a recognizable residential house.

The configuration of the terrain of the settlement of Osoje conditioned the
coexistence of the built structure with the surroundings, and the buildings subtly rest on the
terrain, without disturbing the views towards Donja ¢arSija (Lower bazaar). The network of
streets, created in accordance with this natural terrain configuration, has remained
unchanged, forming three staggered units — Lower, Middle and Upper Osoje.”

1.2. Determination of typology

Historical, sociological and natural influences are intertwined in a unique formula —
it is impossible to determine the original causes and basic elements of the final form of the
traditional Osoj house. The response to the climate and location in the need to
simultaneously create — shelters and interaction with the community, space for work, leisure,
aksamluk (the usual evening sitting), intimacy and openness to nature, presentation of
abundance limited by religious and ethical principles, led to the adaptation of the type of
country house to these requirements.

The skill of the builder combined the characteristics of urban and rural traditional
habitats into a unique appearance, taking something from each in accordance with needs and
possibilities.

Osoje houses, as the basic building units of the settlement, represent an
autochthonous type, a transitional form between a village house and a city house.

We came to this conclusion in the process of research and analytical work, which
included:

- analysis of the original state of the settlement through available historical data;

- documenting the found state of the entire Osoje settlement with the creation of
record cards of all found objects. Record cards include general data about the
object, data about materialization, state of physical preservation and preservation of
authenticity, as well as data about the significance and traditional values of the
objects, as well as protection and restoration measures;

- detailed architectural recording of traditional houses that have largely preserved
their authenticity;

- analysis of materialization, construction, and analysis of authenticity and
degradation on recorded objects.

7 See more abaut Osoje, “Osoje u Travniku — historijsko-arhitektonsko-urbanisticka analiza”, in: Chabbouh
Aksamija, Lemja and Sabi¢, Lejla, “Tradicionalna travnicka kuéa : spontano stvoreni prostorni obrasci”
(Traditional Travnik House : Spontaneously Created Spatial Patterns), Zavicajni muzej Travnik end
Arhitektonski fakultet Univerziteta u Sarajevu, Travnik/Sarajevo 2018, pp. 49-55.
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There are a total of twenty nine buildings recorded in the settlement, whose creation
dates back to the period of the second half of the 19™ and the first half of the 20" century,
and which have preserved authentic elements in a large percentage range, from well-
preserved 8 objects that have been recorded in detail, to objects that have been greatly
transformed through renovations, additions, changes in materialization, and only the basic
form or some authentic elements are visible.®

The analysis of the obtained data led us to certain conclusions in terms of
determining the typological characteristics, that enabled the recognition of the development
path through comparison with already established types.

The house represents a modified type of central Bosnian one-story country

. . 9
house - "dimalucara".

The indicative elements that led us to this conclusion are, above all, the form,
disposition and materialization of the found objects.

Fig. 8. a) Spatial-dispositional concept of 'dimalucara’; with constructions of different types of 'badza’ (an
opening in the clapboard roof of a house through which smoke escapes) - b) 'blind badza', ¢) 'fixed baza' and
d) 'chimney badza' (left and right). €) The space of the open hearth on the ground floor is full of smoke with
accented details that define it.

1.3. Central Bosnian two-story country house

This type of house was established by Astrida Bugarski in her scientific work "Old

Bosnian country house with a ¢ardak in the attic "'°.

® See Ibidem.

® Dimalucara - house with smoke shaft. This is the most usual type of traditional house; it manifests
invention of the solution for the numerous basic house problems-organization of space, construction,
possibility of the partition, disposition of the smoke...; the smoke is disposed through a shaft (dimaluk) and
then dispersed freely into the roof spacethe smoke conserved timber roof construction; the space of dimaluk
was used for meat smoking; the upper floor rooms are approached by wooden stairs that are added to the
house, and on the first floor there is a gallery from which the rooms can be entered; 4bdest/uk (the ablution
place) and small storage are located on the gallery, sometimes there is an extension with the toilet as well.
See more about dimalucara, "Central Bosnian two-story farmhouse", in: /bidem, pp. 58-65.

19 Bugarski, A., “Starobosanska seoska kuca sa ¢ardakom u potkrovlju”, ART 7, Sarajevo 2008.
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This type of house was built in the territory of central Bosnia in the second half of
the 19™ and the beginning of the 20™ century.

The population of the villages where it was created called it cardaklija and
dvobojka'' — &ardaklija after the word of Persian origin — cardak (summer house), which
described a beautiful, usually two-story house or according to the name of the room cardak
or according to the name of the cardak room, which was located on the first floor of the
house.l"zl“he name dvobojka is of more recent origin and simply means a house with two
floors.

This type of country house was established for the first time by M. Kadi¢ in his
publication "Antique country house in Bosnia and Herzegovina""® and "Dimalucara — highly
developed type of one-story country house"'?, however without defining the spatial and
temporal framework and the cause of its origin.

Dimalucara is the most represented form of an older country house in the entire
territory of Bosnia, and in addition to the variety in the materials used, external appearance
and spatial layout concept, their basic characteristic is the open fireplace space on the
ground floor, the so-called "house", which extends through the upper floor all the way to the
attic, from where the smoke is led outside through a smaller opening in the roof. This open
space above the hearth — dimluk, dimaluk, dimnjaluk (chimney) had an extremely important
function in rural households, it served as a drying room for a large number of foodstuffs.

Although an open hearth with a chimney is not exclusively a feature of a country
house in central Bosnia, Bugarski says that the characteristic of an open hearth with a
chimney also appears in older village houses."

The area of the Bosna river basin is the area with the highest representation of this
form, and as a rough territorial border a line drawn from Brcko, through Tuzla, Olov,
Sarajevo, Prozor, Bugojno, Travnik, Tesli¢, Doboj, Gradacac and back to Brcko. This
finding is in favor definition of the Osoj house type in relation to the spatial appearance of
this country house.

When it comes to the distribution of dimalucara in central Bosnia, it was very
uneven, it appears together with other types, and in some villages it is not built at all.
Dimlucara is primarily a house of Muslims, that stratum of the population that was first of
all the owner of the land and secure in its territory, and then wealthy enough to afford this
comfortable residential house. In addition, this type corresponded to the specific traditional
concept of Muslim family life in the community where each married couple had their own
room within the main residential building, and the growth of the family he demanded and
enabled the reconstruction of the house.

' Skalji¢, A., “Turcizmi u srpskohrvatskom jeziku”. Biblioteka Kulturno naslijede, Sarajevo 1965, p. 164.
Cardaklija: large room on the first floor of the house with a good view.

See more about éardaklija, “Materijalizacija i konstrukcija”, in: Chabbouh Ak$amija, Lemja and Sabi¢,
Lejla, “Tradicionalna travnicka kucéa...”, pp. 415-417, 451. See more about ¢ardak, Ibidem, pp. 58, 62, 65,
78, 87.

"2 The word represents a coin of Bosnian Turkism (Bos. dva + Tur. boy = two floors).

Ibidem, p. 146.

1 Kadi¢, M., “Starinska seoska ku¢a u Bosni i Hercegovini”. Biblioteka Kulturno naslijede, Sarajevo 1967,
p. 66.

' Kadi¢, M., “Dimalucara - visoko razvijeni tip spratne seoske kuée”, god XI, sv. 41-43. Narodno
stvaralaStvo, Sarajevo 1972, p. 91.

1 Bugarski, A., “Starobosanska seoska kuéa sa ¢ardakom...”, p. 72, drawing 6.
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Bugarski further establishes that the occupation of the population had no influence
on the appearance or absence of a chimney house as a dimalucara in a certain locality.'® The
frequency of the appearance of this one-story building was conditioned by the tendency, i.e.
the tradition, to build in a typical way.

As arule, dimalucara has a basement or warehouse, which is built under one part of
the ground floor, which was created as a result of construction on sloping ground. It is a very
rare case that this type does not have a basement or that the basement is located under the
entire area of the ground floor. There is also a rare occurrence of cardak (a building with a
hipped roof) among the horns.

Fig. 9. a) Istak (protruding edge) of the upper floor for a divanhana (spacious entrance hall on the first floor)
with a support column. b) The solution without protruding edge and c) with the projection of the upper floor
with and without without additional reinforcement of load-bearing stone walls with oak beams.

The external appearance of the house varies — form appears without the ejection of
the upper floor, which is related to the earlier time of constructive expulsions, and with
projections, allowances or overhangs (i.e. a wider first floor compared to the ground floor),
which appear again on one, two, three or all four sides of the object in the size of 15-60 cm.
Also, a frequent phenomenon in later built houses without exits is represented by annexes in
which the staircase is located, and open, semi-closed and closed galleries. In the case when
the house is shared between several households, external access ramps are added as
necessary — basamci (staircase). Galleries or so-called divanhana (spacious entrance hall on
the first floor), trabozan (thicker stakes used to fence the staircase), Serefe [a fence and a
narrow enclosure (like a balcony) on a mosque minaret (slender tower of a mosque)] are
attached mostly to the first floor and are semi-enclosed, and mostly extend the entire length
of the building. The outer basamci (staircase) often form a whole with the upper gallery and
are closed.

' Ibidem, p. 41.
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b)

Fig. 10. a) Detail of gallery and one-legged staircase. b) Detail of the staircase railing - trabozan (thicker
stakes used to fence the staircase)

The material used for the construction of dimalucara is very different, and there is no
difference between this type of building and other buildings built in the same territory. The
use and choice of material depended on its availability near the locality and on the climate.

The most common combination of materials for dimalucara is a stone wall and a
wooden skeleton wall with infilling made of interlaced stakes and wicker, plastered with soil
— Seper, and a stone wall and a skeletal wall with a filling in one part of masonry boards —
also known as brvna, and the other part made of Seper.'”

In addition, there are infills made of horizontally lowered beams or planks, and
vertically lowered beams — beams or uprights. Houses completely built of stone or wooden

structures are less common, as are houses with a wooden grill made of adobe (cerpic,
unbaked brick).

The half-buried basement was most often used as a magaza (storage room,
basement), and very rarely the inhabitants also kept livestock in them.

The original forms of dimalucara on the ground floor had only two rooms — the
"house" or space with an open fireplace and the room where people lived, primarily in
winter.

7 See more about §eper, Chabbouh Aksamija, Lemja and Sabi¢, Lejla, “Tradicionalna travnitka kuca...”, p.
62, 67,79, 416.
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Fig. 11. a) 'Seper' - a wooden skeleton wall with filling made of interlaced stakes and wicker, plastered with
earth. b) Details of the constructive systems of connection and reinforcement of the mezzanine structure, which
is wedged into the side walls transversely.

There is a basamci (staircase) in the area of the "house" — ladders, balustrades or a
bridge for access to the upper floor, or there were no stairs at all, the upper floor was already
accessed from the higher ground where the building.

=

Fig. 12. a) Section on the facade of the house of the added ablution room (space for ritual washing). b)
Schematic representation of the floor plan of a large house.

In addition to these two rooms, several smaller rooms appeared later with the
development. Some of them were used for living, and for them the name donja soba (lower
room) or small room became established in relation to the orientation and size, as well as
pantry — which can sometimes be used for living or cooking. Her name was hudzera or
mutvak.

On the first floor, there are rooms for living — the cardak (the space inside the roof
structure), which, depending on the size and orientation, are called upper and lower cardak
or upper and lower cardaci¢ (smaller space). Next to them on the first floor there is also a
hajat (hallway on the ground floor) as a communication prostor, followed by abdesthana
(area for ritual washing) and divanhana (spacious entrance hall on the first floor) or galleria.

1.4. Comparative analysis - form, disposition, materialization

Analyzing the recording data of the objects found, we conclude that the two-story
buildings of Osoj in terms of form, disposition and materialization/construction are a
modified type of Central Bosnian dimalucara (houses in which the entire space represents a
certain type of chimney).

Although, most likely due to the later creation or changes made in the interior, the
houses that we approached in the interior did not have an open hearth. However,
constructive values are visible that continue from the ground floor to the first floor and then
take the smoke to the attic space that serves as a drying room. A semi-underground
warehouse is present on all buildings — the availability of stone as a material and the slope of
the terrain made it possible to raise the ground floor of the building by creating a storage
space and possibly keeping small livestock.
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Fig. 13. Part of the interior of a restored cardaklija, built before 1840, near Travnik. a) view from the hayat
(hallway on the ground floor),; b) divanhana (spacious entrance hall on the first floor); c) large room;d)
basamci (staircase).

According to the dimalucara principle, the ground floor has a characteristic
arrangement of rooms — on the front side facing a smaller slope, there are or so-called
rooms. lower rooms or large rooms — depending on the size, while on the side facing the
higher slope there are smaller rooms — upper rooms or small rooms. From the Aajat (hallway
on the ground floor), you can access the basamak (staircase), which leads to the gallery, the
communication space. Living rooms are located on the first floor — upper and lower cardak
(space in the attic of the house) and small c¢ardak, with the larger and lower c¢ardak always
oriented down the slope, on the north side.

The external appearance is also similar in many respects — the form is closed, with an
element of an external staircase and a gallery/sofa room. The buildings mostly have
highlights on at least one facade, with variants of placing the staircase inside the house or as
an annex on one side, leading to the with a gallery — if the latter is the case, the staircase area
is closed and forms a whole with the gallery. The difference that occurs in relation to the
rural dimalucara is the doksat (a prominent place on the front of a house with windows on
three sides) on the street facade of the buildings that face the street with their southern
facades.

Fig. 14. Cardaklija, built before 1840. years, surroundings of Travnik.
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Fig. 15. Floor plan of the ground floor and first floor. 1. "house"; 2. pantry for milk and dairy products; 3.
space for leaving shoes and 'basamak’ (staircase); 4. lower room; 5. 'divanhana’ (spacious entrance hall on
the first floor); 6. lower porch; 7. upper porch; 8. chimney; 9. 'trabozanes’ (thicker stakes used to fence the
staircase); O. hearth; B. 'banjica' (bathroom); F. furnace; K. bed; M." musandara' (built-in wall cabinets).

Another exceptional characteristic is the shape of the roof structure. The very steep
roof of these houses, which responded to the climatic characteristics of extensive snowfall
and long retention of snow on the Osoja side, alternates at the very bottom with a eaves with
a milder slope, which is constructively solved very skillfully. The change made it possible to
create deeper eaves to protect the building from precipitation, which would have been
impossible to achieve if the roof structure had been left with a roof slope of 50-60 degrees.
In addition to the role of creating an eaves, the shift also served as a snow guard.

The materialization of the houses in Osoje almost completely corresponds to the type
of dimalucara, but following the conclusion given by Bugarska that dimalucara do not have
a specific materialization in relation to other types of rural houses,'® we can say that the
house in Osoje is actually rural in terms of materialization. As a rule, the semi-buried
area of the basement in contact with the ground floor is built in stone, most often limestone,
and local tufa and slate from the slopes of Vilenica (mountain southwest of Travnik), while
the upper floors they always represent the skeletal system with variations in fillings. The
following infill variants have been registered: infill made of interlaced stakes and wicker,
stuck with earth — Seper, infill made of horizontally lowered beams or planks, and vertically
lowered beams — dizma (a wall of wooden beams lined up next to each other). The most
common type of wainscoting is where such a variant is represented by the method of
cladding — wattle on both sides, a slatted dizma or only clay with wood sawdust and reeds as
reinforcement. Such an approach had no effect on the appearance of the upper part of the
house, which had lime-painted walls."

How and why do we come across a type of house in an urban settlement that is
predominantly rural in its characteristics?

Given that the occupation of the population had no influence on the spatial
occurrence of dimalucara at all, we can conclude that the main causes of taking over the
dimlucara type are: the tendency to build in the same manner — the vicinity of the locality
where the dimalucara is located, then the specific location of the Osoje site — the steep slope
of the terrain and orientation, and finally the availability of materials in the immediate area.

18 5.
Ibidem, p. 33, fig. 8.

' See more about materialization, “Uporedna analiza — forma, dispozicija, materijalizacija”, in: Chabbouh

Aksamija, Lemja and Sabi¢, Lejla, “Tradicionalna travni¢ka kuéa...”, pp. 66-74.
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Fig. 16. The steep slope of the terrain and orientation of the houses towards the north realizing the right to a
view, which is one of the basic design principles here.

Encountering the problem of orientation of the hillside part towards the north, the
builders responded in the best possible way. As the achievement of optimal sunlight is
prevented by the steep slope to the south, the house is completely closed to the south. While
all rooms are for living and staying are oriented to the north, realizing the right to a view,
which is one of the basic design principles here. Also, the steepness of the terrain made it
impossible to realize the intimacy of the open spaces within the courtyard. These conditions
were optimal for the undeveloped layout and closed floor plan — one of the characteristics of
the dimalucara.

An urban house with a courtyard gets semi-buried warehouses as a response to the
need to raise living space from the ground. This need is twofold — by building a basement,
living spaces rise from the damp and cold ground, and in addition, in search of a view and
opening down the slope, intimacy is achieved in one's own yard. They are vertically
separated as much as possible from the street — thus they are satisfied and intimacy and the
opening of views of the bazaar, LaSva and the castle across Lasva.

On the other hand, the availability of stone made it possible to build these massive
walls that will carry the weight of one or two floors. All these factors, along with the present
tradition of building a village dimalucara in the immediate vicinity of Travnik, created ideal
conditions for adapting the type of dimalucara to the minimal needs of urban housing.

The principle of urban housing is present in the somewhat visible characteristic
facade canvas of houses and courtyard walls — and this only in buildings with a southern
facade oriented towards the street.

Due to the steepness of the terrain, the walls of the courtyard gates represent a
boundary of separation in the classic sense only for buildings with a southern street facade.

Orientation and opening down the slope is respected both in the buildings whose
front southern facade faces the street and in the buildings whose northern facade is oriented
also towards the street.

154



MEXIAYHAPOJHA HAYYHA KOH®EPEHIIMA BAHN’2022
INTERNATIONAL SCIENTIFIC CONFERENCE BASA'2022

The difference in appearance of the street facade defines two basic variants of
the Osoja house.”’

The first version of the house is located on the north side of the street. The southern
street facade is completely closed and represents the outer wall of the first or second floor,
depending on the number of floors of the building.

Another version of the house is located on the south side of the street. The northern
street facade develops and progressively opens vertically. Living spaces are unusually
oriented towards the street in order to achieve a view down the slope.?’

Such a difference in the street fabric from the south and north side of the alley must
have been dramatic, if you walked here at the end of the 19" century, when the settlement
was still intact. While on the north side we have a typical mahala (city District) scene — a
closed courtyard wall and the facade of a low building, on the south side the facades of very
often two-story buildings rise steeply.

Depending on the number of floors, both variants of the building have two sub-
variants: ground floor and upper floor. One-story buildings are buildings with a more
modest disposition and external appearance, while two-story buildings are buildings of
larger dimensions, often with emphasized horizontality despite their considerable height.

Fig. 17. Typical 'mahala’ (city District) - scene Osoja. One-story residential building with a southern facade
facing a greater slope.

2. Variant 1 — one-story residential building with a southern facade facing a greater
slope

2.1. Location

*Due to the limited textual content, we will analyze only the first version of the house located on the north
side of the street.

2! See more about the second version of the house: “Varijanta 2 — stambena spratnica sa ¢eonom juznom
fasadom okrenutom nizem nagibu U ZONI VI" (Variant 2 - residential floor with a south facing facade
facing a lower slope IN ZONE VI), in: Chabbouh Ak$amija, Lemja and Sabié, Lejla, “Tradicionalna
travnicka kucéa...”, pp. 83-90.
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The building is located in Donje Osoje street, on the ground that is in direct contact
with the La§va river. This extremely steep terrain was used to the best extent — the building
cuts into the terrain with a semi-buried warehouse, above which the ground floor and first
floor are developed, the lower of which is below street level.

The south wall of the floor is perceived as a street facade. The facade is completely
closed and originally turned into a low wall made of roughly pressed tufa blocks to the west
and east. Meanwhile, the western wall has completely disappeared — in its place today there
is a low concrete sub-wall, while the eastern wall is partially preserved.

The entrance to the building is located on the western side of the building, at ground
floor level. The entrance is accessed from a stone landing to which several stone steps lead.
On the same side, from a lower level, you can also enter the storage space — magaza. The
north side of the building opens completely towards Lasva and the garden, which originally
descended all the way to the river, with a jutting divanhana (spacious entrance hall) on the
second floor. Such an extraordinary original location of the building, the harmonious
relationship between built and natural environment, has been completely destroyed today by
the construction of a more recent building in the northern part of the complex, on the river
bank.

Fig. 18. The building is located in Donje Osoje street, built in the Ottoman period. View of the entrance
(western) facade. Condition of the facility in 2014.

2.2. Disposition

The building consists of: a semi-buried storage space — magaza, a ground floor, a
first floor and a roof space that is not used for living.

The storage space in the basement occupies half of the area of the building. Apart
from the entrance door, there are no windows for ventilation and the possibility of natural
lighting of the space. Most likely, the ventilation window was not installed due to the
immediate proximity of the river and the greater presence of moisture. These characteristics
confirm the purpose of this space as a basement storeroom with a stable temperature and
relative protection from the influence of moisture.

On the ground floor of the building, on the front side facing the smaller slope, there
are two rooms — the larger room is most likely the "house" (although no open fireplace is
recorded) or the so-called lower room or large room. A smaller room, the so-called the little
room or the lower little room, was most likely used for staying in the winter months.
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Opposite the entrance, on the side facing the greater slope, there is a smaller room without
natural lighting — a pantry or hudzera.

The larger room, on the wall opposite the entrance door, has built-in wardrobes
(niches for storing dishes), which have preserved their original appearance. On the eastern
wall, in front of the entrance to the smaller northern room, there is another door, which in its
original state’” led to a smaller closed space in the form of a lateral extension on the eastern
facade. This space most likely had the function of a c¢enifa (toilet). The construction of the
space was improvised — wooden with a single-pitched roof, as evidenced by the remains of
wooden elements on the facade and incomplete data on the drawings of the original state.

One-legged woodens basamak (staircase) are located in the Aajat (hallway on the
ground floor), right next to the entrance to the ground floor of the building. The staircase is
projected on the western facade and leads to the upper floor in the communication space,
which is separated by a wooden partition from the veranda (sofa) hall oriented with
openings to the north, with which it forms a unique whole. Two rooms are accessed from the
communication area. In a larger room, the so-called in the large porch or the lower porch
(due to the orientation on the side facing the smaller slope) with openings on the northern
wall, there is a furuna (oven) and a hamamdzik (home bathroom). A smaller room — the
cardaci¢ (smaller space) or the upper cardacié, is located on the southern front side, with
openings in the western wall. Access to the third, smaller room, located on the southeast
corner of the house with openings only in the eastern wall, is indirect — from the porch. Both
cardacié¢ are without musander (wall cabinets) and interior elements.

2.3. Construction and materialization

The wall of the basement floor — the warehouse space in the lowest zone in contact
with the ground is built of irregular stone, while in the upper zone there are finer pressed
blocks and angular tufa elements. The wall is 50-60 cm thick, made in a double layer with a
brick filling, bound with lime mortar. The wall structure is additionally reinforced with
longitudinal and transverse braces, at a vertical distance of about 1.00 m.

The walls of the upper floors are made as a Seper — bondruk system (a wooden skeleton wall
with filling made of interlaced stakes and wicker, plastered with earth and wooden skeleton
that is filled with unbaked brick — éerpi¢) with infills of wattle and adobe in the greater part,
while in some parts the infill appears as a dizma made of vertical beams, finally plastered
and whitewashed, and an infill of horizontally hammered planks. The parts of the wall,
between the bondruk structures, were replaced in later periods with full of baked bricks
infill, which, due to the heavy weight, led to the settlement of the horizontal wooden beams
of the skeletal system.

Pletar appears in several alternations — as a large one on the street and western facade
(woven vertically and horizontally) and as a small one on other parts of the building.

The mezzanine construction consists of beams of different cross-sections, wedged
between two horizontal beams at the end of each floor, resting on a stone wall.

The roof is hipped, inclined at about 45-50 degrees, and is structurally solved as a
roof with purlins. The roof is made in the form of a shift with beams of a gentler slope,
supported on the perimeter beam wedding dress of the last floor, in order to direct the water
away from the building.

*% The original condition is taken to be the condition recorded in the 60s of the last century, when 48
traditional residential buildings were recorded. See more about, Sujoldzi¢ E., “Travnic¢ka kuéa”...
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Above the original shingles (sindra, wood cover), today a steel sheet is forged.
On the north side, the first floor is overhanging by approx. 80 cm.

The staircase that connects the first and second floors is single-legged with two
wooden supports — vange, into which treads and fronts are inserted. According to the
drawings of the original state, the upper landing rested on an external wooden pillar, which
has since disappeared. The staircase area is closed with wooden planks, nailed to the
substructure, illuminated in the upper part through one smaller window.
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Fig. 19. Drawings of the original state - the building is located in Donje Osoje street. a) North facade; b)
Western facade; c) Base of the first floor; d) The base of the second floor. Native museum of the city of Travnik
- transferred archival documentation.

The doksat (a prominent place on the front of a house with windows on three sides) on the
divanhana (spacious entrance hall on the first floor) is supported on the northwest corner by
a column with a circular section, supported on the ground by an irregularly shaped stone
step, which replaced the original column. The window construction consists of wooden
frames placed in the raster bondruk system (wooden skeleton that is filled with unbaked
brick — ¢erpi¢)?, with wooden double single-wing and double-wing window sashes. The
windows of the divanhana have preserved original demirs (iron profiles that make up the
grid on the window).

The floors are made on the principle of a ship's floor, hammered onto the
substructure, while the ceilings are hammered with simply processed wooden planks — §ise

(ceiling).

** See more about bondruk system, Chabbouh Ak3amija, Lemja and Sabi¢, Lejla, “Tradicionalna travnicka
kuca...”, pp. 79, 80, 88, 416, 418, 420.
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Fig. 20. Record card of the building on cadastral parcel 1062. - the building is located in Donje Osoje street.

1) Entrance to the warehouse - part of the western facade, 2) Street view of the eastern facade; 3) Appearance
of the northern facade, 4) Street (southern) facade; a complex system with infilling made of horizontally and
vertically braided undergrowth; 5) appearance of the northwest facade; 6) He structure of the eastern facade.

4. Conclusion

The town or town house in Travnik has not completely defined its appearance, as is
the case with, say, Sarajevo's urban residential house. Very often, the town house in Travnik
is associated and identified with the recognizable image of Osoj and its characteristic
houses.

Taking into account the position of the location, which is directly connected to the
craft and business part of the city, we conclude that Osoje is a residential part, i.e. a mahala,
a unique functional entity that separates the public and intimate zones of the narrower —
urban fabric.

In the search for an archetypal form, in the process of identifying the form,
materialization/construction and disposition, the undoubted origin of the Osoj residential
house was established in the form of a central Bosnian residential loft-divanhana.

The country house here was clearly a model for the creation of a suburban form, and
not the other way around — as the general origin of the urban concept of life in the cultural-
civilizational sense is always in the rural. It is easy to conclude that the original country
house from the Travnik area was taken over as a suitable form in the given specific space-
time circumstances and adapted to the extent that it is necessary and possible.

Why was the Osoja house not further transformed into new forms of urban form?
First of all, due to the limitation of the locality in terms of spatial expansion, which could
lead to further modification resulting from different conditions of the locality and the
emergence of new subtypes, and due to the decentralization of Travnik as a regional
administrative center. Which also led to stagnation in the expansion of the city and the
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disappearance of the population layer that was able to materially contribute to progress and
changes in the housing concept.

The arrival of the Austro-Hungarian administration in Osoj left visible sporadic
changes in the sense of adapting formal elements to new stylistic forms, but there was no
essential change in the spatial concept and application of traditional materialization and
construction.

Unable to develop further, the settlement retains its archaic form, leaving traces of
the development and creation of the original suburban to this day, which represents a
valuable material testimony of the path of the creation of urban settlements and their
architectural expression in these areas.
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STRENGTHENED BY TIES TO PREVENT SEISMIC PROGRESSIVE
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Abstract: Historic old existing industrial reinforced concrete (RC) structures are
often subjected to removal of structural elements due to degradation caused by
environmental effects. So they are in a risk of seismic progressive collapse. In order
to prevent this risk, a strengthening by cable elements (tension-ties) can be used. The
probabilistic analysis of such RC structures under critical seismic loading is herein
numerically investigated. The unilateral behavior of the cable-elements, which can
undertake tension stresses only, is strictly taken into account. Attention is given to
uncertainties concerning structural input parameters, common for such old RC
structures belonging to built Cultural Heritage. For their treatment, Monte Carlo
techniques are applied. The proposed methodology is explained in a numerical
example.

Key words: Historic industrial RC structures, removal of columns, strengthening by
ties, Monte Carlo methods.
1. Introduction

As well-known [1,2], many of old existing industrial reinforced concrete (RC)
structures can be considered as elements of the recent built Cultural Heritage. Such historic
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(RC) structures are subjected to various environmental actions, e.g. corrosion, earthquakes
etc., which can often cause significant damages. A main such defect is the strength
degradation, resulting into a reduction of the loads bearing capacity of some structural
elements. For some of such degraded elements is sometimes obligatory to be removed, and
so a further reduction of the whole structure capacity is caused, which can lead to
progressive collapse [2,16].

After structural assessment, a strengthening of the remaining structure is usually
suggested, in order to overcome the above defects. Among the available strengthening
methods [3-5], cable-like members (tension-only tie-elements) can be used as a first
strengthening and repairing procedure [1, 6]. Cables can undertake tension but buckle and
become slack and structurally ineffective when subjected to a sufficiently large
compressive force. Thus the governing conditions take an equality as well as an inequality
form and the problem becomes a high non-linear one. So, the problem of structures
containing as above cable-like members belongs to the so-called Inequality Problems of
Mechanics, as their governing conditions are of both, equality and inequality type [6-10].
A realistic numerical treatment of such problems can be obtained by mathematical
programming methods (optimization algorithms).

Moreover, for the numerical analysis of such old RC structures, many uncertainties
for input parameters must be taking into account. These mainly concern the holding
properties of the old materials that had been used for the building of such structures, e.g.
the remaining strength of the concrete and steel, as well as the cracking effects etc.
Therefore, an appropriate estimation of the uncertain input parameters must be performed.
For the quantification of such uncertainties, probabilistic methods have been proposed, e.g.
Monte Carlo procedures, see [17-22].

This paper deals with a numerical approach for the stochastic analysis of existing old
industrial framed RC buildings, which are strengthened by cable elements in order to avoid
progressive collapse [16] after the obligatory removal of some degraded structural
elements. The computational approach is based on an incremental problem formulation.
Finally, an application is presented for a simple typical example of an industrial RC frame
strengthened by bracing ties after the removal of some ground floor columns.

2. Method of analysis

The stochastic approach for the seismic analysis of RC frame-buildings strengthened
by ties can be obtained by using Monte Carlo simulations as reported in [17]. For
completeness of the present paper, the above approach is herein briefly summarized.

Monte Carlo simulation is simply a repeated process of generating deterministic
solutions to a given problem, see e.g. [20-22]. Each solution corresponds to a set of
deterministic input values of the underlying random input variables. A statistical analysis
of the so obtained simulated solutions is then performed. Thus the computational
methodology consists of solving first the deterministic problem for each set of the random
input variables and finally realizing a statistical analysis.

Concerning the numerical treatment of the deterministic problem, a reinforced
concrete (RC) framed structure containing cable-like members is considered. For the
general analysis of such a structure, see details as described in [1,6,17]. Generally, a
double discretization is applied: in space by finite elements and in time by a direct time-
integration method. The RC structure is discretized to frame elements with generally non-
linear behavior. For the cables, pin-jointed bar elements with unilateral behavior are used.
The rigorous mathematical investigation of the problem can be obtained by using the
variational or hemivariational inequality concept, see Panagiotopoulos [9]. So, the
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behavior of the cables and the generally non-linear behavior of RC elements, including
loosening, elastoplastic or/and elastoplastic-softening-fracturing and unloading - reloading
effects, can be expressed mathematically by the subdifferential relation:

5, (d) € 98,(d) )
Here, for the example case of a typical i-th cable element, s; and d; are the (tensile)

force and the deformation (elongation), respectively, 0 is the generalized gradient and S;
is the superpotential function [9,10].

For the numerical treatment of practical inequality problems, a piece-wise
linearization is usually applied to relation (1), see e.g. [5-8]. So, for the case of cables, the
unilateral behavior of the i-th cable-element (1 = 1,...,N) is expressed by the following
relations [7]:

ei = Foi.si + €io -vi, (2a)
si >0, vi> 0, svi=0. (2b)

Here e, Foi, si, €0 and v; denote the strain (elongation), “natural” flexibility constant,
stress (tension), initial strain and slackness, respectively. Relations (2b) consist the Linear
Complementarity Conditions (LCC) and express that either a non-negative stress (tension)
or a non- negative slackness exists on cables at every time-moment. The above
considerations lead to formulate the problem and to solve it at every time-moment as a
Linear Complementarity Problem (LCP). The numerical treatment of this LCP is obtained
by using optimization methods [1, 6-10].

In an alternative approach, the incremental dynamic equilibrium for the assembled
structural system with cables is expressed in matrix form by the equation:

M.Au(t) + C.Au(t) + K, .Au(t) = Ap(t) + T.As(t) 3)

Here u(t) and p(t) are the time dependent displacement and the given load vectors,
respectively. C and Krt(u), are the damping and the time dependent tangent stiffness
matrix, respectively. Dots over symbols denote derivatives with respect to time. T is a
transformation matrix. By s(t) is denoted the time dependent cable stress vector with
elements satisfying the relations (1)-(2).

The above matrix equation combined with the initial conditions consist the problem
formulation, where, for given p(t), the vectors u(t) and s(t) are to be computed. For the
numerical treatment of the above problem, the structural analysis software Ruaumoko [11]
is herewith used, as described in [5]. When the static case of the problem is only to be
investigated, a Dynamic Relaxation approach [12] is appropriately used.

3. Numerical example

The historic industrial RC plane frame structure of Fig. 1 had been initially
constructed with two more internal columns in the ground floor, which are shown as
dashed lines and have been removed due to degradation caused by environmental actions.
Following [16], the axial loads, which were initially undertaken by these two columns, are
now shown as the two applied vertical concentrated loads of 180 kN and 220 kN.
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Fig. 1. The initial RC frame FO.

Due to removal of the above two columns, and after structural assessment [15] and in
order to prevent a progressive collapse, the initial RC frame FO of Fig. 1 is strengthened by
ten (10) steel cables (tension-only tie-elements) as shown in Fig. 2. In the so formulated
system, it is wanted to be computed which of the cables are activated and which are not,
under the considered critical static loading of Fig. 1. This critical loading takes into
account extreme seismic load effects according to current Greek Codes, see KANEPE [18].

Using Ruaumoko software [11], the columns and the beams of the frame are
modeled by prismatic frame RC elements. The concrete class is estimated to be C12/15.
The effects of cracking on columns and beams are estimated by applying the guidelines of
[1-4, 13]. So, the stiffness reduction due to cracking results to effective stiffness with mean
values of 0.60 I for the external columns, 0.80 I for the internal columns and 0.40 I, for
the beams, where I; is the gross inertia moment of their cross-section.

Nonlinearity at the two ends of the RC frame structural elements is idealized by
using one-component plastic hinge models, following the Takeda hysteresis rule [11].
Concerning the constitutive diagram of plastic hinges, a typical normalized moment-
normalized rotation backbone [14] is shown in Fig. 3.
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Fig. 2. The RC frame F1 (or F2) strengthened by 10 cables.
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Fig. 3. Constitutive backbone diagramme for normalized moment - normalized rotation in
plastic hinges [14].

The strengthening cable members have a cross-sectional area Fr = 10 cm? and are of
steel class S1400/1600 with elasticity modulus Es = 210 GPa. The cable constitutive law

concerning the unilateral (slackness), hysteretic, fracturing, unloading-reloading etc.
hysteretic behavior, has the diagram depicted in Fig. 4.

Considering input-parameters uncertainty, according to JCSS (Joint Committee
Structural Safety), see [18-20], concrete strength and elasticity modulus follow a Normal
distribution and the steel strength follows the Lognormal distribution. So the statistical
characteristics of the input random variables concerning the building materials are
estimated to be as shown in Table 1. By COV is denoted the coefficient of variation. The
mean/median values of the random variables, computed by using upper and lower bounds-

estimates, correspond to the best estimates employed in the deterministic model according
to Greek code KANEPE [18].

Table 1. Statistical data for the building materials treated as random variables

Disribution mean COV
Compressive strength of Normal 2.0 MPa 15%
concrete
Yield strength of steel Lognormal 191.3 MPa 10%
Initial elasticity modulus, Normal 26.0 GPA 89
concrete
Initial elas‘;c;ﬁr modulus, Normal 200 GPA 4%

The application of the proposed numerical procedure by using a pseudo Dynamic

Relaxation approach [12] and 250 Monte Carlo samples, gives the following mean-value
results for the cable-elements:

165



MEXIAYHAPOJHA HAYYHA KOH®EPEHLINA BAHN’ 2022
INTERNATIONAL SCIENTIFIC CONFERENCE BASA'2022

S[kN]
£ )
R A ]" B
' )
0 ~ds d d. d [m]

Fig. 4. Constitutive law of the cable-elements.

a. The mean values of the slackness of the no activated cable-clements are:
vi =0.848*10> m, v3=10.321*%10> m, vs = 1.082*%10" m,
vs =9.564*107 m, vio = 1.652*107 m.
b. The elements of the stress vector s, where: s = [S1, S, ..., Si0]’, are computed to
have the following mean stress-values (in kN) for the non-active cables:
S1=S3=S5=Ss=S10=0.0,
whereas for the active cables, the tension-values are:
S>= 10.17 kN, S4= 346.04 kN, S¢= 18.84 kN,
S7= 342.08 kN, So= 25.81 kN.

The relevant mean coefficient of variation is COV=21.84%.

Thus, cables 2,4,6,7 and 9 are the only ones which have been activated, appearing
non-zero tension. The other cables 1,3,5,8 and 10 cannot contribute to the system
resistance under the given loads of Fig. 1.

Obviously, by parametric investigation of the characteristics of the cable-element
(sectional area, elasticity modulus etc.), a parametric upgrading investigation of the
strengthened structure can be obtained in order to avoid collapse. Such a parametric
investigation is shown indicatively in the Table 2. This investigation concerns the response
of the initial frame-structure FO without cables (F; = 0 cm?) and when it is strengthened by
cable members having a cross-sectional area either F; = 5 cm? (frame F1) or F; = 10 cm?
(frame F2). By Uyiso and Uy are denoted the node vertical displacements under the
single concentrated loads of 180 kN and 220 kN, respectively, (see Fig.1). M; and M; are
the maximum bending moments of the first and the second floor-beams, respectively,
between the deleted columns. By COV in % is denoted the coefficient of variation. The
reduction of mean response values due to cable-strengthening is remarkable.

4. Concluding remarks
A computational stochastic approach has been presented, which can be effectively
used for the numerical investigation concerning the inelastic behaviour of historic existing

RC framed-structures subjected to removal of some degraded structural elements and
strengthened by cable elements. By parametric investigation of the characteristics of the
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cable-elements (sectional area, elasticity modulus etc.), the required upgrading of the
remaining structure in order to avoid collapse can be obtained.

Table 2. Comparison of response representative mean-values of the initial frame FO and

the strengthened frames F1 and F2.

Frame Cables S4 S7 Uyiso | Uy220 M, M
Cross- [kN] [kN] [cm] | [cm] | [kKNm] | [kNm]
section

@) 2) 3) 4) () (6) () (8)
FO F,=0cm’ | 0.00 0.00 | -2.46 | -2.59 | 307.91 | 402.64
COV [%] 0 0 22.1 | 22.1 21.8 21.8
F1 Fr=5cm’ | 272.11 | 268.65 | -1.67 | -1.70 | 218.22 | 290.98
COV [%] 24.7 24.7 22.8 | 22.8 23.7 23.7
F2 Fr,=10cm’ | 401.30 | 412.89 | -1.26 | -1.27 | 174.59 | 236.37
COV [%] 22.4 22.4 234 | 234 20.8 20.8

[1]

2]

[3]

[4]
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REVITALIZATION OF THE HISTORIC ROAD STEEL VIADUCT
Mariusz Maslak!, Marek Pantak?, Mariusz Hebda?, Bogustaw Jarek?

Cracow University of Technology, Cracow, Poland

Abstract:

The results of the technical condition inventory related to the steel road viaduct located
along the Polish national road DKS88 in Silesia and used under load for several dozen
years are presented and discussed in detail. The high level of wear of the basic
structural elements was indicated, qualifying the tested object to an emergency
condition. The numerically verified actual load capacity of the existing structure
revealed in many elements significant overloads conditioned by a high degree of
corrosion damage identified in situ. They resulted in above-standard deflections of the
girders and also displacements of the supports. The values of such deformations and
such observed imperfections clearly exceeded those that are acceptable in this type of
objects. The proposed revitalization plan, which has so far been partially implemented
in practice, is discussed in detail. In particular, the focus is on the design of the
strengthening of the outermost beams, the refurbishment and rectification of the
bearings as well as the repair of abutments and expansion joints. The proposed method
of reconstruction, relief and strengthening of the existing deck is presented as well. In
addition, the method of renovation of an incomplete drainage system carried out on
the site is shown in detail. Separate attention is paid to the anti-corrosion protection
implemented in the renovated structure. It concerned both the elements in use so far,
only subject to the renovation, and also the quite new elements, inserted into the
superstructure to strengthen it.

Key words: steel viaduct, corrosion, overload, renovation, emergency condition

1. Construction and equipment of the viaduct

The viaduct under consideration (Fig. 1) was built in 1936 so it is now the 86 years old

structure. It is located in Upper Silesia region in Poland, in the city of Zabrze, along the
national DK 88 road connecting Gliwice with Bytom (Fig. 2). The upper road here is a single
carriageway two-way street with two lanes for each direction. The lower street that is crossed
by this viaduct is also a single-carriageway and two-way road but in this case with the
provincial status only (DW 921), with one lane for each direction and with a footpath on its
one side. A single-track tram line is located parallel to this street [1].

The longitudinal view of the viaduct is shown in detail in Fig. 3 while its cross-section

is shown in Fig. 4. The usable width of such the viaduct is 14.67 m while the overall width
i1s 16.23 m, respectively (Fig. 4). It is made up of two mutually parallel bridges separated
from each other by longitudinal dilatation. The slope measured across the axis of the whole
bridge ranges from 4.5% to 5.0% (Fig. 4).

! Prof. Dr Hab. Eng., e-mail: mmaslak@pk.edu.pl
2 Dr Eng., e-mails: mpantak@pk.edu.pl, mhebda@pk.edu.pl, bjarek@pk.edu.pl
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Fig. 2 Location of the viaduct shown on the map of Zabrze.
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Fig. 3 Longitudinal view of the viaduct analysed by the Authors.
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Fig. 4 The cross-section of the bridge decks.

As shown in Figs. 3 and 4, the load-bearing superstructure of the viaduct consists of
two two-span steel beam grillages with span lengths of 14.70 m and 8.70 m, respectively.
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The main girders are designed here as the continuous beams with hinges located in the longer
spans, near the central supports (Figs. 3 and 5). The decks of both bridges are made of 8 mm
thick concave steel sheets filled with concrete. Moreover, each bridge is built of four main
girders with a spacing of 2.20 m (Fig. 4). The height of such girders varies in their length,
which is achieved thanks to the use of thickening overlays on their lower flanges, located in
the middle parts of the longer spans. The axial spacing of the girders which are adjacent to
the longitudinal dilatation separating two parallel bridges is equal to 1.123 m (Fig. 4).
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Fig. 5 Riveted construction of a hinge within the main girder.

The massive, non-reinforced concrete abutments with wing walls are used in the
viaduct as the end supports (Fig. 3). The intermediate support is in this construction a single
row of 12 separated steel columns with a closed box cross-sections (Fig. 6). Among these
supports 8 columns, those located directly under the main girders, have a cross-section of
300600 mm, while 4 additional supplementary columns, those located between the ones
previously mentioned, have the cross-sections of 380400 mm. These smaller columns were
probably added to the original structure significantly later to strengthen the weaker pillar
erected earlier. All the columns used in this support were finally effectively fixed in a single
massive concrete foundation slab.

The main girders of the bridge deck are supported by steel bearings. In particular, the
support at the abutment of the longer span is made by means of a single-shaft $170 mm
movable steel bearing, while the steel fixed bearing with a hemispherical head is placed on
the abutment of the shorter span. On the intermediate support the main girders are supported
by a transverse beam composed of two HEB 360 I-sections positioned parallel to each other
(in accordance with the span skewness equal to 58.30°). This beam is finally supported by
the steel single roller bearings (with rollers with a diameter of 200 mm) placed on the column
heads located directly under the bridge deck girders and also on the steel spherical rocker
bearings located on the heads of the intermediate columns.

The riveted steel plate girders with a web size of 110010 mm constitute the bridge
deck supporting structure. The webs of these beams are stiffened with transverse ribs (Fig.
6). The hinge is located in the longer span of such beams, at a distance of 1600 mm from the
axis of the bearings placed on the intermediate supports, and consists of a steel roller with a
diameter of ¢140 mm and also of a suitably shaped plate web, reinforced with sections of
150%100%10 angles horizontally arranged (Fig. 5). Both the lower and the upper flanges of
the plate girders are made with the use of 90x90x10 mm isosceles angles, placed on both
sides of the web and connected to this web by riveting. The lower flanges of the girders are
strengthened, only in the middle part of the longer span, in the case of two external beams
with a single while in the case of the remaining girders with a doubled overlays of the size
of 200%12 mm. The upper flanges of such beams are also strengthened, in this case along
their entire lengths, with a steel overlays of the size of 300x12 mm. The total height of the
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girders is then accordingly: 1112 mm - on the sections without any overlays on the bottom
flange, 1124 mm - on the sections with a single overlay, 1136 mm - on the sections with a
doubled overlay.

m;i_i. S

il

Fig. 6 Construction of the intermediate support of the viaduct (The cross beam crowning the row of steel
pillars is noteworthy. The ribbing of the main bridge deck girder is also visible in the foreground).

5 )

Over the supports, the main girders are connected to each other with transverse truss
bracings. These bracings are shaped as K trusses made of 70x70x8 mm steel angles. The
cross-bracings on the abutments are set parallel to the bearing axis (in line with the span
skewness of 58.30°), while the ones above the intermediate pillars are set perpendicularly to
the girders axis.

In the axes of the stiffening ribs, in the immediate vicinity of the upper flanges, the
main girders are braced with secondary cross-beams made of 1260 I-beams placed
perpendicularly to the girders axes. Together with the plate girders, these cross-beams form
the square fields with dimensions of 1350%2200 mm, in which concave steel sheets with a
thickness of 8.0 mm are placed, connected by riveting to the upper flange of such a girder.
Drainage holes are introduced in the central part of such the sheets.

There is a wide variety of pedestrian protection elements on the site, ranging from the
oldest type of balustrades made of rolled sections with a height of 70-90 cm, through the
bridge railings made of 90 cm high flat bars, ending with the modern bridge railings of the
BS-3/M type, used in Poland, with a height of 110 cm.

The viaduct is drained on one side. Two different types of inlets are located here. One
is near the beam hinge while the other is near the abutment. The rainwater is drained away
along the road kerbs, and then collected into an open drainage trough made of C240 channel
section suspended to the deck platform cross-beams at the outer beam. On the inventoried
viaduct, from the side of Tarnopolska Street, no kerbs were used, while from the side of the
city center, concrete kerbs were used, however loosely laid flat, not connected to the cornice.

2. Inventory of a technical condition of the analysed viaduct

At the access sections to the viaduct not only deformations and cracks in the pavement
were observed but also highly advanced corrosion degradation of steel members in many
places. Such cracks were noted also within the deck roadway, especially visible in the
dilatation line above the abutment, as well as along the longitudinal dilatation separating
adjacent decks. The cornices within both abutments revealed numerous damages, including
in particular: cracks, material losses and even missing the concrete cover resulting in local
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corrosion exposure of the steel reinforcement. It was also found the numerous displacements
of kerbs with the lack of their proper grouting. In addition, intensive vegetation of plants was
observed here, both on the cornices on the abutments and also on those located on the spans
of the viaduct. There was also a lack of a pipe draining water from the C240 channel-bar and
complete blockage of such the collector in the area of the sidewalk above the bridge inlet
(Fig.7a). In addition, the destruction of the anti-corrosion protection was visible in many
places. It resulted in numerous centres of corrosion developing mainly around the drainage
holes of the concave sheets (Fig. 7b). One of the more serious damage was, however, a large
material loss noted both in the road pavement and also in the road base (Fig.7a), through
which rainwater flooded the abutment back wall, the abutment wing walls, the bearing pad
and also the roller bearing placed under the both outer girders (Fig.7c).

K

Fig. 7. Deficiencies in the viaduct drainage system, including: a) the lack of the protection of the drainage
pipe, b) effects of a blocked drainage system, c) rainwater running down the abutment.

Fig. 8. Corrosion inventoried in the outer girder, related to the following places: a) the web and the lower
flange of the beam, b) the stiffening rib, ¢) the hinge.

The most significant structural damages were diagnosed in the outer girder. In all the
elements of its cross-section, such as the lower flange, the upper flange, the slender web
(Fig. 8a), the stiffening ribs (Fig. 8b) and even the hinge (Fig. 8c), corrosion losses combined
with locally observed delamination of the steel was inventoried. One of the most destructive
effects of the material degradation of this type was blocking the real possibility of members
rotation in the hinge. In addition to the corrosion, in the described girder damage to the paint
coating was also observed, including its peeling and swelling, as well as a change in the
colour of the protective coating. There were also visible numerous occurrences of sediments
and efflorescence. This condition was probably caused by improperly made or possibly only
damaged insulation of individual segments of the viaduct, or even its complete absence in
the immediate vicinity of the girder. On the described bridge deck, the water from the entire
road was drained away towards the outer girder, which made it most exposed to water. In
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the case of the remaining girders, only slight sections were observed where surface corrosion
was visible. Most often it was found in places where the concave plates were joined with the
girders or, frequently, in the corners of individual trough plates. The bridge deck cross-
beams also turned out to be heavily corroded, especially in the places of their connection
with the main girders. In the vicinity of the abutment, a loss of a large fragment of the
concrete slab was found (Fig. 9a). Moreover, some of the cantilever steel beams, made of
C220 channel, supporting the reinforced concrete deck slab in its cantilever part, did not
have any anti-corrosion protection due to the earlier falling off of the concrete cover. It seems
to be particularly dangerous because this type of the falling off concrete pieces, from which
such the cover was made, may pose a threat to users of the road and footpath under the
viaduct. As shown in Fig. 9b, the lower part of the cantilevers presented here shows the steel
corrosion developed on its entire surface, directly exposed to weather conditions.

Fig. 9. Damages to the deck slab identified in its cantilever part, including: a) missing a piece of the deck in
the vicinity of the abutment, b) corrosion of steel beams exposed to weather conditions after the concrete
cover has fallen off.

Fig. 10. Damages to the viaduct abutments (description in the text).

Both abutments of the considered viaduct were also seriously damaged. There were
identified the losses of concrete on the front wall (Figs. 10b and 10c), the losses of the
abutment back walls (Figs. 10a, 10c) and also the losses of concrete on the wing walls (Fig.
10c). Concrete corrosion was also found here to be significant. In addition, numerous
horizontal, vertical and diagonal cracks were observed. Isolated cases of biological
efflorescence and dampness (Fig. 10b), as well as plant vegetation have been reported on the
wing walls cantilevers. Corrosion of the reinforcing steel was also observed, as evidenced
by rust-coloured damp patches (Figs. 10a and 10b), as well as the direct exposure of the
reinforcing steel at the abutment to weather conditions (Fig. 10a). Furthermore, damage of
the bearing pads on both abutments under the outer girders was found (Figs. 10a and 10c)
and the bearing shelf was contaminated with debris from the back wall.

174



MEXIAYHAPOJHA HAYYHA KOH®EPEHIIUA BAHN 2022
INTERNATIONAL SCIENTIFIC CONFERENCE BASA'2022

The developed corrosion of the outer girder left no illusions as to the corrosion
condition of the bearings placed precisely under this beam (Fig. 11). Moreover, in the
abutment supporting the span located above the street unacceptable extreme displacements
of all roller bearings was also found. Maximum displacement of the rollers was determined
here to be 70 mm (Fig. 12), which significantly exceeded the expected value originated from
the thermal displacement, which is set to be only 13 mm. Therefore, there was a concern
about the possible blocked possibilities of bearing displacements, which finally could lead
to a change in the static scheme of the whole structure. However, it should be noted that this
type of blocking should not constitute a direct threat to the proper static behaviour of the
structure, as the compensation of thermal movements may occur in the girder hinge. It should
be noted that the construction of this hinge allows for the implementation of horizontal
displacement in the range corresponding to the limit displacements of the girders caused by
thermal influences.

Fig. 13. The extreme deflections of the bearings observed on the intermediate pillar, inventoried as follows:
a) under the beam number 2, b) under the beam number 6.
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In addition, the unacceptable position of the roller, and possible blockage of the
displacement of such the roller, were found on two of the eight roller bearings located on the
column heads of the intermediate pillar. The bearings in the emergency deflection were
under the beam number 2 (Fig. 13a) and also under the beam number 6 (Fig. 13b) counting
from the outer beam located on the side of Tarnopolska Street. There may be several reasons
for excessive displacement of the bearings observed at the abutments. The most probable
seem to be the following ones:

- improper setting of the structure on the bearings during the maintenance works,
- displacement of the abutment itself, whereby the rotation and/or the displacement of
such the abutment in the direction of the embankment would have to be involved,
- the vehicle hitting the outer beam, which in consequence could cause a temporary lifting
of the viaduct deck associated with the horizontal acting of longitudinal force.
During the performed inventory, the signs of damage to lower flange of the outer beam, seen
from the abutment side of the longer span, were actually confirmed. However, their origin
has not been clearly established.

In the Authors opinion, the direction of bearing displacements shown in Fig. 13
excluded the excessive load on the abutment originating from the embankment pressure as
the cause of its occurrence. It seemed, however, that it would suggest possible ground
movement in the foundation level. As a result of the performed measurements, no deviation
of the abutment wall from the vertical direction was found. This means that if there is any
movement of the abutment towards the embankment, it is only a linear displacement.

3. Assessment of the viaduct load capacity

On the basis of the chemical composition tests as well as of the strength tests performed
for steel samples taken from the construction elements it was established that the cast steel
of medium values of the tensile strength Rm = 456 MPa and of the yield strength Re = 319
MPa was used for the viaduct girders. Following the above mentioned values, based on the
recommendations of the standard [2], this steel was classified for conventional static analysis
as a steel with the design value of random bending resistance set at the level of Rq = 200
MPa and with the associated design value of random shear resistance equal to Vrq = 120
MPa. Detailed calculations were performed using the beam grillage computational model.
Main girders of the grillage model was supported using pin and also moveable supports,
adopted in accordance with the actual static scheme of the viaduct, taking into account the
hinge within the main girders. The geometric characteristics of all the considered member
cross-sections were determined on the basis of inventory measurements. As far as the main
girders are concerned, the weakening of their cross-sections due to the existing rivet holes
was taken into account. The self-weights of the structural elements, including the self-
weights of the concave plates and the concrete filling them, were determined on the basis of
the geometrical dimensions measured in situ. The thickness of the deck ballast was precisely
determined by measuring the leveling of the ordinates of the roadway and by combining
them with the measured ordinates of the girders. The thickness of these layers was found to
be significant and their variability between the individual beams was high. In this case, the
variation in thickness results from the different shape of the upper flanges of the supporting
beams when considered in relation to the slope of the road surface which has been
implemented in practice. The road slope is smaller, which causes the ballast thickness to
increase towards the outer beam (number 8), which turned out to be the most corroded. For
the beam number 1 this thickness was from 36 cm to 40 cm whereas for the outer beam
(number 8) - from 49 cm to 53 cm, respectively. Such large thickness of the pavement layers
was most likely due to the fact that new layers were added during subsequent road
modernization works at various times. In order to remain on the side of safe estimation of
the load capacity of the viaduct, it was assumed that the original pavement was made of
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stone blocks on a sand bed and was not removed from the structure. Such pavement is always
heavier than the asphalt pavement actually used on the viaduct in question. The cross-section
of this pavement was adopted as follows, on the basis of [4]: 6 cm - concrete layer above the
upper flange of the deck girders, 1 cm - insulation, 4 cm - protective concrete, 5 cm - sand
bed and, finally, 10 cm - stone cubes.

The movable loads, as well as partial safety factors associated with these loads, were
adopted in accordance with the recommendations of the standard [3] for the purpose of
determining the standard load capacity of the viaduct both in the existing and also in the
renovated condition, as well as on the basis of instructions [5] to determine its service
capacity. The loads for classes A, B, C and D were taken into account, according to [3], and
also the equivalent loads of categories 1/S42, 2/S32 and 3/S24, according to [5]. For movable
loads, the dynamic coefficient, calculated according to [3], was used with the following
values, respectively: ¢ = 1.284 - for the main girders and ¢ = 1.325 - for the deck cross-
beams.

As a result of the calculations, it was found that the main girders do not meet the
standard load capacity for any of the four considered load classes. In the case of class D, the
stresses were exceeded only in the external beams, which means that for the beam number 8
these exceedances amounted to 18% was obtained while for the beam number 1 — amounted
to 3% only, respectively. Exceeding the stresses in the edge beams resulted from their lower
bending capacity compared to the middle beams. It is likely that, in accordance with the
original design of the viaduct, these beams were located previously directly under the
sidewalks, hence their weaker cross-sections. It should be noted that only one overlay was
used in the span part of such outer girders instead of the two ones used in the remaining
beams. At the time-point of the technical inspection, however, there were no sidewalks in
the viaduct and the traffic took place very close to the edge of the viaduct deck. The greater
effort of the beam number 8 in relation to the corresponding beam number 1 resulted from
the fact that it was loaded more with pavement layers, the thickness of which was variable
in the deck cross-section.

The shear capacity of deck girders was also verified. It was shown that such the
capacity for all girders corresponded to the load of class A. Additionally, the bending
resistance and also the shear resistance of the steel deck cross-beams were verified
separately. It has been obtained that in the case of the bending resistance it corresponds to
the load of class B, while in the case of the shear resistance - to the load of class A, according
to the classification given in [3]. The standard load capacity of the viaduct was thus
determined by the bending load capacity of the main girders and corresponded to the load
qualified to class D. For this class load, the envelopes of bending moments in the deck girders
were determined and compared with the successive envelopes typical for equivalent loads
of categories 1/S42, 2/S32 and 3/S24, respectively, according to the recommendations given
in [5]. Due to the fact that the bending moments lower than those associated with the load of
class D has been obtained for the equivalent load of category 3/S24, the service capacity of
the whole viaduct, related to the time when the evaluation was performed, was set at the
level of 24 tonnes.

In the further part of inventory works, the identified deflections of the main girders
were precisely measured. The obtained results are summarized in Fig. 14. In this figure they
are compared with the theoretical values corresponding to these deflections, given in
parentheses and calculated on the basis of conventional static analysis. These theoretical
values were determined for the self-weight load estimated on the basis of the inventory
measurements. As can be seen, in all the considered cases, the measured deflections turned
out to be greater than those determined theoretically. Such a result may indicate a permanent
deformation of the girders resulting from their overload.
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The load capacity of girders corresponding to class D of the standard load allows, in
accordance with the recommendations given in [3], to allow vehicles with a weight not
exceeding 20 tonnes to run on the viaduct. Previously, heavier vehicles were allowed for
traffic here, which could have contributed to the overload of each beam. It is also worth
noting the high deflection value of the edge beams, especially those denoted by number 7
and by number 8. The greatest deformation occurred in the longer spans of such the beams,
because they were most loaded with the weight of ballast unevenly distributed on the bridge
deck.
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Fig. 14. Deflections of the tested beams, including respectively: values measured in situ (presented without
parentheses) and values determined theoretically (presented in parentheses).

4. Renovation and revitalization of the viaduct

The structure described above was in a state of emergency and the main influence on
this assessment was due to damage to the basic segments of its load-bearing structure,
especially of the outer girder of the superstructure and also of the supports, located mainly
from the side of the city centre. The immediate cause of such the condition was water
penetrating into the area of the outer girder due to the complete failure of the drainage
system, missing or partially damaged protective insulation and also numerous loses in the
road pavement causing the washing out of the road base especially in the area of the
abutment, as well as the corrosion of concrete in such the abutments. In addition, the
inventoried damage of the back walls, the bearing shelf in the area of the external girders, as
well as the corrosion degradation of the edge bearings and girders themselves resulted in the
excessive stress levels in many locations, which translated into a direct risk of a structural
failure.

The modernization works on this viaduct have been planned so that, after their
completion, the structure has a load capacity of 37 tonnes. The scope of works to be
performed included two basic parts. The first part concerned the works performed under the
viaduct. The following works were included in it:

- repair of the concrete abutments,

- repair of the bearings and their rectification,

- repair and strengthening of edge steel girders,

- execution of a new anti-corrosion protection (this applies to both repaired and also newly
used segments of the viaduct).
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The second part of the planned works included those carried out on the viaduct, from the
level of the DK88 road. They were as follows:
- reconstruction of the abutments, in particular of their back walls and of the upper parts
of wing walls,
- lowering the grade line of the road, both on the viaduct itself and also on the access
roads,
- reconstruction of the bridge deck slab,
- execution of a new waterproof insulation on the deck of the viaduct,
- repair of the deck drainage system,
- making new, properly working, expansion joints at both ends of the viaduct,
- execution of new kerbs along the edges of the viaduct deck,
- execution of rigid handrails on both edges of the deck,
- execution of the approach slabs behind the abutments,
- repair and strengthening of the embankment cones, especially in the area of the wing
walls.

The major repairs required the abutments' bodies and also the bearing shelves, both on
the A and also on the C supports, especially in the area where the girder number 8 rest on
them, as well as the wing walls situated on the A support from the city centre side. These
segments were repaired by adding the missing parts to concrete, after hammering off the
loose concrete fragments. The rebuilt parts of the supports were reinforced, with the
reinforcement anchored to these supports by fixing it on the glue in the drilled holes. Back
walls of both abutments were rebuilt with their height adjusted to the new location related to
the correction of the road grade line as well as the construction of the approach slabs. The
existing back walls were cut at the level of the bearing footing. The upper part of the wing
walls has been rebuilt with an appropriate shape that allows the installation of the sidewalk
cover.

The segments of the beam number 8, such as the movable bearing on the support A,
the pin bearing on the support C and also the steel hinge, were also repaired. In this case, the
repair consisted in cleaning the individual bearing elements of corrosion products and then
in their partial replacement. The rollers of both the movable bearing and the hinge have been
processed on a lathe. After cleaning, the bearings and the hinges were protected against
corrosion with a painting set, except for the rolling surfaces which were covered with
graphite grease. Due to the exceeding of the limit displacement on the movable bearings on
the support A their position was adjusted again. The bearings were repaired after the
structure had been raised and temporarily supported with the use of hydraulic jacks (Fig.
15).

RS e,
Fig. 15. The repair details of the support bearing, including: on the left - temporary lifting of the bridge deck
by means of the hydraulic actuators, on the right - shifted bottom plate of the bearing with a new bearing pad.

The most serious corrosion damage occurred in the girder number 8, especially in the
areas of its connection with the deck cross-beams and with concave plates. As part of the
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renovation of the bearing structure the plates forming the bottom flange along the entire
length of this beam were replaced, together with the angles that connected these sheets to
the web. Furthermore, the new bottom flange of this beam was additionally reinforced by
using a strengthening overlay in the span A-B (Figs. 16 and 17). The beam number 1 was
also strengthened in the same span with a similar overlay (Fig. 18). These girders were
repaired with structural steel grade S235. All connections of the existing steel elements with
the new ones were made with the use of prestressing steel bolts qualified for class 10.9.
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Fig. 17. The girder number 8, including: on the left - condition after removing the angles and the sheets
forming the bottom flange, on the right - condition after inserting the new angles and the new bottom flange.

Fig. 18. The strengthening of the bottom flange used in the girder number 1.
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Anticorrosive protection of external concrete surfaces, those not in contact with the
ground, was made with a 1 mm thick protective coating. A coating that is not resistant to
chloride impact but has an ability to arrest the cracks developing in concrete was used for
this. Gray paint coating provided additional protection for this type of surface. The anti-
corrosion protection of those concrete surfaces that are in contact with the ground was made
as a "cold" bitumen coating insulation. The newly dilated joints of the abutments' bodies and
the back walls were secured with permanently plastic putty and with an expansion tape. The
new steel members, as well as those previously corroded and existing in the current structure
(in particular the beam number 8, the bearings, the columns constituting intermediate
supports, and also the ends of the beams in the area of the back walls) were protected with a
protective paint coating (these elements were previously cleaned to the grade Sa 2.5). An
epoxy-polyurethane painting set was selected for use for this purpose, consisting of three
layers. These were as follows:

- the priming layer, which was a two-component epoxy paint pigmented with zinc
phosphate (100 micrometers thick),
- the intermediate layer consisting of a two-component epoxy paint containing iron gloss
(130 micrometers thick),
- the top layer consisting of a two-component polyurethane topcoat (50 micrometers
thick).
The total thickness of this set was thus equal to 280 micrometers.

Lowering the grade line of the road was to remove unnecessary ballast from the
existing structure. It made it possible, together with the additional reinforcement of the deck
girders, to increase the usable capacity of the renewed viaduct to 37 tonnes. On the viaduct,
all layers of the old pavement were removed, together with the protective concrete and the
existing insulation. The concrete filling the hollows of the concave sheets was also removed,
while at the edges of the slab (including the longitudinal expansion joint), the entire layer of
concrete was removed so that the steel structure was exposed, while only the upper layer of
concrete, up to 10 cm thick, was scoured in the middle of the deck platform. The replacement
of the pavement on the viaduct was associated with lowering the grade line of the road by
about 20 cm and with the simultaneous need to correct its course on the access roads to the
bridge. This type of grade line correction was performed on a section with a total length of
151.17 m.

The deck slab was rebuilt in the upper part and also in the outermost parts, i.e. where
the new pedestrian walkways were formed. The renewed surface of the slab has a one-sided
slope of 6%, in line with the position of the steel supporting structure. This plate was
connected to the existing concrete by anchors made of steel rods embedded with epoxy glue
in drilled holes. On the new concrete layer insulation made of weldable waterproofing
membrane was laid, and on it a new asphalt concrete pavement.

The drainage of the existing structure was out of order due to its poor technical
condition. The originally used number of drainage inlets turned out to be insufficient. For
this reason, the old viaduct drainage devices were replaced and the number of inlets in the
facility was increased to four. Two of these inlets have been placed in place of the previous
ones so as to use the existing holes in the concave sheets. All inlets were connected to the
drainage collecting pipe, situated in place of the old drainage gutter. In the renovated viaduct,
the rainwater is drained away through the abutment to the existing drainage well located near
the DK 88 national road.

The modernized viaduct has been equipped with watertight expansion devices. At the
ends of the structure, bitumen-mechanical expansion devices were installed, which should
prevent the pavement cracking observed in the structure. The longitudinal expansion joint,
at the junction of two parts of the structure, was covered at the level of the concrete slab with
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a system solution in the form of tapes fixed on epoxy glue, supplemented by a cover made
of stainless steel sheet.

On the edges of the deck platform, along the sidewalks, granite kerbs were placed, led
outside the structure and connected with kerbs existing on the access roads. Steel safety-
barriers were also installed, with the posts spacing every 1.0 m. The profile tape of the new
road safety-barriers was attached to the profile tape of the safety-barriers existing at the
access roads to the viaduct.

In order to improve the traffic flow at the exit from the bridge and to eliminate the
possibility of transverse ruts in the pavement at this point the reinforced concrete, monolithic
approach slabs, 30 cm thick and 4.0 m long, were made. These slabs were supported on the
cantilevers shaped in the newly built abutment back walls.

The embankment cones were repaired in the upper part in the area of the wings. The
ground losses were filled in and the slope surface was strengthened by sowing grass seeds.

5. Concluding remarks

The viaduct discussed in this article was in an emergency condition and required
immediate repair works. Its technical condition posed a significant threat, in particular to the
traffic of vehicles and pedestrians under the viaduct. It seems that to a large extent this state
of affairs could have been avoided by adequately responding to the results of previous
periodic inspections of the facility. It is difficult to imagine that during such inspections, for
example, the lack of a part of the drainage collector or its complete blockage was not noticed.
The progressive in time effects of insulation leaks, which increasingly degraded both the
concrete and the steel of the supporting structure, and even the falling pieces of concrete, as
was in the case of the abutments and of the cornices, were also not noticed. The methods
applied in practice, related to the previously occurred repairs and temporary strengthening
of the facility, also turned out to be controversial. For example, leveling the unevenness of
the pavement by adding successive layers of asphalt over time resulted in an increasingly
greater overload of the outer girders. In addition, it destroyed the effective work of the
expansion joint both in the longitudinal axis of the viaduct, between the deck platforms, and
at both abutments, and this resulted in an increasing number of cracks in the pavement.

The primary reasons for generating an emergency state of the viaduct can also be found
in the implemented in practice, however not fully thought out and inadequate, in our opinion,
adaptation of the original design of the considered viaduct, initially designed as a typical
road structure with footpaths for pedestrians on both sides of the road. The purpose of such
adaptation was to widen the road so that only car traffic would run on the bridge. However,
it was not noticed that the load-bearing structure, placed under liquidated footpaths, was not
adapted to this type of change. This is indicated by the cross-sections of the edge girders,
significantly reduced in relation to the corresponding cross-sections of the remaining beams.

The analysis of the technical condition of the viaduct under consideration as well as
the assessment of its ability for future use under loading applied to it was carried out on the
basis of the instructions for carrying out the road inspections of engineering structures [6],
of the principles of Polish construction law [7] and also of the principles of using the scoring
scale in the assessment of this type [8].
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Abstract:

During its historical development, the principle of minimal conservation was
primarily related to preserving the authenticity of materials, construction and
historical value of architectural heritage but it changed in modern conditions. If it is
not the case of the world cultural heritage and exceptional national cultural
monuments, the repertoire of ideas, techniques and materials for the restoration and
reconstruction of architectural heritage become wider and more creative. In the field
of modern protection of architectural heritage, there is a tendency towards freer and
more extensive interventions on architectural monuments. It is, to some extent, a
forced process in order to reach a compromise between the existing monumental
heritage and the growing need for urban and rural development of society. Principle
of minimum intervention gets more structured meaning in the context of ecological
transition and wide spectrum of new materials that are available in conservation
nowadays. Selected Serbian heritage sites are used for case study.

Key words: built heritage, ecological transition, minimum interventions

1. Introduction

In the field of modern protection of architectural heritage, there are tendencies
toward freer and more extensive interventions on architectural monuments. It is, to some
extent, a forced process in order to reach a compromise between the existing monumental
heritage and the growing need for urban and rural development of society.

If it is not about the world cultural heritage and exceptional national cultural
monuments, the repertoire of ideas, techniques and materials for the restoration and
reconstruction of architectural heritage is ever wider and more creative. The rapid loss of
original values has led to the need to update and reconsider the principle of minimal
intervention on architectural heritage, in order to test the significance of that principle,
which was once more frequently applied in heritage preservation. The application of the
principle of minimal intervention can be traced back to its beginning and its evolution
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followed through various examples, international charters and legislation of individual
states during the 20" and the 21% ¢. [1].

Minimal intervention is often characterized as the least bad option. One of the strong
advocates of minimal intervention and caution was Prosper Mérimée, who was the
Inspector General of cultural monuments in France since 1834. He said that "in such a
case, you should not pretend to do good, not to do bad is already a lot". However, he
entrusted the work on great cultural monuments in France to his friend, Viollet-le-Duc,
who took opposing views [2]. This principle is especially important when observed in
modern conditions, when the need for preservation and sustainability is increasingly
emphasized. During its historical development, the principle of minimal conservation was
primarily related to preserving the authenticity of materials, construction and historical
value of architectural heritage [3]. In modern conditions of exponential development of all
areas of society, the choice of minimum conservation significantly expands its possibilities
of protection, which refers not only to the material elements of heritage, but also
interaction of values between users and other stakeholders.

The concept of an approach to all interventions on the architectural heritage that
should follow the basic principles of conservation is still in force. Within these principles,
minimal intervention is usually put first, which also includes minimal loss of authenticity,
reversibility of all works on cultural monuments, minimal loss of building tissue and
sincerity of intervention [4]. Adherence to these principles should ensure protection of
aesthetic and architectural values, values of style, structure and construction techniques of
historic buildings. These principles are constantly evolving, and their definition is
expanding, so there is no doubt that it is necessary to reconsider significantly minimal
interventions within the framework of modern doctrine of protection of architectural
heritage. The review incorporates searching for the reason for the occurrence and
application of minimal intervention throughout history and the way the principle is defined
in various international and national documents.

Following the development of the application of this principle, it can be noticed that
very often there is a deviation from today's understanding, although in modern legislative
documents it is still one of the most important obligations of architectural heritage
protection.

It is clear that the principle of minimal intervention, during the first decades of the
21st century, was exposed to numerous challenges of accelerated urbanization, rapid social
development, economic pressure, great technical and technological possibilities, all of
which led to occasional alienations or other interpretations of classical heritage doctrine.
However, having in mind the modern expansion of building types, ensembles and places
that are included in the architectural heritage, the principle of minimal intervention has
regained its importance and possibilities of future changes should be carefully observed

[3].

2. Historical reminisces of principle of minimum interventions

In order to fully understand the possibilities of applying minimal intervention in
heritage protection, it is good to gain insight into previous research, primarily on
identifying the origin of the term minimal intervention, into decision-making when such
intervention applies and critical analysis of examples. Acquiring such knowledge is
necessary because analyses of the effects of minimal intervention are not numerous,
although it is one of the important principles in modern legislative protection of
architectural heritage. Through numerous texts that give a historical overview of the
development of conservation doctrine, it can be extracted that the application of
minimal interventions exists in some examples of conservation, but the principle is
never precisely defined. Until the middle of the twentieth century this principle did not
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have an official name. However, there are examples of its applications, from which we
choose the following:

- In his now famous and unavoidable study on the history of conservation, Jukka
Jokilehto recognizes the initial of minimal intervention principle. This approach was
applied to the protection of Trajan's triumphal pillar, which was built in Rome as early as
1162. The reason why this procedure is treated as a minimal intervention is the decision
that was made at that time to prohibit any change in appearance or removal of the pillar. [6]

- In a series of numerous discussions on cultural heritage published by the French
historian of architecture and urbanism Francgoise Choay, she points to the changes that
occurred in the ancient heritage during the Renaissance period of the respective
governments by will of ecclesial rulers, the pope in particular. In line with her conclusion,
Jukka Jokilehto suspects that this is exactly what happened during the process carried out
by Michelangelo when he was ordered to turn part of Diocletian's terms into Basilica of St.
Mary of the Angels and Martyrs [7]. His intervention was performed in the spirit of
minimal intervention in space and metrics, but, unfortunately, later authors made
significant changes, enriching the church space with Baroque decorations. [8]

- During the 19th century, two different approaches were taken in restoration of the
Colosseum in Rome. Here stands out the first, proposed and performed by Raphael Stern in
the 1920s. He constructed a brick support with which he used to support a part of the wall,
and also walled it up in arches that were in that part of the wall. He preserved all the stone
material in its original place, as well as all previous cracks and deformations. In Stern's
approach there is no pretence that the support is part of the original structure [6], and also,
the position of all stone blocks and cracks has been carefully preserved, which explains
why this remains one of the interesting attempts of minimal intervention.

- In the circle of theorists who already in the nineteenth century advocated the
equality of all layers of the building, some individuals in their texts and speeches clearly
emphasized that the values of all layers as a whole must be respected in the building for all
historical periods to be equally valuable and to be preserved. One of them was John
Stevenson who, holding his incendiary lecture at the Royal Institute of British Architects
(R.I.LB.A.) in 1878, concluded by quoting the words of the French bishop and politician
Charles-Maurice de Talleyrand-Périgord that “when in doubt, you don't have to do
anything” [9]. This attitude can be understood as a true expression of minimalism, which
will later be more clearly defined on similar premises.

- At the very beginning of the 20" c., in 1903, Alois Riegl published the text “The
modern cult of monuments: its character and origin”. In that text, he advocates something
that could be considered a minimal intervention in conservation today [10]. During the 20th
c., the protection of architectural heritage, i.e. the importance of valuing buildings and
choice of the appropriate technical method, gradually but continuously became more
independent.

- Damage and destruction during the Second World War meant the decision to
reconstruct entire buildings, even entire parts of the city. This approach was prevalent in
many countries with a rich cultural heritage, the destruction of which, unfortunately, was
enormous. The application of this process, the reconstruction, opened a discussion on
whether the building will be reconstructed and further, after work on it, considered an
architectural monument. In that international debate, it was especially questionable
whether it was possible, i.e. whether the principle of minimal intervention was applied in
such complex interventions. [11]. Today's understanding of the evolution of the
conservation doctrine implicitly accepts that throughout history there has been the
application of minimal intervention, but only if it is understood in a very broad sense.
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3. Principle of minimum interventions in the documents of heritage doctrine

In all works on research, evaluation, protection and presentation, experts start from
accepted theoretical principles, international and national documents and studies of already
existing solutions in practice. In this paper, only those international documents were
analysed in which it was possible to find elements that directly or indirectly recommend
the application of minimal intervention at the level of the decision on how to perform
works on architectural heritage.

From the Athens Charter, adopted in 1931 [12], in which attention was focused on
modern theories of care for architectural heritage, until the latest charters and other
international documents, several interesting conclusions can be drawn. Perhaps the most
important statement is that in all these documents, to date, there is no clear definition of
minimum intervention. Their analysis reveal that it is not possible to find a clear definition
of minimum intervention in any of them. There are very few documents in which this
principle is named, in more it is implied. Even if the principle is named, it is seldom more
precisely explained or defined as is the case with other principles. If it is mentioned in
general, then it refers to a narrower field of protection, perhaps most often in the field of
archaeology.

The natural context in which the idea of minimal intervention occurs refers to
interventions for adaptive, re-use of built heritage and changes that are necessary for giving
a new purpose to a building. In some texts, the idea of minimal intervention can be sensed
in relation with the principle of authenticity, integrity and preservation of all historical
layers. The same is the case when it is in relation with archaeological remains and their
protection, or the discussion about the applications of traditional or modern materials and
construction techniques.

The documents related to urbanism, design and general legislation on spatial
interventions advocate minimal intervention, even if declaratively. Since the beginning of
this study, with the already mentioned Athens Charter of 1931, it was noticeable that the
documents actually have a number of doubts or ambiguities about some terms commonly
used in practice; some of them can be explained by issues of translations into various
languages, but still a number of terms exist that are interpreted with varying degrees of
freedom in practical application for other reasons. The Athens Charter states that the
protection of heritage requires care for the building, and that a full analysis of the nature of
preservation must be performed before any work can be carried out. This procedure is
applied for each building on individual basis and there is no clear limit on how far one
should go in the scope of the intervention.

The key documents of international heritage doctrine related to this topic in the
second half of the 20" century are the following:

- In the Venice Charter of 1964, which it is considered a basic doctrinal text, the
possibility of applying minimal interventions is not explicitly considered, but in certain
recommendations, it can be concluded that this principle could be the best choice in some
cases of work in practice. [13]

- The declaration that was well accepted, especially in Europe, was the Dresden
Declaration on the Restoration of Monuments destroyed by War, adopted in 1982. [14]
This declaration recommended and prescribed that the restoration of the war-destroyed
architectural heritage must be done with special care so that the original parts of the
building could be clearly seen. The emphasis on a clear demarcation of existing original
parts and renewed ones came as result of a long-standing debate on restorations carried out
in the first decades after World War II, from which some were made without demarcation.
Paragraph 3.5 states that any intervention should be proportionate to the security-objectives
set, thus minimizing the intervention in order to guarantee security and durability with the
least damage to the value of the heritage. However, such an attitude has in practice
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marginalized the principle of minimal intervention, and the line of demarcation between
the original and the new material is often very freely interpreted.

- The well-known and often-applied Burra Charter from 1999 indicates that the
facility is adequately protected if the existing tissue (of material) or conditions represent
evidence of cultural significance or if the conservation process is impossible due to
insufficient data. In a sense, this is an indicator that minimal intervention should be
applied, i.e. that interventions should be reduced to a minimum when not enough is known
about the facility. The same charter states that any damage to the tissue or structure of the
object during the research should be minimized. It is advised to work only as much as
necessary, but as little as possible in order to preserve the place as it was. The problem is,
however, that while there is an increase in the requirement for all repairs or interventions to
be carried out to an absolute minimum, on the other hand, expectations in terms of
performance, safety and longevity have increased, all with a recommendation for minimum
cost. When it comes to the new purpose of the architectural heritage, it is pointed out that
such conversion, which requires adaptation, implies no or minimal impact on cultural
significance and value. In this charter, all this is distributed in detail in several articles, but
without a clearly formulated definition of principles.

- The text of the 1996 San Antonio Declaration refers to the views of conservative
experts from a number of American countries. Considering that the service for the
protection of the architectural heritage was developed later than in Europe, and that the
heritage itself differs somewhat from the European one, it is interesting to interpret the way
in which certain views are expressed in the declaration. The degree to which documented
and missing elements are replaced as part of restoration treatment varies in North and
South America, depending on the cultural characteristics of each country. Through this
declaration, it is best seen that the choice of individual principles depends on the
conservator's commitment to international recommendations. Some national policies
suggest that what is lost from a building may be part of a memory, not a material heritage.
In other areas, policies encourage the replacement of fully documented elements with
facsimiles to re-establish the full significance of the place. It is emphasized, however, that
only the historical tissue is considered authentic, while the interpretations achieved by the
restoration are not. The restored parts can only authentically represent the meaning of the
location as it is understood at the time. This insistence on preserving only the historical
tissue as authentic can be subsumed under a very broad understanding of the principle of
minimal intervention.

- It is only in the text "Principles for the Preservation of Historic Timber" from 1999
that the term "minimal intervention" is explicitly mentioned for the first time in the sense
that this procedure is an ideal approach for construction with wooden structures. This
doctrinal text of ICOMOS was improved in 2017 (“Principle for the conservation of
wooden built heritage”). Again, one of the first items in the text reads "Interventions
should preferably: “be the minimum necessary to ensure the physical and structural
stability and the long-term survival of the structure or site as well as its cultural
significance ". A similar view exists in the Charter on Built National Heritage, also
adopted by ICOMOS in 1999.

- The Krakow Charter from 2000 advocates the principle of minimal intervention
when it comes to the conservation of archaeological finds. Unfortunately, there is no clear
definition of the principle in this charter either, but only the methodological procedure, i.e.
the technique of work.

- In the same year, 2000, the Charter from Riga on authenticity and historical
reconstruction of cultural heritage was adopted. The conference participants who adopted
the charter at the beginning of the text pointed out that they agree that the value of cultural
heritage is a testimony, tangible or intangible, of past human activities, and that
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interventions of any kind that inevitably affect the quality of heritage should be at their
minimum.

-In 2003, the ICOMOS Charter "Principles for Analysis, Conservation and
Structural Restoration of Architectural Heritage" was adopted. The Charter explains in
great detail the methodological steps in these areas, emphasizing that they should be
implemented in a way that minimizes interventions in order to guarantee the safety of the
building with as little damage as possible to the value of the heritage. The Paris
Declaration on Heritage as a driver of tourism development from 2011 does not directly
mention minimal intervention, but it is generally recommended that a minimum approach
to tourism should be achieved by exchanging issues in the introduction of issues.

- One of the last doctrinal texts of ICOMOS from 2017 is the Salalah Guidelines for
the management of public archaeological sites and it deals with the extensive problem of
managing public archaeological sites, while insisting on sustainability in management.
Sustainability in general, as well as complex management of distinctive heritage, implicitly
introduces minimal interventions that will preserve the high value of archaeological sites.
(15]

4. The Round Tower with Corbels of the Fortress in Bac — an example of the
application of the principle of minimal intervention

Bac Fortress is a complex structure, built in several time phases. The construction
began in the 14th century, and then was extended during the 15th and 16th centuries. Since
the time of its construction, it has mostly been gradually devastated in its various segments,
and for a long period of time it has been out of use and uninhabited. Until the second half
of the 20th century, interest in the Bac Fortress was at the level of individuals, travel
writers, archaeologists and amateur enthusiasts about antiquities.
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Fig. 1: The round tower with stone consoles of the Ba¢ Fortress (photo by Nedeljko

Markovic)
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More serious research and works on the preservation of the fortress date from the
second half of the 20th century, and since 2006, through the Project "Centuries of Bac" it
has been systematically researched, evaluated in segments and as a whole, has been object
conservation, rehabilitation, presentation, new ways of sustainable purposes have been
found, and education on the need to preserve the value of heritage have been disseminated.

Bac Fortress, which, with its suburbs, was declared a cultural asset at the national
level, a spatial cultural-historical ensemble of exceptional importance [18] through the
project” Centuries of Bac” [19] has been at the same time integral part of proposal for
UNESCO WH List, called "Cultural landscape of Bac and its surroundings" (2019).

Fig. 2: The tower as practical example of minimum intervention before works (photo
by Nedeljko Markovic)

Bac Fortress consists of several different types of buildings (Fig. 1), and they, after
research and evaluation, were treated in different ways, i.e., by applying various
conservation methods that leaders and experts of the multidisciplinary team considered
most appropriate. Here only one building stands out as an example application of minimal
intervention. The greatest attention of experts and the public was undoubtedly given to the
keep (in French donjon, in Italian dongione) and the way it was researched, and then how
the conservation and restoration works were carried out on it, as well how it was presented.
However, for research on how and when the decision was made to intervene minimally on
a building, it is more important to present the works on the eastern round tower with
corbels as part of the defensive system of the ramparts. “The protruding position of the
tower, its volume, and massive stone consoles are unavoidable contents of the silhouette of
the Bac castle. This tower has preserved numerous elements of the original architecture, as
well as data that allow reading the phases of construction. Data on construction techniques
and materials, shapes, communications and the functioning of the Defense System have
been preserved, including traces of fighting on its plastered facades and the harmful effects
of Fire on the face of the circular wall. The large degree of damaged material found in the
upper zone, in addition to the loss of historical structures, also posed a danger to the safety
of visitors." [20] It is clear from this citation that the experts had a large amount of data on
the basis of which a complete reconstruction of the entire monumental tower was possible,
but the conservator's decision was to just repair interior parts of tower walls, as well as
arches above the openings. Comprehensive research has shown its full significance and
justification in the circumstances of insufficient archival material and a high degree of
deterioration and degradation of materials useful in the construction of the Bac Fortress.
"However, it has to be emphasised that the newly acquired knowledge did not affect the
approach to the mediaeval structures conservation and presentation, which through history
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had lost more than 60% of their original body, thus justifying the museum presentation of
the cultural property." [21]

This is undoubtedly an example of the application of the principle of minimal
intervention because the decision of the experts defines the way in which the integral of the
original shape of the tower is preserved, which allows observer to imagine the appearance.
This approach is completely in line with the initial decision of the experts to have the
museum presentation of the Bac Fortress (Fig. 2, 3).

Fig. 3: The tower of Bac as practical example of minimum intervention after works (photo
by Nedeljko Markovic)

5. Minimum intervention in the Context of Ecological Transition

The experts in all fields, built heritage including, recently became “aware” of
ecological footprint. it was only the question of time when these problems would come
into public focus, not if they existed.

The “discovery” of the first led to development of new economically-sustainable
models and boundless efforts on improving heritage management. In the case of ecological
transition, the principles and models seem to already exist but - they are needed to be seen
in a new light. In both cases, interesting development of thought could have been found in
early phase of movement among British researchers (for the ecological transition see [22].

The humankind returns in this process to the genuine meaning of sustainability and its
ecological essence as the highest priority as well as a challenge. Furthermore, ecological
transition reflects reaction of experts to our overall reality: from radical urbanity of
demographic trends to climate change. Focus moves from questioning if there are means
for extensive intervention or presentation of certain kind towards inspecting if such
presentation is really needed or the goal can be achieved with much less effort. Scope of
means for achieving those goals is much wider due to new technologies. In the past,
reasons for minimal interventions were prevailingly ethical, while nowadays they are
highly practical and existential: without future for humankind there will not be a future of
our heritage either. [26]

Principle of minimum interventions is one of the key principles for leading built
heritage preservation in line with the trend of ecological transition. For example, it implies:

-  minimal use of material, meaning minimal use of unrenewable resources and

energy in a process of production which may follow

- reduction of need for transportation,

- minimal or optimal use of clean water (as highly limited resource)

- optimal if not minimal use of energy in the process of construction
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- optimal use of human resources
- reduction of debris etc.
all of which contribute reducing greenhouse effect and minimize the ecological footprint.

Minimum intervention principle is not a magical solution. For example, when, at one
point, the problem of the relation between architectural heritage and climate change was
opened, the application of minimal intervention was considered insufficiently effective.
That is, protection against climate change disclosed that more significant interventions are
required on the fabric of the building in order to permanently protect it from temperature
changes, pollution and the increasing frequency of natural disasters caused by numerous
factors. It further proves that minimal intervention, as a principle of protection of
architectural heritage, still remains the subject of theoretical consideration in terms of
defining meaning of the term and its limitations.

The principle of minimum intervention may easily be generalized and further applied
to any architectural activity, which, as a rule of good practice, gets confirmation in choice
of laureates for 2021 Pritzker Prize [23]. Therefore, there should be no question why Bac,
with its clear application of principle of minimum intervention got attention of jury in the
name of EU and EUROPA NOSTRA and won grand prix in 2018 in the field of
conservation.

6. Concluding remarks and conclusion

The principle of minimal intervention has been, undoubtedly from the beginning of
its application, related to the idea of authenticity and the effort to preserve that authenticity
as much as possible. This implies maximum preservation of historical tissue in order for
the building to represent an original historical document.

Through the history of various treatments of cultural monuments, one can see
examples in which the widely understood principle of minimal intervention has been
applied. However, the idea that it is necessary to intervene as little as possible in order for
the building to be a sincere testimony to a number of values, from historical to aesthetic,
becomes much clearer and more explicit in the works of authors who began to develop
their views in the mid-19th century. Their works represent the philosophical basis for the
development of the principle of minimal intervention. It took more than a century for a
number of factors, especially significant scientific achievements, to accelerate application
of minimum intervention, yet even that was not enough to reach precise definition, such as
was given for other principles. [27]

In some international and national documents that have been singled out and
presented in this paper, it can be seen that even quite-extensive explanations of how and
when to apply minimum interventions exist, but that there is no clear definition of the
principle. Through the mentioned documents, this principle is most often binding when it
comes to the restoration of the old or the introduction of a new function in an architectural
monument (adaptive reuse). This restrains the desire for more significant changes, so
minimal intervention is usually associated with another principle, namely reversibility. [24]

It is also noticeable that the number of recommendations for the application of the
principle of minimal intervention increases with the degree of value, i.e., when the
integrity, authenticity and preservation of all historical layers are extremely important
factors for the categorization of cultural monuments. In these cases, minimal access to
interventions is strongly recommended. Similar recommendations are given in cases when
dealing with remains during work in urban planning or design in historic areas where there
is a tendency to apply the laws of modern construction and when there is a tendency to
incorporate new buildings into the historical fabric. The application of minimal
interventions is very difficult to implement in cases of very "active" architectural heritage,
i.e., when it comes to very populated and functionally dynamic ensembles.
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When considering the application of minimal interventions in technical conservation,
which concerns the direct work on the protection of original building materials and
structural elements, there are great possibilities. Today's development of technology and
technique enables the application of materials of exceptional potential with minimal
destruction or complete preservation of the original parts of cultural monuments. This is
very encouraging for preserving the authenticity and integrity of the heritage. [25]

Research and analysis of structures and all building materials has become much safer
and less destructive with the use of new devices that can observe in depth without any
consequences and detect damages which cannot be discovered other ways. These damages
can also be stabilized with minimal intervention, i.e., by using materials that little,
practically none at all, destroy the original elements of the heritage.

In recent years of the rapid development, new materials of exceptional performance
emerged, applications of which can preserve the original material, authenticity and
integrity of heritage. That enabled that even the application of minimal interventions
provides big opportunities for preservation and presentation of built heritage. However, it
should always be taken into account that a certain minimum of intervention is not a
universal category, but depends on the case. [28]

Like other forms of architectural heritage protection, the concept of minimal
intervention is relative and depends on several factors. The type of heritage is one of these
factors, the second is the place where such an intervention should be performed and the
third is the broader context within which the minimum intervention should be done. The
choice of procedure undoubtedly differs depending on whether it is a building ruin or a
historical landscape. Then, there is the difference in the type of ruin, i.e., whether it is a
sacral or some other type of building. In this context, the choice of minimum intervention
is the subject of serious consideration and weighing of all influential factors.

In addition to the elements that are directly related to the physical structure of the
building, we should also take into account economic values, which have recently become
increasingly relevant, often binding. Then there are the requirements of social, health,
climate and other protections that need to be provided by the right decision when choosing
a minimum intervention as an option. [26] The significance and scope of the practical
application of the minimum intervention are very extensible and largely depend on the
assessment of the conservation team working on a particular cultural monument.

Successful application of the principle of minimal intervention is achieved by taking
into account all the values of architectural heritage, all other influential factors, the final
decision of whether a cultural monument will be in use or just presented. Finally, it is very
important to assess how the choice of minimal interventions in heritage conservation will
affect social affiliation, quality of life, sustainability of the spatial unit within which it will
take place and will continue.

From the facts summed in this paper, it can be concluded that minimal intervention is
insufficiently defined as a technical method, especially in terms of scope and type of work,
but that its importance is widely accepted in a cultural context.
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STYLE DIFFERENCES IN THE ARCHITECTURE OF BANOVINA
BUILDINGS OF THE KINGDOM OF YUGOSLAVIA
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Abstract: In 1929, the Law on the Name and Division of the Kingdom of Serbs,
Croats and Slovens into Administrative Areas was passed. The Kingdom of Serbs,
Croats and Slovenes was renamed the Kingdom of Yugoslavia, with the idea of a
political integral project, according to which the peoples were supposed to merge
into a single, Yugoslav nation. In the second paragraph of this law, banovinas were
established as the largest administrative units, with the aim of more efficient work of
the administration and the creation of natural economic units. Banovine were named
after the most famous rivers that flowed through them. Banovine existed from 1929
to 1941. At the beginning, the Drava, Sava, Vrbaska, Zeta, Vardar, Primorska and
Danube banovinas were founded. The administrative buildings were very different in
style. Older administrative buildings or residences were used for certain
administrations, and some were new and built with great architectural ambitions.
The paper analyzes the stylistic differences of these buildings. The research shows
the evolutionary development of pre-war architecture in the Kingdom of Yugoslavia,
which ranges from the adaptation of baroque-classical buildings to creations that
represent the very top of modernist architecture.

Key words: Kingdom of Yugoslavia, Banovina buildings, Historical styles, Modern

architecture, Differences.

1. Introduction
The decree on the creation of nine "self-governing" units, whose territories were

conditionally correlated with the basins of some of the most important rivers in the
territory of the Kingdom of Yugoslavia, was passed on 3rd of October, 1929. These
administrative units were called banovinas, and they were administered by the ban with
power of authority. The capital Belgrade and its surroundings were a separate
administrative unit. Banovinas were abolished in 1941 [23].

The reason for naming the Banovina after the names of big rivers came from the idea

of national unitarism. During the formation of banovinas in accordance with the ideology
of integral Yugoslavia, the earlier historical state-forming territories were deliberately
broken up and their names of avoided. The borders were drawn according to the
geographical and economic principles, and the banovinas were named after the names of

'N. Kurtovi¢ Foli¢, Professor, University of Novi Sad, Trg D. Obradovi¢ 6, 21000 Novi Sad,
nfolic@uns.ac.rs
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rivers, namely: Drava (with the center in Ljubljana), Savska (with center in Zagreb),
Vrbaska (with center in Banja Luka), Drinska (with center in Sarajevo), Dunavska (with
center in Novi Sad), Moravska (with center in Ni§), Vardarska (with center in Skopje) and
Zetska with the center in Cetinje). The ninth banovina (based in Split) was called
Primorska (Coastal), considering that it covered a large part of the coast along the Adriatic
Sea. In 1939, a new administrative unit, Banovina Hrvatska, was created by connecting the
Savska and Primorska Banovinas (Fig. 1) [24].
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Fig. 1. Banovinas of the Kingdom of Yugoslavia. A/ 1929 -1939. B/ 1939 — 1941.

The meaning of the word ban (banus) is very old and, even in the Middle Ages, it
meant the highest civil servant, and the area under his administration is called banovina.
There are several interpretations of the origin of the word ban, and the most common one
is that it comes from the Mongolian-Turkish word bayan, meaning rich, powerful. Among
the Avars, from whom it most likely entered the Croatian language, and then spread to
other territories, medieval Bosnia and the border areas of Hungary, ban denoted a military
commander. In some areas, bans ruled until 1921. In the Kingdom of Yugoslavia, since
1929, bans had the highest political and administrative power in the banovina, and were
appointed, on the proposal of the president of the Council of Ministers, by a royal decree.
It is interesting that not even the king could change the ban's decisions in the area of ban's
jurisdiction, but only the courts.

2.Architecture of banovina buildings of the Kingdom of Yugoslavia

The creation of these administrative units meant that appropriate buildings should be
provided in which the administration of numerous offices would be housed, as well as a
residence for the head of the administration, ban. In each banovina, suitable buildings were
sought in which the banovina administration could be located. A smaller number of ban
offices could be accommodated in the existing buildings that had been previously built for
the administrative and representative purposes of administrative bodies that had operated
before the decision on the establishment of ban offices was made. As a rule, these were the
buildings of districts, county, or other types of administrative units into which the areas
that became part of the Kingdom of Yugoslavia were previously divided. Others were
purpose-built and reflected the complex, almost conflicting situation in the architecture of
the thirties of the 20th century, ranging from very late academicism and eclecticism to
examples of Modernism in its most valuable form. The architecture of Banovina buildings
is shown and analyzed according to the time of creation.
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2.1 Royal administration building of Savska Banovina in Zagreb

The intricate structure of the complex known as Banski dvori (Ban’s Palace) was
created successively and is the oldest complex in which the Banovina administration of the
Kingdom of Yugoslavia worked [4]. At the same time, the institution of bans in Croatia
existed much earlier, back in the era when a part of today's Croatia was under the rule of
the Austrian and then the Austro-Hungarian monarchy. The history of construction dates
back to the 18th century, when the old building of the then Ban Kulmer was purchased on
the west side of Marko's Square in Upper Town, Zagreb, with the intention of
accommodating the parliament, the city county, the seat of the courts, archives of public
records and parliamentary minutes, and Ban's apartment.

This building was not spacious enough to accommodate all the mentioned functions,
and parliamentary sessions could not be held either, so the first solution was to make it a
residence for the ban. As it became the most famous function of the building, it was
originally called "ban palace" and then "banski dvori", a name that has remained in use to
this day. The bans of Croatia, then part of the Austrian, later Austro-Hungarian monarchy,
ruled there from 1809 to 1918, and from 1929 the Royal Banovina Administration of the
Sava Banovina was located there until 1939, when it was disbanded by reform and became
a part of the Croatian banovina. Already in the first half of the 19th century, functional
expansion was necessary, so in 1839 the Zagreb County acquired neighboring houses on
both corners of the square. The unification of the thus created urban block was entrusted to
the architect Nikola Brdari¢, who replaced the existing building structure with a large two-
story building with internal courtyards. Due to various internal modifications, the first floor
of the building housed the Ban's apartment, the second floor housed the courts, and the 83
rooms still house various administrative offices of the Government of the Republic of
Croatia [1]. Although this complex later underwent more changes, the vestibule and the
assembly hall mostly retained the recognizable original structure. The exterior architecture
was designed in the spirit of baroque romanticism, but reduced to basic forms, without
excessive decorative elements, and was embellished with later interventions, the last time
after the rocket attack in the war of the nineties of the 20th century, during which the
Federal Federal Republic of Yugoslavia disintegrated [16]. The Parliament moved to a
building on the eastern side of Marko’s Square, and today the seat of the Government of
the Republic of Croatia is located in this complex. Banski dvori of the former Savska
banovina in Zagreb are on the list of protected cultural property (Figure 2).
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Fig. 2. Royal administration building of Savska Banovina in Zagreb

2.2 Royal administration building of Drinska Banovina in Sarajevo

The administration of the Royal Administration of Drinska Banovina was placed
into an already existing building, which was used for the needs of the Austro-Hungarian
administration, that is, the Land Government for Bosnia and Herzegovina. It was designed
by the distinguished architect Josip Vancas (1859 — 1932), who worked in Sarajevo for a
long time [2]. This building, built very quickly, in the period from 1884 to 1886, of large
dimensions, 70 m long and 65 m wide, originally had a ground floor and two floors. The
number of rooms, 203, was needed, because it was functionally necessary, in order to
accommodate the administration of numerous departments, the cadastral archive, the
national bank, the supreme court, inspectorates and representative salons, as well as a
number of auxiliary services (guards, couriers, janitors, etc.). In accordance to the spirit of
the times, the architecture of historical styles was the only choice for such a significant and
representative state building. Architect Vancas opted for the external appearance of the
building in the Neo-Renaissance style, and the arrangement of stylistic elements was done
in accordance with the academic forms of the Florentine early Renaissance. The main
reason for this choice was economic; such finish of facades was the cheapest, because
there are no pillars and other ornate decorative elements. The main staircase, salons and
offices of senior officials were decorated somewhat more ornately. The original form of
the building was changed in 1911, when the third floor was added. The Bosnian Parliament
was founded in 1909, so additional space was needed for this new function. The Royal
Administration of Drinska Banovina was moved into such an expanded building where it
worked until 1941. In the exterior architecture, the addition of the third floor is clearly
indicated by the difference in color. Considering the chosen stylistic expression, the
building in which the Royal Administration of Drinska Banovina was located fits into the
academic type of buildings created during the 19" century, adaptable to different functions,
from administrative to educational to museum. Similar forms were preserved in many
cities of the former Austro-Hungarian Empire. Today, the Presidency of Bosnia and
Herzegovina is located in that building (Figure 3) [5].
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2.3 Royal administration building of Dravska banovina in Ljubljana

The building that housed the Royal Administration of Dravska Banovina still
exists. The first conceptual design was done in 1886 by the famous Viennese architect E.
Ritter von Forster, but even in this case, the construction was accompanied by unpleasant
events such as the choice of poor terrain for construction, and design changes. The building
was redesigned and overseen till completion, until obtaining the occupancy permit on
November 11, 1898, by the engineer Rudolf Bauer, who often worked together with von
Forster. This building occupies a large area of the block at the joint of three streets,
PreSern, Erjavc and Gregorc¢i¢, and was undoubtedly one of the largest buildings in
Ljubljana at the time of construction. The three street facades have three floors, while the
fourth, the courtyard facade, is a floor lower. Until 1918, the building was the seat of the
Administration of Kranj, then of the People's Government, of the Prefect of the Ljubljana
Region and, until World War II, the Royal Administration of Dravska Banovina. Given its
original purpose, which was administrative, this building in everything followed the
characteristic spatial organization and appearance of representative palaces in the
architecture of historical styles. The exterior appearance was designed following the
principles of the Florentine Renaissance, so historians of architecture have long ago
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noticed the conceptual closeness to the Drinska banovina building, with the distinction that
the sculptural decoration of the Dravska banovina palace is more ornate, featuring statues
by the sculptor Josip Beyer that have a symbolic meaning. Two seated statues representing
power and justice are located next to the main entrance from PreSern Street. The largest
room in the palace, the Crystal Hall, today the reception hall, was originally a chapel [18].
Both buildings, Drava and Drina banovinas, were modeled after the administrative
buildings in Vienna, the capital of the Austro-Hungarian monarchy. The palace is a
cultural monument and is one of the representative examples of Slovenian architecture
created at the end of the 19" century. Over the past 110 years, the Neo-Renaissance look of
the building has remained largely intact both externally and internally. The only major
change in its external shape is the oval wall that encloses the courtyard terrace [17]. Today,
it houses the two most important state institutions of the Republic of Slovenia, the Office
of the President of the Republic and the Office of the Prime Minister. The building of the
former Dravska banovina is a cultural monument of national importance (Figure 4).
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Fig. 4. Royal administration building of Dravska banovina in Ljubljana
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2.4 Royal administration building of Moravska banovina in Ni§

Another old building, which was not originally intended for the Banovina
administration, was built in NiS in 1886. At that time, it housed the Administration of the
Nis District of the Kingdom of Serbia, the court and the police administration. It was built
in the center of Ni$, on the quay along the bank of the river NiSava and near the spacious
Turkish Fortress, built on multi-layered cultural foundations. The building’s original form
already represented the most monumental and representative public building in the
territory of the Ni§ district with its position, volume, structural composition and stylistic
expression. In the first phase of construction, two tracts were formed with a ground floor
and a first floor, with an entrance avant-corps that divided the length of the facade along
the river into two symmetrical parts. The second floor was added in 1930, and the building
attained its present appearance when it was decided to house the administration of
Moravska Banovina which was completed as late as in 1935. According to the desing of
the engineer Petar Gaci¢, the wings that closed the urban block in the form of an elongated
trapezoid, with a rounded corner avant-corps, which represents the front, were completed.
There is a stately entrance with a staircase and a porch. There is an internal courtyard in the
middle of the block. The functional needs were met by adding floors and expanding, and
the exterior of the building became even more striking in contrast to the immediate
environment dominated by low-rise family residential buildings. The building is
academically composed in the architecture of historical styles, dominated by Neo-
Renaissance, which is reflected in the application of horizontal gradation of elements on
the bearing wall (from rustic treatment in the lower zones to finely smoothed surfaces in
the upper zone, rows of pillars, tympanums, end wreaths, portals, balconies, semicircular
entrance porch). The interiors, especially the large meeting hall, were richly decorated and
luxuriously furnished [22]. Today, the building houses the Rectorate of the University of
Nis and the Institute for the Protection of Cultural Monuments in Ni§ (Figure 5).
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There were no suitable buildings in the other seats of banovina administrations, which
could embody the importance of the newly created state institution and be spacious enough
to accommodate the numerous functions that needed to operate through the banovina
administration. Thus, for almost every banovina administration, immediately after the
decision on their formation was made, a competition for the construction of the building
was organized. This was completely in the spirit of the then practice of always announcing
"tender" for representative public buildings, where young, not yet established architects
often won. During 1930, first, on April 7, a tender was announced for the conceptual
design of the Banska palata in Novi Sad for Dunavska Banovina, then, on April 12, a call
for tenders was announced for Banska Palace and Banski Dvori in Banja Luka, for
Vrbaska Banovina, and on May 26 for the administrative palace in Skopje, for the
administration of Vardarska banovina. In the middle of 1930, a competition was
announced for the seat of the Royal Administration of Primorska Banovina in Split. The
course of construction of each of banovina administration buildings, which had to be built
based on the winning tender designs, was different, but they have in common that not one
of them was realized according to the original tender designs.

2.5 Royal administration building of Zetska banovina in Cetinje

Zetska banovina building in Cetinje, built between 1930 and 1932, was the fastest
built one among the new palaces of the royal banovina administrations [8]. Its designer
was an esteemed Russian émigré, architect Nikolay Krasnov (1864-1939), employed for
many years in the Ministry of Construction of the Kingdom of Yugoslavia. Most of his
buildings were designed so that their architecture, in one of the recognizable historical
styles, seems representative, monumental, but also anachronistic for the period in which it
was created. There were several reasons for this, but there is no doubt that his way of
working suited the investors, who, as a rule, represented state institutions. At the time
when he designed the building of Zetska banovina, he was the favorite architect of King
Alexander I Karadordevi¢, who was also the creator of the banovina as an administrative
system. In accordance with the rich experience he had, designing representative buildings
in Imperial Russia, and then in the Kingdom of Serbs, Croats and Slovenes, i.e. later the
Kingdom of Yugoslavia, Krasnov, looking more at the past than the future of architectural
ideas, designed the administration building of Zetska banovina as a combination of the
monumental volume and simple decorative elements, which are reminiscent of the
architecture of some public, educational and administrative buildings that were built in the
coastal cities of Italy and Dalmatia for the needs of the former Austro-Hungarian
monarchy. Considering the variety and number of functions that had to be accommodated
in the building, its dimensions undoubtedly had to be strikingly larger than all the buildings
that had been erected in Cetinje up to that time, including numerous embassies that, as a
rule, were erected in historical architectural styles [12]. The character of its purpose thus
received an appropriate architectural envelope, harmonized to a large extent with the
environment, in which there was a mixture of heterogeneous forms, from traditional
residential houses, through neostylistically designed offices, to simultaneously created
buildings devoid of any architectural ambition. The building, developed according to the
depth of the plot, has a basement, the windows of which are completely visible above the
ground level, an elevated ground floor and two floors, except in the central part where also
the third floor was built. The frontal section of the palace of the royal administration of
Zetska banovina has an accentuated central part and two shallow corner avant-corps, which
are rustically finished with stone blocks vertically, as is the entire ground floor along the
length of the building. The entrance part is highlighted by a three-arched porch, on which
rests a narrow terrace with a fence made of simple balusters. All other parts of the building
are devoid of the plastic decoration. The more pronounced eave hides the shallow roof
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slope, which, together with the rustic treatment of parts of the building and the porticoes of
the porch and several similarly finished windows, indicates the architect's desire to evoke
something of the Renaissance expression of the entire facade in an eclectic way [7]. The
building is a cultural monument of national importance and today the offices of the
municipality of Cetinje are located in this building (Figure 6).
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Fig. 6. Royal administration building of Zetska banovina in Cetinje

2.6 Royal administration building of Vrbaska banovina in Banja Luka

In the competition for the Ban Palace and the Banski dvori of Vrbaska Banovina in
Banja Luka, held in 1930, the team of architects from Belgrade, Jovan Rankovi¢ (1902 —
1992), Jovanka Bonci¢-Katerini¢ (1887 — 1966) and Andelija Pavlovié, won. In a city that
experienced a transformation of the urban design at the end of the 19" and the beginning of
the 20™ century, when the oriental urban matrix was gradually replaced by the European
one, it was not realistic to expect that state administrative and representative buildings
would introduce major architectural innovations in the sense of more contemporary, i.e.,
modern design. The offered competition design solution was not only architectural, but
also town-planning. By defining the position of two buildings, one for the banovina
administration, the other for the ban residence, a symmetrical solution of the square in the
center of the city was implicitly encouraged [15]. Both buildings are very massive and
appear monumental. In the external architecture, one cannot recognize a clearly defined
stylistic expression, but one can see the authors' desire to connect the basic body of the
building, formed in the architecture of historical styles, with decorative motifs and
elements of Serbian medieval architecture [6]. The entrance to the ban's residence, above
the portico, is additionally decorated with two free-standing female figures,
personifications of Yugoslavia, sculpted by the famous sculptor Porde Jovanovi¢. This is
the only example, except the complex of the Royal Administration of Dunavska Banovina,
that the administration building and the ban's residence are separated into two separate
buildings. In the banovina administration, 150 rooms are planned for the entire
administrative apparatus of the banovina [19]. In the lower zone of the Ban’s residence,
meeting rooms, reception halls, and a counseling hall were formed, and in the second zone,
were located the ban's apartment and an apartment for distinguished guests. The
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infrastructure was also located in this building, i.e., rooms for central heating, kitchens,
sanitary facilities, wardrobes and other auxiliary rooms [11]. The dispositions of these
buildings are solved with a block system, with skylights and an accentuated centrally
placed staircase, well-conceived and creative, satisfying all the functions. Both buildings
were built according to the street block system, they include the corners of the streets,
where, coming out with facades on three sides, closed units are formed. The distance
between these two palaces is dimensionally so large that a representative square is formed
between them. In the center of the square is the monumental church of the Holy Trinity.
Such an architectural solution, which contains a complex architectural expression of
unified classicism and elements of medieval Serbian-Byzantine architecture, with extended
and accentuated pilasters, and with decorative capitals and archivolts that frame
semicircular openings, produced and architectural creation of special value [3]. The Banja
Luka municipality is located in the building of the former banovina administration, and the
cultural center is located in the ban’s residence (Figure 7). Both buildings are cultural
monuments of national importance. The way in which these two buildings with different
functions, and almost the same volume and exterior architecture, are designed gives the
impression that they are two almost identical city palaces, and not a single complex, as was
successfully correlate in the case of the Dunavska banovina in Novi Sad. The reasons
should be sought in the different needs that the two banovinas were supposed to meet and
the way in which the first bans in power, at the beginning of the fourth decade of the 20™
century, imagined that they should represent the royal authority.

Fig. 7. Royal adminstration building of Vrbaska banovina
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2.7. Royal administration building of Vardarska building

The competition for the administrative building of Vardarska banovina in Skopje
ended with the victory of the Belgrade architects, Russian emigrants Viktor Lukomski and
Ivan Rik. The proposed design was very pretentiously conceived for the environment in
which it was to be built and with certain parts of the building that could not evoke
associations with the administrative and governing functions of the state. The fate of this
competitive work was similar to others which won in competitions for other banovina
administration buildings, that is, it was decided not to implement it. Czech architect Viktor
Hudak was the author of the design according to which the building was constructed
between 1936 and 1939. This design is still today one of the most monumental buildings in
Macedonia. The very massive building has an inner courtyard and a large hall. The
external appearance is defined with, for that time and environment, a modern architectural
language, with refined vertical dividers and emphasized wide segments containing
geometrized decorative schemes, shown in separate parts, which is especially emphasized
in the central avant-corps. In relation to the then existing urban fabric of Skopje, this
building undoubtedly seemed contemporary and representative, regardless of the wishes of
the then ban, who had made the decision that "all public buildings in Skopje should be
built exclusively in the national style". The interior was much more ornately design and
with hints of national artistic peculiarities, with cabinets, salons and halls decorated with
wood carvings, which were designed by Dragutin Inkiostri Medenjak, known for the
revival of national decorative art. In contrast to the buildings of the Dunavska banovina,
where the architect DragiSa Brasovan, as the author, stylistically united the exterior and
interior decoration, in the Vardarska banovina building there is a certain discrepancy in the
stylistic expression of the exterior and interior [21].

The Banovina Administration of Vardarska Banovina governed here until the
collapse of the Kingdom of Yugoslavia, and after World War II, various state functions
were housed in it. As a result, the interior of the building was gradually but constantly
remodeled, and one of the reconstructions followed the earthquake in 1963. A significant
intervention was carried out in 1996, when a number of completely new rooms were built
through remodeling. In 2008, the implementation of the most extensive renovation of the
upper part of the building began. In an effort to emphasize the independence of the newly
created state, Macedonian politicians resorted to specific imitation of some monumental
buildings of other countries.

In order for the Macedonian parliament to resemble the German Reichstag, the
dome of which was restored, but in the new, glass version by architect Norman Foster,
domes were built over the lateral avant-corps and a large glass dome over the great hall for
the parliament session [22]. At the same time, the entire building was added one floor. The
majority of society opposed these changes and criticized them, but they were carried out
anyway. It is believed that one of the key reasons is actually the erasure of the past that the
building is associated with, because it was the seat of Vardarska banovina before World
War II, that is, the territory was a part of the Kingdom of Yugoslavia, which is reluctantly
mentioned. Today, this building houses the seat of the Assembly of the Republic of
Macedonia, as well as a number of other important state functions. The cabinet of the
President of the Republic, the President of the Assembly and numerous other state offices
are located there (Figure 8).
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Fig. 8. Royal administration building of Vardarska banovina in Skoplje

2.8 Royal administration building of Primorska banovina

The process of building the administrative building of Primorska banovina was
very slow and turbulent at the same time. A public tender for the Design of the new
Banovina administration was announced in 1930, with the indication that the Banovina
palace should be designed "...in a free monumental style, but its general character and
shape should contain a classical rhythm, taking into account the stone building material
that will harmonize with a coastal landscape". The original location was chosen very close
to the extensive walls of Diocletian's palace, and then, after the competition terminated
without results, the place for the construction of the banovina was changed several times.
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In all further designs, the building was always monumental, with elements of architecture
of historical styles. Such construction was opposed by many architects from Split, and
fierce reactions in the public were frequent. Therefore, in 1936, the Banovina authority
decided to prepare the ground for the construction of an administrative building at a
location far from Diocletian's Palace, on the road that led along the coast to the urban part
of the city with luxurious family villas [9]. The building of Primorska banovina was
realized according to the modified design of the first-prized project from the competition
from 1937, which is attributed to the architect Vladimir Turina and collaborators Nikola
Despot and Vid Vrbani¢. At the time it was built and long after World War 11, this building
stood alone on the seashore, so its dimensions and geometrized cubic mass were strikingly
out of harmony with the background. However, its architectural envelope was thoughtfully
adapted to the traditional construction of stone blocks, which were perfectly dressed and
connected. The minimalist expression of the facades and a certain rigidity of all applied
elements are undoubtedly the result of several influences that met in the coastal region,
modernism, architecture that developed especially in Italy during the reign of Mussolini
and the local tradition of building unornamented stone buildings for multi-family housing
[10]. After World War II, in addition to the building of Primorska banovina, which became
a sub-banovina with the formation of Croatian banovina in 1939, various administrative
institutions were housed in this building, and nowadays the city administration of Split is
located there (Figure 9).

Fig. 9. Royal administration building of Primorska banovina

2.9 Royal Banovina administration building of Dunavska banovina

Among the Banovina buildings, the Dunavska Banovina Complex represents a
complete novelty in terms of its boldness, functional rationality and almost timeless
architectural expression, which surpasses the usual qualifications of modernism to which
architecture is most often attributed.
The tender for Dunavska Banovina was Yugoslav in its character, with the exception that
Russian creators, who lived within the borders of the Kingdom of Yugoslavia, could
participate in it on an equal basis. Ban Daka Popovi¢, a prominent builder from Novi Sad
and the first ban, was most responsible for organizing the tender. The first prize was not
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awarded, and the investor, Dunavska banovina, did not accept any solution, instead opting
for the architect DragiSa BraSovan (1883-1965). Dragisa Brasovan, by the indisputable
consensus of all theoreticians, is ranked at the very top of the interwar architectural
creativity of Serbia. The Dunavska Banovina complex was built within the town plan,
which envisaged that numerous buildings related to the banovina administration would be
built as part of a pre-designed single entity. This was a procedure that was provided for
other newly designed banovina complexes, but it could not always be consistently
implemented. In Novi Sad, due to a well-chosen location, outside the densely built fabric
of the city, it succeeded in the best possible way. The homogeneity of the built forms has
been preserved to this day, although the modern way of life, the density of traffic, the way
buildings are maintained have somewhat influenced that they are often not perceived that
way. In a broader sense, the building for Banovina officials built in 1930 and the model
school "Kraljevi¢ Andrej" (today the "Isidora Sekuli¢" grammar school) constituted the
single entity with the main Banovina buildings, while the Palace of the Police
Administration was not realized. The designer of these supporting buildings was civil
engineer Slavko Kosirovi¢ [13]. The complex of the Royal Banovina Administration of
Dunavska Banovina is very well laid out in terms of urban planning. It is located in the
already defined urban matrix of the newly commissioned Boulevard that opened onto the
Danube. Considering the importance of state administrative buildings and their implied
monumentality, as a rule, they are placed as independent structures, with free areas around
them so that they can be observed well as city landmarks. In setting the outlines of the
Banovina complex, the architect BraSovan moved the building line from the boulevard
street line, which resulted in a more representative access area, with a roadway for
stopping cars right in front of the central entrance, emphasized by columns and a deep
porch. This setback also enabled a better view of the tower, which remained along the
street line and which dominated the entire area with its height for a long time. The setback
from the regulation line was also carried out on the western side, where the building is
rounded, so a plateau was created for public events, which was covered with greenery over
time. The massive roundness of the western facade has become a recognizable motif that
marks the intersection of the boulevard and the street that leads to the strictest center of the
city, to the square where the town hall is located. Between the administrative building and
the town hall, a narrow street of local character, parallel to the boulevard, was built for the
entrance to the town hall building, i.e. the ban's apartment, as well as for the supply of both
buildings. The design turned out to be extremely well conceived in terms of access control
and the speed of internal communication between employees. Most administrative
buildings in other banovina centers represent a single body, more or less developed, and
contain most of the functions provided by the program.

The exceptions are the Vrbaska and Dunavska banovina complexes, but they are
conceptually very different. The buildings of the Banovina administration and the Ban’s
residence in Banja Luka were placed so that they form two sides of the square, on which
the Orthodox Church of the Holy Trinity was placed. There is no good visual connection
between the buildings, as the volume of the church hinders this. In the case of Dunavska
banovina, two complementary functions, the banovina administration and the town hall
with the ban's residence, are also separated into two buildings, but so that they are closely
connected and clearly represent a homogenous architectural unit.

The design that BraSovan opted for came precisely from the concept of good and
simple spatial organization, which has long been applied to buildings of judicial,
administrative, governing and business functions. The administrative building of Banovina
was conceived in such a way as to define one building block with several interior atriums.
The basic dimensions of the building are imposing, 180 m x 54 m, and it was organized to
have a basement, ground floor, two floors and an attic. In a structural sense, the building
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consists of two distinctly elongated longitudinal parallel tracts, connected at the ends, on
one side by a vertically placed tract, and on the other by a semicircular one, between which
there are four atriums and a central hall. The atriums are separated by short transverse
tracts that also house communications and offices. A slender tower with a height of 40 m
on a square base was constructed at the northeast corner of the building. This
compositional scheme gives the building an extremely elegant silhouette. As for the
smaller building with the hall and the ban's apartment, the functions are intertwined in the
middle, and in the wings the design was simple, along the corridors there were rooms
facing the local street that separated it from the Banovina. This extremely attractive and
complex solution was modified several times later. The complex of apartment buildings is
one of the few that is monochromatic, lined exclusively with white marble and with
decorative reliefs and profiles that are also white and made of the same material. Varying
the size and arrangement of the window openings is what compositionally breaks the
monotony of the facades and makes them very dynamic. What is transposed into the
physical is the inner, spiritual content, and this can be clearly visible through the form of
the structure, but also given only as a hint. Thus, for example, considerations of the basic
form of the Administrative Building were brought into connection with the association that
many observers of the building spontaneously expressed through the nickname "boat on
the Danube" [14].

In many texts, the Dunavska Banovina complex is considered a sculptural, timeless
expression of a skillfully chosen architectural theme. It is a testimony to the harmonious
agreement of form, function, art and human needs. The complex of buildings of the Royal
Banovina Administration building of Dunavska Banovina is not only the greatest work of
the architect DragiSa BraSovan, but also one of the most successful examples of
architecture between the two world wars in the former Kingdom of Yugoslavia. Today,
both buildings house the Provincial Government and the Assembly of the Autonomous
Province of Vojvodina, and the entire complex is protected as a cultural monument of
exceptional importance (Figure 10).

1
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Fig. 10. Royal Banovina administration building of Dunavska banovina

3. Conclusion notes

Some buildings, just like people, are destined to always be in the center of attention, to
be noticed immediately, to reach the most subtle emotions and to be remembered for a long
time. Evidence for this claim are the Banovina buildings of, the administrative centers of
the territorial units (Banovinas) formed in 1929 within the Kingdom of Yugoslavia. All the
Banovina buildings still exist today, they are highly valued and protected as national
cultural monuments.

What makes them interesting for comprehensive research is their architecture. The
buildings are very different in terms of time of construction, style and structure, their status
ended during the World War II, but today they still house important state functions.

Comparing the architectural solutions of nine Banovina administrations, especially
their outer envelope, as the main reflection of aesthetic design, is very interesting. A
relatively small number of buildings, only nine examples, reflect the dichotomy of
architectural creativity in the Kingdom of Yugoslavia between the two world wars. The
fact that the bans, as high state officials, had a great influence when deciding on the
appearance of administrative buildings speaks in favor of the relatively significant
influence of politics. At the same time, under their influence, the way they manage
finances during construction, as well as a certain type of rational reconstruction and use of
already existing buildings (Savska, Dravska, Drinska banovina) comes to the fore. Other
examples reflect the desire to give great importance to the ban's administration and status
as a manager by building new, monumental buildings.

Another conclusion that can be drawn is related to the choice of architectural style, i.e.
the direction. The entire era of the reign of Aleksandar I Karadordevi¢, then the viceroy,
Prince Pavle Karadordevi¢, was marked by the dynamic construction of state, military and
public buildings. The king's fondness for the architecture of historical styles, which was
forced by the majority of architects, emigrants from Russia after the October Revolution, is
obvious, because the largest number of these buildings were built in the spirit of a kind of
belated academicism, eclecticism and other unusual designs in which art deco and Modern
elements were awkwardly inserted. However, over time, as shown by the examples of
Vardarska and Dunavska Banovina, that attitude changed and a modern expression was
accepted in the design of state buildings. Modern art, in general, can be treated as a kind of
instrument with which society develops progressively. Modern architecture makes a
departure from most of the attitudes of stylistic architecture in its most retrograde form,
thus in a certain way it unifies the uniqueness of the principles of architectural creativity on
the territory of the kingdom. Modern is not tied to the historical styles applied in Europe,
and present in the Austro-Hungarian monarchy, to which some parts of Yugoslavia
belonged, nor to the sentimental application of the Serbian-Byzantine revival, popular in
other parts of the new state. All the aforementioned dilemmas were resolved in the last
constructed building of Dunavska banovina. Neither on the Banovina administration
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building nor on the council building is the modern direction completely authentic, puristic,
because numerous details and elements are woven, thus sensibly associating with various
other architectural directions.

Finally, all the administrative buildings and residences of banovinas have survived to
this day without significant alterations that would have caused them to lose their identity.
The fact that most of these buildings are still called banovina by the inhabitants, even
though their functions have long since changed, best speaks of the fact that their
monumental, albeit diverse, stylistic forms are deeply imprinted in the consciousness of a
society that has long since disintegrated into parts, of which, after the First World War, it
was ambitiously composed
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HISTORICAL NOTES AND ARCHITECTONIC SPECIFICS OF KADY
(KADIN) BRIDGE CONSTRUCTED 1469/70, OVER STRUMA RIVER NEAR
KYUSTENDIL

Nikolay Tuleshkov'

Scientific Center for Architecture, Construction, Urbanization and Design
Scientific Institute of Architecture, Construction and Urbanization

Abstract: During the 14" and 15" centuries the expanding Ottoman Empire
conquered new lands in South-Eastern Europe. As they needed a working road
infrastructure for their military plans, they continued taking care of the restoration
and construction of structures along the routes of utmost importance. Among these is
the Kady (Kadin) Bridge over the Struma River built in 1469-1472. It is believed to
have been built by the Islamized Christian Ishak Pasha, although the authorship
issue has not yet been resolved. Architecturally, the bridge utilizes several different
techniques uncharacteristic of the artisans of the time. The origin of the bridge has
vet to be discovered.

Key words: old bridges, stone bridges, Ottoman bridges, history of
architecture, bridges of the Balkan Peninsula, Bulgaria, Turkey, Iran

Upon the adoption of the then-current road network from the late 14th and
especially the turn of the 15th century, the Ottoman administration continued taking
care of the restoration and construction of bridges along the routes of utmost
importance. At that time the most important route for the Empire’s military plans is the
track of the antique Via Militaris leading directly west. But the section of the route
between Sofia and Belgrade is unsafe because of military activities. Therefore, in 15th
century, merchants and ambassadorial delegations mainly used the old Adriatic
(Bosnian; Toplicki for the Serbs) route of the Dubrovnik merchants, splitting to the left
from Via Militaris (also called Tsarigradski; Stambul Yolu [Turkish]), before entering
Trajan Pass leading to Momin Pass — Sestrimo and via Rila to Kostenets — Dolna Banya
— Samokovsko Pole — Cherven Breg (later redirected to Dupnitsa) — Kjustendil —
Skopje — Pristina — Novi Pazar — Priepole — Plevlya — Foca — Trebine and on to the
Adriatic, and through another branch — Sarajevo to Central Europe.[1]

A direct duplicating, secondary derivative of the Adriatic Road is also in operation,
passing east of Sofia, near the settlement of Slatina (present-day district of Sofia). It
derives from the main route in the North-East near Pristina, leading to Vranya — Surdulitsa
— Stressimirovtsi — Znepole — Graovsko plain and Breznik, and connects to the
Tsarigradski route. Many embassies, missions, merchants, military intelligence officers use
this road during 15th century, enroute to Istanbul, but mainly its antique medieval path

! Arch. Nikolay Tuleshkov, Academik, PhD/Proff. The Bulgarian Academy of Sciences and Arts (BASA)
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Road and infrastructure map — bridges, caravanserai, inns and imarets in the Eastern
Balkans from the Ottoman Empire era, 15th — 19th centuries. Tuleshkov (1994)

through Kjustendil, and much more rarely the derivative through Vranya and Sofia. Therefore
along the main of these two routes several infrastructures are being repaired and rebuilt — the
antique medieval seven-vaulted Arakchiiski bridge near Dupnitsa (referred to as “old”, and
without a commemorative Ottoman inscription in 1530), the long-gone five-vault bridge over
Razmentanitsa river near Dupnitsa, Kadin bridge near Kjustendil, the large antique medieval
bridge over the Pchinia river near Sredno Konyare (reconstructed on the ancient foundations
and vaults in 15th century) in Kumanovo region, the ancient Kamen Bridge in Skopje
(reconstructed in 1421/2, 1451 — 1469), both in North Macedonia, the medieval Babin Bridge
near Pristina, the extended bridge to Vuchitryn, both in Kosovo, etc.

Among these facilities, the one of utmost importance for Ottoman bridge-building in
15th century is the newly-built Kadin bridge in the modern-day village of Nevestino near
Kjustendil, built as a substitute to the mostly ruined Roman bridge situated upstream,
before Kjustendil.

Kadin bridge is constructed over the Struma River, according to his kitab, by the
Islamized Christian Ishak Pasha (Turkish - Inegdllii Ishak Pasa) during his first mandate as
Grand Vizier to Sultan Murad II in 1468/9 — 1471/72. [2] This bridge is the first of his
charitable public works in Europe. During excavations that lasted from 1904 to 1906 in the
neighboring region of Moshteni, Yordan Ivanov discovered the remains of an ancient stone
bridge connecting neighbourhoods of a large settlement on the banks of the river. One of
the two parallel routes of the road from Constantinople - through Plovdiv, Belovo,
Kostenets, Cherven breg and Kyustendil to the Adriatic, passed through here. [3]
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Kadiyski (Kadin) Bridge over the Struma River in Nevestino settlement, Kyustendil
region, 1469/70. General view and details from the tarich and original road pavement

Partial plan of the 1902 — 1904 excavation of the ancient settlement and villa in
Moshteni near Kady (Kadin) Bridge connecting the left and right river banks
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The new bridge has a length of 89.5 m, and a hull width of 6.49 m. It is a five-vault,
humpback bridge, with a central arch opening of 21.65 m, and side arch openings of 14.75 m
and 13.70 m. There are two smaller vaultings on the river banks, and four relief openings
above the foundations in the river. The upper sections of the low breakwaters on either side of
the central relief openings are raised above the triangular platforms, with pointed faces made of
rock — a solution unique to the bridge. This prevents obstructions to the outflow by objects
carried by the inflow. This bridge also has the earliest, at least for the Balkans, layout of relief
openings with a narrowing of the vaulting relative to the width of the opening below it. In these
two features, it has similarities only with the Liileburgaz bridge.

Photogrammetric fagade plan of Kadiyski (Kadin) Bridge — NINCH archive; view
from the bridge during restoration activities in 2020

E- - ik oi?

Fragmentary view from the central part of the hull of Kady Bridge with the specific
vaultings and clogging protection of the relief openings
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The humpback bridge over the Kiipriialti river at Liileburgaz is indicated by some
authors to be Sinan's work of 1569/70, the reference being based on the dating of the
culvert next to it, which he built for the grand vizier Mehmed Pasha Sokolu. However,
from the travelogue of Benedikt Kurpesi¢, it is clear that this one of the two "long brick
bridges" he saw whilst traveling from Liileburgaz to Karstiran already existed in 1530,
which means that it has nothing to do with the construction of the Grand Vizier's tower,
completed according to the kitab of the mosque in 1569/70.

- - a

el i

Sokullu Mehmet Pasa Bridge (15th century) in Luleburgaz, Kirklareli province
(Bulgarian name — Lozengrad). Photographic views form the end of 19th century on a
marked superstructure plan by Bozkurt (1950), and current condition
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The Liileburgaz bridge, according to Orhan Bozkurt, is 92.60m long and 6.05m wide,
with 4 large arches, the central ones being 8.70m and 8.60m wide. However, it also has six
small side lower shore breaks and one relief opening above the central breakwater. Of
these, four small vaults and the relief opening architecturally belong to the typology of the
relief openings from Kadin Bridge. In addition, at the Liileburgaz bridge, in an identical
way, on both sides of this opening, above the breakwater, similar to the bridge over the
Struma, stone pyramidal sides, directing the water outflow, step over the breakwater. (6¢)
Thus, all these identical elements lead to the conclusion that the bridge at Liileburgaz
(nowadays in the centre of the grown city) was most likely built by the same artisans who
constructed the facility over the Struma River near Kyustendil. Therefore, the Liileburg
Bridge can be dated like it to the second half of the 15th century.

Sokullu Mehmet Pasa Bridge (15th century) in Luleburgaz, Kirklareli province
(Bulgarian name — Lozengrad). Photographic views form the end of 19th century on a
marked superstructure plan by Bozkurt (1950), and current condition

The issue with the authorship of the Kadin bridge, like the Liileburgaz bridge, has not
been resolved yet. A suggestion has been made of artisans from the Adriatic coast, but it does
not rest on architectural analysis. Indeed, the Adriatic artisans, who are mainly Italian, have
been working all around the western Balkans since the 9th - 10th centuries, and in the 15th
century the first Croats trained by them appeared, so theoretically there is some, albeit
historically unsubstantiated, possibility that they reached Kjustendil through the route coming
from the Adriatic coast. However, although these builders worked well with cut stone, it
should be noted that until the 16th-17th centuries they did not apply relief openings to bridges,
as well as overhanging hull linings over the facades of the vaulted structures and all types of
vaults are made up of not very large trapezoidal squares, levelled in a common surface with the
other linings. At the same time, the idea of a narrow vaulting of the rectangular opening by
means of cantilever superstructures on both sides was carried out by Dubrovnik artisans during
the construction of the arcade in Sarajevo in 1540, but the same is also the case with bridges on
the Edirne - Istanbul route dating back to the second half of the 15th century. So maybe the
idea came to Bosnia most likely from the Eastern Balkans.

Therefore, at Kadin bridge there are relief openings, which are uncharacteristic of
the Adriatic artisans of that time, the cladding of the hull is overhung in one step above
the faces of the vaults in the traditional Armenian manner and the relief openings end
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on the facade with carved stone arches of one whole, or of two segments connected at
the zeniths. These techniques are not observed in Italian artisans of the time including
those form the Adriatic coast region.

At the same time, in Armenian architecture since the 5th - 6th centuries, the practice of
installing precisely carved stone forms on the facades, made of one or two segments connected
at the zenith on the smaller vaults, was present in the same way as it is at Kadin Bridge.

Armenian vaultings constructed with large curved elements — St. Joan church in
Mastara village, Argatsotn province (5th century); the White church in Ashtarak, Argatsotn
province (VI century); the Red church in Ashtarak, Argatsotn province (7th century);
Artavasik church near the village of Burakan, Argatsotn province (730 — 740)
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An analysis of medieval European bridges reveals that it was in Byzantium that the
construction of bridges with relief openings was resumed and, as it seems, Armenian
builders were directly involved in it. They also introduced the overhangs of the hull linings
over the facades of the vaulted structures. It should be added that the sharp pointed
protective elements on both sides of the relief openings, which are strange for the era and
the place, are known not only from the bridge in Luleburgaz, but also from the one near
Miyane (Turk. Kizil Hauzen, Iran. Pol-e Dokhtar, East Azerbaijan, now in Iran) over the
Kizil Hauzen River, constructed in the 12th - beginning of the 13th century and rebuilt in
1475/6-1483/4. Territorially, it looks like the work of Azerbaijani builders, but in these
territories until the 15th-16th century mainly worked Armenian artisans. [4] At that time,
local Azeris, trained by them and by Central Asian builders, establish their own

The Iranian brick bridge Pol-e Dokhtar (Pol-e Kizil-Hauzen, 12th — turn of 13th
century, general reconstruction 1475/6 — 1483/4) over the Kizil-Hauzen River near
Miyane, Eastern Azerbaijan, nowadays Iran
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academy, in which, however, Central Asian and Persian architectural features predominate.
This is why the bridge at Miane is lined with bricks, unlike the stone structure of Kadin
bridge. The protection of relief openings with forward retaining elements on both sides is
also present in other Azeri and Iranian bridges from the 15th - 17th centuries. Significant
examples are the Tadjan Bridge (Pol-e Tadjan, or Pol-e Kheshte, 16th century) over the
Shim Rud River in the village of Tajan Guke, Gilan Province, East Azerbaijan, Iran, as well
as the Red Bridge (Azerbaijani Qirmizi Kopru, Georgian Tsiteli Khidi, 12th century, major
reconstruction in 1647) over the Aran River near the Armenian town of Julfa, Lower Kartli,
Azerbaijan. (9+10) A hypothesis can be proposed that the bridge over the Struma River was
built by an Asia Minor architect - an Armenian, or an Azeri, perhaps even from the territory
of nowadays Azerbaijan, where, however, in the 15th century, the builders were both Azeri
and local Armenian artisans. This is the case, for example, in 1514 when the Ottoman

The Iranian brick bridge Pol-e Tamijan (1354/5) over the Tamijan river near
Rudsar village, Gilan province, Iran

P e R T e

The Azerbaijani Red bridge (Qirmiz1 Korpii, Siniq korpii — The broken bridge, 12th
century, reconstructed in 1647) over the Ehram river (Georgian — Hrami) near Julfa, Lower
Kartli (Azerbaijani — Nahicevan)
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Empire captured the great cultural and artisanal Safavid centre of Tabriz, from where several
thousand artisans were moved to western Asia Minor and eastern European territories,
including many builders, decorators, carpenters, both Azeris and Armenians. Builders from
this territory already worked for the sultans in the previous century. Such is, for example,
Hajja Ivaz Pasha from the province of Tokat, who designed and built the most significant
religious and public buildings in Bursa in the first decades of the 14th century. [5] And in
1514, when the city of Tabriz was captured, hundreds of master builders and decorators,
artists and carvers, both Azeris and Armenians, were resettled from there to the west of the
Empire. It was them who introduced painted interior ceramics to palace and cult architecture.

Kadin Bridge has other similarities with early Ottoman bridges from Asia Minor and
the eastern Balkans besides the overhangs of the linings over the faces of the arches and
the presence of relief openings. One of these other architectural details is the specific,
chamfered at about 45°, molding passing between the main bridge hull and the stone
parapets stepping above it. Such moldings are found on the earliest Ottoman bridges - the
triarch one with relief openings Fatih bridge over the Tundzha River (1451/2) in Edirne,
the large Koyunbaba kopriisu in Osmanjik (1484/5 - 1488/9) and even became the most
preferred for bridge construction from the Golden Century.

Mehmed the Conqueror bridge (Turkish - Fatih Kopriisii, Bonce Kopriisii, 1451/2)
over the Tundzha river in Edrine, Turkey

The same molding is later placed on the Byzantine bridge over Haramidere
(Haramidere Kopriisii) later known as Kap1 Agasi Kopriisii (or Yakup Aga Kopriisii) on
the Constantinople Road between the Kiigiik- (6th century, between 867 and 886, 1455,
1498/9 etc.) and Buyukcekmedze bridges. The bridge being of Byzantine origin is evident
from the brickwork of the oldest arches, so it is wrongly assumed that this is a newly built
Ottoman bridge. In this case, there is a renovation by the Ottoman administration in the
time before the construction of the two big bridges (one of which — Biiyiikgekmece, is the
work of Sinan), i.e., it was carried out before 1568. [6] However, its architectural features
suggest that it was done much earlier, most likely in the second half of the 15th century,
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The Haramidere bridge (Haramidere Kopriisii, Kap1 Agasi Kopriisti, Yakup Aga
Kopriistii, 6th — 7th centuries, renovated circa 1455 and reconstructed circa 1560 by mimar
Sinan) over the Haramidere river, Beylikdiizii district, Istanbul
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The Haramidere bridge (Hardmidere Kopriisii, Kap1 Agas1 Kopriisii, Yakup Aga
Koprtisii, 6th — 7th centuries, renovated circa 1455 and reconstructed circa 1560 by mimar
Sinan) over the Haramidere river, Beylikdiizii district, Istanbul, view from the early
Byzantine construction

after the capture of Constantinople in 1453. It was most likely renovated together with
Kyucukcekmeje in 1455. The bridge over Haramidere, however, is recorded by Mustafa
Celebi in Sinan's biography as his work, which means that in the 60s of the 16th century,
he undoubtedly carried out a major repair of it, with partial reconstructions on its old
abutments. This is established by the differences in the stonework between the old lower
and newer upper parts of the hull and the central vault, by the mixture of semi-circular and
pointed vaults, by the presence of large antique formwork imposts in the end vaults, etc.
But in the end, a deeper study of this structure with the use of laboratory technologies will
clarify not only the periodicities in the construction, but also how far the reconstruction of
Sinan extends, compared to the older repairs.

In conclusion, it should be noted that the formation of Ottoman architecture, and
bridge-building in particular, during the first two or three centuries of the Empire's
existence, is a process of mixing architectonics and technologies, the work of artisans of
different ethnic and religious origins, among whom the Armenian, the Syrian, the Greek
and the Bulgarian predominate, and from the 16th century also the Azeri.

NOTES

[1] Tuleshkov, N. Roadside architecture of the late Middle Ages. — In: Bulgarian
Architectural Heritage, book 1, 1994, 29-41

[2] Direct translation of the Kitab: "By the high order of Ishaq Pasha, one of the

greatest viziers and noble chiefs, who does good deeds purely from the soul's impulse, in
order to receive from the creator above the corresponding retribution, he ordered that this
sacred bridge be built in this country for the free passage of travellers. May the almighty
God fill his life with joy and gladness. In the year 8§74 (1469/70)"
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[3] Ivanov, J. Kadin K&priisii. — In: Bulletin de I’ Institut archéologique bulgare, I,
Sofia, 1910, pp. 197 — 201, rs. 100

[4] In the 15th - 16th centuries, an Azeri Muslim academy of construction was
formed in the Azerbaijani ethnic land, uniting the architectonics of Armenian stonework
techniques and Central Asian brickwork. However, local Armenian Christian craftsmen
continue to work in a number of cities of this territory. They are among the main builders,
and other craftsman profiles in Iran as well. For example, quite significant buildings,
including palaces and bridges in Tehran and its region, were the work of Armenian
architects and craftsmen from Julfa (now a district of the city), who moved here in the 16th
century from the large city of the same name in Lower Kartli, Azerbaijan

[5] Tuleshkov, N. The Bridges of the Ancient and Medieval World. Part II, C., 2022,
669 — 677

[6] KantarAtlas, kantaratlas.blogspot.qa/2017/12/?view=timeslide. Although there is
no record of the time of its construction, several Turkish authors refer to it as the work of
Sinan (for example: Orhan Bozkurt, Koca Sinan'in Képriileri, Istanbul 1952, pp. 12-19, 1v.
1-5; Cevdet Culpan , Tiirk Tas Kopriileri, Ankara 1975, p. 148, nr. 88; Giilgiin Tung, Tas
Kopriilerimiz, Ankara 1978, pp. 93-95, etc.). The reason for this is given by the mimar
(architect) Sinan himself, who pointed it out to his biographer Mustafa Celebi, for his work
(Sai Mustafa Celebi. Tezkiretii'l-ebniye)
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SURVEY OF SOME OLD RIVETING BRIDGES, WITHIN URBAN HERITAGE
PROTECTION AREAS IN CZECH REPUBLIC

Pavel Ryjacek ! , Tomas Rotter 2, Martin Pospiéil3 , Miroslav S)"kora“,
"Faculty of Civil Engineering, Czech Technical university in Prague
? Faculty of Civil Engineering, Czech Technical university in Prague
? Faculty of Architecture, Czech Technical university in Prague
? Klokner Institute, Czech Technical university in Prague

Abstract: Bridges, which belong to cultural heritage and are with high significance, perform
an essential part of the socio - cultural and physical phenomena belong to the tourism trends.
They represent the identity of the local population and at the same time fascinate and attract
visitors. The value of cultural heritage is constantly increasing due to the naturally
conditioned service life, as well as the unstable environment in terms of new technologies and
changes of life style. Thus, care about the preservation of cultural heritage in the XXI century
is not only declarative obligation of the authorities, but also the moral role of the whole
modern society, which creates the conditions for preservation of cultural heritage in the
future by recognizing its importance.

Key words: assessment, steel bridge, damages, repairing measures.

1. Introduction

Bridges are part of every route, whether for rail, highway, cycle or pedestrian traffic in Czech
Republic[20]. They are large structures that complement the landscape or urban character of
cities[1-9]. The second half of the 19th century brought a boom in railway transport. It was at
this time that many railway bridges were built. They were stone or brick bridges with small
spans. For larger spans, steel bridges were made. Some of them are still in use today[10-19].
Mostly they are found on local lines or less frequented routes. Approximately 400 bridges are
protected, four bridges are national cultural monuments and others within urban heritage
protection areas[20]. However, age has left its mark on many bridges, particularly in the form
of corrosion or the development of cracks. Many valuable metal bridges are not listed and, as
a result of their rapidly declining physical integrity, an important footprint of our nineteenth
and early to mid-twentieth century industrial heritage is in danger of being irretrievably lost.
These bridges have fulfilled their purpose in terms of their required service life, but by no
means all of them can be replaced by new bridges. From the point of view of preserving our
industrial heritage, it is, on the other hand, desirable to conserve at least some of them, and to
maintain them in a worthy condition(Fig.1).
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Fig. 1. Railway bridge under Vysehrad[20] Fig. 2. Suspension bridge in Stadlec[20]

In many cases, these are beautiful and unique structures that are no longer commonly
encountered in the contemporary world. They are the pride of our bridge engineering from the
Austro-Hungarian period and from Czechoslovakia before WWIL. The high level of expertise
of the engineers of that time, the extent of developed industry, and the quality of work in the
production and construction of steel bridges were the prerequisites for the fact that some of
these bridges have survived until now. It is, therefore, our duty to preserve this industrial and
cultural heritage to an appropriate extent for future generations. However, this means that we
must take care of selected representatives of old steel bridges so that they can serve their main
purpose — carrying traffic, albeit with some restrictions in usage, for several decades to come.
One option, for example, is to transform an inoperative road or railway bridge into a bridge
carrying footpaths and cycle tracks. Steel bridges that came into service 100 years ago and
earlier do have a different structural design compared to modern bridges. The main
characteristic of old steel bridges is the practice of riveting. Individual members that could not
be made by rolling were at that time made by riveting. Even the joints in the main structure
were riveted. It was not until the second half of the 20th century that welding technology
became customarily used in the construction of steel bridges(Fig.2). Another specific feature
of the old steel truss bridges is the fact that each member has a different cross-section,
because at that time maximum savings were made on the amount of steel material used,
regardless of labour requirements. The design of steel truss bridges used simplified structural
models that were compatible with the computational means of the time. Approximate static
models were used to deal with statically indeterminate structures, which contained certain
reserves that can still be used effectively today. Similarly, we can better describe the
interaction of the individual load-bearing elements of a steel structure, which was impossible
to do until recently. In order to maintain the functionality, safety, and protection of these
structures in the face of increasing traffic volumes, it is necessary to develop new methods of
survey, assessment, and strengthening of these structures. Therefore, from 2018 to 2022, the
Ministry of Culture of the Czech Republic supported project DG18P020VV033: The
Methods for Achieving the Sustainability of Industrial Heritage Steel Bridges. In cooperation
with the National Heritage Institute and the operators of railway and road infrastructure, the
project developed methods and technologies for the surveying and assessment of historic cast
iron and steel structures, with a focus on failures due to corrosion and fatigue. Non-invasive
and reversible strengthening procedures for elements and connectors, new technologies for
surface treatment of historic bridges, and innovative corrosion protection systems using
nanotechnologies were developed. Technical inspections of steel bridges were carried out as
part of the project, following the results of the comparative mapping of industrial heritage.
Subsequently, the results of the project were applied in pilot case studies of typical existing
bridges(Fig.3).
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Fig.3. Details of riveted bridges — Mokropsy[20] Fig. 4. Bridge in Skochovice[20]

The multidisciplinary project is based on the cooperation of leading experts from the
Faculty of Civil Engineering, Faculty of Architecture (including the Industrial Heritage
Research Centre), Faculty of Mechanical Engineering, and the Klokner Institute of the Czech
Technical University with leading experts from the National Conservation Agency and
representatives of operators (RSD CR, SZ and TSK Praha). The achieved findings are being
applied not only in construction practice, but also in university lectures and in the lifelong
education of civil engineers. The results are verified on existing steel bridges. The target
group includes experts in the field of heritage structure protection, designers, construction
companies, employees of the responsible authorities, and students at secondary schools and
universities. The critical catalogue herein presented is the result of this five-year period of
research, and recapitulates both its results and the state and outlook of historic riveted bridges
in the Czech Republic(Fig.4).

2. On the history of metal bridge construction in the Czech Republic

Metal bridges began to be built in the Czech lands in the middle of the 19th century, a
process that was related to, and in conjunction with, the development of the railway network.
The oldest metal bridges in the Czech Republic date back to the construction of the Ferdinand
Northern Railway. Several cast-iron bridges were built in Moravia between Brno, Prerov and
Olomouc in order to carry road traffic over the railway tracks. One of them was the arched
bridge near Nemilany, which dates from 1868 (Fig. 5a). It was a three-hinge arch bridge with
a span of 12.88 m. The bridge had 4 main girders on which brick arches were placed as a
supporting deck for the road. The main girder was of modular construction and consisted of
individual members connected at the abutments by bolts. When the railway line was
electrified, it was necessary to increase the underpass height beneath the bridge. Therefore, it
was taken down in 1964 and replaced with a new steel girder bridge. The bridge at
Hostéradky—Resov, dating from 1869 (Fig. 5b), had a similar history. Again, it was a cast-iron
bridge of the same construction. The span of this bridge was 13.5 m and it was demolished
around the mid-1980s.

Fig. 5. Cast iron bridge near Nemilany (a) and Hostéhradky—Resov (b)[20]

In the production of steel from pig iron, oxidation removes undesirable elements, espe-
cially C, Si, P and S. In 1784, the production of wrought steel was introduced by the Eng-
lishman Cort. Production was carried out in a puddling furnace, in which pig iron and scrap
are processed in a doughy state with air and constant stirring (puddling). Wrought steel is
heavily saturated with slag, which is stretched by rolling to length, and is therefore layered.
Welding steel has a low carbon content and is therefore mild. In the rolling direction it has a
strength of 330 to 400 MPa and a ductility of 12 to 25 %. In the transverse direction the
strength and ductility are considerably lower. Wrought steel is ductile and forge-weldable.
Later, wrought steel was completely replaced by mild steel. This is the collective name for all
steels made in the liquid state. Mild steel has a minimum tensile and compressive strength of

370 MPa, a minimum ductility of 20%, high toughness and almost the same properties in all
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stress directions. According to the method of production, a distinction is made between
converter steel (invented by the Englishmen Henry Bessemer in 1855, and Sidney Thomas in
1878), Martin steel or Siemens-Martin steel (invented by Pierre-Emile Martin in 1864) and
electrical steel, produced by melting raw steel in electric furnaces, resulting in carbon or alloy
high-grade structural steels. The microstructure of the steel can be examined on a smoothly
ground and polished sample surface. After possible etching, a fine relief of crystalline
components is formed on the surface, which can be examined under a microscope. Figure 6
shows a microphotograph of a cut-out of steels of different carbon content:

(a) 0,1 % C steel; larger ferrite crystals and smaller dark perlite crystals

(b) 0,15 % C steel; higher perlite content, less pure steel, refinements stretched in the rolling
direction

(c) steel with 0,2 % C; perlite content noticeably higher than (a), slightly marked row
structure

(d) 0,4 % C steel; large perlite crystals

(e) 0,2 % C steel; distinct row structure.

Comparison of Figures 6(a) to 6(d) shows how the structure of the steel changes with carbon
content. In Figure 6(e), the linear structure characteristic of wrought steel is evident. In
addition, wrought steel is characterised by a lower carbon content than mild steel.

Fig. 6. Microphotographs of the cut of steels of different strengths[20]

Wrought steel was first used for the production of the steel structure. Later, from the be-
ginning of the 20th century, mild steel was used. The first regulation for the design of steel
bridges was the “Bridge Regulations of the Ministry of Railways” of 1887. Later, the bridge
regulations were replaced by state standards. Until the middle of the 20th century, riveting
was used exclusively for joining the individual elements. Riveted steel bridge structures
consist of a large number of subtle elements and are therefore airy and have a specific
appearance. There are a large number of riveted steel bridges still in use in the Czech
Republic. These include railway bridges, road bridges and footbridges. In some cases, these
are bridges with large spans over deep valleys that dominate the landscape, e.g. the railway
bridge over the Vltava River near Cervena, and they have a historic quality, e.g. the Cech
Bridge in Prague; or they are large bridges that enhance the views in the city, e.g. the railway
bridge below VySehrad in Prague. These are mostly riveted truss bridges that have fulfilled
their purpose during their lifetime. Where these bridges comply with operational and safety
requirements, they need to be properly maintained, i.e. regular maintenance accompanied by
specific repairs respecting their heritage value. It is well-known that, under these conditions,
steel riveted bridges can serve us for well for over 100 years.

Riveting is the oldest method of joining steel elements, both to create the required cross-
section and to assemble the whole bridge structure. The starting material for the manufacture
of steel bridge structures is hot-rolled steel material. The basic metallurgical material is sheet
metal, wide steel, shaped bars (angles, I-sections and U-sections), or Zorés profiles, gutters
and buckle plates (specially shaped sections formerly often used on road and railway bridge
decks). The shapes and dimensions of the rolled products were mostly standardised. Rolling
mills issued so-called rolling programmes, which contained individual cross-sections, their
dimensions and static quantities. Riveting was used from the second half of the 19th century

until the end of the 1950s. Today, riveting is used in the repair and reconstruction of old
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riveted bridges to preserve the historic value and appearance of the structure. A rivet is a
cylindrical body with a ball head or countersunk head on one side (Fig.7). Rivets are made
from round profiles by hot pressing. Rivets with diameters d/ = 20 and 24 mm were most
commonly used for steel bridges. The diameter of the rivet hole (drilling) is 1 mm larger.

dab el

Fig. 7. Ball head rivet and countersunk head rivet[20]
Fig. 8. Different positions of the pneumatic riveting press[20]

Rivets are heated either in a coke oven or by electrical resistance. Rivets heated to white heat,
i.e. to a temperature of 1000 to 1100°C, are inserted into the rivet hole. First the shank is
pushed into the hole to ensure a tight fit, then the rivet head is forged, either by a pneumatic
riveter (Fig. 8) or by hand hammering. When hand-forging, a header is used to form the ball
head (Fig. 5). After riveting, the rivet cools and shrinks to tightly clamp the individual sheets
that are to be joined. This is why riveting technology is suitable for bridge structures that are
exposed to aggressive environmental conditions.

1
I e

Fig. 9. Riveting and support of the riveting head[20]
Examples of plate riveted girders that have been used either as main girders for small

span road and railway bridges, or as crossbeams and stringers for the bridge deck of railway
and road bridges, are shown in Fig.10.
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Fig. 10. Plate riveted girders[20]

Main truss girders may have straight chords, or one or both chords may be curved. Exam-
ples of simple girder systems with parallel chords are shown in Fig. 11. These are systems
that are statically determined. The systems in Figures 11e and 11f were used for bridges with
a half-through bridge deck, while the systems in Figures 11g and 11h were used for deck-type
bridges.
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Fig. 11. Simple girder systems with straight chords[20]

Figure 12 shows complex girder systems with parallel flanges. The complex systems are
statically indeterminate. For old railway bridges, the most common systems are those shown
in Figs. 12n., 12p. and 12s.
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F ig. 12. Complex girder systems with parallel chords[20]

Systems with curved chords were based on the bending moments on a simple beam. In
the middle of the span, at the point of the highest bending moment, the beams achieved maxi-
mum height. For half-through bridges, a beam with a curved upper chord was predetermined,
whereas a beam with a curved lower chord was predetermined for deck-type bridges.
Depending on the shape of the curved chord, a semi-parabolic chord (Fig. 13a, Fig. 13a’) or a
parabolic chord (Fig. 13d, 13d") can be defined.
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Fig. 13. Girders with curved chord[20]

The chords can be single-walled (Fig. 14) or double-walled (Fig. 15). Single-walled
chord members are found in older bridges and are simpler in construction, but are less stiff.
Double-walled web members are stiffer and structurally more complex. The lower flange of a
double-wall member has a longitudinal gap between the members due to drainage
requirements

Fig. 15. Double-walled chords[20]
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Built-up members composed of two or four angles (L-profiles) may have only a contact
plate gap between the members (Fig. 16 and Fig.17). They are then connected to each other
by lacings or battens.
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Fig. 16. Built-up members with a gap for the connecting plate[20]
Fig. 17. Built-up members with battens (a) or lacings (b), (c)[20]

Fig. 18 shows an example of a joint with a single-walled lower chord. Figure 19 is a
photo of a member joint with a double-walled lower chord. An examination of the structural
design of riveted truss bridges shows that there is a large amount of variability in the shapes
of the girders and the structural design of the individual members and joints. Riveted truss
bridges were characterised by their lightness, but also, on the other hand, by the intensive
labour needed for manufacturing and assembly. The structural design of early riveted truss
bridges contains many details that are difficult to maintain and to restore corrosion protection
in the long term perspective.

/T | I

Fig.18. Example of a riveted truss joints[20] Fig. 19. Truss joint with double-walled lower chord[20]

The oldest steel riveted bridges in Czechia date back to the second half of the 19th cen-
tury, the period of railway development. These are mainly railway-carrying truss bridges. An
impressive example was the Ivancice viaduct dating from 1870, which was a part of the
Ferdinand railway on the route Vienna — HruSovany nad JeviSovkou — Stielice — Brno over
the Jihlava river valley (Fig. 20). After more than 100 years of operation of the riveted
viaduct, a new parallel welded bridge was built in 1978. The original bridge was dismantled,
leaving only one span as a cultural monument.
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Fig. 20. Ivancice Viaduct[20]
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Fig. 21. Znojmo Viaduct[20]

The second large viaduct from that time was the Znojmo Viaduct (1871), which crossed
the valley of the river Dyje on the Vienna—Retz—Znojmo line (Fig. 21). This structure served
until 1992, when it was replaced by the temporary bridge structure ZM 16. In 2009, the
temporary bridge was replaced by a permanent one.

3. Typology of bridges

Since the dawn of time, bridges have been built on pathways and roads to overcome
obstacles. In the Middle Ages, bridges were built with timber, or were arch bridges made of
brick and stone. The development of the railways at the end of the first half of the 19th
century was a major stimulus for bridge engineering and bridge construction. At that time, it
was already possible to use metals for bridge-building purposes. First it was cast iron, and
later steel. It was not until the turn of the 19th and 20th centuries that reinforced concrete
began to be used for bridge construction(Fig. 22-Fig. 31). Steel bridges are distinguished by
the main girders, which create the distinctive look of the bridge and which transfer all the load
to the supports. These are girder bridges with one or more spans, with plate or truss main
girders, with constant or variable girder height, deck-type or half-through and semi-through
bridges.
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Fig. 22. Plate girder bridge with half-through bridge deck (footbridge in Prague Hostivaf from 1937[20]
Fig. 23. Plate girder deck-type bridge (Kfidlovicka railway bridge in Brno from 1895)[20]

under Vysehrad from
1871)[20]

Fig. 25. Truss bridge with lower bridge deck with upper parabolic chord (road bridge in Prague-Bohdalec
from 1915)[20]

Fig. 26. Truss hf-through bridge wih pper parablic chord (road bridge to Cisaiska louka from 1901)[20]
Fig.27. Truss deck-type bridge with straight chords (railway bridge in Znojmo from 1871 and after
reconstruction in 2009)[20]

Fig.28. A truss semi-through bridge with variable height of main girders (Gerber beam). (Tyrs road bridge over
the River Labe in Litoméfice dating from 1910)[20]

Fig. 29. Truss bridge with semi-through bridge deck (Gerber beam) (railway bridge at Cervena nad Vitavou
from 1889)[20]




VI MEX KAYHAPOJHA HAYYHA KOH®EPEHIUSA BAHN 2022
VI INTERNATIONAL SCIENTIFIC CONFERENCE BASA'2022

Fig. 30. Arch deck-type bridge. Two-hinged truss arches. ((:?echﬁv most in Prague from 1908)[20]
Fig. 31. Arch deck-type bridge. Two-hinged plate arches. (Zd’akov Bridge over the Vitava River from 1967)[20]

From the point of view of rail transport, the 1871 railway bridge below Vysehrad, which
connected the Prague railway stations on both banks of the VItava River, was important. This
truss bridge with parallel chords later became an important Prague landmark. How-ever, the
single-track bridge gradually ceased to meet the increased traffic demands, and in 1901 it was
replaced by a new double-track truss bridge with an upper parabolic chord. Other important
railway bridges from the last quarter of the 19th century include Prostiedni Zleb, a bridge
over the River Labedating from 1874, which was part of the Austrian Northwestern Railway
between the stations of Dé&Ein and Prostiedni Zleb. Then there is the 1889 bridge over the
Orlik reservoir near Cervend nad Vltavou, and the bridge over the River Vltava near
Skochovice, which dates from 1897. The oldest steel riveted road bridges were built in the
Czech Republic at the end of the 19th and the beginning of the 20th century, e.g.: the bridge
over the Vltava in Tyn nad Vltavou from 1892, the bridge to Cisafska louka over the Vltava
arm in Prague from 1901, the Cech Bridge over the Vltava in Prague from 1908 and the
bridge over the railway tracks in Prague below Bohdalec from 1915. All these examples of
steel riveted bridges, both railway and road, are proof of increasing technical sophistication of
the Czech lands during the 19th century.

4. Case Study
4.1. Chrast u Plzné — railway bridge

Railway bridge over the Klabava valley. Steel semi-through truss bridge with parabolic lower
chord. The bridge has three spans of about 35 m(Fig.32). The truss structure is vertical with
crossed diagonals. There is a longitudinal horizontal truss bracing at the level of the bottom
chord and under the stringers. There is a vertical transverse bracing in each joint. The chords
of the truss are single-web, the upper chord is a T-section, and the lower chord is an inverted
T-section. The crossbeams are trussed and connected to the verticals of the main beam. The
stringers are I-sections and are recessed into the crossbeams. All members and connections
are riveted. The superstructure is supported by steel bearings, the movable bearings have 5
cylinders. The original bridge (of Schifkorn-type) was replaced by the present steel structure
in 1892.

Fig. 32. Railway bridge over the Klabava valley. Steel semi-through truss bridge with parabolic lower chord
from 1892[20]

4.2. Brno — railway truss arch bridge oygg Hybesova street
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The railway bridge over HybeSova Street has one span of 15.2 m(Fig.33). The bridge consists
of four structures lying side by side. It is an arch deck-type bridge. The main girder has 11
sections, the outermost three spans have a trussed vertical structure, and the five sections in
the middle have a plated structure. The number of main girders varies from 5 to 6, according
to the width of the bridge structure. The distance between the girders is 2.80 m. All the trusses
are the same. The height of the girder is 2.70 m in the bearing, 0.50 m in the middle of the
span. The main beams are riveted single web. The upper chord has a T cross-section, the
lower chord an inverted T cross-section. The diagonals are of segmented members with frame
connections. The crossbeams are at an axial distance of 1.5 m, and are plated riveted of cross-
section L. In one case, the crossbeams are trussed. The curved metal plates (called “puklovka”)
forming the bridge deck are placed on the crossbeams. The transverse truss bracings are
located between the three end verticals. For two structures, there is longitudinal horizontal
bracing at the upper chords of the crossbeams. The bearing of the superstructures is
transversely movable on steel table bearings. The substructure is made of stone masonry. The
bridge was constructed in 1897.

Fig. 33. The railway bridge over HybeSova Street with one span of 15.2 m, from 1897[20]

4.3. Strachovice — railway truss girder railway bridge

The railway bridge over Javornice brook near the village of Cista, an integral part of the local
railway Rakovnik—MIladotice, has three spans of 12.5+57.0+12.5 m(Fig.34). In the outermost
spans there are stone arch structures. In the mid-span there is a steel beam truss bridge with a
lower parabolic chord. The 12-span truss is of the Howe truss-type. The axial distance of the
main girders is 3.6 m. The upper chords are of a II- section, the lower chords are of two
inverted T-sections. The verticals and diagonals are made of segmental members with truss
connectors. The bridge has two levels of horizontal bracing at the upper and lower chords.
There is a transverse truss stiffening at each vertical. The crossbeams are riveted plate girders,
the stringers are welded plate girders and are mounted on top of the crossbeams. The stringers
have vertical bracing placed in the mid-span. The superstructure is supported by steel fixed
and roller bearings. The substructure is from stone masonry. The bridge was built in 1898 and
underwent reconstruction in 2010.
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Fig. 34. The railway bridge near the village of Cista; in the mid-span there is a steel beam
truss bridge with a lower parabolic chord, span 57.0 m, from 1898 [20]

4.4. Ceské Budéjovice- ,,Golden bridge “ - road arch bridge

A road bridge over the River MalSe with one span of approximately 40 m(Fig.35). The main
load-bearing structure is a steel-tied arch. Currently it serves as a footbridge. There is a paved
roadway between the arch-beams. Outside the tied arch, there are cantilevered sidewalks with
a bridge deck made of timber. The main beam, upper arch chord, and vertical ties are riveted
I-sections. There are three vertical frame portals in the mid-spans. The bridge deck consists of
riveted I-section crossbeams, rolled I-section stringers and a bridge deck slab supported by
trapezoidal plates. The bridge is supported by steel bearings. The bridge acquired its name
during the Middle Ages, when a bridge stood in front of the RoZnov Gate, which was used by
merchants when entering the town. The current bridge dates from 1915 and was built by the
Prasil Brothers company of Prague-Libeni. The bridge was repaired in 2001.

4.5. Ostrava — road arch bridge of Milo§ Sykora

The Milo§ Sykora Bridge over the River Ostravice in Ostrava is a three-span bridge of the
Gerber beam-type, featuring a load-bearing middle span and two suspended approach spans
with span lengths of 16+60+16 m(Fig.36). The main span consists of a semi-through truss
arch and lateral bracing at the level of the top chords. The approach spans are quadrangular
trusses of a constant height with verticals. The bridge deck is formed by crossbeams,
stringers, and a slab with a steel plate of lost fggmwork. The structure is riveted, with bolted
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and embedded hinges. On the site of the current bridge, there used to be a timber structure,
which was built in the 1830s. Due to its poor condition, it was replaced after eleven years by a
chain bridge, manufactured by the Klein Brothers’ Ironworks in Kladno. Even this bridge did
not last very long. After 30 years, it collapsed on the 15th of September 1886, when a
squadron of Hulan cavalry troops attempted to cross the bridge. Less than a year later, in
1887, a new bridge was in place, but its condition rapidly deteriorated too. It was replaced by
the present bridge in 1914. The bridge was named after Milo§ Sykora, the legendary 24-year-
old resistance fighter, who died while preventing the Nazis from blowing up the structure,
thus enabling the Red Army’s rapid advance during the battle for Ostrava.

Fig. 36. A road bridge over the River Ostravice with a three-san bridge of the Gerber beam-type with span
lengths of 16+60+16 m, from 1914[20]
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Abstract: Education of structural engineers at Faculty of Civil Engineering, Sovak
University of Technology in Bratislava. Education includes not only terminology,
completion of structural calculations and drawings but also environmental issues,
reconstruction, rehabilitation and strengthening of buildings and other structures.
Soecial focus is devoted to preservation of various types of cultural heritage. The
paper deals primary with education of foreign and Sovak students in the frame of
subject English language focused on several aspects of cultural heritage.
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1. Introduction

Department of Languages, Faculty of Civil Engineering, Slovak University of
Technology in Bratislava provides teaching of English and German language in Bachelor
study within the first four semesters [1, 2, 3]. The courses are primary focused on various
terminologies of 20 different departments including Department of Architecture;
Department of Building Construction and Department of Building Technology. During
every of 4 semesters the terminologies of 5 departments are analysed. It is extremely
difficult for students to understand meaning of special terms, which are not in the basic
dictionaries and applied them in solving their task aso in other subjects. A teacher may
have atogether up to 200 students in semester. The participants of the courses consist of
Slovak and foreign regular students studying normally 5 years and also Erasmus foreign
students studying in Slovakia only 1-2 semesters. Foreign students are from various
countries, e.g. from: Brazil, Greece, Hungary, Kazakhstan, Kenya, Kuwait, Lithuania,
Mali, Palestine, Poland, Russia, Spain, Syria, UK, etc.

For the students it is important to understand the design of structures according to set
of Eurocodes EN 1990-EN1999 and accompanying Technical Specifications and Technical
Reports, e.g. Technical Specification CEN/TS 17440:2020 Assessment of Existing
Structures [4]. The relevant ISO standards [5] and the environmental issues [6] are also
important. Big importance has knowledge of students about cultural heritage and its
preservation.

! Bal&zova Pavla, Mgr., Bc., Slovak University of Technology, Radlinského 11, 810 05 Bratislava and
Comenius University, Gondova 2, 811 02 Bratislava, the Slovak Republic, balazpa@gmail.com
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2. Education of Structural Engineers

Why does a student want to become a professiona engineer? The answer may begin
on apersona level (money, power, prestige) or from a more service-oriented mindset
(create a better world for future generations). To the latter reason may help also better
knowledge about civil engineering history and cultural heritage. To be trained to think like
an engineer is also an important aspect of education. An engineer must have the ability to
retain knowledge through an association with some sort of practical purpose. It isfar easier
for an engineer to recall an important bit of knowledge when it has an application. Before
an application can be linked to factual information, useable data must be properly
understood. Sometimes a dictionary or thesaurus might need to be consulted if thereisa
question as to meaning [7].

Henrik lbsenfirst said "A thousand words leave not the same deep impression as
does a single deed.” This quote was plagiarized and para-phrased severa times. "One
Picture Worth Ten Thousand Words" is Chinese proverb, which became popularly when
attributed to Confucius. Computer scientist Edsger Dijkstra once remarked, "A picture may
be worth a thousand words, aformulais worth a thousand pictures,” which may be

interesting for structural engineers.
That iswhy | prepare for students the following tables to help them easier understand

engineering terminol ogy.

Table 1. Equivalent terms in seven languages. English, German Spanish, Italian, French,
Slovak and Czech language. English, Spanish and Slovak languages contains aso
definitions of term used Eurocodes.

English [German]

Spanish
[Italian] (French)

Slovak [Czech]

construction works
[Bauwerk]

everything that is constructed
or results from construction
operations.

NOTE. — Thisdefinition
accords with ISO 6707-1. The
term covers both building and
civil engineering works. It
refersto the complete
construction works comprising
structural, non-structural and
geotechnical elements.

obras de construccién alebo
construccion

[costruzione], (construction)
todo lo que es construido o
resultado de operaciones de
construccion.

NOTA . — Estadefinicion esta
de acuerdo con laNorma SO
6707-1. El término abarca
tanto los edificios como las
obras deingenieriacivil. Se
refiere alostrabgos de
construccién completos
comprendiendo el ementos
estructurales, no estructuralesy
geotécnicos.

stavba

[stavebni objekt]

vSetko, ¢o je postavené alebo je
vysledkom stavebngj ¢innosti
POZNAMKA. — Této definicia
jev stlade s1SO 677-1.

Termin zahihia budovy a
inZinierske stavby. Vzt'ahuje sa
na kompletnu stavbu vratane
nosnych, nenosnych a
geotechnickych prvkov.

Execution

[(Bau-) Ausfiihrung]

all activities carried out for the
physical completion of the
work including procurement,
the inspection and
documentation thereof
NOTE. — The term covers
work on site; it may also
signify the fabrication of
components off site and their
subsequent erection on site.

Ejecucion

[esecuzione] (exécution)
todas las actividades |l evadas a
cabo para compl eter
fisicamente la obra, incluidas
las tareas administrativas, la
inspeccion y la documentacion
derivadas de las mismeas.
NOTA . —El término
comprende € trabgjo in situ;
puede tambiOn significar la
fabricacion de componenetes

zhotovovanie

[provadéni]

vSetky ¢innosti, vykonavané na
fyzické dokonéenie stavby
vratane dodavok, kontroly
aprislusng dokumentacie
POZNAMKA. — Tento nézov
zahfna préce na stavenisku;
moZe znamenat’ g vyrobu
prvkov mimo staveniskaaich
nasledné zmontovanie na
stavenisku.
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delaobray su posterior
colocacion en laobra.

NARODNA POZNAMKA. —
Termin ,,construction* sambze
v angli¢tine pouzivat’ v
slovnych kombinéaciéch, ktoré
nie sl dvojznacneé (napriklad
»during construction” - po¢as
Zhotovovania).

Structure

[Tragwerk]

organised combination of
connected parts designed to
carry loads and provide
adequate rigidity

Estructura

[struttura] (structure)
organizacion combinada de
partes conectadas proyectadas
para soportar cargasy
suministrar larigidez adecuada

konstrukcia

[konstrukce]

usporiadana zostava spojenych
prvkov navrhnuté tak, aby
prenaSala zat'azeniaamala
primerand tuhost’

NARODNA POZNAMKA. —
Anglicky afranclizsky nazov
»Structure® oznacuje v
eurokodoch nosnu ¢ast’

type of building or civil
engineering works

[Art des Bauwerks]

type of construction works
designating its intended
purpose, e.g. dwelling house,
retaining wall, industrial
building, road bridge

tipo de edificio o de obrasde
ingenieriacivil aebo
naturaleza de la construccién
[tipo di costruzione] (nature
de constuction)

tipos de obras de construccion
con designacion de su funcion
prevista, por gemplo,
vivienda, muro de contencioén,
edificio industrial, puente de
carretera.

druh budovy alebo
inZinierske stavby

[druh pozemniho nebo
inzenyr ského objektul]
druh stavby oznagujuci jg
zamyslany Ucel, napriklad
obytny dom, oporny mar,
priemyselna budova, cestny
most

form of structure

[Art des Tragwerks]
arrangement of structural
members

NOTE. — Forms of structure
are, for example, frames,
suspension bridges.

forma deestructura aebo
tipo de estructura

[tipo di struttura] (type de
structure)

disposicion de los el ementos
estructurales.

NOTA. — Unaformade
estructura es, por gemplo, un
armazon, puentes suspendidos

typ kondtrukcie

[typ konstrukce]
usporiadanie konstrukénych
prvkov

POZNAMKA. — Typy
kon&trukcie st napriklad rémy,
Visuté mosty.

construction material
[Baustoff] [Werkstoff]

materia used in construction
work, e.g. concrete, steel,
timber, masonry

material de construccién
[material da costruzione]
(matériau de construction)
materia utilizado en obrasde
construccion, por gemplo,
hormigon, acero, madera,
fabrica de albafiileria.

stavebny materiél
[stavebni material]

materid pouZzity nastavbu,
napriklad betdn, ocel’, drevo,
murivo

type of construction
[Bauweise]

indication of the principal
structural materid, e.g.
reinforced concrete
construction, steel

construction, timber
construction, masonry
construction, steel and concrete
composite construction

tipo de construccion alebo
modo de construccion
[sistema costruttivo]
(mode de construction)
indicacion del material
structural principal, por
gjemplo, construccion de
hormigdn armado,
construccién de acero,
construccion de madera,
construccién de fabrica de

druh stavby

[druh konstrukce]

oznacenie stavby podla
hlavného stavebného
materidlu, napriklad
zelezobetdnovd, ocel’'ova,
drevend, murovana, spriahnuta
ocel’'ovo-beténova stavba
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albahileria, construccidn mixta
de acero y hormigon.

method of construction
[Bauverfahren]

manner in which the execution
will be carried out, e.g. cast in
place, prefabricated,

método constructive alebo
procedimiento de gjecucion
[procedimento esecutivo]
(proceed d’exécution)
maneraen que sevaallevar a

spOsob vystavby

[stavebni postup]

spdsob, akym sa stavba
zhotovi, napriklad beton&Zou
na stavenisku, montazou z

cantilevered cabo la gecucion, por gemplo, | prefabrikétov, letmou
hormigonadain situ, betonézou
prefabricada, en ménsula.
structural system sistema estructural nosny systém
[Tragsystem] [sistema strutturale] [nosnéa soustava]
load-bearing members of a (systéme structural) nosne prvky budovy alebo
building or civil engineering elementos portantes de un inZinierskej stavby a sposob,
works and the way in which edificio o una obrade akym tieto prvky spolupbsobia

these members function
together

ingenieriacivil y laformaen
gue estos elementos funcionan
juntos.

ISO 6707-1:2017 [8] contains only definitions of English terms. The author added
Slovak and Spanish terms accompanied by photographs. The short samples which
were prepared for the students are shown in the following Tables 2-4. The complete set of
gpecial terms, but without Spanish equivalents was published in [9].

Table 2.

stavba

construction works

US: construction

vetko, ¢o sa postavilo alebo je vysledkom

stavebng ¢innosti

everything that is constructed or results from
construction operations

obrasde construccién

todo lo que se construye o resulta de operaciones
(tareas, trabajos) de construccién

Table 3.

inzinierska stavba

works

civil engineering

US: civil engineering
proj ect

stavba znamenaj lica konstrukciu, akou je
priehrada, most, pozemna komunikacia,
Zeleznica, vzletova a pristéavacia dréha, inzinier-
ska siet’, potrubie alebo stokovasiet’, alebo jeto
vysledok ¢innosti, akymi st bagrovanie, zemné
préace, geotechnické procesy, ale nepatri sem
pozemna stavba a s fiou slivisiaca stavebna
¢innost” ha stavenisku

construction works comprising a structure, such
as adam, bridge, road, railway, runway, utilities,
pipeling, or sewerage system, or the result of
operations such as dredging, earthwork,
geotechnical processes, but excluding a building
and its associated site works

246



MEXIYHAPOJHA HAYYHA KOH®EPEHIIUSI BAHW' 2022
INTERNATIONAL SCIENTIFIC CONFERENCE BASA'2022

POZNAMKA: Slvisiaca stavebna ¢innost’ na
stavenisku patri v USA k inzinierskym
stavbam

NOTE: Associated siteworks are included in US
civil engineering projects

obrasdeingenieriacivil

obras de construccién que comprenden
(incluyen) una estructura, como una presa,
puente, carretera, viaférrea, pista (autopista),
servicios publicos, tuberia o sistemade
alcantarillado, o el resultado de operaciones
(tareas, trabajos) como dragado, movimiento de
tierras, procesos geotécnicos, pero excluyendo
un edificio y sus obras asociadas en el sitio

POZNAMKA: patri sem aj kanalizécia (sewerage), ¢istiareii odpadovych vod (sewage treatment
plant), nadrz (tank), kotveny stoziar (guyed mast), tower (veza), silo (silo), chimney (komin), etc.

Table4.

pozemna stavba, budova

building

stavba, ktord ma pristreSok pre je obyvatel'ov
alebo obsah v ngj, ¢o je jednym z jg hlavnych
Ucelov; obycajne je ciastocne aebo Uplne
uzatvorend anavrhuje satak, aby trvale stdlana
jednom mieste

construction works that has the provision of
shelter for its occupants or contents as one of its
main purposes; usually partially or totally
enclosed and designed to stand permanently in
one place

porovng: vystavba

cf. building

obras de edificacion

las obras de construccion que tengan como uno
de sus fines principales |a provision de
alojamiento para sus ocupantes o contenidos;
por lo general parcid o totalmente cerrado y
disefiado para permanecer permanentemente en
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‘ un lugar

The curiosity and creativity are two psychological tools which may substantially
increase the interest of many students. That iswhy | asked them to prepare presentations
about various types of cultural heritage based on their own investigations of publications
including daily press. Some results of their investigation are given in the following
paragraph.

3. Cultural heritagein Slovakia
The photographs by Czechoslovak photographer Karol Plicka surely belong to
Slovak cultural heritage. His work was topic of the master thesis[10].

b) =
Fig. 3. @) Zemplin; b) Hrustin. (Karol Plicka, postcards 1925-27).
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Fig. 5. @) Women in the front of church. (Karol Plicka, 1925 [11]); b) Timber churchin
Zboj. (Karol Plicka, postcard 1925-27).

Fig. 6. @) Bradlo. Memorial of Gen. M. R. Stefanik; b) Detail of memorial (Karol Plicka,
1925 [11]).

Bradlo — Memoria of Gen. M. R. Stefanik was designed by DuSan Samo Jurkovi¢ (23.
August 1868, Tura Luka— 21. December 1947, Bratislava). He was a Slovak architect,
furniture designer, artist and ethnographer. One of the best-known promoters of Slovak art
in 20th century Czechoslovakia. He is remembered mostly due to his projects of
numerous World War | cemeteries in Galiciaand thanks to his wooden works of spa
complex inLuhatoviceand mountain cottage hotd Maménka and canteen Libusin
in Pustevny. Thanks to his artistic work with wood, he is referred to as "the poet of
timber". His architectonic style was a unique fusion of folk architecture and then-popular
architectonic styles, mostly associated with Art Nouveau. Jurkovi¢ repeatedly stressed:
"The work of art isrooted in thetime. | aso have always cautioudly listened to its voice.”
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Fig. 7. Libusin in Pustevny Ski Resort, Beskydy Mountains, Czech Republic. (1897-99).
Design: Dusan Jurkovi¢.

Fig. 8. Hotel Maménka, Pustevny, Beskydy Mountains, Czech Republic. (1897-99).
Design: Dusan Jurkovi¢.

2) ) b)
Fig. 9. @) Spahouse in Luhatovice, Czech Republic (1902); b) bridge by Jurkovi¢. Nové
Mésto nad Metuji, Czech Republic (1910). Design: DuSan Jurkovi¢.

DuSan Jurkovi¢ was the first to whom the title Nationa artist (1946) was awarded. He

designed much more structures as they are mentioned above and his work would surely
deserve the books not a part of short paper.
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Fig. 10. @) Alois Jirasek cottage in DobroSov, Nachod, Czech Republic (1923); b) Culture
house in Skalica, Slovak Republic (1905). Design: Duan Jurkovi¢.

a) b)
Fig. 11. @) Calvary at Bardejov. Beginning of building 1863, finished in 1868, sainted in
1869 (courtesy of bardegjov.sk, J. Lickova, Korzar PreSov, K. Gécziovd); b) Dron
photography (courtesy of Filip Liskay).

Calvary (Figure 11) is located not far from Bardgov centre. It consists from the
church Exaltation of Holy Cross and 14 chapels. Twice a year the cavary is the site of
large regional pilgrimages. Calvary lacks an adequate road, new benches and lighting. The
chapels also need renovation. It needs urgently renovation. However, after years thereis a
plan to improve this place.
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Fig. 12. Church of the Seven Sorrowful Virgin Mary in Horna Lehota built witis own
help in the era of the toughest communist normalization (courtesy of MY Orava, Dorota
Mikul&Sova, source: LP).

300-year-old Church of the Holy Trinity on the hill above the village Horna Lehota
was too small for 600 inhabitants. That is why the new church (Figure 12) was built in
1969-1972 with money donated by emigrants to the USA. In the interior there is a Pieta
statue by A. Grom.

Thanks to the European Capital of Culture 2013 project, about 20 objects in KoSice
have been improved, reconstructed and made operational. One of the most beautiful Slovak
classicist mansions in Krésna (Figure 13) was reconstructed from ruins for 1,2 million
€euro.

—
Fig. 14. Secondary Industrial School of Mechanical Engineering in Ko3ice from 1872.

(courtesy Korzér Kosice/ Katarina Gécziové, source: FB / SPS Strojnicka).
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This year, the school (Figure 14) is celebrating 150 years since its establishment,
which makes it one of the oldest of its kind in Central Europe. At the same time, it was the
first ever industrial school in Austria-Hungary. Teaching in it began on October 9, 1872 in
the form of a three-year Higher Engineering School. At first, 19 students sat in its desks,
during the first school year this number increased to 31. Two years later, it already had
three classes and its own professors. In the six months after the exams, three were
dismissed for failure, 21 students successfully completed the first year, four failed and
three attended the school as guests.

S —— -—.-—.-.—4--5-_:4_-":-:""..%!3“)25;_:‘:-—-

Fig. 14. Istropolis, the House of Trade Uni ons on the Trnava Myto in Bratislava

The famous Slovak architects Ferdinand Konéek (1929), ITja Skocek (1930-2022),
LCubomir Titl (1929-2018) won in 1956 competition and designed the building of the
House of Trade Unions which was opened in 1981. The building of the House of Trade
Unions on the Trnava Myto in Bratislava, also known as Istropolis, was built in the 1980s.
It served as a conference palace for the leaders of the communist regime. After 1989, it
was the property of the trade unions. The municipality tried to buy it, but no agreement
was reached. The union sold Istropolis to a private investor in 2017. After longer resistance
and hesitation the municipality decided in January 2022 that Istropolis may be removed.
Developer plans to demolish the building and build the New Istropolis project there. Titl
and Skocek died without knowing that their work will be destroyed.

Fig. 14. New Istropolisin Bratislava (visualization: developer Immocap).
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Not only building and civil engineering structures belong to the national heritage.
Karel Gott (14 July 1939 — 1 October 2019) was a Czech singer, considered the most
successful male singer in Czechoslovakiaand the Czech Republic. He was voted the
country's best male singer in the annual Cesky slavik (Czech Nightingale) national music
award 42 times, most recently in 2017. Over the course of his career he released over 100
abums and 100 compilation albums, and sold an estimated 50-100 million records
worldwide, 23 million of them in the German-speaking market.

Miroslav "Miro" Zbirka (21 October 1952 — 10 November 2021), called Meky, was
a Slovak pop and rock singer and songwriter, widely popular in 1980s Czechoslovakia.
Born in Bratislavato a Slovak father and an English mother, he sang in Slovak, English,
and Czech. He sometimes recorded in London, but lived in Slovakia and since early 1990s
in Prague, Czech Republic, where he died. Together with the artist’s Czech wife Katefina,
the National Museum in Prague decided to commemorate the personality of Miro Zbirka
through an exhibition “Miro Zbirka — years and days’ in the Historical Building of the
National Museum. 28 panels and, above all, a number of important and at first glance
insignificant things will present the singer’ s life and work not in dry data, but in stories, not
in nostalgic memories, but in celebration of musical enthusiasm, talent and empathy.

Conclusion

Education of structural engineers and importance of cultural heritage in process of
teaching them. Experiences of members of Department of Languages at Faculty of Civil
Engineering, Slovak University of Technology in Bratislava, Slovakia.
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RELIGIOUS CULTURAL HERITAGE IN THE SLOVAK REPUBLIC IN
THE EDUCTION OF CIVIL ENGINEERING STUDENTS

BalaZova Pavla!

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, Slovak Republic

Abstract: Wooden and brick, Gothic and Baroque sacred buildings and monuments in
eastern Slovakia. Eleven churches including the highest one with details of the top of
their towers. The highest Slovak church (87 m) in Spisskda Nova Ves compared with
the second highest one (85 m) in Bratislava. Twelve postage stamps Cultural heritage
in Slovakia issued in 2™ January 2009 and postage stamp 1150th anniversary of the
recognition of the Slavic liturgical language issued together with Bulgaria, the Czech
Republic and Vatican City State. Importance of topic Cultural heritage in the educa-
tion of civil engineers.

Key words: cultural heritage, education of structural engineers, postage stamps

1. Introduction

Slovakia became an independent country on January 1, 1993, after peaceful
separating of Czechoslovakia into Czech Republic and the Slovak Republic. It is located in
Central Europe, bordering Hungary (677 km), Poland (444 km), Czech Republic (252 km),
Ukraine (97 km), and Austria (91 km). The total area of Slovakia is 49 035 km2. The
population is about 5,447 million people. Slovakia is a member state of the United Nations
(1993), European Union (2004), and the European Economic and Monetary Union (2009),
among others. The official language is Slovak, very similar to the Czech language, both
members of the Indo-European Slavic language family.

Three localities from Slovakia were inscribed to the UNESCO World Heritage List
already in 1993: Castle of Spi§ and its environs, Bansk4 Stiavnica and Vlkolinec. In 2000,
the historic town Bardejov was added, in 2008 wooden churches of the Slovak part of
Carpathian Mountain Area and in 2009 town Levoca. The paper presents only small
number of churches, chapels and rotundas belonging to cultural heritage of Slovakia.

Educators at Faculty of Civil Engineering, Slovak University of Technology in
Bratislava take part in investigation, assessment, reconstruction and strengthening of
historical structures including those belonging to cultural heritage. Some bachelor, master
and PhD final thesis are devoted to such problems too.

Information about existing cultural heritage in Slovakia is important part of
education. Slovak and foreign students are informed about it also in the frame of subject
English language by members of Department of Languages.

! Balazova Pavla, Mgr., Bc., Slovak University of Technology, Radlinského 11, 810 05 Bratislava and
Comenius University, Gondova 2, 811 02 Bratislava, the Slovak Republic, balazpa@gmail.com
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2. Towers of eleven churches in eastern Slovakia plus St. Martin's Cathedral

Fig. 1. Dome of St. Elizabeth in KoSice is the easternmost Gothic cathedral in Europe. It
has an area of 1200 square meters and a capacity of more than 5000 people. They started
building it at the end of the 14th century on the site of the original parish church, while at
that time there were also Dominican and Franciscan churches in the town.
(Courtesy of TASR).

=

Fig. 2. The towers are part of the Church of St. Cross on the Calvary in PreSov. The
emergence of the Baroque complex is linked to the work of the Jesuits and re-
Catholicization. The church on top of the hill is 253 years old and some chapels were built
in the 19th century. The oldest chapel of Christ on the Mount of Olives was already
consecrated with a cross in 1721. (Courtesy of Korzar/Michal Frank).

Fig. 3. The late-Renaissance watchtower is a dominant feature of the h1st0r1<:a1 center of
Roznava, old mining town. It was built in the years 1643-1654, that is, in the period when
the country was threatened by the Turks and it performed an important defense function.
The Turkish cannon ball can still be seen in its southern facade. (Courtesy of TASR).
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Fig. 4. The pediment of the Roman Catholic Church of the Assumption of the Virgin Mary
in SpisSska Nova Ves is 87 meters high, and thanks to this, it is entered in the Book of
Slovak Records. In the tower there is the highest bell tower on Spi§ and there are 7 clock-
faces on it. According to the legend, the "blind Spi$ people" could not see the clock placed
higher, so they added another ones a little lower.

ﬁ

Fig. 5. The second highest church in Slovakia: the St Martin's Cathedral in Bratislava.
Compare it with Fig.2. The tower is 85 m (279 ft) high and at one time was part of the
medieval city fortifications. The cathedral is constructed in the traditional crucifix shape. It
is the largest and one of the oldest churches in Bratislava, known especially for being
the coronation church of the Kingdom of Hungary between 1563 and 1830. The tower is
capped by a replica of the Hungarian Crown resting on a gilded pillow.
(Courtesy of Wikipedia).

Fig. 6. Church of St. Stephen the King from the end of the 18th century stands near
Domasa, a multipurpose water works - a water reservoir.
(Courtesy of Matus Vavrek, KOCR Severovychod Slovenska).
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rmer king
town, decided to build a new church. That is why the delegation in 1870 chose the Danish
civil engineer Teofil von Hansen, at that time the chief landscape architect in Vienna, who
presented his own projects and those - as tradition says - were originally intended for the
Orient. Construction lasted 22 years with an 11-year break. The height of the tower is 42
meters and the height of the dome is 33 meters. (Courtesy of TASR).

| T o
Fig. 8. The Church of the Holy Spirit in Medzilaborce rises on a hill above the city and
inside hides a feast for the eyes. This majestic Orthodox temple was built in 1949 in honor
of fallen soldiers in both world wars. It stands on the site of an old wooden church and is
also a memorial to fallen heroes - Slavs from the First and Second World Wars.

(Courtesy of Pravoslavna cirkevna obec Medzilaborce).

r".o'.'
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Fig. 9. Roman Catholic wooden church of St. Francis of Assisi, made of red spruce, was
built in the Gothic style at the end of the 15th century. It is located in the center of
Hervartov village in the Bardejov district. Since 2008, it has been included in the list of
UNESCO monuments. It is the oldest and one of the best-preserved wooden churches in
Slovakia. (Courtesy of J. Stovka).
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Fig. 10. The Premonstratensian Monastery with the Church of St. John the Baptist in Jasov
is the largest late-Baroque monastic complex in Slovakia. It has symbolic 365 windows, 12
chimneys and four gates. The first mention of the Premonstratensians in Jasov dates from
1255. They started building the complex as we know it today in 1746.
(Courtesy of Opatstvo Jasov).

Fig. 11. In the 13th century, the people of Levoca town built a small chapel in the forest
above the town, out of gratitude that the Virgin Mary protected them from the Tatars. In
1470, it was rebuilt into a Gothic temple, which was rebuilt several times. The Church of
the Visitation of the Virgin Mary is a cruciform building, built according to the project of
Anton Miiller. The longitudinal nave is 27 meters wide, 16 meters across and 42.5 meters
long. The statue of the Virgin Mary on the main altar dates from the first half of the 15th
century. The Marian holiday is celebrated there every year by thousands of believers, and
the Pope was not missing among them. (Courtesy of Wikipedia/Karelj).

= P -1

Fig. 12. Minor Basilica of St. Aegidius is the most important monument of the square in
Bardejov. The temple took the form of a magnificent Gothic basilica with three naves, it
has 11 late Gothic wing altars, and the most valuable is the side altar of the Nativity, which
is included in the circle of the Krakow workshop of W. Stwosz. The basilica has stood in
the middle of a unique square since the 15th century, and the interior, among other rarities,
also contains a sculpture by Master Pavol from Levoda. (Courtesy of Wiki/Ondiej Zvacek).
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2. Slovak Cultural heritage on postage stamps

P ==

SPOLOCNE VYDANIE § CESKOU REPUBLIKOU,
VATIKANOM A BULHARSKOU REPUBLIKOU

SPOLECNE VYDANI SE sLovenskou kepusLikou, o MUDSTONE CONCRONTA
VATIKANEM A BULHARSKOU REPUBLIKOU
Fig. 13. 1150th anniversary of the recognition of the Slavic liturgical language.

For the first time in history Slovak Post was awarded the award for the most beautiful
stamp in the world with a Christian theme in the competition "Il Premio Internazionale
d'arte Filatélico San Gabriele". The stamp was issued in 2013 as a joint edition with
Bulgaria, the Czech Republic and the Vatican City State, on grounds of the initiative of

Slovak Post, which provided the art design of the stamp to other countries.
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1150th anniversary of the recognition of Old Slavonic as a liturgical language. This
act was preceded by the forty-month stay of Constantine and Methodius in Great Moravia,
after which they went with their pupils through Pannonia to Venice, then belonging to the
Byzantine Empire, and to Constantinople. There they wanted to have their disciples
ordained, whom they could not ordain themselves, because they did not yet have the
episcopal rank. They were caught in Venice by the invitation of Pope Nicholas I to Rome,
so they changed their original intention. Pope Hadrian II received them in Rome, because
Pope Nicholas I died in the meantime. Their reception was very dignified because they
were bringing the remains of the martyr Clement. The Pope sanctified the Slavic books
they brought, approved them and ordained disciples for them. These historical events are
depicted on the sheet based on the mosaics preserved on the triumphal arch of the Santa
Maria Maggiore church in Rome and an important monument of Slavic literature — the
Zograf Codex, named after the Zograf Monastery on Mount Athos. Old Slavic thus became
the fourth liturgical language alongside Hebrew, Greek and Latin.

ISIOVENSKGH
el S

ONSNIAQT

FIG. 14. Postage stamps Cultural heritage of Slovakia issued in 2nd January 2009.

0,01€ Chapel of the Saint Margaret of Antioch, near Kopcany, is one of still
standing churches for which the Greater Moravian origin is considered. It belongs to the
oldest churches in Slovakia. The chapel was built probably in the 9th or 10th century and
was first mentioned in 1329.

0,02€ Church of the Assumption of the Blessed Virgin Mary in Boldog. The
church was built in the first half of the 12th or maybe in the 11th century. Around 1220, it
was extended westwards. After 1280, both the church and the whole local community
passed into the possession of the Order of Poor Clares. In the years 1364-1370, they made
a gothic reconstruction of the church. In 1605 the temple was damaged during insurgent
fights. From 1634, the building belonged to the Calvinists, but it was not used and
systematically destroyed. In 1706, the church was once again taken over by the Poor
Clares, which in 1713 renovated it. In the mid-nineteenth century, the building received a
new roof. In 1976, a professional reconstruction of the church took place, during which
Romanesque and Gothic windows and other original architectural elements were
discovered.

0,05€ Rotunda of St. Margaret in Sivetice. The rotunda was built in the second
quarter of the 13th century, probably in the 1240s, perhaps from the foundation of the then
village owners, the Zach family. It is believed that along with the smaller rotunda in nearby
Prihradzany and the non-existent castle under the hill Muten, it created a defense system,
in addition to its original sacred function. In addition to location and visual contact of all
three, the narrow windows of the building also show defensive function. Around 1270, the
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interior of the rotunda was decorated with Romanesque frescoes. The pressure of the roof
on the vault led to the first renovation in the first half of the 14th century. During it, a stone
lantern was demolished on the roof of the building. In 1750, next to the rotunda, a baroque
belfry was built and the perimeter walls were raised while replacing the roofing. Artistic,
architectural and archaeological research took place in the 70’s and 80’s of the last
century. In 2007, the renovation started, thanks to the support of the Ministry of Culture of
the Slovak Republic.

FIG. 15. a) 0,01€ Chapel of the St. Margaret near Kopcany; b) 0,02€ Church of the
Assumption of the Blessed Virgin Mary in Boldog; ¢) 0,05€ Rotunda of St. Margaret in
Sivetice, photo Marek Seregi. (Courtesy of Wikimedia Commons).

0,10€ Church of St. John the Baptist in Sedmerovec-Pominovce. The church was
built in the no longer existing village of Pominovce (“villa Pomnen”) in the 12th
century. The village disappeared already in the Middle Ages. According to the local
tradition, it was caused by the flooding of the Vah River, after which the population moved
and founded the settlement Sedmerovec, but it is possible that the destruction was caused
by the armed invasion of Moravians. In the 18th century, the capacity of the small church
was increased by the addition of wooden galleries on the southern and northern walls of
the nave, but in the first half of the 19th century they were removed due to poor
condition. In 1884, the neglected building was renovated, with new columns installed in
the tower windows and a new entrance portal. Professional repair of the church took place
in 1936, and the last restoration began in 2008. During its course, wall paintings were
discovered inside. A similar church is located close to Nitra, in DraZovce.

0,20€ Church of the Reformed Christian Ecclesia in SvituSe. Romanesque
Church from the early 13th Century. The original church was built on a hill in a dominant
position above the village sometime at the beginning of the 13th century. It was a small
brick one-nave building with a western tower, an emporium and a sanctuary of unknown
shape, which, according to everything, was among the most luxurious rural churches of the
Romanesque period in our territory. In written sources, the village and the church are
mentioned as early as 1228. In the second half of the 15th century, it no longer suited the
growing number of believers, so it was radically rebuilt. The nave of the church was
expanded to the south and east, which required the demolition of the southern Romanesque
wall of the nave and the original sanctuary. It was replaced by a significantly larger
polygonal presbytery. In addition, a sacristy with a rectangular floor plan was added to it
from the north side. By extending the nave to the south, the tower went outside the axis of
the west front. In the 16th century, local believers converted to the Calvinist faith, while
the oldest local priest is documented as early as 1598. The church underwent a Baroque
reconstruction in 1794, when the nave received a wooden coffered ceiling. The building
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acquired its current form only in 1907, when a longitudinal chapel was added on the north
side. This brought the Romanesque tower back to the center of the western facade. At that
time, the Gothic sacristy no longer existed, and only parts of the walls remained, which
were transformed into the supporting pillars of the presbytery. The church was restored in
1909 and 1967, since 1963 it has the status of a national cultural monument. The complex
restoration was carried out in 2005 - 2017.

0,33€ Church of the Nativity of the Virgin Mary in Cierny Brod (Black Ford).
The church was built in the second or third decade of the 13th century. Around 1550 or at
the beginning of the 16th century, the building was enlarged. The original apse was
replaced by a polygonal presbytery, a tower was added from the west, and the central nave
was widened with aisles. At the end of the seventeenth century, the temple was in bad
condition, in the second decade of the eighteenth century there was even the threat of
collapse. The change took place in 1752 when a thorough renovation of the building was
carried out. An important breakthrough in the architectural development of the building
was a fire in 1915. In the following years, the aisles were removed and original facades
were discovered. Another reconstruction of the church took place in 1940-1943. At that
time, the tower was removed and the fagade was restored to the original state.

b) c)

FIG. 16. a) 0,10€ Church of St. John the Baptist in Sedmerovec-Pominovce, photo Marek
Seregi; b) 0,20€ Church of the Reformed Christian Ecclesia in Svituse, photo Szeder
Laszl6; ¢) 0,33€ Church of the Nativity of the Virgin Mary in Cierny Brod (Black Ford),
photo L. Repta. (Courtesy of Wikimedia Commons).

0,50€ Church of St. Martin is located in the town of SpiSska Kapitula and is the
cathedral church of the SpiS diocese. The cathedral was built between the 13th and 15th
centuries in the Romanesque and Gothic styles. It is one of the largest and most interesting
Romanesque monuments in Slovakia. It contains many medieval carved altars and is the
resting place of many lords of Spi§ Castle; the 15th century carved marble tombstones of
the Zapolya family are of exceptional quality. A recently restored wall-painting from 1317
depicts the coronation of Charles Robert of Anjou as the King of Hungary; another
painting in the cathedral is the source for the provisional name of the anonymous Master of
Kirchdrauf. Spisska Kapitula became the main seat of the church administration in the
region in the 12th century. In 1776 it became the seat of the Diocese of Spis, after
Hungarian queen Maria Theresa split the Diocese of Eger (now Archidiocese of Eger).
Spisska Kapitula was visited by Pope John Paul II in 1995.

0,66€ The Church of St. Aegidius in Ilija. Ilija municipality is a small but beautiful
village situated under the highest hill of the Stiavnica Mountains — Sitno. The picturesque
village is dominated by already mentioned Roman-Catholic church dedicated to St. Abbot
Aegidius. The church of St. Aegidius (Svéty Egidius) played a crucial role in development
of the village. Entire settlement was named after the patron of the church: until 1526 Ilijja
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was called Sanctus Egidius in Latin-written documents and Swaty Ilik in old-Slovak
language. We don’t know much about the development of Ilija from 1266, when several
written sources mention the Church of Saint Aegidius, to the late 14th century.

0,83€ Church of the St. Stephen the King in Zilina-Zavodi.The church was built
in the first thirty years of the 13th century. Shortly after completion of construction, the
interior of the chancel was decorated with late-Romanesque murals. The decorations of the
church were made by Dominicans from Klastor pod Znievom, who stayed there before
1250. In the 15th century, a funeral chapel was built in the southern part of the church. The
church served as a parish temple for many remote settlements. Even during the
Reformation, it remained Catholic. In the turbulent 17th century, it was fortified with a
perimeter wall. Probably in 1762, the Jesuits carried out an extensive rebuilding, replacing
the original wooden ceiling of the nave with a new vault. Unfortunately, in this period also
the original Romanesque windows were also replaced by new, larger ones. At the
beginning of the 19th century, the church served as a military warehouse and was not
repaired until 1849. At the end of the 1940s, murals in the corpus, apse and eastern part of
the nave were discovered, prompting the church to be renovated. The paintings were
restored in 1955-1956. Archaeological research carried out in 1995, revealed the
foundations of the funeral chapel. In 2008 and 2009, research was carried out, and then the
frescoes in the interior of the church were renewed.

c)
FIG. 17. a) 0,50€ Church of St. Martin in SpiSska Kapitula, photo J. Kotuli¢; b) 0,66€
Church of St. Aegidius in Ilija not far from Banska Stiavnica; ¢) 0,83€ Church of St.
Stephen the King in Zilina-Zavodi, photo Z. Granova. (Courtesy of Wikimedia Commons).

1,00€ Church of the Assumption of the Blessed Virgin Mary in Biia. The church
was built in the late 12th or early 13th century as part of a Premonstratensian monastery,
founded by Comes Omodej, before he set out on a crusade alongside King Andrew II in
1217 or 1218. It was first recorded in written sources in 1273, in a document containing the
last will of the deceased Magister Stefan, a member of the Hunt-Poznan family, who was
to be buried in the church in Bina and which confirmed the donation made to the
monastery by his father Omodej. This donation was most likely transferred to an already
functioning convent. At the turn of the 12th and 13th centuries, at least some stonecutters
worked on the construction of the monastery, taking part in the reconstruction of the
cathedral and the royal and archbishop’s residence in Esztergom. Works in Bifia probably
lasted until the end of the second decade of the 13th century, being in its final stage at the
time of the founder’s crusade. Omodej’s descendants kept the patronage over the
monastery and church probably throughout the Middle Ages. In the 16th and 17th
centuries, the surrounding lands and the abandoned monastery were under the rule of the
Turks, with the Premonstratensians leaving Bina already in the 16th century. The
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monastery complex was captured in 1683 by Polish troops returning from Vienna, which
led to the destruction of most of the buildings. The renovation of the church itself took
place in 1722-1732, when the nave and the vestibule were vaulted again. During it, the
Baroque reconstruction of the temple was carried out (transformed windows in the nave,
porch and side chapels, building the southern sacristy), and in the years 1861-1862 another
modernization took place, unfortunately carried out in a rather arbitrary way. It caused so
much opposition that in the years 1895-1898, further renovation works were carried out,
this time in the neo-Romanesque style. The building was severely damaged during World
War II. The explosion destroyed the vestibule (porch), almost the entire north tower and
the upper part of the south tower, as well as the nave’s roof. Fortunately, in the years 1951-
1955 a comprehensive reconstruction of the monument took place, combined with
architectural research.

1,33€ Church of the Holy Cross in Hamuliakovo. The first building in the area of
today’s church was a polygonal, octagonal rotunda, built around 1220. After about 40
years, it was enlarged into a single-nave church with a tower. Subsequent reconstructions
took place in the Baroque period, and later in the 19th century. At that time, a sacristy was
built on the northern side of the chancel, and due to the problems of the structure with the
static, the chancel was reinforced with buttresses. Additionally, a brick vestibule was
added in front of the original Romanesque portal. In the early 1930s, the rebuilding of the
tilting tower was considered, but fortunately the authorities did not allow it, due to the
great value of the church. In the 70s of the last century, research was carried out, the results
of which became the basis for the renovation project of the monument in 1979-1981,
during which, among others, medieval wall paintings were discovered. After the building
was statically secured, because it was still in danger of collapsing, the early modern
buttresses at the presbytery and the southern vestibule were removed.

2,00€ Church of Archangel Michael in DraZovce. Romanesque church of
St. Michael was founded at the beginning of the 12th century on the site of an iron age
settlement and on the foundations of an earlier temple from the mid-eleventh century. In
the twelfth or thirteenth century, it went under the administration of the Benedictine
monastery. At that time, it was also added a western turret and most likely a gallery. At the
end of the 18th century, a rebuilding was carried out, during which the perimeter walls of
the nave were raised, the entrance was widened, the porch and windows on the tower were
modified, and the interior fittings were replaced. In 1803, a new church was built directly
in the village, so the church of St. Michael ceased to fulfill its original role. Fortunately, it
avoided demolition, and renovation works were carried out in the 19th and 20th centuries.

FIG. 18. a) 1,00€ Church of the Assumption of the Blessed Virgin Mary in Biia, photo
Marek Seregi; b) 1,33€ Church of the Holy Cross in Hamuliakovo; c) 2,00€ Church of
Archangel Michael in Drazovce. (Courtesy of Wikimedia Commons).
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Conclusion

Information about 24 historical religious structures belonging to the cultural heritage
of the Slovak republic [1]. Some of them where promoted on the postage stamps.

Information about cultural heritage together with knowledge of terminology of civil
engineering and architecture [2] is very important part in education of structural engineers.
Experience of members of Department of Languages at Faculty of Civil Engineering,
Slovak University of Technology in Bratislava, Slovakia, confirms it.
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SURVEY AND ANALYSIS OF DETAILS FOR CONNECTION BETWEEN
TIMBER FLOOR CONSTRUCTION AND MASONRY WALLS IN HISTORIC
BUILDINGS

Petar Grekov !, Anton Gorolomov 2, DonchoPartov
123 University of Structural Engineering and Architecture, VSU “L. Karavelov”, Sofia

Abstract: This paper presents a literature review on the traditional and innovative wall-
to-timber floor anchors used in unreinforced masonry buildings taking into account
experimental works, analytical and numerical studies.Out of plane failure of unreinforced
masonry walls is considered one of the most vulnerable seismic hazards in medium and
high earthquake-prone regions. Efficient structural connections enable global equilibrated
mechanisms, ensuring the “box-behavior”. Timber floors are widely used as horizontal
diaphragm in historical constructions, and their connection to the boundary walls is
crucial to facilitate internal force redistribution and to restrain out of plane walls

Key words: out of plane failure, timber floors, box-behavior, numerical studies

MPEIJIE] U AHAJIN3 HA JJETAMJINUTE 3A CBBP3BAHE MEXJY JHPBEH
MNoAOB I'PEAJOPEA U CTEHMU B 3SUJAHU HCTOPUYECKH CI'PA/IN

1 2 3
Ilemwvp [ pexos’ , Aumon I'oponomog” /lonuo Ilapmos

1,23
Yuusepcumem no KoHCmpyKmu6Ho uHMICEHepCmeo u apxumexmypad,
BCY ,,Jl. Kapasenos”, Cogus

Abcmpakm: J[okiadvm cvOvpoca ob6cmoer npezied Ha Cobuecmeysayu: mpaouyuoHHu u
UHOBAMUBHU OeMAIU 3 AHKEPUPAHE HA 6PB3KA MencOy Noo U CMEHd, U3NOA36AHU 8
cepaou om HeapmMupawa 3uoapus, Kamo ce 63emam Nnpeosud eKcnepumMeHmaiHu
Ppaspabomku u Opyeu aHATUMUYHU U YUCIEeHU peulenus Ha npobrema. M36bH pagHUHHOMO
paspywiaeare Ha 3UO0QHU MYXJAeHU UIU KAMEHHU CMeHU ce cyuma 3a eoOHa Om Hal-
VAZ6UMUME CEUSMUYHU ONACHOCIU 6 CPEOHO U CUTHO 3eMempbCHu paiionu. Egexmueno
U3NBIHEHUmMe KOHCMPYKMUBHU BPB3KU MeH Oy ObPEeHUs N0008 2peooped U 3U0aAPUIHO
uzepadenume CmeHu, NO360J516AN 6b3HUKEAHEMO HA 2N0OAIHU YPABHOBECEHU CbCMOSHUSL,
Xapakmepuspauu Kamo MexXaHusMu, OCU2ypaeawu noseama Ha M.H. NOBE0eHYeCKO
nogeoenue Ha KymusoobpasHume 4yepynkosu KoHcmpykyuu. ,,box-behavior”. Obuknoseno
Ovpeenume no0osuU 2pedopedu (KOHCMPYKYULL) ce cuumam 3a XOpu3oHmaiHu ouagpazmu 6
ucmopuyeckume no008U KOHCMPYKYUU, KaAmo 6pb3Kama um ¢ (acaonume CmeHu, ucpae
8AICHA POJIAL NPU NPOABAMA HA 8bMPEUIHO NpepasnpedeieHue Ha cuiume Ha KOHMAaKma
MedHcoy msx.

Knwuosu oymu: uzevH pagnunHo paspyuiasane, 0bpeeH epedopeo, YUCIeHO U3Cie08aHe
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1. BbBeaenue

CeriacHo [45], pa3pyliaBaHeTo W3BBbH paBHMHATAa HAa HEYKpENEHHW, 3UJapUHHO
U3TpaJIeH! TYXJICHU WM KAMEHHH CT€HHU, KOETO sIBIIEHHE € HabI0JaBaHO KaKTO B MUHAIIH,
Taka ¥ B 10 CKOPOIIHU CIy4UIid ce cenm3MuyHu croutus (M6.3 L'Aquila ot 2009 1.), ce
npuemMaTr OT CHELUAIUCTUTE B Ta3W OO0JIaCT, KaTO CEpHO3HA M HEeXeJaTedHa IbpBO-
npuunHa [1], 3a pa3BuTHe Ha mocieABalmM katactpodanHu mnoBpenu. CTapuTe 3UIaHU
CTpajiil 4eCTO ca M3rpaxkaaHu 0e3 MpHuiiaraHe Ha CeM3MUYHU KOHLEMIUU U IPAKTHKH, KaTO
pearupar ciabo JOpH MPU 3€METPECEHUs ¢ HUCKA U CpeHa MHTEH3UBHOCT [2]. ['onsimoTo
pasHooOpa3ue OT BUJIOBE CTPOTEIIHU MaTepHaIN U FeOMETPUS NIPUHYK/1aBa aHATU3aTOPUTE
Jla U3cieBa BCEKH Mpo0IeM KaTo YHUKAJIEH, KaTo ce MMa MpeaBua (Korato € Bb3MOXKHO)
Ja TOoJy4aT IO EeKCIEpUMEHTaJeH NbT CBOIlCTBaTa Ha BJIOXKEHUTE Marepuainu. bes
MIPABUJIHO PEUICHH U peallu3upaHy aKCHAIHU BPB3KU: MEXAY JbPBEHUS [100B Ipeiope] U
dacagauTe cTeHU (Pa3MoNOKEeH!) NEPIECHANKYIIIPHO HAa HANPaBJICHUETO HA CEM3MUYHUTE
CHJIN), CHIIIUTE Ca CHUJIHO YSI3BUMH KbM TOBPEIU M3BBH TsAxHaTa paBHUHA [3]. [locTarbuHo
KopaBaTa 1ojoBa auadparma (crupsmMo (acajHUTe CTEHH) C€ M3UCKBA CBIIO Taka, Aa Obie
CBbp3aHa KbM CTPAaHUYHHUTE CTEHU B paBHHMHA (YCIIOPEIHO HA [OCOKATa HAa CEU3MUYHHTE
CHJIN) 4pe3 MOAXOJIIM BPb3KU Ha Cpsi3BaHE, CIIOCOOHU J1a pasnpeAeisT UHEPLHOHHHUTE
CWJIM KbM CEU3MHYHO-ycTOoWuuBUTE cTeHu. [lomoBata nuadparma, chbBMECTHO € J00Ope
U3IIBJIHEHUTE CEU3MHUYHU JETANIN, OCUTYpSBA T.H. KyTHEOOpa3HO YEPYIKOBO MOBEJICHHE,
,box-behavior”, ¢ akTuBUpaHe Ha rI00aHU ypaBHOBeceHH MexaHu3Mu [4] (Dwur. 1).
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ucropuueckute crpaan Ha URM[4]

Bbnpeku, ye BIMSAHUETO HA CEM3MHUYHOTO aHKEPUPAHE MEXIY CTEHUTE U IOJOBUTE
KOHCTPYKLIMM Ha MCTOPUYECKUTE OOCKTH € J00pe MO3HATO Cpea MHXKEHepHaTa OOIIHOCT,
TOBA € YeCTO IpeHeOpersaHa TemMa IpH OLleHKaTa Ha ChllleCTBYBaIuTe crpagu. OcBeH ToBa
U3CIIeq0BaTeNnuTe ce (POKycHpaT TJIAaBHO BBPXY TIJI00ATHOTO CEM3MHYHO IOBEICHHUE HA
CrpajuTe M ce IpeasaraT peleHHs 3a yKpelBaHe caMO Ha I'bPBUYHMTE KOHCTPYKTHBHHU
€JIEMEHTH, KaTO CTEHU U MOJI0BE WJIM MOKpuUBHU [5,6]. Ta3zu cratus mpencrass Iperjien Ha
JIeTallIuTe 3a aHKepUpaHe MEXAY CTEHHTE W IMOJOBHs Tpelopes, H3MOJI3BaHU 3a
HaMaJlsBaHE Ha CEuU3MMYHaTa YSA3BUMOCT Ha 3ujaHaTa KoHCTpykuus. Haii-yecto
CpEIIaHUTe B NMpaKTHKaTa CHILIECTBYBAIIM PEIICHHs, a Taka ChIIO M MO-CbBPEMEHHHUTE,
MHOBAaTUBHUTE 3aKpPENBaHMUS, OTKPUTH B JUTEpaTypaTa, KakKTO U EKCIIEPUMEHTAHUTE U
YUCICHNUTE MOAXO0M ca 000OILIEHN B M3JI0KEHUS IO J0JIY TEeKCT, B ChbOTBETHUTE: 2, 3 u 4
TOUYKHU Ha JOKJIaJa.
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2. Onucanue HA AaHKEPHM YCTPOHCTBA MeXAy MOAOB Ipeiopel U Orpaskaaiiu
CTeHHU

Ceorinacho [45] enHa oT Hali-4eCTO CPEIIAHUTE U IIUPOKO Pa3NpOCTPAHEHU BUIOBE
XOPU3OHTAIIHU quadparMu B UCTOPUUCKUTE OOCKTH Ca MU3ITBIHEHU OT IbPBEHU IPEIOPEIH,
M3IBJIHEHU OT MaCMBHA WJIM MHOTOCIJIOMHA JIbpBecHHA. B Ta3u cTpouTenHa mpakTuka mpes3
OHA3U €roxa, €JIEMEHTUTE OT IBPBEHUST TPEIOpe]] Ce IMojarar B CIEIHaIHHU JIeryia ¢
pa3Mmepure Ha rpejarta cb3AaieHu B 3uAapusrta. [1o To3u HauMH ce cbh3/1aBa Bpbh3Ka MEKIY
JBaTa €JIeMEHTa, YWUUTO KamaluTeT € OOYyCIOBEH OT TOJIeMUHATa Ha AaKCHUAITHOTO
U3TpBIBaHE, MOPOJEHO OT CUJIUTE HA TPUEHE MEXAY TAX , FEHEPUPAHU OT BEPTUKAIHUTE
CTaTUYHU HATOBapBaHUsA. B mpakTukaTa ce cpemiatr pa3iMuyHdA PEIIeHUs, MPU KOUTO Ce
M3MOI3BaT METAIHA aHKEPHU €JIEMEHTH, KOUTO CBBP3BAT BHHIIIHATA TYyXJICHA UM KaMEHHA
CTeHa ¢ abpBeHara auadparma. Te3w ycTpoicTBa (M3ITBIHEHU TJIABHO OT KENISA30 WIIU
CTOMaHa) UMaT 32 OCHOBHa ()YHKIIUS J]Ja OCUTYPST BPb3Ka MEXIy ABPBEHUS Ipeopen 1
3UIapUsATa, Ype3 U3MOJI3BAHETO HA METATHH TUIOYH, KOUTO ca 3aKpereHu KbM JbpBecuHaTa
gpe3 00JITOBU CheUHEHHS WK TBo3ael. OT apyra cTpaHa KbM T€3U METAITHU TUTACTHHU CE
3aKpernBar, ype3 3aBapsiBaHe, KOBAHE WM HUTOBAHE ABITU IIMUJIKUA, KOUTO MPOHHU3BAT
3UIapusATa U Ce CBBP3BAT ChC CIEIHAlIHA TUIOYECTa KOTBa, KOSATO ce omupa BbB (pacamaTta
Ha crpajara U 4pe3 CBOsITa MOBBPXHOCT 3aKOTBS KbM cebe cu mojoBara auadparma Ha
crpajgata, KaTro s TpUHYXJaBa Jla Cce€ JABWXKAT KOIUIGKCHO [0 HalpaBJICHUETO
HAaCEeU3MUYHHUTE Bb3/ICUCTBHUSA. 32 TOBA rOJIIMOTO Pa3HOOOpa3re OT MOJOOHU BPB3KHU, MOXKE
Jla ce Kaxke, 4e Te MorarT Jia IpeHacsaT 0e3npo0iIeMHO, aKCUAJIHU WM CPSA3BALLU CUIIU TIPU
CTaTMYHU BEPTUKAJIHU CHJIM WIM AWHAMUYHU CTpaHUYHU Bb3aeicTBUs. [Ipumepu 3a
peaiv3upaHy Ha MOJOOHU aHKEpHUpaHUS 3a CTEHH, MOrar Jna ObJaT HaMepeHU B 3HUJaHU
tecrpangu ot 50-te roguHu Ha mMuHanMs Bek B Cpenuus 3aman, B ChbeAMHEHUTE IIATH,
KbJIETO TOJIOBUTE KOHCTPYKIMU ca (UKCUpPaHH KbM 3UJapuiiHaTa CTEHa, 4Ype3 MPOCTO
MIPUKOBAaBaHE KbM JIbpBEHATa Ipefa KbM CTEHHUS AHKEP, OCUTYPSBAMKKA OTHOCHUTEIHO
cnaba Bpb3Ka ChC 3UJApUATa HA CTEHATa, MEPIEHIUKYIAPHO Uilu ycropenHo [7,9] (Pwur.
2).

straight sheathing
1x6 or 1x8 (nominal)

2 nails

2 nails per support

/

Z wal} anchor approx.

every 4th joist 61 cm (typ.)
timber joist (2x12 nominal min.) bridging (2x4 nominal)
2 or 3 wythe brick wall approx. 2.4 m spacing

@ur. 2. XKene3Hu KOTBYU, CBbP3BAIM BHHITHU CTEHU C MIEPIICHIUKYISIpHA (a) UiIu
ycnopenHa rpeaa (0) [8]

CowraacHo [45] nonoOHU Bpb3KU(HAO100sBAM-IPBTH C TUIIMYHA (popMa Ha prOeHa
OfallIKa) MoraT Jia ce M3IMOJI3BaT 3a CBbp3BaHE Ha HOBAaTa JbpBEHA IJlaBa (Ha MSACTOTO Ha
Jerpaaupanara) ¢ ocTaHaimaTa 4acT oT rpenata u creHata [9] (®ur. 3a). Ilpu Te3m
JeTaiId, TPYAHO MOXKe 00aye /a ce MOCTUTHE CeM3MHYHA €PEKTHBHOCT HA Cps3BaHE Ha
Ta3u Bpb3ka. [IpuMepu 3a MO-CIOKHM CHUCTEMH Morar Ja ce€ BHIIT B
crpaaure:”’[lombamuHO” B JIcaboH, TOCTPOCHH Cliel 3eMeTpecennueTo ot 1755 r., karo
OIUT 3a Ch3JaBaHE Ha AHTMCEM3MHYHA 3uAapHiiHa crpaga. B mepumerbpa Ha 3umaHuTe
CTEHM C€ M3rpa)xJaT IbpBEHHM BEepTUKAIHU ceusMuuyHu paMku (IlombGanuHO), KOUTO
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noo0psiBaT BPB3KUTE MEXIY JBPBEHHUS CKEJIETeH Marepuan M 3ujapusta. J[bpBeHuTe
IUIOYHM C€ IIOCTaBAT HAJl U IO IJ1aBaTa Ha Tpellopesa, BbTpe B 3uapusTa U ce (puxcupar ¢
reozzeii [10], koeTo mo3BossiBa Mo-A00pO pasnpeeieHue Ha HaTOBAapBaHETO KbM CTEHATa
U I0A00psiBa aKCHAITHOTO U CPSA3BALIO ChIIPOTUBIIEHUE. THUNH3UPAaHUTE CEU3MUYHM 10JI0OBU
BPB3KHU MpeacTaBisBaT ['-00pa3HH, METalIHU JUCTOBH KOTBH, IPUKOBAHU KBbM IbPBEHUS
Marepuan U ¢ukcupanu B 3umapusata (DPur.36). OcBeH TOBa IBJITH MAaCUBHU JIbPBEHH
enleMeHTH (oA opMaTa Ha IPBTH € ABJDKUHA 110 1M), 3aKOBaHHU TUArOHAIHO KbM IPEIUTe
U BrpaJieHH IOJ IbPBEHUTE JBbCKU, MOraT Ja ObJaT 3aKOTBEHM KbM 3MJlaHaTa CTEHa,
cb3naBaiiku mno-epextuBHU pemeHus (Pur. 3B). Pemenunsita, nokazanu ot Coias [9],
BKJIIOYBAT OOMKHOBEHU MKEJE3HU INPBTH, KBAAPAaTHH, 3BE3AOBUIAHU WM KPBIVIM IIJIOYH,
3aKpenBally MpbT KbM BBHIIHATA CTpaHa Ha 3ujaHara creHa (Pur. 3r), yBenuvaBailku
CceM3MMYHaTa yCTOMUMBOCTTA Ha BPb3KaTa, IPU KOETO €€ Pa3uuTa U Ha SIKOCTTa Ha HATUCK

Ha 3UJIapusTa.

Before Cutting area for
remotion

Floor
beam

Degraded area
Deteriorated area

After

Restored planks

a) Restored roof lining 6)
®ur. 3. AHkepHH ycTpoWcTBa Mexay rpena u crena[9,10]: a) Jlerpagupana abpBeHa
rpefia-caHupaHe Ha HelfHaTa onopHa 4dacT; 0) XKens3Ha koTBa; B) /luaroHaiHo pasnonoxex
MPBT MEXKTY MOJOBHUTE TPEAH; T) AHKEPH MEX Ty IOKPUBHH TP U CTCHU

YcunBaio cen3MUYHO pEeIIeHHe € peIokeHo oT Tomazevi€ [4], KOeTo BKITIOYBA

JIBOEH CTOMAHEH aHKep, CHMETPUYHO 3aKpeleH KbM I'pesiaTa, 3a Ja ce u30erse
€KCLEHTPUYHOTO MY IIOBEJIEHUE IIPU CEU3MUYHU Bb3aeicTBUs (Dur. 4).

Steel anchor plagg, 2.0 m————

4+ |-t
i i | | ~x
Jimber o _— e - :
®@ur. 4. /[Boiina ankepHa @ur. 5. AHkepupane upe3 Dur. 6. Pemenue Ha Moreira [12]
cucrema [4] I'-06pazuu COII

CowraacHo [45] OonToBHUTE BPB3KM YBEIMYABAT CHIPOTHUBIAEMOCTTa Ha Cpsi3BaHE U
0/100psIBAaT CEU3MHYHOTO IIOBEJACHHETO Ha pa3TBOpa. JlOMbIHUTENHM pelieHus 3a
YCUJIBaHE Ha aHKEPHUTE BPB3KH, IPUETH CIIEM 3€METPECEHUETO B 3aiInBa XOyKc npe3 1931
r. B HoBa 3enanaus, ca onucanu ot Blaikie u Spurr [11] u BkiItouBaT crToMaHeHU KOTBH,
CBbpP3aHU KbM CTOMAaHEHa BIJIOBA IUIOYa C OOJTOBE KbM TIpenaTa. 3aKpernBaHETO KbM
3ujapusTa Ce€ OCUTypsBa OT H3MOJI3BAaHETO HAa CTOMaHeHM Hoceww Mmioun (Pwur. 5).
VHoBaTuBHUTE pelieHus, u3cneasanu ot Moreira [12], BKItoUBaT CTaBHU BPB3KH B BaTa
Kpasi Ha CTOMaHEHEHUs NPbT, 03BOJIABAWKK MO-JIECHO IPOU3BOJCTBO Ha camaTa BpPb3Ka,
KOSITO ce (pUKCUpa AMArOHAJHO BBPXY MOAXOMALIO TMOACHUICHH CTOMAHEHU BIJIOBU
npouiIM TUPEKTHO OT ropHara 4acT Ha noja (Pwur. 6). M3mon3BaHeTo HA MHKEKIIMOHHU
KOTBH CBIIO C€ NPEBPBIIA B MHTEPECHO pELICHME, OlarofapeHue Ha BBBEKIAAHETO HA
CMOJIY WJIM Pa3TBOPU Ha €IMOKCH/IHA OCHOBA U II03BOJISIBA MUHMMAJIHA HaMeca B acleKTa Ha
opuruHanHata Qacana. [lpumep 3a TakoBa pemenue e npempioxeH ot Coias [9], kbaero
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WHXEKTUPAHETO Ha (yrmpama cMec KOHTPOJIHMpa IOBEJICHHETO HAa CBBP3BAHE MEXKIY
CTOMaHeHaTa Bpb3Ka M orpaxmnamiara 3ugapus (Pur. 7). Bpb3kara ¢ nppBeHara rpeaa
O0OMKHOBEHO C€ OCUTYpsIBa OT CTOMaHEH bIJI0B Mpodui ¢ 60ITOBE.

_—— (N) anchr boil (also $eo al. detail)
77 —{N) continuous steal angle
_—(N) weld
7 _~(N) steel strap naded info blocking

| |
3} ) (N) plyweod diaptwagm overfay—
25 B Bl 0]

’\,\\‘\l T )f\l\l 1 K\!‘ P} >
\ ‘\“ S \,\\ \\‘
[

=

‘\\\\ (E) wood floor
7N} blockin
\’\ﬂr:ml ?
22" minimum-—
Altemate anchorage
detad for béind wall
Notes: (E) = existing
-’ (N) = new
®ur. 7. Peuienue 3a ykpensaHe @®ur. 8. Bpbp3ka 3a ykpenBaHe Ha Crpajiy ¢
[TombanuHo [9] nomouira Ha HenpekbcHaTu ['-00pa3nu COII [13]

CeriacHo [45], B Haganmoto Ha 20-Tu Bek, nosiBata Ha cromanobetoH (RC) nosene 10
MOYTU MBIHOTO H30CTaBSHE Ha 3UAApUATA, KATO OCHOBEH KOHCTPYKTHBEH MaTepual.
Ocgen ToBa, chBpeMeHHuTe crpagu oT URM ca cHabnenu ¢ (RC) cBwp3Bamu rpeau Ha
HUBaTa Ha I[10/1a, TO3BOJISBALIM Bpb3KaTa MeEXAy IUIoYaTa M CTeHaTa, Ja Ch3Jaje
edeKTUBHO TOBEJIeHUE Ha Auadparmara, KOeTO OOMKHOBEHO € C HHCKO KaueCTBO B
cpiectByBammurte crpaau oT (URM) ¢ reBkaBa nuadparma [4]. U Bce mak gopu u na e
Onia odakBaHa MOAMSHATa Ha Te3W JIEKH ABPBEHU IMOJOBE WM MOKpUBH ¢ TeXku RC
IUI0YM, TOB a pelieHue TpsioBa aa ObAe M30SrBaHO MOpaJH yBEIMYaBaHE HA OMACHUTE
WHEpIHOHHU cem3MuyHu cuiu. Hsiao u Tezcan [13] mpennarat pemieHue 3a yKkpenBaHe Ha
crpagata Ha 0a3ata Ha amepukaHckus ctanaapt FEMA [14], kato ce u30srBa MO TO3H
HA4MH, MOBPEXJAHETO HAa OpUTHHANHATA (acaja Ha UCTOpUYECKaTa crpana. Pemenuero e
nokaszano Ha (¢ur.8) u uMa 3a 1e1 J1a YCUIIU BPB3KUTE MEXIY IbpBEHUTE nuadparmMu u
HocemuTe ctenn Ha URM u 1a yBennum KananuTeTa Ha Or'bBaHe Ha nuadparMure, KaTo ce
M3M0JI3Ba HempeKkbcHAT cTomaHeH [-o0pasen I'BII mo prOoBere Ha abpBeHaTa 1MOAOBA
nuadparma, CBbp3aHa KbM 3UIapUATA C TIOMOINTA HA aHKEPHH OOJITOBE WIIM aTePHATHBHU
WHXEKIMOHHU aHKEPHU €JIEMEHTH, C IIeJl Ja Ce 3ala3d OpUrMHalHaTa KOHCTPYKLHUS Ha
BBHIIHATA (hacaja.

3. ExcnepuMeHTAJIHM U3CJIeIBAHUS

CeoriacHo [45], ekcrnepuMmeHTanHaTa JabopaTopusi WM TECThT Ha MSCTO ca
M3KITIOYUTETHO BaXkKHH, 3a Ja ce pa3depe BIMUSHUETO HA YKPEMBAIUTE BPB3KU BBPXY
LsJ1aTa crpaja v 3a XapakTepu3HpaHe Ha MEXaHUYHUTE MOBEICHHUE Ha ChUIECTBYBallaTa U
3acuiieHa Bpb3Ka. [1obanHo pazdbupaHe Ha e(heKTUBHOCTTA HA BPBH3KUTE MOXKE Na Oble
MIOCTUTHATA Ype3 TECTOBE BbPXY 3eMETPhCHA Maca C pa3KiallaHe BbpXY 00pa3iy B peajeH
WM HamajieH Mamad. TakuBa TecToBe OOMKHOBEHO C€ M3BBPIIBAT B TiI00asieH Mamiad Ha
crpanata [15,16,17] niu nokaneH mamad Ha cteHaTa [18,19], HO camo0 HSIKOJIKO UMaT 3a
men ga mpoydar e(eKTHBHOCTTAa Ha BPB3KHTE CTEHA-NOJ, NMPH KOETO Ce Ipejarar
YKpeTBallyd peuieHusi caMo 3a IbpBUYHUTE eneMeHTH [6, 20]. CTaTUHYHOTO U TUHAMUYHO
oXapakTepu3npaHe Ha BPH3KUTE MOKE J1a ObJe MOCTUTHATO Ype3 TECTOBE Ha CpsA3BaHE,
HAaCOYEHH KbM pa3padoTBaHEe HaA JuarpaMu 3a: CHUJa-TIpeMecTBaHe, HEeOOXOIWMH 3a
BaJIMIMPaHE HA YMCICHHUS MOJIeNI. TUMTUYHHATE BPB3KH MKy nuadparMa U TyXJeHa CTeHa
ca BB3npousBeneHn oT Lin m LaFave [7] u ca u3cinenBanu upe3 CTaTUYHH MOHOTOHHH,
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KAaKTO UM AMHAMHUYHM LMUKJIWYHU TECTOBE, KATO C€ MMa MPEABHUA MPUHOCHT HA TPUEHETO U
HAJINYMETO Ha aHKepHUTe ycTpoicTBa (Pur. 9a). Pesynrarute nokaspar, ye AMHAMHYHATA
peaxuus e mo-Majika B CpaBHEHUE ChC cTaTHuHaTa TakuBa (Pdur. 90).

2000
1800

1600

Force (Ibs)
8

: - J ) N A Disp'. {in)
a) (6)
®ur. 9. ExcniepuMeHTaIHa porpaMa MmpoBeieHa BbpXY TUIIM3UpaHa CTeHHa AunadparMeHa
Bpb3Ka (7): a) oOpa3iu 3a uznurBane; (0) cpaBHEHHUE MEXIy CTaTUYEH MOHOTOHEH (SM),
kBasuctatrueH nukindeH (SC) u nunamuder mukimdeH (DC) uzpazenu upes3 ycpeaeHeHH
auarpamM - KpUBM, OTYMTAWKM HNPUHOCHT HA TPUEHETO M HAJMYMETO Ha MPUKOBAHUTE
upuricu (NF)

[lect cpuiecTBYBalld CTOMAaHEHU KOTBM, B3€TH OT NoBpeneHa crpana Ha URM cnen
3emerpecennero M7.1 B Christchurch (Kpaiictabpu) ot 2010 r., ca npoyuenu ot Campbell
et al. [21] upe3 akcuamHU pa3pyIIMTEIHN U3NUTBAaHMS. Bb3 0OCHOBAa Ha TaKbB CPABHUTEITHO
MaabK Opoil TecToBe Ha OOp3IM W KaTo ce€ HuMaT TMpeABU] HAOMIOICHUATa Ha
MoCJIeI0BaTeIHOCTTa Ha 1eTuTe oT 3emerpecenus B Canterbury (Kentspospu) ot 2010/11
., aBTOPUTE MpeljaraT celeM IpaBAONOJ00HM peXMMa Ha IOBpeAa Ha Bpb3KaTra M
CTOMHOCTHTE Ha KpailHaTa SKOCT Ha OIbH, Karo ce oTOessa3Ba, 4ye ca HeoOXOAUMHU
JOITBIHUTEITHU TECTOBE, KOUTO J1a yBenuyat Habopa oT nanuu ( dur. 10).

/ A Lh;eade () —O M
Joist —' / Y
Joist Plate Q:::Zor J_ =
Connector Moy (A
Rod
a) Wall 6)

®@ur. 10. Tunuyam aHKEepHU ycTpoicTBa npriiarany B Hosa 3emannus: (a) MOHTa)XXHO
ChCTOSTHUE; 0) MECTOMOIOKEHNE Ha PEXKUMHUTE HA OTKA3

Jacks u Beattie [22] n3cnenBar cTaTHYHOTO M TMHAMHYHO MTOBEICHUE HA aHKEPUTE C
poxo/ieH 0ONT M enokcuana cMmoia B crenute Ha URM. He ce yctanoBeHM noBpenu mpu
00JTOBM aHKEpU JOpU TMpPU BHUCOKM HHMBA Ha HATOBapBaHE, JOKATO 0Opa3yBaHETO Ha
IIyKHaTUHM, pa3lpeieieHy T10 Isu1aTa MIMpUHA Ha TECTOBUS MaHEN, Ce T0y4yaBa 3a aHKepU
c ernokcugHa cMmona. HaGop oT ypaBHeHus 3a mpoekTupaHe e mpemioxed ot Karim et al.
[23] 3a omenka Ha OoJTOBaTa BpB3KAa Ha JbpBEHaTa TrpeJa B3 OCHOBA Ha
eKCIIEpUMEHTaIHN Tpoy4yBaHUs, (OKycMpaHU BBPXY MeEXaHH3Ma Ha TOBpefa.
MuHuMamHaTa CTOMHOCT Ha SIKOCT yIpaBJisiBa KamaluTeTa Ha [suiata Bpb3Ka. TUIIHMYHHUTE
BPB3KH MaXKAy CTEHa M TOJO0BAa KOHCTPYKLHMS, OT kpas Ha 19-tu Bek B JlucabGoH ca
eKCIIEpUMEHTANTHO u3cieaBaHu oT Mopeiipa [12], kKakTo B HEYKpeIeHa, Taka U B yCUJIEHA
KOH(pUTypalusi 4ype3 KBa3UCTAaTMUYHM MOHOTOHHHM M UMKIMYHM TectoBe. lloacuienara
Bpb3ka (Pur. 6) ce 6azupa Ha CTOMAHEHU AHKEPHU IPBTHU, 3aKOTBEHH KBbM CTEHATa C
aHKepHH TUIOYM. B TO3uM JETTiin, BriIoBH CTOMaHEHU MPO(UIU ca MOCTaBeHH OT CTpaHa Ha

272



VI MEXAYHAPOJHA HAYYHA KOH®EPEHLIUSA BAHN 2022
VI INTERNATIONAL SCIENTIFIC CONFERENCE BASA'2022

MOMEIIEHUETO Ha crpajiata. Te ca CBbp3aHH Ype3 XOPU30HTATHOTO CH PaMo C OOJITOBE KbM
TbpBEHATa Tpela. BepTukamHus MOsSC Ha BIIIOBUS NMPOPUI € CBBP3aH C aHKEPHOTO
ycrpoiictBo. C Ipyru 1yMu, OT BbTPEIIHATA CTPAHA HA IOMELEHUETO CE MOCTABST BIVIOBU
CTOMAaHEHHN HpO(l)I/IJ'II/I, 3a Oa CBBpPXKAT CTOMAHCHUTC AHKEPHU KbM JdbpBC€HATa rpeiaa ¢
nomoIiTa Ha 60onToBH cheauHeHus. CTaBHM YCTpPOMCTBA ca Pa3MoJIOKEHHU B JIBaTa Kpas Ha
BPB3KHUTE, HAMAJISIBAILIM CHJIaTa HA OI'bBaHE, MPEIM3BUKAaHA OT JbpPBEHATa I'pella CBbp3aHa
KbM aHKEpa, 3aKpCICH JUAroHallHO B 3UAapusTa. KaHaI_[I/ITCTLT Ha OI'bH Ha YCHUJICHUTC
BPB3KH € MPUOIM3UTENHO 19 MBbTH MO-TOJISIM OT TO3U HAa HEYKpPENeHUTe (rpeiope1, MpocTo
3aKOBaH KbM JIOJHATA IbPBEHA IUIOYA W BrPajJieH B 3UAApUATa) U CE XapaKTepusupa C
MnoAaTIMBOCT HA CTOMAHCHUS BI'bjl, U CMAUYKBAHC U CPsA3BAHC HA AbPBCHUA MaTCpHal (BI/I)KI
@ur. 11). [IpenopbuaHo € MPOEKTHO MPEAJIOKEHUE 3a MOJEPHHU3AlUsl U Ce TpejiaraT
ObJeIy ASHHOCTH 3a YCTaHOBSIBAHE HAa XMCTEPE3UCHU MpaBUiia, MOJIE3HU 3a pealu3upaHe
Ha Bpb3KaTa KaTO CJICMCHT B YHCJICHUTC MOJCIIN.

WF4DA3A

Foree (kN)
<

a) 6) 7 i |
@ur. 11. [{uknrdeH TecT Ha MTHOBATUBHA yCHUIIeHa Bpb3Ka (12): (a) Habmro1aBana mospea
U peXHUM Ha 1oBpeaa; (6) mpenopbyBar ce HUKJINYHU KPUBH U C€ Tpesiarat Obaenu
paboTH 3a YCTAaHOBSIBAaHE Ha XUCTEPE3NYHU TPABUIIA, TIOJIC3HU 32 peaIn3UpaHe Ha
BpB3KaTa KaTo eJIEMEHT B YHCIICHU MOJIEIH.

Kamarmurerst Ha n3rpereane (POC) Ha dyrupanure ankepu e u3cieaBaH ot Ismail
[24], kaTO BB3MOXKHO pellieHre 3a MOJACPHHU3UPAHE Ha BpB3KUTE: cTeHa-nuadparma (dur.
12). V3cnenBaHo € BIUSHUETO HAa TBJDKMHATA HA Brpa)<IaHe HA aHKepa, KauyeCTBOTO Ha
MOHTaX, MECTOINOJIOKEHUETO HAa aHKEpa, CbCTOSHUETO HAa 3UJApPHUATAa U ChCTOSTHUETO HA
MaTepuaJlTe Ha OCHOBAaTa BBPXY paborara Ha aHkKepa. Haii-BucokaTa BepOSTHOCT 3a
MOBpe/Ia 10 BpeMe Ha 3eMETPECeHHEe € CBbp3aHa ¢ MOoBpeia Ha Bph3KaTa KoTBa-quadparma
U [0 TO3M HauuH orpaHuyaBa noctmxumus POC Ha cucremara 3a 3aKpenBaHE CTEHa-
nuadparma. Benpeku ToBa, TO31 THI MOBpea ce HaOI0AaBa KaTo JOCTa TyKTUIIHA.

New plywood overlay and
diaphragm strengthening,
if required

"y
<
—1

-
"

Veneer —

Yy
"

r
u
W PN EpN SpE Spw S

5

Grouted/epoxied
threaded anchor

TR,
\ Anchor with self-cutting tip

Timber blockings or existing joists

@ur. 12. Bp3MokHa KOHCTPYKIUS 32 YKpenBaHe, npeioxkena ot Ismail [24] Ha 6a3aTa Ha
¢byrupaHn pe30oBaH aHKep

[To-HaTaTHIIHK MPOYYBAHUS BBPXY BPH3KHUTE HA JICMIMIHH aHKEPU MEXIY TYXJICHH
URM crenn u mogoBa quadparma ca npeanpuetu ot Dizhur et al. [25], umaiiku ipen B
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noseue ot noutu 400 ex3zemusipa. ABTopute ce OKycHpaT BbpXY poJisiTa HA OCHOBHUTE
napametpu BbpXy POC Ha 1psmata Bpb3ka. LlumenToBara ¢yrupama cMec mpencraBisBa
MOJIXOSII0 AHKEPHO JISTHIIO MTPU ONITUMAJIEH pa3Mep Ha IMaMeThpa Ha MpbhTa paBeH Ha 16
mm. HuckoTo Terno Ha HaHECEHMAT MaTepuall OKa3Ba HEraTUBHO BiusHUE BbpXy POC,
JOKaTO TOYHMAT TPOLIEC HA HAHACSHE TO yBeNWYaBa 3HAUMTENHO. [Ipu HHUTO egHO OT
M3MUTBAaHUATA HE ce HaOJrolaBa KOHYCHAa IOBBPXHOCT Ha 3HMJAapusl M ce Ipeisiara
npoekTHO ypaBHeHne Ha POC na nenmnnute ankepu. HeormaBha Dizhur et al. [26]
IpeArpreMarT eKCIIEpUMEHTAIHN TECTOBE Ha J(BAa Pa3JIMYHU THUIMA 3aKPEHBAHUS MEXKIY
aHKepa 3a 3UIapus U JbpBeHaTa quadparma: (i) MeTajaeH CheIUHHUTEN, 3aKpeTeH ¢ 00IToBe
KbM Tpenara mpe3 rpeaopen (Purypa 13a) m (i) Bpb3KH, H3MOJBBAIIM OJOKHMpaHE HA
ITbPBEH MaTepuall (BEpTHKAIHO U XOPU3OHTAIHHU IbPBEHU €JIEMEHTH, CBBP3aHU TOMEXKITY
CH MEXIy TpeauTe, 3aKperneHu ¢ OoJIToBe KbM aHkepa 3a 3umapus) (Purypa 130).
Pesynrature moka3Bar Kak aHKepHAaTa BpB3Ka HaA IUIOYaTa Ha TpeId OCHOBHO Ce
KOMIIPOMEHTHpa MpHU paslienBaHeTO Ha AbpBeHara rpena (Purypa 13B), nokaro Hail-
BHCOKAaTa KavyeCcTBO C€ TIIOCTHra IPH XOPH30HTAIHO MO3WIMOHHMpaHE Ha JIbpBEHATa
6nmokupoBka. HabmronaBa ce moBpesna Ha JbpBECHMHAaTa B MACTOTO Ha MOANMPAHETO HA
rpefara ako ce M3MoJ3BaT MajKu 1o pazmep maitou (dur. 13r).

a) ,
®ur. 13. ExcnepumeHTanHa mporpaMa BbpXy oOpas3nu oT cTeHa-auadparma [26]: (a)
cXeMaTH4YHa JuMarpamMa Ha CBBP3BaHE Ha Ipela ¢ Iioda; O) paspylllaBaHe IPU PELOBO
Cpsi3BaHE Ha IbPBEHUTE I'PEIM; B) CHCcTEMa 3a OJIOKHMpaHe Ha IbpBEH MaTepua; r) noBpeaa
Ha JbpBECHHATa B MACTOTO Ha MOAMUPAHETO HA TpesiaTa, Py MAJIKH 110 pa3Mep I1aiou

4. YncjieHH U aHATHTHYIHHA METOIM 324 AaHAJIHU3 HA MOBCACHUETO HA BPB3KUTE

CorinacHo [45], HanuyHM ca 3HAuYMTENeH OpoH TEXHUKU 3a MOJAEIMpaHe IpH
ceusMudeH aHanu3 M ouneHka Ha URM koHcTpykiuu B mamad Ha crpagara [27,28] u
nokaneH Mamad (1.e. OOP mexanu3bm) [29,30], HO caMO HAKOJKO BKIFOYBAT MOBEIECHUETO
Ha BPB3KUTE MeXAy HUHTepdelicuTe Ha BEPTUKAIHUTE U XOPU3OHTAJIHUTE EJIEMEHTH
[19,31]. Hemo noBeye, aBTOPUTE YECTO PA3IJIeKIAT Bpb3KaTa KaTo MpUEeMaTr ONpPOCTEHa
xunoreza (T.e. MEepPEKTHU CTAaBHU BPB3KU WM JIMHEMHU €JIACTUYHU TNPYKUHU),
npeHeOpersailki MUKIMYHOTO HEJIMHEHHO IMOBEAECHUE, XapaKTEepPHO 3a MHOIO BHJOBE
BPB3KH U HaMaJsiBallku Oposi Ha CTENEHUTE Ha CJIOKHOCT Ha JUHAMU4YHaTa 3ajgada. Haii-
YeCTO CpEIIaHUTEe TEXHUKU 3a MOJICJIMPAHE BKIIOYBAT MOJXOJH C TBBPI OJIOK, YHCICHH
Mozenu Ha kKpaiiau enemeHTd (FEM) m monmenu Ha oTnenHu (WM TUCKPETHH) €IEMEHTH
(DEM). 3a moaxoau ¢ TBBpA OJIOK KamanuTeThT MOXKE Aa ObJe M3UMCICH Upe3 CTaTUYCH
WM KUHeMaThueH aHanus. OT apyra cTpaHa, CTaTUYHO MIPEMECTBAaHE U JUHAMHUYEH aHaIn3
C MHTErpUpaHe Ha BPEMEBH €Taly NPU U3KYCTBEHU WM PEAJIHU aKCEIeporpamu ca 4ecTo
Cpelanu MHCTpyMeHTH, korato ce npuemaT FEM unu DEM texnuku [32,33]. TpsoBa na
ce orOenexu, 4e moaxomute, Oazupanm Ha cwia (FBA) ca mnpeamouutanu ot
MPAKTUKYBAIIUTE KAaTO MPOCTH U JAUPEKTHU METOAM, BBIIPEKH BHUCOKUTE KOHCEPBATUBHU
pe3yaTaru, JOKaTo moaxoauTe, Oasupanu Ha mpemectBane (DBA), wusrnexna ca
MTOAXOAIIM 32 HAITYKaHW CTEHU, MONaJalld B HEJIMHEHHUS nramna3oH (29) . Bnmusauero Ha
nojia BbpXy cemaMuyHata peakuuss Ha URM KOHCTpyKLMHU € M3CieaBaHO B paboTara Ha
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Tena- Colunga u Abrams (34) upe3 AMCKpETHM AMHAMUYHU MOJENH, Oa3upaHd Ha
JMHEWHO TOBEJICHUE Ha 3WIIApUATA U I'bBKABH W JIMHEHHU aAuadparMu, MOJICIMPAHU KaTo
enacTuuHy npyxuHu (Pur. 14). Pesynratute nokas3par Kak yCKOpeHHsTa Ha Auadparmara
Morar Jja ce yBeJau4aT ¢ I'bBKaBOCTTa Ha JuadparmaTta. OCcBeH TOBa e)EKTUTE HA YCYKBaHE
HaMaJsBaT 3HAYMTEIHO, C yBEJIMUaBaHe 'bBKABOCTTA Ha 1uadparmara.

®@ur. 14. [luckperan quaamMuaan Moaenu Ha crpaan URM ot Tena-Colunga u Abrams [34]

CobriacHo [45], HEKOHBEHIIMOHAJIHA MPOLEAypa 3a CUMYJalUs Ha JUHAMHUYHOTO
noBenenrne Ha OOP na crpagu URM, karo ce uma npeaBuj KOpaBUHATa Ha MOKPHUBA, C€
u3BbpiIBa OoT Costa [35], KbJETO JOKATHUTE MEXAHU3MH CE€ MOJIEIUPAT KaTO KWHEMaTUYH!
BEpPHUTH OT YacTHU OT 3ujaapus (OOMKHOBEHO Ce MpueMaT Karo Oe3KpailHO TBHPAU Tela),
YUETO HEJIMHEHHO IMOBEJEHNE € KOHIICHTPUPAHO B KOHTAakTHUTE oOsactu (Purypa 15a).
[pyxunute cumynupar IP xopaBuMHAaTa Ha XOpHU3OHTaTHaTa aAuadparMa U HaTpynaHara
Maca, pa3oJyiokeHa Ha OMIIOTO, a TOPHUTE Pa3NPbCKBAIIM IPEIU MPECTaBIIBAT MacaTa Ha
NMoKpuBa. ExcriepuMeHTaTHOTO MOBEACHHE Ha MbjHOMamnabHa crpaga URM, TecTtBana B
EUCENTRE (15), ce cumynupa ¢ aocrtarbyHa TOYHOCT Ype3 TO3U YMCIEH MOJAXO0J, MpU
KONTO eacCTUYHUTE MPYKUHU Ca IOCTaBEHU B rOpHATa YacT Ha BCEKU HAKJIOH Ha MOKPUBA.
[IpenBaputenHoTo neduHUpaHe Ha (QOPMHUPAHUTE JIOKATHH MEXaHW3MHU OIpeaess
TPaHUIUTE W HEJOCTAaThbKa Ha METO/a, HO MOAXOABT € Obp3 W MPOCT METOJ, pa3uuTall]
camo Ha JIOIyCKaHeTo Ha HskoJko mapameTbpa. CodryepsrT TREMURI [36] ce u3nomsBa
KaTo €KBUBAJICHTEH DPAMKOB MOJXOJ, KHJIETO € BB3MOXKHO Jla C€ BKJIIOYAT HEIWHEHHU
NPHTOBH €JIIEMEHTH, 32 Ja ce oTuere Hamnuueto Ha RC MpbCTEHOBUAHU TPEIU U BPBH3KU
cTeHa-quadparma Ha HUBOTO Ha moja. Kpusute Ha Pushover ananmuza, momydenu ypes
TO3U MOJXO0/I, CE CPABHSBAT C EKCIIEPUMEHTATHATa KPUBA HAa CHIIPOTUBIIEHUE, pa3padoTeHa

ot Senaldi et al. [16], moka3Bat 106po cbBrnageHue (durypa 15b).

Ridge beam —
supported on gable

Gable overturning

Roof stiffness 2 2

\4. Structgre not involved Y

\ in thg overturning R %

N T s ol

®@ur. 15. Moaenu Ha MmakpoenemeHTH Ha crpaan URM: (a) 6a3upaHu Ha IMHAMHKA Ha

Lmulti-body ,, mogxox (35); (0) ekBUBaiIeHTEH paMKOB moaxo, pazpadoren B TREMURI
[16]
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[Momxoaure B nokameH Mamald ca OT CHIIECTBEHO 3HAUEHHE IPH OICHKAaTa Ha
MecTHUTe MexaHu3mu (T.e. OOP 3aBbpTaHe Ha YacTU OT CTEHUTE), YECTO AKTUBUPAHU TIPH
yaapu Ha crpagd URM oT cemsmMuuHu ChOUTHSA, C BHCOK WJIM HUCHK HHTCH3UTET.
3amoyBaiiku ot pabortata Ha Giuffre [37] ot 1994 r., aHanU3BT Ha TPaHUIIUTE HA KOPABO
TSJIO pa3KpHBa, Y€ € MOIICH WHCTPYMEHT 3a MpOBEpKa Ha CeM3MHUYHaTa O0E30MacHOCT Ha
JIOKAJIHUTE MEXaHH3MH, KBAECTO € Bb3MOXKHO J1a c€ OTYeTaT TEXHHMKH 3a YKpernBaHe KaTo
BMBbKBaHe Ha o0Teray, KopaBa nuadparma , KOTBH U Ap.. MaKCUMAITHHUAT XOPU30HTAJICH
MHOKHUTEJ Ha HaTOBapBaHe MOe Jia ObJe CpaBHEH C MakCUMallHUs odyakBaH PGA, orieHeH
OT CIIEKThpa Ha pearrpaHe 3a OWIMHECH HETUCHIIaTHBeH Mozen. JlomyckaHeTo Ha
JIOKAJIHAS MEXaHU3bM € HeoOXOOUMO, 3a Ja ce M3MOJ3Ba TakbB moaxona. D’Ayala u
Speranza [38] mpeaocTaBIT HAKOJIKO (POPMYTUPOBKU HA KOCPHUITMEHTA HA HATOBapBaHE 3a
BCEKU MEXaHM3bM 3a npeodpsinane (Pur. 16), BHeapen B npouenypara FaMIVE (Failure
Mechanism Identification and Vulnerability Evaluation) 3a onnaiiH orneHka Ha cEeU3MUYHA
ySI3BUMOCT Ha ¢acana uimm crpaaa. TakaBa mpoleaypa MOXe Ja ce MpaBu ¢ roiisiM Opoit
Crpajiy, 3a J1a c€ U3BBPIINU CTATUCTUUECKH aHaJIN3, KaTo ce B3eMe MPEeBU]] HAINYHETO WIH
JUITICaTa Ha YKPEIBaIly YCTPOUCTBA.

Lg% boe?

®ur. 16. Mexanusmu Ha paspyiieHue, npoydeHu ot D’Ayala u Speranza [38]

CobriacHo [45], koraTo MOKe pa3yMHO Jia c€ MpHeMe 3uapusiTa 3a MOHOJIUTEH MOJIEN
ydacTBalll B MEXaHW3Ma Ha JBUKEHUE, TUHAMUYHUAT aHAJIM3 Ha JIIOJIEEHE IMpECTaBiIsBa
HaJeKHA alTepHaTHBa Ha KMHEMaTU4HMs MoaxoA. Bb3 ocHOBa Ha muoHepckara pabora
Ha XaycHep [39], mroneemoTro ce IBIKEHUE HA OOWMKHOBEH TBBP] MPU3MATHYCH OJIOK
okosio aBa brejda O u O’ (durypa 17a) moxke nma Oble aHATM3UPAHO NMPU CBOOOTHU
BUOpAlMM, TOCTOSSHHU WM CHHYCOUJAIHA YCKOPEHHS W pPEallHO WU H3KYCTBEHO
JBUKEHHE NP 3eMeTpeceHue. [IpuHOChT 3a mpuiiarane Ha ypaBHEHUETO Ha JABM)KEHHUETO
BBPXY KOMIIOTHPHA Mporpama e aaaeH oT Aslam [40], nokaro Giresini [41,42] BpBeXIa
BIUSHUETO Ha BB3MOXXHHM TJIAChLIM U XOPH3OHTAJIHH OTPaHUYEHMs 3a CHUMYJIHpAHE Ha
NpBTOBH 0OTerauu, rbBKaBa auadparma wiu Hampeunu ctenud (Pur. 17b) . MeronbT
npecTaBisBa oOemnaBall MoJaxo, HO BCe OIlle He HaMHpa MPUIIOKEHHE B CTaHIAApTHUTE
MPaBWJIMHHULIM, TOPU KOTaTO CPaBHEHUATA C EKCIEPUMEHTAIHU PE3YyITaTH JEMOHCTPUpAT
Herosara TouHoct. MDOF cucremute Morar na 0b1aT MO-pealuCTUYHO MPEJCTaBsHE Ha
OOP mroneemute ce MexaHu3smu B creHute Ha URM. 3a na orderar TakuBa MO-CIOKHU
CUCTEMH, pa3uuHu aBTOpu (43,44) W3BEXKIAT ypaBHEHHWETO HA JBIIKEHUETO 3a 2 WU
3DOF mopenn, Ho camo Landi et al. (31) oTunTa BIMSHHETO HAa I'bBKaBHUTE nuadparMu
BbpXxy OOII oreBaneTo Ha URM dacaaute. {nadparmara ce cumyaupa uype3 BbBEKIAHE
Ha mnpyxuHa otrope (Purypa 17B) U MoOIenbT ce KanuOpupa Mpu EKCIePUMEHTAIHU
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TecTroBe. Pesynrature moka3Bar BUCOKaTa YyBCTBUTEIHOCT HAa MOJENIa KbM KOpaBUHATA HA
MpYKHUHATA.

o O
a) 0) B)

®@ur. 17. AHanu3 Ha TUHAMUYHA YCTOMYMBOCT Ha KOPABH JIFOJICCIIN ce OJIOKOBE: ()
Monen Ha cBobozeH 010k Ha XaycHep (39); (0) orpaHUYeHO TIPH IBUKEHHE JIFOJICEII] CE

ook [41]; (B) 2DOF mopen [31]

5. IlpoekT 3a aHKepupaHe HA TbLPBEHH MOJ0BH IPeld HA eMIIOPETO KbM
KaMeHHaTa cTeHa Ha nbpkBaTa CB.JIuMuTHp-Ip. Krocrenaun

Crnen pa3kpuBaHETO Ha JIAMIEPUATA TIOJ] MOJOBUTE TPEAH U JThCUCHATA OOIIMBKA HAJl
TAX € HeoOXoIuMO Ja ce M3BBPIIM aHAJIW3 Ha ,,HOCUMOCHOCOOHOCTTa” Ha OTAEITHU
00pa3iy OT MOBTAPSIIH CE IO TUIIOPA3MEPH TPEIH, IPH OTUUTAHE BH3PACTTA HA OTACITHUTE
€JIEMEHTHU U HaMaJICHUTE UM €JIaCTUYHU MOJYJIU U sIKOCTHU xapakTepucTuku.(E u R). Ako
€ HeoOXOMMO IO TpEIeHKa Ha MPOEKTAaHTa MOJ0BUTE TPEIN CE YCHIBAT ChC CTOMAHEHHU
uBuuM unu I'BII, mpukpeneHu ABYCTpaHHO KbM CTeHUTE Ha rpeaute[46]. [lpu cumano
u3pazeHn JedeKTU: TPOBHCBAHMS, ITYKHATUHW W WSTHWIM WA YHHUIIOXKEHU OT
OMOJIOTMYHU BpPEAMTENU TEXHU YaCTH IO MpeleHKa Ha MPOEKTaHTa Te3u Ipedu Morat ja
OBJIaT CIIBOCHU HJIU B KPACH CITydau IMOJAMCHCHHU.

5.1. AHKepupaHe HA MOJOBUTE I'Pead KbM KAMEHHATA CTEHA HA eMIIOPETO

AHKepHUpaHeTO Ha NOJIOBUTE TPEIM KbM KaMCHHATA MJIM TYXJICHA CTEHA CE U3ITBJIHABA
gpe3 METAJHH IIMHH, 3aKPENeHH KbM TPEIUTEe OTCTPAaHW C TIOMOINTa Ha OOJNTOBH
cbenuHeHuss bBM16. KbMm mmHUTE ce 3aBapsBaT 00JITOBE, KOMTO CE MPOKapBaT Mpe3 OTBOPH
B CTCHATa W CBBP3BAT ChC CTOMAHEHU 3aKOTBSIIM IUIOYM, KOUTO CJICJl TOBA C€ MPHUTSITAT
KbM CTCHHUTE, 4Ype3 HABMBAHE HA TaWKHUTE BBPXY UIMHIKUTE, BCIEACTBUE KOETO CE
peanu3upa eracTHYHa Bpbh3Ka MEXTy [10JI0BaTa Tpesia M cTeHuTe Ha emropeTo(dur. 5.1a,0;
¢ur. 5.2a,0; u dur. 5.3a,0,8;). Tazu uHTEpBEHIMS OOOPABA MMOBEICHUETO Ha IOJ0BAaTa
KOHCTPYKIUS TIPH XOPU3OHTAIHU CEH3MUYHH BB3JICHCTBUS M TPEACTABIsBA PYTUHHA
oreparys Mpyu PeKOHCTPYKIUS Ha TTOJOOHU TTOJIOBH KOHCTPYKIIMH B UCTOPUYECKU OOEKTH.

6)

®@ur.5.1 a,0. 3aKoTBsIHE HA CTOJMIMTE KbM BHHIIIHUS 3U/1 10 OC 8 Yype3 CTOMAaHEHU IIUHU
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a)
®ur. 5.2a,0. 3aK0TBsIHE HA CTOJMIATA KbM BHbHIIHUA 34/ Mo oc 1 mpu kosona K1b
Yype3 CTOMAaHEHM IIWHH, NMPUCTATaHe HA MAaKeTa: CTOJHIA W BB3IJAaBHLOA 4pe3
00JITOBH CheIMHEHUS

o) B e 6) B)

@ur. 5.33, 6, B. AHKepI/IpaHe Ha MOAOBUTC I'p€IM KbM KaMCHHATA CTCHA

6. 3ak1r04eHue

Ta3u cTaTtus mpencTaBsi JIUTEPATYpeH 0030p BBPXY aHKEPHU 3aKpEIBAHHS MEXKIY
CTEHM W IbpBeH mnoj B crpaau Ha URM, kato ce mmaT mnpenBHI ChLIECTBYBALIUTE
TPaJAULIMOHHU BPB3KU M OCHOBHUTE YKpPENBAIM PELICHUSI B €KCIEPUMEHTAIHU U YHCIEHU
U3IBJIHEHUs. Bbopekn oOMYalfHOTO M3MON3BAaHETO HAa CHCTEMH 3a aHKEepHpaHe B
cpuiecTByBammTe crpagn Ha URM kato HUCKO-MHBa3UBHU aHTUCEU3MHYHH YCTPOMCTBA U
JIPYTH, MHOTO MH)XEHEPHU HM3II0JI3BAT HEMOAXOASIIN PEIICHUs, KOUTO MOIaT J1a MPOMEHST
OpUTHHAJTHATa ecTeTHYecka U CTPYKTypHa KOHIEMNIHs Ha uctopuyeckute crpaau. OcBeH
TOBa, MHBa3UBHU MaTepuanu karo RC yecto ce M3moa3Bar 3a 3aMsiHa Ha OPUTMHAIHUTE
TakMBa, MOpPagy TAXHATa HAJMYHOCT. YKpENBaHETO Ha BPB3KUTE C IIOMOIITAa Ha
CbBMECTHUMHM MaTepHajy (KaTo IbpBEH MaTepual U APYrd) MOXKeE OT CBOS CTpaHa Ja Obje
MO-yCTOMYMBA aJTepHATHBA 32 BH3CTAHOBSIBaHE HAa OE30MMAaCHOCTTA Ha Crpajara, KaTo ce
U3MO0JI3BaT UHOBAaTUBHU MaTepHaliy, KaTO CTOMaHa WJIM HOBM CMOJIM, HA MECTHO HUBO U
MOAIBbPKAHE HA OPUTHHAIHUTE BBHIIHU M BBTPEIIHU CTEHH OT HCTOPUYECKU ACHEKT.
OtunraHeTo Ha BpB3KUTE cTeHa-noA npu aHanu3a Ha URM wusrnexna € or pemasaiio
3HaYEHHE 3a OIIEHKaTa Ha ChHINECTBYBAlM W YCWIEHH crpaaud. EkcnepumeHTaiHaTta
XapaKTepUCTHKA Ha €IMHUYHUS THUIl BPH3Ka € MPEIU3BUKATEICTBO, HO € HE00X0IUMO, 32
na ObJe W3IBIHEH HanexkAeH mojnen. [omsMm Habop OT mapaMeTpu MoOXxe Ja Objle
U3CJeBaH 4pe3 MapaMeTpUYHM YMCIICHH aHaJIU3u Ha KaauOpupan mozen. JIMHEHHUAT u
HEJIMHEWHUAT KUHEMAaTUYEeH aHAIM3 W3IJIEXKAAa HAaM-M3IMOI3BAHUAT KAaTO MPOCT U MOILEH
MHCTPYMEHT 3a OLIEHKAa Ha JIOKAJIHUTE MexaHu3MHu. OCBEH TOBa MOAXOABT Ha JIIOJIEEHE
OTUMTA EBOJIOLMATA HA JIBUJKEHHETO BBB BPEMETO M JUCUIIALIMATA HA CBOWCTBAaTa Ha
TUTACTTHYHATA CTaBa, OKOJIO KOATO C€ BHPTHU 3HMJaHATa CTeHA He ce mpeHeOpersar. TakuBa
MpOLElypH C€ OCHOBAaBaT Ha XWIOTe3aTa 32 MOHOJMUTHHU OJIOKOBE, KOETO HE BHMHAIU €
BAPHO 3a 3uJaHu cTeHu wiu (acaau. Bernpekn ye FEM ananu3bsT € Hal-U3MOI3BAHUST
Cpell MPaKTUKYBaIIUTEe KaTo Obp3 U MPOCT, TOW C€ OCHOBaBa Ha HECUTYPHH MEXaHUYHHU
XapaKTepUCTUKU HA 3UIaHUTE €JIEMEHTH, ITOCTABSIIKN TPaHUIIUTE HA METO/A.
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7. baarogapHocru

Ta3u craTus Bb3HMKBA B pe3yjiTaT Ha HallaTa Hay4HO - M3CleJoBaTeiicka padora,
BBPXY 0J00peHa TPUroJUIlHA TeMa, chIyiacHo 3amaunte nmo HU3 mpe3 roaumnute 2020-
2022, ¢ HaummeHoBaHue: HM3cimenBaHe Ha CHBMECTHOTO MOBEACHHUE HA HCTOPUYECKH
JBbPBEHU TIOKPUBHU KOHCTPYKLMM C €TaXHM Crpagd OT MacuBHA 3uAapus, IpH
HATOBAapBaHE OT BATHP U 3€METPbHC, U3MOJI3BaKU MeTo/1a Ha kpaiiHUTe eeMeHTH .-.CUTH.
5/2020 ronx., 3a uyMeTro (UHAHCHUpAaHE U3Ka3BaMe Hamara OJaroJapHoCT Ha
MuHnuctepcTBOTO Ha 00pa3oBanueTo u Haykara(MOH).
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Abstract: Building’s structures were designed and built according to different
standards that were valid at the time of construction. Those standards were, more or
less, less demanding than the current European, American and other modern
standards. Serious earthquakes events cause damage of the elements, with different
level, even their collapse. It is very important to save damaged or weakened
structures by emergency strengthening, and to perform rehabilitation of their seismic
resistance. The method of evaluation of seismic resistance of damaged elements and
structures are discussed. After evaluation of the damage degree and determination of
required  and available seismic resistance of structures, redesign must be
performed. Also, method of rehabilitation of the elements and entire damaged building
structures are analysed, including both traditional and advanced techniques. The
focus of this paper is on reinforced concrete (RC) buildings, and less on masonry and
mixed structures. Post-earthquake assessment and analysis of seismic performance
are analysed. Review and comparison of international Code provisionsrelated to topic
are discussed as well. Criteria for the choice of structural interventions are discussed,
as well.

Key words: Earthquake damage, assessment, condition, performance, seismic
resistance, rehabilitation

1. Introduction and terms
Depending on structures’ condition after earthquake, there is a need for structural

upgrading in order to meet design requirements. International Federation for Structural
Concrete (fib), has placed considerable emphasis on assessment and rehabilitation of existing
structures. Document [11] is related to assessment and retrofitting of buildings. In the US,
different organizations prepared particular documents for seismic evaluation (FEMA 178),
for evaluation of the buildings with the wall structural system (FEMA 306).

! Professor emeritus, Dr. Ing. Faculty of Technical Sciences, N. Sad, Serbia; folic@uns..ac.rs

2 PhD Designer of Str., Termoenergo Eng. Bul. K. Aleksandra 298, Belgrade, Serbia; cokicmilos@gmail.com
3 Dr. Ing. Faculty of Mechanical Engineering, Innovative Centre, Belgrade, Serbia; boris.r.folic@gmail.com
4 PhD School of Science and Technol., Hellenic Open University, Patras, Greece; liolios.angelos@ac.eap.gr

282



MEXAYHAPOAHA HAYYHA KOH®EPEHLNA BAHN’2022
INTERNATIONAL SCIENTIFIC CONFERENCE BASA'2022

Both groups, of concrete and masonry buildings, are more or less damaged in
earthquakes, depending on the strength of the earthquake and the quality of the buildings.
Masonry buildings are significantly more vulnerable to seismic effects, so they experience a
lot of damage and even collapse. Inspection of buildings after an earthquake allows one to
look at failures in design and construction, the state of the structure and the severity of
damage, and evaluate the possibilities of retrofitting. It is very complex process because of
the unpredictable behaviour of earthquakes. Among them are historical buildings that belong
to the architectural heritage and require special treatment to improve seismic performance,
because it is imperative to reduce the loss of their historical and architectural value [8]. This
requires an adequate methodological approach to the analysis, aligned with the importance
of the building's function. The first step is to investigate the material characteristics of the
structural elements in situ or in the laboratory. The second step is the simulation of linear
and non-linear behaviour, usually using the finite element method (FEM) in order to
determine the behaviuor mechanism, i.e. seismic performance. The rehabilitation phase is
conditioned by inadequate performance, especially insufficient seismic resistance [52].

Damage is any adverse consequence for the physical state of a structure or structural
component caused by earthquake. Assessment comprises the process of gathering and
evaluating information about the form and current condition of a structure or its components.
Repair is process of reconstruction and renewal of the existing buildings, either in whole or
in part, while renovation is substantial repair or alternation that extends a building’s service
life. The term repair comprises restoration of the initial mechanical characteristics in order
to remove the consequences of adverse-seismic events. Strengthening includes interventions
made to increase the load resistance of a components or to improve overall structural stability
and the overall robustness of the structure; or shorter strengthening is Interventions to
increase the bearing capacity of a structure. Retrofitting is an action aimed at modifying the
functionality or form of a structure or its components and improving of future performance
(minimizing damage during specified earthquake). Upgrading is the action undertaken in
order to improve the quality of a building, including the increase of capacity to withstand
earthquakes. Replacement is an action of providing new substitute components for the ones
which have experienced deterioration, damage, degradation or mechanical wear[6], [19] and
[22].

Sometimes the term rehabilitation includes interventions undertaken in order to
restore the performances of a structure or its component parts that are in changed to the
original level of performance, including all types of repair, retrofitting and strengthening that
lead to reduced earthquake vulnerability. Reconstruction is a radical intervention, which
includes improvements - upgrading/retrofitting, strengthening, replacement of components,
and the removal of all or part of a structure, if it necessary to achieve a requested
performance. Seismic retrofit comprise: technology of application; experimental data on
retrofitted members; engineering models and expressions for the retrofitting design;
recommendations for the conceptual and the detailed design of the retrofitting. Retrofitting
strategies and instructions for selection of the retrofit technique also included [16]. Besides
strengthening, increasing ductility was adopted in order to upgrade seismic performance of
the structures and minimise damage during earthquake (retrofit). Sometimes, the criterion
on the evaluation of seismic safety of existing RC Buildings, and their aseismic retrofitting
is very important.

Architectural Heritage - Buildings and complex of buildings (towns, etc.) of historical
value. Adobe is bricks made from clay and simply dried in the sun. Some organic materials
like straw or animal excrement can be used to improve durability or reduce shrinkage.
Conservation — Operations which maintain the building as it is today, even if limited
interventions are accepted to improve the safety levels. Diagnosis n. - The act or process of
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identifying or determining the nature and cause of damage and decay through, observation,
investigation (including mathematical models)and historical analysis, and the opinion
derived from such activities. Heritage Value - Architectural, cultural, and/or historic value
ascribed to a building or site. Heritage value may have varying definitions and importance
from culture to culture. Historical Approach - Evaluation based upon historical research and
past experience. Holistic adj. Emphasizing the importance of the whole and the
interdependence of its parts. Structural Typology - The types of structures interpreted as
regards their structural behaviour and their capacity to bear loads. Safety Evaluation
(assessment) - Evaluation of the safety margins of a structure with regard to heavy damage,
partial or total collapse Restoration— Process of recovering the form of a building as it
appeared at a particular period of time by means of removal of additional work or by
replacement of missing later work [22].

This paper provides an overview of the literature, on the behaviour of historic masonry
elements and building, as well as publications related to the behaviour of subassemblies and
building on earthquake, and some Code related to behaviour and damage in structural
element and structure of concrete and masonry buildings. Considered in in-plane shear and
simultaneous compression, out-of-plane bending. In doing so, the most frequent damages
are analyzed with the indicated causes of their occurrence. The method of evaluating the
state of damaged structures, forecasting the remaining service life, and related to that the
selection of appropriate interventions aimed at removing damage and/or strengthening the
structure was discussed. The frequent construction type, especially historical buildings (built
heritage), are obtain in discussion. At the same time, the difference between the intervention
of a seismically damaged structure (balance strength, ductility and stiffness) and a structure
damaged by some other effects was emphasized. Some of the most common intervention
methods were analyzed in order to achieve the desired level of seismic performance, taking
into account the state of the construction and the cost-effectiveness of the interventions. The
advantages and disadvantages of certain interventions are indicated.

2. Damage and assessment condition of buildings structure

Concrete and masonry building structures behave differently under seismic effects.
Their behaviour depends on project solutions and the quality of building construction and
maintenance. The evaluation of seismic safety of existing RC buildings is very important
before structural redesign for earthquake resistance. In high-seismicity area rehabilitation of
buildings must provide ductile instead of brittle behaviour [18]. In design frame structures,
damage is likely to occur first in beams then in columns, and columns in frame should be
stronger than beams, and foundations should be stronger than columns. It is very important
to provided rigid diaphragm action (floor slabs stiff in own plane).

Using the information collected from site observation, performed in order to determine
the residual strength, stiffness and ductility of the structure. For estimation the residual
strength, stiffness and ductility of a structure, the structural engineer (SE) has to trace the
damage in the structural system and non-structural. Crushing of concrete or part of masonry
at the top or the bottom of a column or walls accompanied by buckling of the longitudinal
reinforcement, X shaped cracks in shear walls with significant axial loading and in short
columns are some of damage examples [41].

Concrete structures (CS) can become deficient due damage caused by earthquakes,
especially old buildings which are not design according to contemporary codes. Wide
classification of concrete structures and mechanisms of failure was discussed in [18] and in
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[17] for different structural systems of building..Data relevant to classification can be
classified into following groups:

1. Identification parameters;

2. Structural and quality parameters;

3. Damage and usability parameters.

Fig. 2.Shear and axial failure of column du
to partial-height infill walls

Fig. 4. Column failure due to excessive
axial load and insufficient stirrups

Fig. 5. Beam-column joint damage, Turkey ! Fig. 6. Bursting failure in a column,
Koceli, 1999, after [17] Northrige, California, 1994, after [5]
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According to the influence of damage on the global stability of structures, damage can
be classified into: slight, moderate, serious and collapse. Serious damage includes: the
occurrence of plastic hinge, strong beam-weak column, pounding of adjacent buildings,
short beams and short columns, partial infill walls created short columns and collapse near
joints as brittle mechanism. Greater damage accompanied by reinforcement bar buckling
(inadequate transverse reinforcement) or breaking and concrete crushing appears in the case
of considerable overloading caused by seismic action, poor concrete quality, infill wall
damage (diagonal and X mode of damage) etc.[18].

Longaudinal Transvese
{ragpmentation of the church
body in distinct blocks

A
i

== A
{3 _||m_J_ [

India earthquake of 2001,[5]

Fig. 7.Damage to a place after the Gujarat,

Fig. 8. Typical distribution of Eq. damage to
church (Eq. 4 March, 1997. Ro, [36]

Fig. 9.0verturning of facades, after [7]

Fig. 10.Domes, after [7]

Weakness to shear and a lack of adequate transverse reinforcement were evident in
many examples. This induces the crushing of concrete and the buckling main reinforcement.
Weak column — strong beam in frame RC structures caused a failure of the column below
the frame joint, i.e. unconvinced mechanism, soft and weak stories. Generally, insufficient
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detailing of the structural elements is another reason of damages. Short column, hammering,
unconfined gable wall and in plane/out-of-plane movement of the walls caused damage
[53].Failures of both reinforced and unreinforced masonry in-plane are common. That's why
it's significant to evaluate the residual seismic capacity concrete and masonry damaged
structures. Experience shows that non-structural items which are suspended, such as ceiling
systems and light fittings, perform badly. Appendages such as parapets also suffer high levels
of damage.

While complete replacement of a deficient structure is a desirable option,
strengthening/repair is often the more economical one and hence the aspect of renewal has
received, especially historic buildings, considerable attention over the past few years
throughout the world [2].

Masonry Reinforced
wall concrete
column

Fig. 11.Severe damages to shear walls and = Fig. 12.Shear failure of a lightly reinforced
spandrels 2009 Eq. L’Aquila, Italy, [22] concrete column and the adjacent masonry,
opposite a window opening in St Johns,
Antigua, 1974, [5]

It should be borne in mind that brick buildings are significantly more vulnerable
especially unreinforced masonry (URM) buildings. Masonry is one of the oldest
fundamental materials used in construction exhibit poor performance seismic actions, weak
under lateral loads and tension forces. Structural and geometrical typologies, variability of
constituent materials, construction methods, connections, intricate configuration, and
cultural and artistic specifications are the influential factors in masonry behaviour,
particularly under seismic loads [49].

Older buildings also commonly have timber floors with joists that are poorly tied to
the supporting walls. Any lack of tying together in a building is quickly exposed by
earthquake shaking. In plane, masonry is very stiff, so that the forces transmitted by ground
shaking are high; masonry is also brittle so that failure is accompanied by a marked reduction
in strength and stiffness. Damage normally comprises either collapse or diagonal cracking
in both directions and damage will often be worse around openings.

Characteristic damage are: Cracks between walls and floors; Cracks at corners and
wall intersections; Out-of-plane collapse of the perimeter walls; Cracks in spandrels beams
and/or parapets; Diagonal cracks in structural walls; Partial disintegration or collapse of
structural walls. Evaluation of URM buildings under seismic conditions for both
experimental investigation and numerical simulation requires accurate information [51].

Horizontal reinforcement laid in the mortar bed joints substantially increases in plane
strength and ductility, as does vertical reinforcement in mortar columns cast into hollow
blocks. Introducing masonry tie-beams and columns into masonry walls to form smaller
confined panels also substantially improves in-plane resistance. Out-of-plane, free-standing
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masonry or masonry that has separated from any adjacent structure is liable to toppling
failure.

3. Analysis and evaluation conditions of building structure

Depending on structures’ condition after earthquake, there is a need for structural
upgrading in order to meet design requirements. International Federation for Structural
Concrete (fib) has placed considerable emphasis on assessment and rehabilitation of existing
structures [15]. An overview of post-earthquake damage and determination the residual
capacity for RC buildings in Japan is subject of the paper [33]. Yet, to consider the
determination of lateral strength and ductility corresponding to the damage state of each
lateral — load resist member. In the damage evaluation Guidelines (JBDPA 2015) the state
of damage of each structural member is classified into one of the five classes [33]. Wide
post-earthquake evaluation and strength assessment for Balkan Country discussed in book
[6]. In USA are used documents ACI [2-3], and FEMA [12] and in Europe [11], and before
mention fib [15] was used. In Japan, beside [33], [28] and [39] are used. For seismic
calcification of structural damage, damage index recommended in [45], and for masonry
building [49] and [53].

In U.S. Vision 2000, which gives the numerical definition of four intensity levels in
terms of their return period or probability of exceed (frequent 50% in 30 years), occasional
(50% in 50 years), rare (10% in 50 years), and very rare (5% in 50 years) is still used Fig.13,
cited in [19].Performance levels and relative damage are shown in Fig. 14, [16].

Seismic behaviour and resistance deficiencies during a seismic event, the global
behaviour of a masonry building are greatly influenced by the type of connection between
walls and slabs. A good connection avoids out-of-plane brittle failures and mobilizes the in-
plane shear resistance of walls — “box behaviour”. Shear failures may occur in three different
types: Rocking, Sliding and Diagonal Cracking. Mixed masonry-concrete buildings (and
other masonry structures) generally have insufficient strength for in plane and out-of-plane
seismic actions.

Sysiem Performance Level

: m].‘\' Operational ~ Life Safe Near
Operational Collapse
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c Performance <]
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Fig. 13 Performance matrix 2000 vision

For historical buildings, the methodology proposed by ICOMOS is generally used,
which shown in Fig. 15.In beginning Data acquisition(content historical investigation, field
and monitoring); after structural behaviour, follow diagnosis and safety with explanatory
report, and remedial measures with execution documents.
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Base
Shear
Demand

Lateral Deformation

Fig. 14. Performance levels and relative damage, after [16]

Due to the great variety of structural configurations and materials used, rational
approaches for the assessment of the seismic safety levels of such buildings are needed. A
three-storey masonry building was considered with aspect of applicability of two
contemporary seismic strengthening measures: the use of fibre-reinforced polymer (FRP)
composites and the implementation of base-isolation to achieve the seismic protection levels.
Non-linear static analyses (NSA) for different levels of seismic intensities were conducted
on a model of the fixed-base [31]. Also microelement modelling technique for URM
structures can use. The techniques, materials and design procedures in use for the structural
restoration of historical buildings and monuments, damaged by earthquakes were outline in
[42].

During the structural restoration, the original documents from earlier periods of
construction are respected. At some time the use of traditional techniques and materials is
clearly preferable. Stressed that modern techniques and materials are admissible where
adequate capacity cannot be ensured by traditional techniques. Measures are necessary to
protect and safeguard fresco and mosaic decoration excluded the use of some strengthening
techniques that may cause damage. Analysis by means of FEM with microelements for
mortar and bricks are used. The behaviour factor necessary for a quasi-static or dynamic—
elastic analysis of the structure cannot be taken from the codes of practice for masonry
structures. Bending combined with shear deformation has to be taken into account [21].

289



MEXAYHAPOAHA HAYYHA KOH®EPEHLUA BAHN 2022
INTERNATIONAL SCIENTIFIC CONFERENCE BASA'2022

Historical investigation (3 =)

DATA ACQUISITION — p— e

|S‘h'1.m.||ﬂsd'u'ne:hh:lell
STRUCTURAL BEHAVIOUR mm|

Explanatory
Report

DIAGNOSIS AND SAFETY | 1

ﬂ [ Experimental anaiysis |

]

Timber Execution
REMEDIAL MEASURES | (N p—pr— — o .
ocuments

Reinforced concrete

|

L

Fig. 15. ICOMOS methodology

After minor shaking, the building will be fully operational within a short time and the
repair costs will be small. After moderate shaking, the building will be operational once the
repair and strengthening of the damaged main members is completed. But, after a strong
earthquake, the building may become dysfunctional for further use, but will stand so that
people can be evacuated. In order to determine the residual strength, stiffness and ductility
must using the information collected from site observation the damage in the structural
system and non-structural elements. The nonlinear static evaluation procedure is known as
the NSA method. Idealized roads of beam column concrete can be considered as:
concentrated plasticity- plastic hinge or nonlinear spring hinge; and distributed plasticity
with finite hinge zone, fibre section and finite element [16].

Modern European codes (EN 1998-1 and 1998-3, 2004) provide the rules for seismic
design of new and existing damaged structures, respectively. Federal emergency
management agency (FEMA) and applied technological council (ATC) work very actively
in assessing conditions of structures after seismic events and for its upgrading. Current
seismic design of structures is based on the presumed ductile response and yielding
probability of some part of a structure, without transforming the structure into a mechanism
of brittle failure. The Code provisions generally have two levels, limit state design, for
earthquake resistant of buildings [52].

In the seismically active zones of southern and central Europe, unreinforced masonry
(URM) structures are one of the most common types of buildings. Some of them possess a
high historical value and could therefore be classified as part of the architectural heritage,
requiring special attention with regard to their preservation and retrofitting measures [31].

Due to the great variety of structural configurations and materials used, rational
approaches for the assessment of the seismic safety levels of such buildings are needed. The
paper analyses the applicability of two contemporary seismic strengthening measures,
namely the use of fibre-reinforced polymer composites and the implementation of base-
isolation to achieve the desired, code-based seismic protection levels. A three-storey
masonry building was considered in the study. Non-linear static analyses for different levels
of seismic intensities were conducted on a mathematical model of the fixed-base, FRP-
strengthened and base-isolated variants of the structure [31].
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Setting a criterion on the evaluation of seismic safety of existing RC buildings is very
important before structural redesign for design earthquake. Approach to the rehabilitation
problem of a damaged building should be done in the following steps:

- Examination of a damaged building; development of alternative rehabilitation schemes;
- Examination of the feasibility as well as cost of each alternative;
- Final rehabilitation design.

Depending on the intensity of the earthquake and its effects, it affects the cost and
duration of rehabilitation. Levels of Performance (Limit States in the EN) and Hazard Levels
(Seismic action) of [11] adopts a fully performance-based approach for the evaluation and
rehabilitation of existing buildings (Fig. 7): 1) Near Collapse (NC), the Collapse Prevention
in US codes. The structure is heavily damaged, retains little residual strength and stiffness
against lateral loads, but vertical elements can still carry the gravity loads. Most non-
structural elements have collapsed; 2) The “Significant Damage” (SD) level, corresponding
to the “Life Safety” (in the US) and to the local-collapse prevention performance level for
which new structures are designed according to Part 1 of EN 1998. The structure is
significantly damaged, but retains some residual lateral strength and stiffness and certainly
its vertical load-bearing capacity. Repair may be uneconomical. 3) The “Damage
Limitation” (DL) level, “Immediate Occupancy” in the USA[13]. The structure is only
slightly damaged, without permanent deformations and do not need repair. Performance
requirement Description Limit State of Near Collapse (NC). The structure is heavily
damaged, with low residual lateral strength and stiffness, although vertical elements are still
capable of sustaining vertical loads. Most non-structural components have collapsed. Large
permanent drifts are present. The structure is near collapse and would probably not survive
another earthquake, even of moderate intensity.

Limit State of Significant Damage (SD) - with some residual lateral strength and
stiffness, and vertical elements are capable of sustaining vertical loads. Non-structural
components are damaged, although partitions and infill have not failed out-of-plane.
Moderate permanent drifts are present. The structure can sustain after-shocks of moderate
intensity. The structure is likely to be uneconomic to repair. Limit State of Damage
Limitation (DL) - only lightly damaged, with structural elements prevented from significant
yielding and retaining their strength and stiffness properties. Non-structural components,
such as partitions and infill, may show distributed cracking, but the damage could be
economically repaired. Permanent drifts are negligible. The structure does not need any
repair measures.

In USA Overall damage; Collapse Prevention(CP) level; Severe; Life Safety (LS)
level; Moderate Immediate Occupancy(IO) level; Light Operational level Very light General
Little residual stiffness and strength, but load bearing walls function. Some exits blocked.
Building is near collapse. No out-of plane failure of walls or tipping of parapets. Some
permanent drift and damage to partitions. Building may be beyond economical repair. No
permanent drift.

Negligible damage occurs. Power and other utilities are available, possibly from
standby sources. Comparison with performance intended for (new) buildings under the
NEHRP provisions, for the design earthquake Significantly more damage and greater risk.
Somewhat more damage and slightly higher risk. Less damage and lower risk.

For analysis and evaluation conditions of tructure used software packages. However,
the calculation of masonry buildings is very complex. Masonry is an anisotropic,
heterogeneous, and non-linear composite material that has been widely used in developing
countries [51]. Although the response of the walls is likely to become highly non-linear
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(have cracked), a linear static or response spectrum analysis using force reduction factors is
likely to give sufficient information on these points in well-designed buildings of regular
form. Non-linear static or dynamic analysis may be employed to investigate redistribution
of forces between walls in existing buildings, where one or more walls reach their ultimate
strength for a seismic intensity below that considered for design on model [30], Fig. 16.

r.

‘=il

il

Fig. 16. Design model for masonry wall [30]
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The flow diagram for the evaluation of the disease and the support of the diagnosis
and the determination of the measures of therapy is attached in fig. 17.

Meed for assessment

History of the building
Preliminary assessment ~E Preliminary inspection
Urgent measures

Yes =
Sufficient data

Mo

Detailed inspection

Detailed a ment [ Modelling

Temporary monitoring _‘
Diagnosis

Fig. 17. Flowchart of the actions to be undertaken for the diagnosis of the building [22]

The relationship between strategies and measures applied in rehabilitation is shown in
the flow chart in the figure 18. Flowchart of the actions to be undertaken in the phase of the
structural assessment of the structure of building and make decision between repair and
strengthening show in Fig. 19, and typical seismic strengthening methods for provide
strength and ductility of structures in Fig. 20.

292



MEXAYHAPOAHA HAYYHA KOH®EPEHUNA BAHN’2022
INTERNATIONAL SCIENTIFIC CONFERENCE BASA'2022

—1 recover original 41 repair damage and deterioration

— stiffen existing structure
| strengthen existing structure

improve irregularity and/or discontinuity

performance
seismic upgrade original
rehabilitation performance
L reduce seismic

— supplement energy dissipating devices |

| reduce masses |
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Fig. 18. Seismic rehabilitation strategy and measures, adopted from [51]
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Fig. 19. Flowchart of the actions to be undertaken in the phase of the structural assessment
of the building [22]
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Fig. 20. Typical strengthening methods [22b]

For historical buildings, i.e. architectural heritage overview of the procedure for
selection of retrofitting technique showed in Fig. 21, adopted from [48] and [50].

Seismic Retrofitting Steps for Historical Buildings

— T T - T iE
&, Site investigation Structural investigation i
2 : (hazard analysis) (structural capacity) i
O k. S i el i v T s e T e S g . g A . Ty A il i v - i, s e i A g
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] Structural mtegrity -
o . . [
i assesement [ Deficiency detection ] !
Z Structural performance 1
1
: assessinent :
A

i 3 Selection of retrofitting program

H

[ Conservation rules Retrofitting category

£ Authenticity . = Improving structural integrity = Availability
7] Minimum mtervention
Compatibility = Reducmg seismic demands = Cost
Reversibility ? R
= = Upgrading structural elements = 2 /
Durability Pt £ Buildability 3

____________________________________________________________

Fig. 21. Overview of the procedure for selection of retrofitting technique for heritage
buildings

The diagram shown in Figures 17 to 21 can be useful for making adequate decisions
about the type and scope of interventions on the structures of concrete and masonry
buildings. Buildings of architectural heritage are also included.

In seismic rehabilitation, analyses are made to estimate the safety and performance of
the building prior to and after rehabilitation. The knowledge factor is used in the evaluation
of the capacity of the cross sections and of elements to account for possible uncertainties.
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Frequently level of knowledge is assumed to be limited factor is 0.75; for medium 0.90 and
1.00 for comprehensive level [11].

The performance goal of the strengthening needs to be defined. Is it merely tore instate
the building to its condition before it was damaged by the earthquake, or is it to be upgraded
and if so to what level? Damaged members need to be reinstated at least to the level that they
can safely carry their gravity loads; otherwise they must be replaced. Grouting under
pressure of cracks in concrete and masonry with epoxy mortar is a well-established technique
which is quite reliable in reinstating the concrete to its previous capacity. Jacketing and
plating, as previously described, can also be used to reinstate and strengthen damaged
elements. Additional elements can then be added to take the demand
away from inadequate members under conditions of earthquake loading.

4. Rehabilitation/structural intervention on structures of buildings
4.1. Some rehabilitation of RC and masonry structures of buildings
Initial considerations may include the following.

(a) Damaged elements are likely to need repair or replacement.
(b) Irregularities in plan leading to tensional response (with an adequate arranged shear
walls). Adding shear walls or cross-bracing reduce the torsional eccentricity.
(c) Irregularities in elevation giving rise to soft or weak storeys should be eliminated.
(d) Lack of tying together of a building may well be a concern in masonry buildings.
(e) Non-structural elements need protection (cladding elements, chimney, parapets, i.¢.).
(f) Geotechnical aspects should be addressed (possibility of slope instability at or near the
site, and foundation movements).

General criteria for the choice of a structural intervention: cost, both initial and future;
durability of original and new elements, possibility quality control, materials; aesthetics and
duration of work. Technical criteria guidelines for the choice of the intervention scheme:
possible increases local ductility; and spreading the areas of inelastic behaviour as much as
possible across the entire structure should be one task of intervention. Mass reduction,
addition of new structural elements; base isolation; addition of new elements (bracing or
infill walls) may be selected [41]. Braced frames are generally considered to be stiff systems
in the elastic range. Their nonlinear response depends on their ability to redistribute forces
between bays and drifts between stories. Important considerations for upgrading the seismic
resistance of existing including investigation of existing structural characteristics,
identification of significant deficiencies, and selection of appropriate upgrade criteria and
retrofit systems are given in [23]. A review of strengthening schemes for RC buildings was
shown in [46].

To prevent disaster in the future earthquakes, the existing deficient buildings need to
be retrofitted. The basic requirements of rehabilitation and investigations of various retrofit
techniques should be considered before selecting retrofit schemes. One way of retrofitting
of the columns in RC multi-storeyed buildings is concrete jacketing [19] and [44].

Furthermore, methods are categorized based on the nature of the structure, application,
and possible availability. A comparison of each method’s advantages and shortcomings is
presented in terms of economy, sustainability, and buildability. Disruption to the continued
occupation of a building is important. The transformation of the existing RC walls into anti-
seismic shear walls is presented in [35]. In [37] state of research on seismic retrofit of
concrete building structures (typical configurations and details) in the US is given.

New methods are often based on fiber reinforced polymers (FRPs) as new materials
for intervention. Confinement of columns with composite materials leads to increase of
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lateral deformations. Deficiencies [53] have been identified during the seismic assessment
of the building may be modified for improved earthquake resistance and/or deformation
capacity within the seismic upgrading (such as the addition of shear walls [20]). Concrete,
steel or fiber reinforced polymers (FRP) are normally used for the jacket. Steel and FRP
jacketing are very popular in many countries since they have the advantage of a minimal
increase of cross sectional dimensions, can be executed quickly with little interruption to the
use of the structure while work is carried out [19].

Focus during the last few decades has been on seismic retrofitting and strengthening
techniques using composite materials, both RC and masonry buildings structures. This
review attempts to systematically investigate URM structures and commonly used
retrofitting methods based on type and previous studies. Some examples for intervention on
RC structure are shown in Fig. 22, for strengthening RC columns, for special details with

anchorage and strengthening top and bottom of columns Fig. 23, and for column-beam joint
on Fig. 24.

—E . !
(i} i) —L "
_T_

Figure 22. Schematic illustration of RC element strengthened in shear with externally
bond: 1) complete FRP wrapping; j) discrete strips of FRP; k) four sided wrapping of
columns as 1) and j), after [38]

Fig. 23 Confinement of RC element with composite materials to: a) increase lateral
deformation; b) prevent lap splice failure; c) delay rebar buckling
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(b}
Figure 24. Typical composite material configurations for beam-column joint
strengthening, a) external, b) interior joints [35]

Comparative strengthening columns wit FRP a) jacketing; and b) steel cage technique
using steel straps or c) steel plates showed in Fig. 25.

Fig. 28 Strengthening columns: a) jacketing; b) steel cage technique using steel straps
or ¢) steel plates, after (Thermou and Elnashai, 2006) cited in [19] and [35]

Insufficient bearing capacity of slab structures can be strengthened by increasing its
thickness and by placing additional reinforcement. The integration of the existing and the
new layers of slab, i.e. the force transfer between old and new concrete layer, is of prime
importance [17]. For this purposes, steel dowels or anchors can be used. For beams and RC
columns similar procedures are used. Method for integration new and old concrete are show
in Fig. 29.

added slab

l

e
————

existing slab

Fig. 29 Strengthening of a slab (concrete to concrete)

]
zZ
5]

Fig. 30. Integration of the new and existing slab, after [35]
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A deferent method for enlargement RC columns and jacketing application in Fig. 31 was
shown.

Fig. 31. Jacketing of columns, after [27]

,~—ROUGHEN SURFACE
DRILLED DOWELS — OF EXISTING COLUMN
—CONFINING HOOPS
PROVIDE CLEARANCE —)
FOR 135° HOOK
CONCRETE JACKET m

PRESSURE-INJECTED

NONSHRINK GROUT \, LT
IN 1/4" SPACE o

= R L\
THREADED ROD {  (E)CONC i ]

DRILLED DOWEL

/ WASHER WELDED TO INSIDE
/ OF PLATE AT ANCHOR BOLT

STEEL PLATE JACKET ——/

RECTANGULAR STEEL JACKET .

PRESSURE-INJECTED
NONSHRINK GROUT

PROVIDE 1/4" GAP

STEEL PLATE JACKET—

ELLIPTICAL STEEL JACKET I C I

Fig. 31. Schematic illustration of RC element strengthened with different method,
Concrete and steel jacketing of columns [35] and USA practice, cited in [19]
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Fig. 32. FRP strengthening method for reinforced concrete frames with infill walls
[38]

The performance goal of the strengthening needs to be defined. Is it merely toreinstate
the building to its condition before it was damaged by the earthquake, or is it to be upgraded
and if so to what level? Damaged members need to be reinstated at least to the level that they
can safely carry their gravity loads; otherwise they must be replaced. Grouting under
pressure of cracks in concrete and masonry with epoxy mortar is a well-established technique
which is quite reliable in reinstating the concrete to its previous capacity. Jacketing and
plating, as previously described, can also be used to reinstate and strengthen damaged
elements. Additional elements can then be added to take the demand away from inadequate
members under conditions of earthquake loading. ASCE/SEI Standard 41-06 is a valuable
tool for structural engineers and the public for improving seismic performance of existing
buildings.

In [5] discuss the application of cost—benefit analysis to thechoice of performance
level. Achieving higher performance levels implies higherinitial costs, but it also impliesa
potential for future savings due to reduced damage in future earthquakes.

4.2. Upgrading of historic buildings

A number of special considerations apply to historic buildings, including:
(a) Their historical significance implies that they need preserving for many future
generations, so the return period of the design needs to be correspondingly long.
(b) The upgrading needs to pay particular attention to the cultural and architectural
values of the original construction. Balancing the need to prevent future damage while
preserving the original delight and value of an old building is perhaps as much an art as a
science, particularly where the ‘original construction’ has been built and altered over many
years.
(c) Often, it will be difficult to gain full knowledge of the properties of the materials and
methods of construction.
(d ) As far as possible, strengthening measures should be reversible, so that they can be
removed and modified without damage to the original, if in future more effective measures
are developed. In practice, this may be difficult to achieve fully, but the strengthening
measures should ‘respect, as far as possible, the character and integrity of the original
structure’ (Feilden 1987) citrate in [5]. Prepared by ICCROM (International Centre for the
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Study and Restoration of Cultural Property, Rome). These contain much practical advice on
the issues involved.

Seismic isolation technique has the potential to protect both structure and non-structure
from earthquake damage, while minimising the intervention required to a single isolation
plane. It is therefore particularly suitable if preservation of the existing architecture.

In the most frequent types of historic masonry (double or three-leaf masonrywith loose
connection between leaves), there is a more or less continuous vertical joint within the
thickness of masonry. The failure of those types of masonry in compression is characterized
by the occurrence of vertical cracks on the faces of masonry.). Actually, although the two
families of cracks open at almost the same vertical load, the transverse ones grow faster.
Thus, the failure of masonry is due to simultaneous compression and out-of-plane flexure of
the leaves. It should be noted that cracks within the thickness of masonry are not visible or
detectable (unless significant out-of-plane deformation of masonry has occurred).Such
cracks may be due to decay of materials, as well as to previous normal and seismic actions
on the structure including arches and domes (Fig.10).

The behaviour of masonry elements under in-plane shear is of major significance
for the seismic response of buildings, as documented by typical damage, i.e. diagonal or bi-
diagonal cracks in walls and spandrels. Thus, numerous research works were devoted to the
behaviour of masonry under shear. It is well known that in historic buildings subjected to
seismic actions, the out-of plane behaviour of (solid or with openings) walls may be critical.
The vulnerability to out-of-plane actions is due to typical characteristics of historic masonry
buildings, namely, the flexible floor and roof diaphragms, as well as the defective connection
between floors/roof and walls (allowing for significant out-of-plane deformations of walls),
the defective connection of walls at building corners, the presence of openings close to the
corners [21], [31], [36] and [47].

This paper covers the following topics [47] and [51]:
- Design strategies for strengthening;
- Assessing the seismic adequacy of existing buildings;
- Methods of strengthening;
- Assessing earthquake-damaged buildings;
- Special considerations for historic buildings

Among the possible options are the following.

(a) Addition of shear walls;

(b) Cross-bracing;

c) Passive dampers;

(d) Jacketing of concrete frame elements.

(g) Reinforcing wall-to-floor connections-The connection of a timber floor to supporting
masonry walls may be improvedby bolted to the existing floor;

(h) Guniting of masonry walls - Masonry walls can be strengthened adding a thin layer
of mortar to one or both faces. The layer is strengthened with a light mesh reinforcement,
and the mortar is;

(1) Seismic isolation

Floors play a vital role in seismic resistance by distributing the inertial forces
generated in an earthquake back to the lateral resisting elements, and by tying the entire
structure together. The strength and stiffness of timber floors can been proved by screwing
additional plywood sheets to the floor joists and providing. Adding steel cross-bracing to an
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inadequate concrete or steel moment frame building is an alternative technique to the
addition of concrete shear walls.

A number of special considerations apply to historic buildings, including:
(a) Their historical significance implies that they need preserving for many future
generations, so the return period of the design needs to be correspondingly long.
(b) The upgrading needs to pay particular attention to the cultural and architectural values of
the original construction.
(c) Often, it will be gain full knowledge of the materials and methods of construction.
(d) As far as possible, strengthening measures should be reversible, so that they
can be removed and modified without damage to the original, and should ‘respect, as far as
possible, the character and integrity of the original structure’

Eurocode 8 provides Simple rules for masonry buildings without calculation (simple
MB). The need for structural rehabilitation of heritage buildings is, motivated by:
- The existence of visible defects in the building;
- Damage after a particular event that affects its stability (earthquake, etc.);
- The change of the use of the building for most severe conditions; and
- Requirement of the competent authority, for instance, when there is an increase in the
actions (earthquake action, traffic action, etc) imposed by new codes [22] defends the
adoption of the following principles:
- Guarantee of structural safety;
- Respect for the cultural value of the building;
- Minimum intervention;
- Reversibility of the intervention,;
- Integration on the whole building;
- Compatibility of the materials;

The purpose of the historical survey is to understand the conception and the
significance of the building, the techniques and the skills used in its construction in both the
structure and its environment and any events that may have caused damage. Direct
observation of the structure is an essential phase usually carried out by a qualified team and
to give an subsequent investigations decay and damage and applied urgent measures. Tests
usually aim to identify the mechanical characteristics of the materials and of the structure
(and any discontinuities). The structural scheme and damage also survey.

Before redesign intervention on structure designer must be determine whether or not
the safety levels are acceptable, by analysing the present condition of both structure and
materials. The safety evaluation is therefore an essential step in the project of restoration
[22b]. Understanding the complexity of an ancient building or monument, uncertainties
regarding material characteristics, the unknown influence of previous phenomena and
imperfect knowledge of alterations and repairs carried out in the past. For chose appropriate
decisions must used adequate mathematical model. For safety evaluation, can combined
analysis of the information obtained from each of them, which
may lead to the 'best judgement'.

The term masonry here refers to stone, brick and earth based construction adobe.
Materials have a very low tensile strength and may easily show cracking within elements.
Local intervention techniques are applied to a group of members that suffer from structural
deficiencies and a combination of these techniques. Another effective technique consists in
the application of FRP (carbon or glass fibers) confine completely the column. The column
in all directions and injected with cement grout or epoxy resin.
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Crack injection is a versatile and economical method of repairing RC structures. The
effectiveness of the repair process depends on the ability of the adhesive material (epoxies)
to penetrate into the fine cracks of the damaged concrete. This repair method can be used in
minor (<0.1 mm), medium (<3 mm) size cracks, and large crack widths (up to 5 - 6 mm). In
case of larger cracks, up to 20 mm wide, cement grout, as opposed to epoxy compounds.

Shotcrete is used as a repair method for RC and MS. Shotcrete can be applied to almost
any surface; it can also be used in combination with RC jacket. It achieves excellent bond to
most competent surfaces.

Addition of new reinforced concrete walls is one of the most common methods used
for strengthening of existing structures [20]. Method is efficient in controlling global lateral
drift and reducing damage in frame members and achieved a regular building configuration
[13]. Seismic rehabilitation of substandard R.C. buildings with masonry infill.

FRP techniques for strengthening /upgrading may be noted as following:
* Externally bonded FRP (EBR).

- FRP plate bonding.

- FRP Confining or jacketing.

* Sprayed fiber reinforced polymers.

* Near Surface Mounted with FRP.

* Prestressed FRP.

Constructed structures provide context to aesthetic, cultural, social, archaeological,
and technological issues for future generations to treasure. Seismic behaviour for masonry
structures is highly dependent upon material properties, geometry, unit arrangement,
connections, foundation, etc.

Steel bracing can be a very effective method for global strengthening of buildings. of
external steel systems minimum disruption to the function of the building and its occupants.
to provide a significant increase in horizontal capacity of the structure. Moreover the
comparison between conventional and innovative devices showed that shape memory alloys
(SMA)-based devices are far more effective than rubber isolators in reducing seismic
vibrations.

In general, seismic rehabilitation may aim to either recover or upgrade the original
performance or reduce the seismic response [42]. The crack injection (epoxy resin injection
or grout injection) technique and the member replacement (substitute part of the damaged
member) may apply.

The type of intervention includes (ECS):

(a) Injection of cracks.

(b) Local replacement of damaged concrete and steel.

(c) Using thin steel plates for strengthening of RC slabs or beams.

(d) Confinement of RC element (mainly of columns) by means of collars, spirals, etc.
(e) Providing additional RC layers for flexural or shear strengthening of beams.

(f) Providing infill in the frames.

(g) Providing reinforced concrete jackets on columns.

The types of intervention on masonry buildings are as follows [11]:

(a) Reduction of the mass, by removal of heavy roof covering, and parapets, etc.
(b) Reduction of the eccentricity between the mass and the stiffness centers;

(c) Addition of new bracing walls;

(d) Improvement of the connections horizontal diaphragms with vertical elements;
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(e) Improvement of the diaphragmatic action of the floors;

(f) Improvement of the quality of the masonry (by grouting);

(g) Repair of cracked walls;

(h) Application of vertical and horizontal confining elements to the walls;
(1) Application of transversal confinement to the edges of masonry piers;
(j) Strengthening of buildings by means of steel ties.

For ordinary buildings seismic risk assessment is typically carried out for the
performance condition of life safety and collapse prevention, related to a seismic hazard
scenario related to a 10 % probability of exceedence in 50 year or 475 year return period.
For historic buildings in city centre and in case of assets of particular value, it might be more
appropriate to consider the performance condition of damage limitation or significant
damage associated to lower-intensity and shorter return period seismic hazard [9], [21], [32],
[38] and [46-47]. ISMEP project. A most important criterion of distinguishing vulnerability
approaches for Historic buildings, is whether the method is purely empirical, i.e. based on
observation and record of damage in past earthquake, from which a correlation between
Seismic Vulnerability and Risk Assessment of Historic Masonry Buildings in Italy

Direct techniques use only one step to estimate the damage caused to a structure by
an earthquake, employing two types of methods; typological and mechanical: Typological
methods—classify buildings into classes depending on materials, construction techniques,
structural features and other factors influencing building response. Mechanical methods—
predict the seismic effect on the structure through the use of an appropriate mechanical
model, which may be more or less complex, of the whole building or of an individual
structural element. Indirect techniques initially involve the determination of a damage
index[45], by establishment of the relationships between damage and seismic intensity(peak
ground acceleration, PGA),supported by statistical studies of post-earthquake damage data.

The rapid screening ATC-21 techniques extensively used in the U.S. Conventional
techniques are essentially heuristic, introducing vulnerability index for the prediction of the
level of damage. There are essentially two types of approach: those that qualify the different
physical characteristics of structures empirically and those based on the criteria defined in
seismic design standards for structures, evaluating the capacity-demand relationship of
buildings ATC-13 and ASCE [3]. Uncertainty is treated explicitly through a probabilistic
approach. The capacity of the structure, spectral displacementand inter-story drift limit is
defined for different levels of damage. The ACI code for Assessment, Repair, and
Rehabilitation of Existing Concrete Structures (ACI 562M-16) states that the design of the
repair system shall consider the properties and installation of the repair materials and
systems. Hybrid techniques combine features of the methods described previously, such as
vulnerability functions based on observed vulnerability and expert judgment.

4. Conclusion and final remarks

This paper provides an overview of the literature on the behaviour of historic RC and
masonry elements and buildings. Thus, selected publications are evaluated related to the
behaviour of elements in compression, diagonal compression, in-plane shear and out-of-
plane bending. Yet, this is a prerequisite for a reliable assessment of the current state of
historic structures and, by way of consequence, for the selection of adequate intervention
techniques for their preservation.

Damage affects the behaviour of individual components differently. Some exhibit
ductile modes of post-elastic behaviour, maintaining strength even with large displacements
(which is desirable). Others are brittle and lose strength abruptly after small inelastic
displacements (which is undesirable) [14]. The task now is to identify acceptable forms of
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damage and desirable building behaviour during earthquakes. Failure of RC columns
happened primarily due to the lack of lateral reinforcement.

The present seismicity of the region, characteristics of the ground motions, and damage
mechanisms must be investigated. In high-seismicity area, rehabilitation of buildings must
provide ductile (convenient mechanism) instead of brittle behaviour. In frame structures, the
damage is likely to occur at first in the beams and then in columns (columns in frame should
be stronger than beams). Members must be detailed properly in order to have large ductility
(despite seismic energy). It is very important to provide rigid diaphragm action (floor slabs
are stiff in its own plane).

It is very important to choose an adequate structural system and foundations and to
provide the capacity and limiting deformation. It is necessary to achieve the basic
performance of foundations in its strength, stiffness and ductility. Those documents provide
a framework and guidelines for evaluation conditions and decision of the type of intervention
on damaged structures [19].

Seismic evaluation of the existing structures is a complex task. Use of sophisticated
evaluation and strengthening procedure is reasonable when the level of knowledge for the
structural system is relatively high. Use of advanced technology materials is only
recommended, when concrete quality of the existing buildings is relatively good [17] and
[19].

In decision process for the degree and the type of intervention, the following factors
are considered: the layout of structural system; the strength of structures; the flexibility of
structures and their ductility. The ductility requirements for RC buildings are: strong
columns — weak beams; adequate shear reinforcement, so that bending mode of failure is
provided; confined compression zones with close hoops or ties (EC8).

Acknowledgements

The research described in this paper was financially supported by the Ministry of
Education and Sciences of Republic of Serbia within the Project: “Innovative scientific and
artistic research in the field of Faculty of Technical Sciences activities” (University of Novi
Sad, Faculty of Technical Sciences). This support is gratefully acknowledged (R. Foli¢); and
Contract No. 451-03-08/2022-14/200213 from 4.2.2022 (Boris Foli¢).

REFERENCES
American Concrete Institute (ACI), Committee 440: ACI440.2R-02 Guide for the Design
and Construction of Externally Bonded FRP Systems for Strengthening Concrete
Structures, 2002; ACI 440.4R-04 Prestressing CS with FRP Tendons, 2004.
ACI 562-19, Code Requirements for Assessment, Repair, and Rehabilitation of existing
Concrete Structures and Commentary, 2019.
ASCE 31-03: Seismic evaluation of existing buildings, Reston, 2002, and Seismic
rehabilitation of existing buildings, Reston, 2007. VA.
Bedi, K., Study on various methods and techniques of retrofitting, International Journal of
Engineering Research & Technology (IJERT), Vol. 2 Issue 9, Sept. 2013
Booth, E., Key, D., Earthquake Design of Buildings, T. Telford, London, 2006.
Building Construction under Seismic Conditions in the Balkan Regions, Vol. 4: Post-
earthquake damage evaluation and strength assessment of buildings under seismic
conditions, UNDP, Vienna, 1985.
Cattari, S., Lagomarsino, S., Seismic assessment of mixed masonry-reinforced concrete
buildings by non-linear static analyses, Earthq-and Structures, Vol. 4, No. 3 (2013), pp.
241-264

304



[8]

[9]
[10]
[11]
[12]
[13]
[14]
[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]
[26]

[27]
[28]

[29]

[30]

[31]

[32]

MEXAYHAPOAHA HAYYHA KOH®EPEHUNA BAHN’2022
INTERNATIONAL SCIENTIFIC CONFERENCE BASA'2022

Cardani, G., Belluco, P., Reducting the Loss of Built Heritage in Seismic Areas, Buildings,
2018, 8, 19.

D'Ayala, D., Seismic retrofit of earthquake damaged masonry housing, K4D Helpdesk
Report. Brighton, UK: Institute of Development Studies, 2016

De Ludovico, et al. Seismic upgrading of existing buildings using non-invasive solutions
based on advanced materials, V. Proc. Adv. Mater., Vol. 2, ID 2102127, 2021.

EN 1998-Design of structures for earthquake resistance, Part 3: Assessment and
retrofitting of buildings, June 2005.

FEMA 313: Mitigation seismic risk hazards, Handbook, March, 2002.

FEMA 356: Prestandard and commentary for the seismic rehabilit. on of buildings, 2000.
FEMA 547: Techniques for the seismic rehabilitation of buildings, 2006. Washington

fib (CEB-FIP) Bulletin 22, Monitoring and safety evaluation of existing concrete
structures, 2003;

fib: Bul. 24, Seismic assessment and retrofit of reinforced concrete buildings, 2003

fib, Buletin 35: Retrofitting of concrete structures by externally Bonded FRPs, with
emphasis on seismic application, 2006; fib: Bull. 55&56: Model Code 2013 - Vol. 1&2.
Foli¢, R.: Classification of damage to concrete buildings in earthquakes, illustrated by
examples, Materials and Structures, Vol.24, July 1991, pp. 286-292

Foli¢, R., Zenunovi¢, D., Liolios, A. Recommendation for seismic upgrading of damaged
RC structures, SFR 2014, Ed. M. Forde, July 2014; and Foli¢, R. et al. Seismic upgrading
bridge structure, SFR 2014, Ed. M. Forde, July 2015;

Foli¢, R., Petronijevi¢, P., Seismic Strengthening of Buildings with RC Walls, First
Science-App. Conf. RC and Masonry Structures-Theory and Practice- Sofia, 2015
Gkournelos, P.D., Trantafilou, T.C., Bournas, D. A., Seismic upgrading of existing
masonry structures: A state-of-the art review, Soil Dynamics and Earthquake Eng. 161,
2022, P. N. 107428.

Guide for the Structural Rehabilitation of Heritage Buildings, CEB Commission W023-
Wall Structures, Ed. Panel, Lisbon, 2010; and b) ICOMOS: Recomendation for the
Analysis, conservation and structural restoration of Architectural heritage, 2003.
Hamburger, R.O., Crag A.C.: Seismic upgrading of existing structures, Ch. 12, in Seismic
Design Handbook, Second edition, Ed. F. Naeim, 2001, pp. 623-679.

Heiza, K., Nabil, A., Meleka, N., Tarel, M., State of the Art Review: Strengthening of
Reinforced Concrete Structures-Different Strengthening Techniques, 6™ Int. Conf. on
Nano-Technology in Construction, 2014. Pp. 1-24.

Hrasnica, M., et al. Seismic strengthening and repair of typical stone masonry historical
buildings in Bosnia and Herzegovina, 8" Int. Masonry Conf. 2010 in Dresden

Jirsa, J.O.: Research on seismic rehabilitation of RC structures-Past and future of seismic
rehabilitation, http://nees.org/site/media/Research (Accessed March, 2013)

JSCE Guidelines for Retrofit of Concrete Structures, Draft, September 1999.

JSCE Guidelines for Concrete, Mo. 17: Standard Specification for Concrete Structures;
Ch. 7: Evaluation and Judgment; Ch. 7: Remedial Measures; 2010.

Kaplan, H., Yilmaz, S., Seismic strengthening of reinforced concrete buildings Ch. 16, in
Earthquake-Resistant Structures-Design, Assessment and Rehabilitation, 2012

Kappos, A. J., Papanikolau, V. K., Nonlinear damage analysis of masonry buildings and
definition of seismic damage states, The Open Construction and Building Technology
Journal, 2016, 10, pp. 192-209

Kilar, V., Petrovici¢, S., Seismic Rehabilitation of Masonry Heritage Structures with Base-
Isolation and with selected contemporary strengthening measures, J. of Safety and Security
Eng. Vol. 7, No. 4, 2017, pp. 475-485.

Lorenco, P.B., et al. Seismic Retrofiting Projekt-Modeling of Prototype Buidings, The
Getty Conservation Institute, Los Angeles, 2019.

305



[33]

[34]
[35]
[36]

[37]

[38]

[39]

[40]
[41]
[42]
[43]

[44]

[45]
[46]

[47]

[48]
[49]
[50]
[51]

[52]

[53]

MEXAYHAPOAHA HAYYHA KOH®EPEHLUNA BAHN 2022
INTERNATIONAL SCIENTIFIC CONFERENCE BASA'2022

Maeda, M., Matsukawa, K., An overview of post-earthquake damage and residual capacity
evaluation for reinforced concrete buildings in Japan, 2019 Pacific Conference on
Earthquake Engineering and Annual NZSEE Conf., Paper 288, 2019

Mahadik, S., Mahajan, L., Bhagat, S, R., Advances in Seismic Strengthening Materials
and Techniques, SMPID 2020, IOP Conf. Mater. Sci. And Eng. 970; 1-7.

Marini, A., Meda, A.: Retrofitting of RC Shear walls by means of high performance
jackets, Engineering Structures, 31 (2009), pp. 3059-3064

McDonald, R., Introduction to Natural and Man-made Disasters and their Effects on
Buildings, AP, Amsterdam, 2003

Mocehle, J.P.: State of research on seismic retrofit of concrete building structures in the US,
US-Japan Simp. and Workshop on Seismic retrofit of CS of research to practice,
www.oonegroup.com/State of research.. Accessed, February, 2013.

Murphy, C., P., New Zealand's unreinforced MasonryBuildings: Facing up to the
earthquake, IOP Conf. Series: Earth and Environmental Science 410, 2020, 012106.
Nakano, Y., Maeda, M., Kuramoto, H., Murakami, M., Guideline for Post-Earthquake
damage evaluation and Rehabilitation of RC Buildings in Japan, !3™ Conf. On Earth. Eng.
Vancouver, B:C: Canada, August 1-6, 2004, Pepper no. 124

Okakapu, A., Ozay,G. Decision selection technic for building strengthening methods,
Asian J. of Civil Eng. (BHRC) Vol. 16, No.2, 2015, pp. 203-218.

Penelis, G. G. Panelis, G. G. Concrete Buildings in Seismic Regions, CRC Press, Taylor
and Francis, London, 2014.

Penelis, G. G. Structural restoration of historical buildings in seismic areas, Prog. Struct.
Engng Mater. 2002; 4:64—73 (DOI: 10.1002/pse.104)

Post-Earthquake repair and retrofit requirements for concrete buildings, Administrative
Bulletin, City and Country of San Francisko, Dep. Of Building Inspection, July 2, 2012.
Raza, S., Khan M. K. 1., Menegon, S. J., Tsang H.-H., Wilson, J. L., Strengthening and
Repair of Reinforced Concrete Columns by Jacketing: State-of-the-Art Review,
Sustainability 2019, 11(11), 3208

Sinha, R., Shiradhonkar, S.R., Seismic Damage Index for Classifaction of Structural
Damage-Closing the Loop, 15" WCEE, Lisboa 2012

Tsionis, G., Apostolska R., Taucer, F., Seismic strengthening of RC buildings, JRC
Science and Policy Report, EC, 2014

Uro$§ M., Todori¢ M., Crnogorac M., Atali¢ J., Savor Novak M., Lakusi¢ S. (Eds.) (2021):
Earthquake engineering - retrofitting of masonry buildings. Faculty of Civil Engineering,
University of Zagreb, Croatia, 2021.

Vijayakumar, A., Venkatesh, B., A survey of methods and techniques used for Seismic
retrofiting of RC buildings, Int. J. of Civil and Structural Eng. Vol. 2, No. 1, 2011
Vintzileou, E., Ch 8: Testing Hidtoric Masonry Element and/or Building Models, in
Perspectives on Earthquake Engineering and Seismology, Ed. Ansal, A., Spriner, 2014.
Vona, M., Manganelli, B., The Historical and Cultural Value of RC Constructions and the
Main Critical Issues for Rehabilitation, Infrastructures 2022, 7, 35

Yavartanno, F., Kang, T. H. Retorfiting of unreinforced masonry structures and
consideration for heritage-sensitive constructions, J. of Building Eng. 2022, 103993.
Yildizlar, B., Seismic performance analysis and rehabilitation applications for a historical
masonry building through field works and experimental investigations, Structures, 34,
2021, pp. 1811-1833.

Yon, B., Sayan, E., Onat, O., Earthquake and ,Structural Damages, Ch. 13, in INTECH,
Open Science, 2017.

306



VI MEXAYHAPOJHA HAYYHA KOH®EPEHIIUA BAHW 2022
VI INTERNATIONAL SCIENTIFIC CONFERENCE BASA'2022

ABOUT THE 55 YEARS HISTORY OF ZDIAKOV BRIDGE IN CZECH REPUBLIC
Tomas Roter’,

-TechnologyUniversity in Prague, Department of Steel Structures and Bridges

Abstract: After more than 55 years of history, the Zdjakov bridge continues to represent one
of the largest and most beautiful bridges in the Czech Republic. 2017 marks the 50th
anniversary of its commissioning and, at the same time, a successful reconstruction was
completed just after that period. The Zhdiakov Bridge is made of steel as a double-jointed
arched structure and still ranks among the largest and most beautiful arched bridges in the
world.

OTHOCHO 55 TOAUIIHATA UCTOPHUSA HA MOCTA ZDIAKOV BYEHIKATA
PEITYBJIUKA

Tomamm P0Tepl,

Abstract: XISKOBCKHAT MOCT clie[l MOBeYE OT 55 ToJMHM HCTOpHUSL MpoabKaBa Ja
MpEJCTaB/siBa €IMH OT Hail-rojeMute U KpacuBu mocToBe B Yexwus. Ilpes 2017 r. ce
HapbpIBaT 50 TOAUMHU OT MYCKAHETO MY B €KCIUIOATallUsl U CHIIEBPEMEHHO C MPUKIIOYCHA
TOYHO CJie[i TO3UW NEPUOJ YCIMElIHA PEeKOHCTPYKUHs. KIIKOBCKUAT MOCT € M3IBJIHEH OT
CTOMaHa KaTo JBYCTaBHA MOJIpPSHA JIbIOBA KOHCTPYKILIMS U BCE OIIE C€ KJIachpa cpel Haii-
roJeMHUTE JbIOBU M KPAaCHBU MOCTOBE IO CBETA.

Key words: arch bridge, 330m span over Zdiakov dam

1. BbBeaenue

3a JKnaKoBCKHsI MOCT, OT BPEMETO Ha Ch3J]aBAaHETO HA HEroBaTa JIOKYMEHTAIMs 3a
U3TPOKIAHETO MY JI0 HAIIM JHU Ca IyOJWKYBaHW HW3KIIIOUUTEITHO MHOTO MaTepHalld
(Pur.1 u ®dur.2). To3u moknan uMa 3a e aa 0000MIIM IsUTaTa HATMYHA WHpOpMaIus 3a
Ch3J]aBAaHETO HA MOCTA, OOXBAIlaKH: KPATKO OMHCAHHE HA KOHCTPYKIHSITA U MOHTaXa
My, TIpETJie] Ha PEMOHTHTE M TOJITOTOBKATa M X0Jla Ha PEKOHCTPYKIIUATA B TIEPHOJA OT
2015 mo 2017 ron. ABTOpBHT Ha MyOJNHMKANMATa € 4YiIE€H W PBHKOBOJIWTE] HAa EKHIa,
M3MBJIHSABAIL PEKOHCTPYKIUATA Ha MocTa Ha JKIsSKoB, koeTo o0ycnaBs MO3HABAHETO Ha
TEXHHYECKOTO PEIICHNE U METO/Ia 332 U3BBPIIIBAHE HA PEMOHT Ha OTJICITHH YaCTH OT MOCTa
mpe3 Ienusi MepuoJl Ha HeroBata peKOHCTpyKius. OcCBeH TOBa, aBTOPBHT upe3 TO3U
JTOKJIaJl, TIPaBH OITUT JIa Jia U3pa3u CBOETO BB3XUIICHUE KbM BCHYKH, KOUTO Ca YIacTBAIIU
B MOJMOTOBKAaTa Ha M3rpakaaHeTo Ha Mocta Ha JKnaskos. IlpuunHa 3a chb3naBaHeTO Ha

! Tomas Rotter, Assoc. Prof. PhD, CVUT, FAST, Praha, rotter@fsv.cvut.bg
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Tasn HY6J'II/IK3,I_[I/I5I Ca U CCPUO3HUTEC HU3BOJU OT TO3HU 00eKT 3a 6T>,ZLCIIII/IT6 reucpanuu,
HammpaBCHHU OT aBTOPUTEC Ha IIPOCKTA, IrojisiMa 4YacT OT KOHUTO Ca OuUIIM HEroBH
npernoaaBaTeiiun.

170 | Pas) L) Ly

®ur.1. Msrneg kM Mocta oT 1964 1. ®ur.2. [Ipoekt Ha MocTa OT KOHKYypca npe3 1941 r

2. HCTOpHﬂ Ha Bb3HUKBAaHETO Ha ujesTa 3a ZKIasIKOBCKHS MOCT

[To ckioHoBeTe Ha AbBIOOKAaTa JOJMHA HA peka BbiraBa, mbTAT ce clycka /10 pekara
6m30 1o cemumero Zd'akov, cIen KOETo ce IpoabiKaBa ¢ (pepubOT U HOBO M3KAuBaHE HA
npyrust Opsr. Ilpe3 mbpBaTa mojiOBUHA HAa MUHAIMS BEK BB3HMKBA HEOOXOIHMMOCTTAa OT
MOJIepHa TpaHCIOpTHA Bpb3ka Mexay I[lumsen u Tabop. [IpemocTBaneTo Ha abiIOOKaTa
joaMHa 6130 10 cenuniero Zd’akov n3ncKkBa MOCTOBA BpB3Ka Ja 0bJe C AbJDKHHA ITOBEYE OT
500 m, ¢ muBo ot npubmm3urenHo 110 m wax peunoro xoputo. Ilo ToBa Bpeme Beue ce 3Hae,
ye me Obae mocTpoeH si30BUp OpiiMyuka, KOWTO 1€ MOBUIKM HUBOTO Ha pekara ¢ 38 m.
[IbpBUAT oOrpaHndeH oOIIeCTBEH THPTI 3a MOCT € o0sBeH mpe3 1941 r., B kolTO ca
MpEJICTABEHN BApUAHTU Ha TpeloBU W AbroBu mocrose [1, 2, 15, 29, 39]. Cneuenmnust
KOHKYpCa MPOEKT € M3MBIHEH OT MPOEKTAaHTCKOTO Oropa Ha 3aBoaute lllkoma B Ilmnsew,
CbBMECTHO C OIOPOTO Ha MHHHO- METaJlypruyHara NpoekTaHTcka opranuzanus B [Ipara c
yuactuetro Ha mnpod. Pp. dantyc. B HEHTpamHOTO TMoOJie HA MOCTa € MPOCKTHpaHa
ChPIOBU/IHA CTOMAaHEHA peleThb4yHa abra ¢ oTBop 345 m. IIpoabmxeHueTo Ha MocTa npea u
3a]] TOJIEMHUsI My OTBOD € PEaJM3UPaHO ChC CTOMaHOOETOHHH Tpe/, chriaacHo dur.2., ynero
W3IBJIHCHHE € CHPSHO TOpaaud ChOUTHATA Mpe3 BTOopaTa CBETOBHA BoitHa. Crem BoiHara
HuBOoTO Ha s3oBuUp Orlickd ce moBmmasa ¢ 19 m, mopaau KOETO MPEIBOSHHUST MPOEKT €
npomeHeH. HoB mybOnuueHn koHKypc mpe3 1954 r., 1oHecs HOBU UIEU W B JIOIBIHEHUE KBbM
CTOMaHEHUTE BapUaHTU ca MPEACTAaBEHH HAKOJIKO MPOEKTa M 3a cT.0eT. MocToBe. IIpoeKkThT
Ha I'BJIHOCTEHHA CTOMAaHEHa JBYOTBOpPHA Jbra C IIEHTpaJIHa CTOMaHOOETOHHA OeTOHHA Omopa,
pa3mnoJoXKeHa B cpefara Ha pekaTa, KosiTo Moele aa 0b/1e u3rpaaeHa npeau s130BupbT Orlik
na ObAe HaAITbIHEH, W3TJICKIAIe Hal-u3roJieH. 3a0aBsHEeTO Ha paboTara Mo MpoekTa obaue
JIOBEIC /10 M30CTAaBSHETO HA TO3M BapUaHT M OKOHYATEIIHO 32 U3MIbJIHEHHE O0e n30paH MpoeKT
C e/lHa CTOMaHeHa MMbJIHOCTEHHA JIByCTaBHA Jbra ¢ oTBop m, (dur.3).

84
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@®ur. 3. KonctpykruBHa cxema Ha MocTa XKaskoB
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[IpoekThT 3a MocTa € pa3paboTeH B Abp:KaBHUS MPOEKTaHTCKU MHCTUTYT: Hutni projekt
Praha o prkoBozcTBOTO Ha Ing. M. 3eman [3](Pur. 4). I'naBeH cTaTuK Ha MOCTA € HHK. A.
Schindler, CSc., (dur. 5), mo-kbcHO Mpodecop U PHKOBOIUTEN HA KaTeapaTa 0 CTOMAaHCHH
KOHCTpYKUIMU BBB akynaTera IO CTPOUTEIHO HMHXKEHEPCTBO, B YEHIKUS TEXHUYECKU
yHupepcuteT B IIpara. EkcnepThT M 4OBEKHT, KOMTO 3HAYUTEIHO MOBJIMSA HA pEIIABAIIOTO
peuieHre, 10 TO3W MoMeHT e mnpod. n-p umx. F. Faltus, DrSc., (®Dur. 6), xoiito e
npenuiectBeHUK Ha uHXK. A. Illunnnep, kaTo pbKOBOAMTEN HA KaTeapara MO CTOMaHEHU
KOHCTPYKLIMM M Hal-BaXHUAT CJIEJIBOCHEH CIELUAIUCT 1O CTOMAHEHW KOHCTPYKLIHU B
Yexus[4, 5,6, 17, 18, 19].

®ur.4. Unx. 1. 3eman  ®wur.5. ﬁpoQ). A. llluagmep @ur.6. [podp.@p. @antyc P@wur.7. Umx. @p. Creiickan
(1922 -1997) (1920-2006) (1901 — 1989) (1937-2017)

MoctbT ¢ m3mbiaHen or VZKG (monacrosuiem: Vitkovice ) m npyru aBa 3aBoja 3a
moctoBe BB Vitkovice:, Ostrava u Liskovecka (kosTo Beue He ChIIeCTBYBa), KOUTO y4acTBAT
B M3MbJIHEHUETO My. PaOoTHHTE uepTeku ca HampaBeHW B IPOEKTAHTCKOTO OHOpo Ha
Vitkovice moxn pekoBoncTBoTo Ha Ing. A. Sehnala a O. Kadéry. Marepuanst 3a Mocta €
JIOCTaBeH MPEIUMHO OT YEIIKM METaTyprUyHU 3aBOJIM, CAMO YacT OT HEro € BHECEH OT
VYurapus. IlpoabmkaBaHeTo Ha CTPOMTENCTBOTO Ha MOCTa Clle] MPEKbCBAHETO HA BOMHATa
3anouBa rnpe3 1956 r. u ce crpou ¢ npexkbeBanus A0 1967 r. [20]. CtomaHeHaTa KOHCTPYKIIHS
Ha MocTa € criobeHa ot Hutni montdze Ostrava moja ppkoBoacTBoto Ha Ing. L. Freislera B
nepuoaa 1963-65r. Ot 1965 r., noCTOAHEH CTpOMTENeH Haa30p Ha uHBecTUTOpa € Ing. F.
Stejskal, (®ur. 7). EmHa oT OCHOBHHMTE My 3a/lauydl € MpOBEpKaTa Ha MPHUCTETHATOCTTa U
Ka4yecTBOTO Ha HUTOBE, komTo ca ob6mo 1 200 000 OGpos. Bemnpekn ToBa, 3a pasiauka OT
II'bPBOHAYAIIHOTO TPEATNOJIOKEHHE 32 MOHTaX Ha MOCTAa HaJl HEHaBOJHEHAaTa 30HAa, TOW €
MOHTHpAH HaJ €3epoTo, Thi KaTro cTpouTencTBoTo Ha s3oBupa Orlik e yckopeHo u
MoOcTOBUTE (haOpHKH, MPETOBAPEHU C W3TPAKIAHETO HA TEKKATa MPOMHUIIJICHOCT, HE ca B
CBhCTOSTHUE JIa TOCTABAT MOCTOBaTa KOHCTPYKIHMSA B ChKpaTEHHUsS CPOK. Beuuku reosesndecku
paboTu To BpeMe Ha CTPOUTEICTBOTO Ha MocTa ca u3BbpiieHu or Ing. J. Herda. MocTsT €
BBBEJICH B eKcIutoaTanus Ha 27 ampua 1967 r., cien 3aBbpIIBaHETO Ha KOMOWHHMpaHaTa
CTOMaHO-CTOMa0ETOHHA ITbTHA TUI0OYA HA MOCTA U ac(aliToBaTa HACTUIIKA BBPXY Hesl.

2. Onucanue HA KOHCTPYKTUBHOTO PCUHICHUE

OcHoBHaTa Hocellla KOHCTPYKIIMSI Ha CPEeHHUS y4acThbK Ha MOCTa € M3rpajieHa OT JBE
JIBYCTaBHU ITbJJHOCTEHHU AbIM ¢ OTBOpU mo 330m u cTpenka Ha jawprata ot 42,5 m,
MOAIBPKAHU OT JUArOHAJIHO Pa3IOoJIOKEHU CTOMAaHOOETOHHM OMOPHU KOH30JIU C JBJIKUHU
24,8 m [8, 9](Bmwx:®Pwur. 3). MocToBHTE ABIU ca Pa3MOI0KEHN BbB BEPTUKAIHU PaBHUHU Ha
OCOBO pPa3CTOSHME €llHa OT Jpyra 13 m u ca CBbp3aHU MOMEXAY CH UYpe3 HaJTbKHU
CTaOWJIMTETHU BPB3KH B TOPHUS U JIOJICH TOSIC HA IBTUTE U MEXKIMHHU CTAOUIIMTETHU BPB3KU
B paguanuute paBHUHU(Dur. §). ['eomeTpruyHara opMa Ha LEHTHbpPA HA AbIUTE € ChCTAaBEHA
OT TPH KpbIa, B IEHTpaiHaTa yacT ¢ paguyc R = 3327 m u B kpaitnure yactu R = 396,6 m.
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®ur.8. Msrnen Ha koHcTpykuusa Ha Mocta  Pur.9. [Ipra nox croiikara ~ ®ur.10. YkpenBane Mexy Ibrure

JIproo6pasHute rpeau ca ¢ KyrueoOpasHo ceueHue c¢ BucounHa 5000 mm, ¢ 0ocoBo
pascrosaue Ha cteHuTe 1000 mm(dwur. 9). Beprukannure crebna Ha rpenata ca paseicHu
Mo cpelara Ha BHCOYMHATA UM 10 TPOU3BOACTBEHHM MPHUYMHHU, KaTO HeMpeKbCcHATaTa
HaIJbXHAa Bpb3Ka € pcaln3upaHa C HHUTOBAHHU CHCIAWHCHHA. HpOMSIHaTa Ha HaIIpCYHOTO
CCUCHUC Ha AbraTa 1O AbJDKMHATA M, CC U3BBpPIIBA C IIOMOINTA HAa HNPOMCHMAII CC 6p01>i
3aHUTEHU CPABHUTEJIIHO THHKU (raHueBu miuound. dopmara Ha HANPEYHOTO CEYCHHE HaA
KyTHUSI00pa3HOTO CEUEHUE Cc€ OcuUrypsiBa OT Hamnpeunu pguadparmu. Ilox crolikure,
MOAIBPKAIIM TpelaTa Ha MOCTOBATa IMbTHA KOHCTPYKIUS, UMa ITbJIHOCTEHHU AuadparMu
JIFOKOBE B HAMPEYHOTO CEUYECHHE, JOKATO B MEXKAMHHUTE HAMPEUHU CEUCHHUSI Ca Pa3MOJIOKEHU
npe3 4000 mm npbToBM nuadparmu. CTeHHWTE HA KYTHHUTE HA JBIUTE Ca YKPENEHU C
€IHOCTPaHHU HAJIBKHU BIIIOBU Mpoduin. J[Be OT TIX ca 3aBapeHH OT BBHILHATA CTpaHa Ha
KyTHSTa , KaTo 10 TO3W HAYUH JONPHUHACST 3a MO-J00Bbp €CTETUYECKU U3TJIe] Ha MOcTa. BbB
BBTPEIIHOCTTA Ha KyTUEOOPa3HOTO HAMPEYHO CEUEHUE Ha JbraTa € pas3mojoKeHa HaThKHA
MPHTOBA Bpb3Ka B MOJOBHHATA OT BUCOYMHATA I, KOSATO OCUTypsiBa (popMaTa Ha MOJOBUHUTE
Ha Jprata Mo BpeMe Ha TpaHCIopTa u MOHTaxa WM. CBOJOBHUTE rpeld ca U3pabOTeHU OT
cromada S355. HamnbkHUTE NMPHTOBU CTAOMIMTETHH BPBH3KH B TOPHHUS U JIOJEH IOSC HA
aerute umar ¢opmara Ha K-cucrema . OTaenHHTe YCWIBAIIM NPBTH ca M3PAOOTEHH OT
cromana S355 u UMaT KyTHEOOp3HO HAIIPEUHO CEYCHHUE 3a KOpaBUHA U JIECHA MOAPHKKaA. Te
Ca M3MNBJIHCHHU OT 3aBAPCHU HAIIPCYHU CCUCHUS. Bp’bSKI/ITe Ha TC3U MNPBTHU KbM ABIUTC Ca
W3MBJIHEHU C HUTOBaHM CheAMHEHUA. [10100HO M3MbIIHEHNE TpUTEXKABaT U JUATOHAINTE Ha
MCXKJIWHHUTC paJuaJIHu BPB3KU, YUUTO I[eTafIJII/I Ha CBBP3BAHC KbM JOBIUTC Ca CbhIIO
HutoBanu (¢ur. 10). Hampeunute BpB3KHM B METHTE HAa JIBIUTE Ca W3MBIHCHH OT
IBJIHOCTEHHO, ¢ BucourHa 5000 mm, KyTrHeoOpa3HO HAIIPEYHO CEUYCHHUE.

®ur.11. Cxema Ha cTaBHOTO ycTpoiicTBo ®ur.12. M3rien Ha craBata ®wur.13. I'naBHa rpena noj cr.0er.mioua

CraBHuUTE yCTpPOMCTBA B IIETUTE HA Jbrara ca OT JsATa ctoMaHa. Camara cTaBHa Bpb3Ka ce
ChCTOM OT KOOMJIMIIA, TPBTOBA OC ¢ nuameTsp 430 MM U noasoxkHo cronde. [lox cromyero e
BOETOHUpPaHA CTOMAaHEHa DPAa3NpeleNUTeNHa IPedocKapa ¢ BBb3MOXKHOCT 33 MOHTHpaHE Ha
IUIOYECTH IPECH 3a peryjMpaHe Ha MO3UIMATAa Ha cTaBaTta Hpu HeoOxomumocT.(pur. 11 u
¢ur. 12). JIprute ca CrioOeHM KaTo TPUCTABHU KOHCTPYKIMH. ['OpHHUTE MOHTaKHU
CbEMHEHUsI Cca OTCTPAHEHHU CIJIeJ]] BBBEXKIAHETO HAa IIOCTOSHHOTO HAaTOBapBaHe, 4pe3
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MOHTHpPAHE Ha CPEAHU KOHCTPYKTUBHU €JIEMEHTH, KOUTO TUPEKTHO KOHTAKTYBaT ChC CTEHUTE
U (IaHOUTe HA JBETE MOJOBUHU Ha AbruTe(BK pasaen 4). CToHKuTe, MOCTaBEHU BBPXY
rpeauTe Ha CBOJA, MOJAbpKAT JIBETE€ HAUIBKHH TJIaBHU I'PEIU HA MOCTOBaTa KOHCTPYKLUS
npe3 pascrosinue 23,4 M. B Hanmpe4HOTO ceueHre Ha MOCTa CTOMKUTE HE ca Pa3lojIoKEHU B
OCTa Ha IpeJuTe Ha CBOJa, a HaJl BBTPEIIHUTE CTEHU Ha KyTUEOOPa3HOTO CEUYEeHUE Ha CBOJIA B
HaIpeyHo HampasieHue npe3 12 m. JIbmkuHata Ha croiikure Bapupa oT 0,5 mo 41,4 m.
CToMKHUTE Cce M3IIBIHEHN OT 3aBapeHH KpbIk TpbOu ¢ auameTsp oT 450 1o 1000 mm. Te ca
CTECHEHM B JBaTa CH Kpas M 3aBbplIBaT C JATa I[WIMHAPUYHA CTOMAHEHa CTaBa.
CreauHeHHsITa ca CTPYKTYpHO MOAUGUIMPAHU [0 TaKbB HAYMH, Y€ Jla MOTaT Ja Moemar u
BBH3MOKHH pEaKIM Ha OIbH. JlebenHara Ha CTeHUTE Ha TpbhOuTe € cTenenysana ot 10 go 15
mm. MHTepecHO € Ja ce orOenexu, ye Mmopaau MpoMmsiHaTa Ha cOOCTBEHATa 4ecToTa, MOo-
BHUCOKHUTE CTOMKH Ca JOIBJIHUTEIHO HAIIBJIIHEHU C YaKbJl, 3a Ja C€ €JIEMUHUPAT TPENTEHUATA
BCJIE/ICTBUE BETPOBOTO HATOBapBaHE, NPEIU3BHUKBAIIO Bb3HHKBaHeTO Ha KapmanoBute
BuxpHu. ToBa siBJIeHHE HE € MPEIBUICHO B MPOEKTa, HO KOraTo CTHIOOBETE HA IMOCTPOCHUS
MOCT 3aroyBaT Ja BUOpHUpAT MpH OINpPENETIeHH YCIOBUS Ha BATHPa, HACUIIBAHETO C YaKbI
pemaBa cutyauusta [7, 10].(Bwx p-n 5). KoHcTpykiuara Ha mbTHaTa 4acT Ha MOCTa ce
CHhCTOM OT JIB€ HA/UTbXKHU TJIaBHU T'Peld, HAPEUYHU T'PEr U CTOMaHOOETOHHA MbTHA IJI0YA.
Kakto Beue Oemie ka3aHO, OCHOBHHMTE TIpEIM HAa MOCTOBaTa ITbTHAa IUIOYAa ca HA OCOBO
pa3CTOsIHUE €IHAa OT JApyra Ha 12 m M ce moamupar OT KOJOoHW mpe3 23,4 m B CBOJOBHUTE
rpeau Ha Mocta. [Ipy NuiaoHu 0COBOTO pa3CcTOSIHME MEXAY CTOMKHUTE € YBeIudeHo 10 26,0 m.
['maBHUTE rpenu MOJ IUIOYaTa Ha MOCTa ca pa3/iefieHd Ha TPU HEMPEeKbCHATU TPedu, 4pes3
KOMIIO3UPAaHE Ha CTaBHU YCTPOICTBa MEXIY TIX, C L€ HaMaJsBaHE Ha TEMIEPAaTypHUTE
BBHIITHU BIIUSHUSA. BeHITHUTE Tpenu ca ¢ ooxBat: 2 X 23,4 + 2 x 26,0 m, pecm. 2 X 26,0 + 2 X
23,4 + 15,6 M, cpennara rpena uma 14 nonera ¢ pascrosinue 14 x 23,4 M. HemoasuxHOTO
CTaBHO MOJANUpAHE HA TPEIUTE € PA3MOJOKEHO B cpelara Ha OTBOpAa Ha CBOJA Ha MOCTA.
I'maBHMTE Tpean HA MOCTOBaTa KOHCTPYKLMS Ca MOHTUPAHU BBPXY IOJABMKHU ONOPHU BHPXY
JIBaTa YCTOS U BbpXY MNIJIOHHUTE. V3MbIHEHU ca KaTo 3aBapeHO, €AHOCTE0ICHO HECUMETPHUYHO
HanpeyHo ceyenue ¢ pucounHa 1800 mm, (¢ur. 13). U3paborenu ca ot cromana S355 u karo
KOMOMHHMPAHO CTOMaHO-CTOMAaHOOETOHHO CEYEeHHEe, MPU KOETO C€ OTYUTAa CHBMECTHOTO
NOBE/IEHNE Ha OETOH M CTOMaHa IpU BEPTUKAJIHU Bb3AeHCTBUS. BbpXy MuiIoHUTE U ycTOUTE
Ha MOCTa, OCHOBHATa rpe/la € MOHTHpaHa BBbPXY UMIUHAPUYHU Jarepu. [Ipu numnonute e
no0aBeH crielalieH IpbhT B OMIOpPHATa TOYKA 3a MpeJaBaHe Ha XOPU3OHTAIHATA PEaKLUs, Thi
KaTo B XOPU30HTAJIHA TIOCOKAa MOCTOBaTa KOHCTPYKIIUS J€CTBa KaTO HEMPEKbCHATA Ipefia Mo
1s1aTa IbJDKMHA Ha MocTta. Hampeunurte rpeau ca BrpaZieHU MEXIYy peIuTe Ha MOCTOBaTa
IJI04Ya M ca pasnojokeHu Ha pasctosHue 2,600 m egHa ot apyra. OTBOPBT HAa HAIIPEUHUTE
rpeau e 12,0 m. ToBa ca exHOCTEOICHH, TBIHOCTEHHU-CHUETAHN, 3aBapeHH CUMETPUYHHU , C |
HAIPEYHO CEYeHHUe rpe/id C MPOMEHJINBA BUCOYMHA Ha cTeHaTa. ['opHUAT diaHII Ha rpenaTta
uMa JBYCTpPaHEH IMOKPUBEH HAKJIOH OT 2%, a JOMHUAT (UIaHII € XOpU3OHTaleH. ['opHUST
¢dmaHm e cBBbp3aH KbM CTOMaHOOETOHHATA IJI0Ya Ha MBbTHATA KOHCTPYKLHUS MOCPEICTBOM
3aBapeHH Kopasu aro0emu(¢ur. 13). Bucounnata Ha HaNpeyHUTE TPEIU € B JUAla3oHa: OT
880 no 1000 mm. HampeuHnurte rpeau ca 3aBapeHH KbM CTeOJlaTa Ha HAJIBKHUTE TIPS B
JBaTa CM Kpas IO BpeMe€ Ha MOHTaxa. WM3mbiHeHM ca oT oT crtoMaHa S235.
CromanoOeToHHaTa MbTHA IUIoYa € C OCHOBHA BHcounmHa 180 mm. Ilmouarta e moampsiHa
BbPXY HampeuHu Trpeau Impe3 pascrosHue 2600 mm u, kakto Oemie CcrIoMeHaro,
B3aMMOJEiicTBa craTudyecku ¢ TiaX. [lo BpeMe Ha cb3maBaHETO cH, TA € U3JIATa BBPXY
TpanenoBUIHO BBJIHOOOpa3Ha, AEMOHTHpyeMa Clell TOBa, CTOMaHEHa JiamapuHa. JlonHarta
MOBBPXHOCT HA TUIOYaTa € MPUOIM3UTENIHO HAa HUBOTO HAa TOpHUS (DIaHII Ha HAMPEUHUTE
rpenu. [lo mpoekT 6eTOHBT Ha TI0YaTa € ¢ Mapka okosio 250, HO U3BBpIIIEHaTa JUArHOCTUKA
npe3 2015 r. mokasa KauecTBO, OTrOBapsIIO Ha AHeUIHUS 6eToH — kinac: C25/30. MocTsT € ¢
OBTHO IUIaTHO ¢ mupuHa 10,5 m u aBa TpoTtoapa ¢ mmpuHa 1,25 m. O6mara mupoynHa Ha
IaTHOTO Ha Mocta ¢ 13,488 m. MocThT € c mapamera OT KyTHeoOpa3sHH Hpoduian ¢
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BucounHa 1050 mm. O6mara nedenuHa Ha IBTHUS M HM30JallMOHHUA ciiod € 120 mm, a Ha
acganroBata HacTuika € 50 m. Bucounnara Ha 6oparopute € 180 mm. OTBOgHSIBaHETO Ha
MOCTa C€ CBhCTOM OT H3IBJIHEHU BOJOCIMBHM CHU(OHHM, B I'BTHOTO IUIATHO HA MOCTAa,
BEPTUKATHH W HAIBKHH, MOHTHPAaHH BOJOCIMBHH HWHCTAJIAMU IIOCTaBEHH IOJ
KOHCTPYKIIMSATA HA MOCTa M OT CBOJIOBATa YacT HAa MOCTa Npu nuioHuTe. CTOMaHOOETOHHUTE
JBYJIEJTHU MUJIOHU ca € 0COBO pascrosinue 379,6 m u BucounHa 46,9 m. Hanpeunoro ceuenue
Ha BCEKH U1 HA MUJIOHA € ¢ pa3mepH 4,8 x 3,3 m. [Iunonute ca 6eTOHUpaHU B CriodseMu
CTOMaHOOETOHHM elieMeHTH ¢ BucounHa 1,0 m u aebGenuna 150 mm, KkouTo npeacTaBisiBaT
3aryoeH ko¢ppax. B rophata cu wyact, ABara KJIOHA HAalWIOHA ca CBBP3aHU PAMKOBO C
HalpeyHa rpefa. B ocHoBara Ha NMUJIOHUTE ca W3IBJIHEHH JIBE CTOMAaHOOETOHHU KOH30JH C
ObDKMHA 10 24,8 m. BbpXy Te3u KOH30JIM ca pas3lojOXKEeHW CTAaBHUTE YCTPOWCTBA Ha
CBOJIOBUTE I'PEJIH.

3.1. OcHOBHM apaMeTpH HA MOCTA

OO0miaTa 1bHKMHA HA CTOMaHEeHaTa KOHCTPYKIHs € 541,94m PascrosiHneTo Mexmy ocuTte
Ha Kpaumara Ha MocTa e 544,17 m. O0mara mupuHa Ha Mocta € 13, 488 m OO0mmoTo Terno Ha
CTOMaHEHUTE KOHCTPYKIHH € 4465 t OT KouTO cToMaHa: kiac S355 (Abru,cTabMINTETHH
BPB3KH B CBOJI0BAaTa KOHCTPYKIMS, [JIaBHU IPEIM B MOCTOBaTa MbTHA Iuio4a) 3304 t u knac:
S235 (u npyrn) 1161 t

4. MoHTAaX HA MOCTA

[IbpBOHAYATHUAT MPOEKT 3a MOHTaX Ha MocTa JKIsSKkoB mpenmnojara crioOsBaHe Haj
HeHaBoJHeHa JoyinHa [9]. OT nBeTe CTpaHU € IUIAaHUPAHO Ja C€ M3rpajdT MUJIOHUTE ChC
CTOMaHOOETOHHHUTE KOH30JIM, BbPXY KOUTO CE€ MOHTHpPAT CTaBHHUTE yCcTpoiicTBa. B cpenara Ha
JONIMHATA € € MJIAaHUPAHO J]a C€ U3BBPIIM MOHTAX HAa BpeMEHEH CTHIO ¢ 00Ima BucounHa 92
m, u3pabOTeH OT MaTepuaia, NpeIBUeH MOCTOBaTa MbTHA IUloYa. [[brure € miaHupaHo aa
ObaaT crioOeHu Ha JBe TOJOBUHH BHPXY HHUCKO CKEJe Ha IBHOTO Ha AonuHara. Ciem ToBa
JIBETE MOJOBHHMU C€ MOBAMraT MOCTENEHHO C MOMOINTa Ha JBa KpaHa U IMOCTaBEHHU BHPXY
Kpaulara Ha KOH30JIMTE U CTHIBAIIM BbPXY BPEMEHHO MOHTHpPAHUs CTHJIO. J[bKMHATA Ha
MOHTHPaHUTE YaCTH Ha KOHCTPYKIMsTA Bb3iau3a Ha mpubauszurenHo 160 m. Ocurypena e
BB3MOXXHOCT HA MOHTUPAHUTE KOHCTPYKTHBHH €JIEMEHTH Jia C€ 3aBbpPTaT OKOJIO CTaBHUTE
yCTpHCTBa, C Lied Ja ce AaJie Bb3MOXKHOCT 32 MOHTaXX Ha KpaiiHaTa ropHa 4acT Ha MOCTa.
Crnen 3aBbpIIBaHE Ha CTI00SBAaHETO HA CBOAA, MOCTOBAaTa KOHCTPYKIMS Ha MbTHATA IJI0Ya
MOCTETIEHHO 3aroyBa Jla ce Crio0sBa OT LEHThpa Ha ydyacTbKa HAa CBOJAA KbM MHJIOHUTE U
ormopure. [IbpBOHAYATHUAT MOHTAXXEH MPOEKT 00aye ce ce MPOMEHs, Thid KaTo CPOKBT 3a
m3rpaxkaane Ha sizoBup Orlickd e chkpaTeH W OCBEH TOBa,BOAM JIMIICaTa Ha KalalMUTeT Ha
MocTtoBUTE (Habpuku JOBexna A0 3a0aBsiHe Ha MPOM3BOACTBOTO Ha CTOMaHEHATa
KOHCTpYKLHUs Ha MocTa. [lopaayu ToBa pelieHHeTo 3a MPOeKT Ha MOHTaX HaJ HEHaBOJHEHATa
noiuHa € u3octaBeH. Kakro Beye Oe crioMeHaro, o BpeMe Ha BOWHATa ca MOCTPOCHH CaMo
OIOPUTE HA MOCTA U IMO-HATATBIIHOTO CTPOUTEJICTBO € MpeKkbcHaTO. CTPOSKBT HA MOCTA €
BBH300HOBEH npe3 1956 1, u e pazaeneH Ha ABa erana. Ha mbpBust eTam ca U3IIBJIHEHH CT.0eT.
OCHOBM Ha MWJIOHUTE, BKIIOUMUTEIHO KOH30JUTE U caMUsT MHIOH. OCBEH TOBA Ca W3IbJIHEHU
OCHOBHUTE Ha JBETE MOHTAXHHU KYJIH B JOJIMHATA, aHKEPHUPAHETO UM M 4YaCTTa OT KYJIHTE,
KOATO ce paszmonarar moj ObjAemaTa MOBBPXHOCT Ha s30BHpa. [Ipu um3rpaxkgaHero Ha
MOHTAXHHTE KylIH 1o cuctemara PIZMO ce mMa mpemBH BB3MOXKHOCTTA 33 MO-KBCHO
W3TETJISIHE Ha YacTH OT KyJIUTe MOoJ BojAa, 0e3 1a € HeoOXoauM JoCThIl 1o BoaaTa. [Ipes 1963
T. 3a[104YBa BTOPHAT €Tal OT MOHTa)Ka Ha CTOMaHEHATa KOHCTPYKIMS HAJl HAITBJIHEHUS S30BUD
Orlické. MoHTaxbT IpoabIKaBa €IHOBPEMEHHO OT JBETE OMOPU KBbM CpefaTra Ha MOCTa, C
nomouTa Ha naBa Jlepuk kpaHa c¢ kamauuteT oT 50 t mpM KOH30JHO pa3CTOSIHUE 10
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MECTOIUIOKEHHUETO UM 110 25 M. JlepHK-KpaHOBETE Ce€ c€ MPUABMKBAT IO PEJICOBU MBTHUIIA,
Pa3MoJIOKEHH BHPXY HAIMPEYHUTE €IEMEHTH Ha IMOCTEIEHHO Crio0sBaHaTa MOCTOBA MBTHA
io4a, MoAabpKaHa OT TpbOHUTE cTOMKU. Koraro MoHTa)kHaTa MHCTaJAUsl IPEMUHABa 3a]]
MUAJIOHUTE, TBIUTE HA MOCTA, BKIIOYUTEIIHO CTOMKUTE M MOCTOBaTa KOHCTPYKIMS, ca
MOHTHpPAHH MO KOH30JeH HauuH. CBOOOHUTE Kpaulilla Ha IbI'UTE Ce OKaYBaT, UYpe3 BMbKBAHE
Ha MOHTQ)XHM JUAroHaJM OT IpejaTa Ha MOCTOBATa IUi0Ya KbM JIbIUTE, I0KATO C€ JIOCTUTHE
BbpXa HAa MOHTAXHUTE Kylu. MOHTaXHHUTE KyJIM ca CrJI00€HH NpPeIBApUTETHO [0
HeoOxomumaTa BucodrHa. Criio0sBaHETO HA MBIUTE NPOABIDKABa IO ChHIIUS HAYUH JI0
JIOCTUTAaHE Ha BbpPXa WM, KBJAETO € MOHTHpaHa LEHTpaJHaTa CTaBHA BpPb3Ka, KOATO €
3aMOHOJIUTEHA CJeJ KaTo MO-rojisiMaTa 4acT OT MOCTOSHHOTO HATOBapBaHE € IMPHUIIOKEHO.
ToBa HamayiiBa IOSIBaTa Ha Or'bBAIlM MOMEHTH BBpPXY CTaTUYECKHM HO HEOIpEAeIMMAaTa
KOHCTpyKuus. [lopu ropHara craBHa Bpb3Ka € MOHTHMpaHa Ha 280 mm moja ocra Ha cBOJA,
KOETO JONBJIHUTEIHO YBEIMYaBa XOPU3OHTAJIIHATA pPEaKUus OT TErjJoTO Ha CTOMaHeHaTa
KOHCTPYKIIUSI, KaTO MO TO3W HAYHMH C€ IMOJIy4aBa MOAXOJSII Pe3ePB B HOCUMOCIIOCOOHOCTTA
Jbprara OT TO3M JOIBIHUTEIHO BHECEH HATUCK B CcBoJa. KbM KOH30JHHTE 4YacTH Ha
HaIlpEYHUTE T'Ped Ca MOHTHUPAHM KOPHU3HHUTE I'PEIU 3aeHO C maparera. B aBata xpas H
MOCTa ca MOHTHpaHu TpexomHute ¢yru Ha mocta [9, 20]. Crnen crioOsiBaHeTO Ha IsIaTa
CTOMaHEeHa Ipe/loBa KOHCTPYKIIMS HA MbTHATA IJI0YAa HA MOCTA, MO IpjIaTa MIUPUHA MEXKITY
INIaBHUTE TPelId Ha MOCTa € U3MbJIHEHa cToMaHoOeToHHaTa Iuiova. Ilnouara e cBbp3aHa ¢
HAIIPEYHUTE TpeAr C MOMOoINTa Ha KopaBu mroOenu. Ciieq TOBa CiielBa IMOJaraHeTo Ha
I'THOTO HACTUJIKa U TporoapuTe. CTOMaHEHUTE KOHCTPYKIMM ca JIOCTaBEHH Ha
CTPOUTEIIHATA TUIONIAJKAa C OCHOBHO CSpHO MOKpuTHE. Cliel Criio0sSBaHETO CTOMAaHEHUTE
KOHCTPYKLMU Ca MOYUCTEHU 4Ype3 necbkocTpyeHe. [{[nHkoBaTa MeTanu3anus € U3MbJIHEHA C
nebenuHa ot 60 mo 80 um. 3a Ta3u 1eN € U3MOJI3BaH ChC 3EJICHUKAB IIMHKOB XpoMart. /[BaTta
TOPHU CJIOSI ca HAaHECEHW Ipe3 roauHuTe oT 1967 no 1977 r, mo anmmuiicku cnocoO. Ilsmarta
CTOMaHEHa KOHCTPYKIIMS Ha MOCTa € ChC CPEOpPHUCT IBAT, €IUHCTBEHO pPBKOXBAaTKaTa Ha
apaneTbT € CbC CHH IBAT a IBJHEXKBT HA Mapamnera € ¢ XbIAT UBAT. BbTpemHure
MOBHPXHOCTH HAa TPEUTE Ha JIbraTa ca OCTAaBEHHU CaMO HAa OCHOBEH I'PYH]I.

S. Pe3yJiraTu OoT TECTOBOTO HATOBapBaHe

[Ipenu myckaHe Ha MOCTa B €KCILIOATALIUS € U3BBPUICHO ChOTBETHOTO T€CTOBO CTATUYHO
U JWHAMHYHO HaToBapBaHe. [lo BpeMe Ha TecTa 3a CTAaTHYHO HATOBapBaHE ca M3MEPEHU
nedopManuute Ha aABete Abru [6, 9]. Ilonyuenu ca unmepecnu pesyimamu 6 uzmeperHume
OMKIOHEHUsl Ha Ohopmayuume om eKCcyYeHmpuiHo HOCMA8eHUs Mo8ap KoM HAOIbHCHAMA OC
Ha mocma. M3uucnenume cmounocmu Ha deghopmayuama Ha 0vbeama npu HAMosapeHama u
Henamosapenama Ovea ca oocma pasiuunu. Hanpomue, uzmepenume cmouinHocmu Ha
depopmayus na 0seme Oveu ca noumu uoenmuunu. Cymama om uzducieHume u usmepeHume
Odepopmayuu na dseme Oveu e eonaxsa. OT TOBa CieBa, Y€ JCUCTBUTEIHATA KOpaBUHA Ha
YCYKBaHE Ha OCHOBHATa HOCEIIa KOHCTPYKIHMS € MO-rojisiMa OT Mpuerara B CTaTMYECKOTO
u3uncnenne. JleiicTBuTenHaTa KOpaBMHA Ha OrbBaHE CE€ ChIVIACYBA MHOTO J00pe ChC
CTaTUYECKOTO wu3uucieHue. [lo BpemMe Ha HW3NHUTBAHETO 3a JIMHAMUYHO HATOBApBaHE €
00BpHATO TOJISIMO BHUMaHUE Ha TPENTECHHATA Ha Hail-Bucokute KojioHH [10]. Croiikute 4 u
18 ca HamBJIHEHU C YaKbiI, 33 Ja C€ MPEJOTBPATAT TPENTeHHsTa OT BAThpa. [lo Bpeme Ha
TeCTa CTOWKHTE Ca TPUBEJICHU BHB BHOPUPANIO CHCTOSHHUE, BCICIACTBHE yIap OT TOBap C
BennunHa oT 50 kg. M3mepenure naedopmanuu ¥ U3YHCICHOTO 3aTUXBAHE Ca CPaBHEHU C
U3MEPEHUTE CTOMHOCTH 10 BPEME Ha M3MUTBAHETO Ha KOJIOHH, KOUTO HE Ca IBJIHU C YaKbJl.
OcBeH TOBa € WU3BBPIUICHO IBITOCPOYHO HAONIOJCHHWE HA ABW)KCHUATA HA CTOUKHUTE B
3aBHCHMOCT OT CKOPOCTTa M ITOCOKaTa Ha BATHhpa. CTONKHUTE, 3aIIBIHCHU C YaKbJI, OCIHIIHPAT
IIpY HaTOBapBaHEe OT BATHP B IbpBata popma ¢ yectora f(1) = 0,73 Hz, a kononure, KOUTO HE
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ca 3al’bJIHEHU C YaKbj, OCHWIHpaT B mbpBaTta ¢opma c¢ yecrota f(1) = 2,1 Hz. Ot ToBa
clieliBa, Y€ 3aIbJIBAHETO HA CTOMKHUTE C YaKbJ BOAM JI0 HaMaJlsIBaHE Ha YECTOTaTa Ha IbpBaTa
(¢opMa Ha TpenTeHe U MO TO3W HAYMH J0 HaMallIBaHE HA PEe30HAHCHATa CKOPOCT Ha BATHpA.
3anmpJIBaHETO HA CTOMKHUTE C YaKbJl € JOBEJIO /10 IPACTUYHO HaAMaJsIBAaHE HA aMIUTUTYIUTE Ha
mppBara (hopma Ha TpEnTeHe, KOeTO € OJIaronpusTHO OT IJIeHA TOYKA Ha yMopaTa.

6. PeMOHTH B nepuo/ia Ha eKCIVIOATAIIUS HA MOCTA
6.1 PemonT Ha mbTH npe3 1992 roguna

Hpe3 1992r. ¢ HU3BBPIICH OCHOBCH PEMOHT HA II'bTA HA MOCTA, BKIIFOUYUTCIIHO PCMOHT Ha
nu3ojianusATa.

6.2 PeMOHT HAa MyKHATHHY B €T€0JIOTO HA IVIABHATA TpeJa HA MOCTOBATA KOHCTPYKIUA
Ha IbTHATA 1042 npe3 1998 ronuna.

Moctbr KngkoB € B HempekbCHara ekciuioatanmus Ao 1998 r, u gororaBa He €
M3BBPIIBAH OCHOBEH PEMOHT Ha HOcCelaTa KOHCTpyKuwus. M3BBbpIiBaHa € camo pelnoBHA
MOAIPHKKA. BU3yaaTHO MOCTHT M3rJIexKIa Bce olle 10ocTa 100pe B kpas Ha 90-te ronunu. Eto
3aI10 € MOJAHECeHa rojiiMa W3HEHa a, KOraTo KaTo 4acT OT PeJoBHATA MOAAPHKKA B Kpas Ha
asToTo Ha 1998 1. OTKpHBa, Yye Ha TPU MeCTa B CTEOJIOTO HAa MOCTOBAaTa rpeja ce BHXKAAT
IBJITA BEPTUKAIHU MYKHATHHHW, MHHABAIIM TIOYTH MO IsUIaTa BHUCOYMHA Ha CTEOJIOTO Ha
rpenara, ¢ur.14 u dur.15, [15, 16, 19].

| —bausearmi wsh vz

®ur.14. BoHIlIeH u3rie/ Ha cTe0I0TO ¢ MyKHATHHA B IJIaBHATA IPE/ia B MOCTOBATa KOHCTPYKIIHS

@ur. 15. Cxema Ha cTe0JIOTO B IJIaBHATA TPE/ia HA MOCTOBATa KOHCTPYKIMS C OYepPTaHHs Ha IyKHATHHATA
®ur.16. Ctebio Ha TIaBHATa Tpejia Ha MOCTOBAaTa KOHCTPYKIIMS C YCHIIBAINA MJI04a 3aKpereHa KbM BhHIIIHATA
CTpaHa Ha cTe0JIOTO

Crnen xaTo ca OTKpUTH MyKHATHHUTE, MOCTHT € He3a0aBHO 3aTBOPEH 3a Lenus Tpaduk,
Karo TMpeanasHa Mspka. AJIMHHHCTpalMsaTa ¥ Tmoaapbxkkara Ha Pisek roads, kosto e
aIMUHUCTpPATOp Ha MOCTa, MU3UCKBA OT KoMmmaHusATa Pontex, s.r.0. odepra 3a ycuiBaHe Ha
MOCTa U OIpeAeNisHe Ha MPUYMHUTE 3a NYKHATHHU C EBEHTYAJHO MpeIJIokKEHUE 3a
JOTBJIHUTEITHA MEPKH, KOUTO TPsOBA Ja MPEJOTBPATAT IMO-HATATBIIHKU MOBPEANM HA MOCTA.
TBi KaTO KanmaUMTETHT HA HATOBapBaHe Ha MocTa JKASKOB HE € M3BECTEH JO0 MOMEHTa Ha
noBpejaTa, 3agadyaTa € paslidpeHa, 3a Ja BKJIOYM H3YMUCISBAHETO Ha KamlaluTeTa Ha
HAaTOBapBaHE MO CMHUCHJA HA TOraBa JIEUCTBAIIUS CSN 73 6220. ®upmara Pontex, s.r.o. ce
obOpsbma ¢ Mmosiba keM KaTtenpaTa mo ctomaHeHH KOHCTPYKIIMU Ha Dakynrera 1Mo CTPOUTEITHO
WHXXEHEPCTBO Ha Yenikus TexHU4YeCckr yHUBEpcUTET B [Ipara 3a chaelicTBrE MPH pellIaBaHETO
Ha Ta3u 3aja4a. [lo Bpeme Ha mpoBepkarTa cTaBa sICHO, Y€ HEM3IPAaBHOCTUTE HE ca MPUUMHEHHU
oT JokajieH AedekT B MaTepuana. Cieq mpeaBapuTelIHd U3UHUCIECHUS € TIPEIeHEHO, Y€ HAMa
MPEKOMEpPHU HATOBapBaHUsI OT JIBIDKEHHME IO MOCTa B MECTaTa Ha paspyllaBaHe. 3aToBa
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BHUMAHHETO € HACOYCHO KbM JETAWINTEe Ha KOHCTpyKIusATa. [IpaBu BrewarieHue, 4e
MyKHATHHHUTE CE MOSABSBAT BUHATU HAJl CTOWKHUTE, B MECTaTa Ha BEPTUKATHUTE BKOPABSBAIIU
pebpa Ha cTe0JI0TO B OCHOBHHUS Tperep Ha MocToBaTa KoOHCTpykuus. Cnex olieHka Ha
CHUTyallUsiTa € peIIeHO Ja c€ MU3BBPLIIM Obp3 PEMOHT 4Ype3 3aKbpIBaHE Ha MecTara ¢
MyKHaTHHU MO LsjIaTa BUCOYMHA Ha CTEOJIOTO C €JHOCTPAHHU IUIOYM OT MBUYHA CTOMaHa OT
BBHILHATA CTpaHa Ha CTEOJIOTO. YCHIJIBALIUTE IUIOYM CHBMECTHO C IOJUIOKKHUTE, KOUTO
eJIMMUHUPAT HM3KPUBSABAHETO Ha cTe0ioTO C aedenuHa 10 15 mm, ca mpuxBaHAaTU KbM
cTebnoTo ¢ mpeaBapuTenHo HamperHaTu OontoBe M24, knacl0.9(¢dwur. 16). Tesu mioun ca
MPOEKTUPAHU Jla MOTaT Jla T0OeMaT BCUYKHU Bb3MOKHU HAIIPEKEHUS B CTE0JI0TO Ha OCHOBHATA
rpefa Ha MOCTOBATa IUIOYA, TaKa Y€ PEMOHTHUPAHUAT Y4acThK Jia He ObJe cmabo MsCTO 3a
KOHCTpyKUuuTe Ha MocTta. CTtebnoTo Ha IlaBHATa rpejla Ha MOCTOBaTa Ijloya B MecTara C
NyKHATHHU € MOJCHIICHA C JABYCTPAaHHH BEPTHKAIHHM YyKpeNBalld pedpa, M3MBIHEHU OT
paBHoOeapen 'BII, mocraBeH mo TakbB HaUMH, Y€ 3a€JIHO ChC CTEOJIOTO € Ch3AaAeHO MPOodu
ChC 3aTBOpPEHO KyTusioOpazHo HampewyHo cedeHue(dur. 17a). 3a ma Moxe na ce yKpemu
MoBpeJeHaTa 30Ha Ha CTe0JI0TO C IUIoYa OT BBHIIHATA My CTpaHa, YKpenBauio pedpo Ha ToBa
MSICTO € OTCTpaHEHO, M 3aBapbyHHMTE IIeBOBe, cBbp3Bamm ['BIl cbc crebnorto, ca
orctpaHenu.lIpu mpoOuBaHe Ha OTBOpUTE 3a 3aKpenBalldTe OONTOBE B JOJHATA YacT Ha
CTe0JIOTO C€ YCTaHOBSIBA MOBMIICHA BIAXXHOCT HAa 3aBAapbUYHUTE INEBOBE OT BHTPEIIHATA
CTpaHa Ha cTebnoTo. 3aroBa € HampaBeH MNpoOeH OTBOp M BojaTa, HaTpymnaHa B
IIPOCTPAHCTBOTO Ha KyXWHaTa, oOpa3yBaHa OT BBTpelIHaTa pedpo M cTebIoTO Ha TIaBHATA
rpelia Ha MOCTa, 3armo4Ba Ja u3tu4da ot orBopa(dpur. 176). Torasa He Oerre sICHO Kak BoAaTa €
nonagHana B KyxuHarta.llpeamomara ce, ye mpuumHata € ne(eKT BBB BOAOYCTOWYHMBATA
u3oianus Ha MocToBata Hactuika [15]. McTuHckara mpuynHa3a TOBa SIBICHUE € pa3KpuTa
€/IBa 10 BpeMe Ha peKOHCTpYKIusATa Ha MocTa JKsikoB mipe3 2015 .

®ur.17a. Pa3zpes npe3 riaaBHaTa rpefa Ha MOCTOBATa IUIOYA HaJ| MAIOHA

®@ur. 176. M3tnuHe Ha Bojia cie MpoOuBaHe Ha cTEOI0TO HAa MICTOTO HA BETPEITHOTO BKOPABSBAILO PeOpo
®ur.18. 3D moznen Ha cTe0I0TO ¢ BKOPBSIBAIIH pedpa

®ur.19. IIpodusane Ha ['BII B momHMA My Kpaii

bemie HanpaBeHO 3akilOYeHUE, Y€ 3aMPbH3BAHETO HA BOJaTa B KyXMHATa, 0Opa3yBaHa OT
BBTPELIHOTO YKpENBallo peOpo BBPXy cTeOJI0TO Ha OCHOBHATA HOCEIIa I'pejla Ha MOCTOBATa
KOHCTPYKLIUS, MOXe J1a Ob/ie HeMOCpeACTBEHaTa IPUUMHA 3a MyKHaTHHATa. TyK € HEOXOJUMO
Ja ce n100aBH, 4e CTeOJIOTO € yKpeleHa OT BbTpPEIIHATa CTPaHa ¢ XOPU30HTATHO HAIIBKHO
peOpo. B mpeceunuTe TOUKM Ha 3aBapbUHHUTE LIEBOBE, CBBP3BALIM BEPTUKAIHATO MU
XOPU30HTATHOTO YKPENBaIlo pedpo , HECBMHEHO CE HAaTPYNBAT OTPUIATENIHUTE e(eKTH,
BCJIEJICTBME 3aBapbyHaTa Bpb3Ka. laka ce OKa3Ba, 4e YCJIOBHATAa 3a oOpazyBaHe Ha
MyKHAaTHHU C€ KPUSAAT B MPETOBAPBAHETO HA TEPMUYHO 3acE€rHATHsI MaTepual ¢ OCTaThbYHU
HanpeXeHus, KOUTO MOXe J1a ObJlaT MpUYKHA 32 00pa3yBaHETO Ha MyKHaTUHU. OnpocTeHuTe
CTaTHUYECKU M3YMCIICHUs, TP KOUTO 32 OCHOBA € B3€Ta U3MEpEHaTa MOCTOSIHHA JAepopMarius
B TOYKaTa Ha yKpenBauuTe pedpa, MOTBbpKAaBaT Ta3u xunoresa. CieqoBaTesHO, KaTO yacT
OT IPEU3YHCISABAHETO HA MOCTa, O€ CBh3/aJeH MPOCTPAHCTBEH MOJEN Ha TOpPENOCOYEHHUs
netain ot koHcTpykuuara[15](dur.18). 3aTBOpeHOTO MPOCTPAHCTBO € (PUKTHUBHO 3aITbJIHEHO
C BOJA IPH M3UUCIIEHUETO U OCTABEHO Ja 3aMpb3He. M3unciaeHnTe HampexeHus B cTeOI0TO
Ha TJIaBHATa Ipe/ia Ha MOCTOBaTa KOHCTPYKIMS 3HAYMTEIHO HAaBUIIABAT IPAHMIIATA HA IKOCT
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Ha MaTepHaja B 3aBUCUMOCT OT NMPHJIOKEHUTE I'PAaHUYHU YCIOBUS B JMHEWHUS TEOPETUYEH
Mozen. [InkoBeTe Ha HANPEKEHUETO B CTEOJIOTO BH3HUKBAT TOYHO B TOYKUTE HA MpECHUYaHE
Ha BEPTUKATHOTO M XOPHU3OHTANIHO YKpenBamio peOpo. ToBa mOTBbpAM XHUIOTe3aTa 3a
MPUYMHATE 32 MyKHaTHHUTE. [l0 BpeMe Ha peMOHTa Ha MOBPEACHUTE YJacThIU OT CTEOI0TO
Ha OCHOBHaTa Irpella Ha MOCTa € u3psA3aH ydacTbk c pasMepu okono 200 x 400 mm u
MaTepuasbT € MOAJOKEH Ha HEOOXOJMMHUTE TECTOBE 3a YCTAaHOBSBAHE Ha HETOBUTE
MaTepUaHl M XUMHUYECKH MapameTpu. TecToBeTe Ha MaTepuUaluTe ca H3BBPIICHU OT
oTopu3MpaHara Jjlaboparopus 3a u3nurBaHe Ha dakynTera Mo CTpoUTENCTBO Ha Yemkus
TEXHUYECKU YHHMBepcUTeT B [Ipara, XMUMUYECKUTE TECTOBE Ca M3BBPLICHU B OTOPU3UpaHATa
nabopatopus Poldi Kladno. TecroBere mokazaxa, 4e MO XUMHUYEH CHCTaB U MEXaHUIHHU
CBOWCTBa MaTepUalbT OTrOBaps Ha M3MOJ3BaHaTa ToraBa cromaHa 11523. He ca otkpurtu
Oene3n 3a cTapeeHe Ha CTOMaHara (HamalisiBaHE Ha SIKOCTTa Ha IPOPE3UTE) WIH JAPYrd
nedextu. KOHTpOTHUAT XUMHUYEH aHAJIM3 U METAJorpadCKUsAT aHajlu3 Ha MOBBPXHOCTTA HA
TecToBUsI oOpaser] € u3BbpiieH B M3cnenosarenckuss u tectoB MHCTUTYT Ha NH Ostrava.
MecTHUTE eKCepTH OTKPUBAT, Y€ MU3CIECIBAHUAT U3PE3 MPHUTEk,aBa CBOMCTBA C MPOITyKBalll
ce xapaktep Ha paspymenue. [lo m3ciaenBanata mpobOa obave He ce 3abensa3Ba BHAMMO
oruume Ha aedexrupane. Ilo Bpeme Ha MaKpOCKOIICKHS aHAJM3 Ha MOBBPXHOCTTa Ha
paspylueHue, pedpara ca sICHO BHIMMH, KOETO MOKa3Ba IIOCOKaTa Ha pa3lNpOCTpaHEHHE HA
NyKHaTUHaTa oTAody Harope. OT TOBa ce 3aKiioyaBa, 4Ye TOYKaTa HA WHUIMHUPAHE Ha
paspylIeHHETO € B TOYKaTa Ha MpEecHYaHe Ha 3aBapbuHMs ILEB, CBbP3BAl JABYCTPAHHOTO
BEPTUKAIHO pedpo Ha CTEOJIOTO KbM €IHOCTPAHHOTO HAATBXKHO pedpo Ha crebioTo. Toa
MPEIIOI0KEHNE € MOTBBPAEHO U OT (haKTa, Y€ HUBOTO HA IMPUCHILUTE HANPEKEHUS OT
3aBapsiBaHe, € MOBMIIEHO Ha ToBa MsAcTo. Thi Karo MOopu B JOJNHATa 4yacT Ha oOpasena
MOBBPXHOCTTA Ha pa3pylleHHe HsAMa BUJ, KOWTO Aa AEMOHCTpUpA XKUIABOCT MPH IUIACTHYHO
paspyluaBaHe, IPOU3THYA U3BOIBT, Y€ PA3pyLIABAaHETO BEPOSTHO € HACTHIIBA MOPATH KPEXKO
paspylleHue, a He IopaJu yMopa Ha MaTepHaia.

Tbii KaTo MO TOBAa BpeMe HE € M3BECTHO KakK BoJaTa € MOoNajHana B KyXMHATa, BCHUKU
BEPTUKAIIHK 3aTBOPEHH peOpa Ha CTe0JIOTO Ha TjaBHATa Ipela Ha MOCTa ca MPOOWTH B
nonnHara yact(gur. 19), Taka ye HaTpyIMBaHETO HA BOJIA HUKOT'a Jia HE ce Cpella B ObJele, T.¢.
BOJlaTa B peOpaTa HiAMa Ja 3aMpb3HE U IYKHATMHHUTE HsAMA Ja ce MOSIBAT BbB BPEMETO Ha
excrutoaraus Ha Mocta. OcBeH TOBa MPOOMTHTE KyXMHHU c€ CHAOJsIBaT C aHTUKOPO3MOHHA
3amuTa Ha 0azata Ha mapaduHu. PeMOHTHT € m3BbpuieH oT Hutni montdzé Ostrava mpe3
eceHTa Ha 1998 . u ciie 0KOJI0 JBa Mecela MOCTHT € OTBOPEH OTHOBO 32 JIBUYKEHUE.

6.3. CraTu4yecko npen3yucjasaBaHe Ha MocTa npe3 1999 roauna
6.3.1. I'100aj1eH cTaTHYECKH aHAJIU3

B Pontex, s.r.0., € Cb3/1a7eH MNPOCTPAHCTBEH KOMMIOTHPEH MOJEN, KOMTO Hal-mOJpOOHO
OTpa3sBa MOBEJACHUETO IsJ1aTa KOHCTPYKIHUS HA MOCTa MPU HEMHHOTO HaToBapBaHe [12, 13,
14, 16]. BxonHuTe reoMEeTpUYHU JAHHU Ca B3€TH OT IMPOEKTAa, Thil KaTO EKCIEPTUTE Ce
chbrJacuxa, Y€ KOHCTPYKIMSTA HE € JOCTaThbUHO YYBCTBUTENHA, 324 /1a W3UCKBA CIOXKHHU U
CKBIIM MU3MEPBAaHMsI 3a ONpPEJENISIHE HA JACUCTBUTENHATAa T€OMETpUs Ha MocTa. Pe3yntaTsT oT
robanHusl aHanu3 Oelle OMpeAeNssHETO Ha BBTPEUIHUTE CHIUM BBPXY BCHUYKH HOCEUIU
€JIEMEHTH Ha MOCTOBAaTa KOHCTPYKLMS OT OTAEIHHU CBhCTOSHUS Ha HaToBapBaHe. MocroBa
moya: M34ucnsBaHeTo Ha TOBAPOMOJEMHOCTTAa € U3BBPIICHO CHITIACHO JCWUCTBAIIMs TOraBa
CSN P ENV 1994-2/1998 ,IIpoekTHpaHe Ha CTOMAHOOETOHHH KOHCTPYKIHH — dacT 2:
CromanoGeTonHn MoctoBe®. ToBapoHOCMMOCTTa € ompejeneHa B 12 KpUTUYHU HAMpEeYHH
CEUEHUs Ha IJIoYaTa B TPAHUYHO ChCTOSIHME HA HOCEIAa CIIOCOOHOCT Ha OI'bBaHE U Cpsi3BaHE
3a MJIACTUYHOTO MOBEJCHUE Ha HAIPEYHOTO ceueHue. EQekTuTe oT ChbChXBAHETO , MBJI3CHETO
U TeMIlepaTypara He ca OTYETEHU IIPU U3CIIeABaHE Ha KOHCTPYLHTA B IIJIACTUYEH CTa/IUU.
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Hocemata cnocoOHOCT Ha HampeyHUTE CEUEHHUS € OIpeneieHa OT HHTEepaKUUOHHATa
ayarpaMa Ha OrbBallMsl MOMEHT M HopMmainHaTta cuwia. Hampeunu rpeam: OueHkata u
W3YHCIISIBAHETO HA TOBAPOHOCUMOCTTA OsiXxa MU3BBPIIECHU 10JJOOHO HA Te3U 3a IIbTHATA II0Ya.
ToBapoHOCHMMOCTTA € OllpesieeHa B 6 KpUTUUHU HAIIPEYHU CEYEHUs OT 1-BO U 2-pO TpaHUYHO
ChCTOSIHUE 32 IUIACTHUYHO U €JIACTUYHO MTOBEJICHHE HA HAIIPEUYHOTO ceYeHue. [ 1aBHu rpein Ha
pTHaTa 1ioda: OleHKaTa U U34YHUCISIBAHETO HAa TOBAPOHOCUMOCTTA €A U3BBPIICHU CHIVIACHO
CSN 73 6205/1998 ,,IIpoeKTHpaHe Ha CTOMaHEHH MOCTOBe™, Kato ce B3eMe npexsug CSN P
ENV 1993-1-5/1998 ,,IIpoekTupane Ha CTOMaHEHH KOHCTPYKLUH - yacT 1.5 oOuu npaBuia -
JIOOBJIHUTEIHU NpaBWiIa 3a IUIOYO-TPEJOBU ITBIHOCTEHHM KOHCTPYKLMU 0€3 CTpaHH4YHO
HaToBapBaHe". ToBapoHOCHMMOCTTa € OIpeaeracHa B 8 KPUTHUYHM HAIPEYHU CEYECHMsS B
IPAaHUYHO CHCTOSIHHE HAa HOCHUMOCIOCOOHOCT 3a €1aCTUYHOTO IOBEIEHUE Ha HAIPEYHOTO
CEUEHHUE.

JAbru u xononn: OLeHKaTa U U3YUCIISIBAHETO Ha TOBAPOHOCUMOCTTA € U3BBPUICHO ChIVIACHO
CSN 73 1401/1998 ,IlpoektnpaHe Ha cromaHenu koHctpykuun®, CSN 73 6205/1998
,JIpoexTupane Ha cromanenu mMoctoe” 1 CSN P ENV 1993-1-5/ 1998 r. "IIpoekTupane Ha
CTOMaHEHU KOHCTPYKIMM - yacT 1.5".ToBapoHOCHMMOCTTa € OmIpeleneHa B TpU KPUTUYHU
Halpe4yHU ce4eHus (ABe HAIPEeYyHH CEYCHMsI Ha e]lHa YeTBBPT OT 00XBara Ha CBOJA U €IHO, B
MSICTOTO Ha Hal-JIbJIraTa BEPTUKAIA) MPU TPAHUYHOTO ChCTOSHUE HA HOCEIIaTa CIIOCOOHOCT
3a €JaCTUYHOTO ITOBEJICHHE HAa HAIIPEYHOTO CEYCHME. 3a AbIMTE U3UUCIEHUETO € U3BBPIIEHO
ceriacHo Teopusta oT II pen, cien Ha 10 urepanmonHu npubnuxeHus.CTolkure ca
U3CJIEBaHU ChIIACHO OT I'bPBU PEL.

YxkpenBane Ha abru: l3pbpiueHa € oleHKa M M3YMCIABAHE HAa TOBapoHocuMocTTa 3a 10
KPUTUYHH HAIIPEYHU CEUEHUs OT MPOCTPAHCTBEHMS MOJIEIN ChIVIACHO TEOPUATA OT 1-BU pes OT
IPaHUYHOTO CHCTOSIHUE IIPU €JaCTUYHOTO IMOBEJECHUE HA HAIIPEUHOTO CEUCHUE.

6.3.2. JIokaJjieH cTAaTHYECKH aHAJIN3

Ot pesyaTarure OT INI0OATHUS CTATUUECKH aHANU3 Ha I[sUlaTa KOHCTPYKIIMS Ha MOCTa HE €
OTKPUTO TaKOBa BHCOKO HANpPEKEHHUE B TJIABHHTA Tpelja Ha MOCTOBATa IbTHA IUIOYA, MPHU
KaKBUTO U Jia € YCIIOBUS Ha HAaTOBapBaHe, KOETO OM MOIJIO Ja JOBEeAe IO KPEXKO MU
BCIIEJICTBME Ha yMopara paspyliaBaHe Ha ctebnoto. Kakto Beue Oemie yrnoMeHaTto B
NpenuIIHus maparpad OTHOCHO MPHUYMHUTE 3a TMOBpeaara, Oelle H3BBPILICH JOKaJeH
CTaTUYECKU aHaiu3 (MIPU HATOBAapBaHE OT JieJ, HaMHpal] C€ BBB BBHTPEIIHOCTTA Ha
3aTBOPEHOTO MPOCTPAHCTBO MEXY CTEOIOTO U BHTPEIIHOTO BEPTUKAIHO YKpPEMBaIlo pedpo)
BbpPXY TPUHU3MEPEH MOJENI Ha Ijloya OT CTeHaTa Ha y4acThK, (MpW TJaBHATa rpeaa Ha
MOCTOBaTa IUIOYa) B MSCTOTO Ha BepTUKanHHTEe pebpa(dur. 18). Harosapsanero e
MOJICTTUPAHO Ype3 HENMPEeKHhCHATO PAaBHOMEPHO HATOBApBaHE, JIEHCTBAIIO BBHPXY CTEOIOTO C
rojeMuHa, ChbOTBETCTBAIlla Ha M3MepeHaTa Aedopmaius Ha creHata oT 10,2 mm. ToBa e
MaKcHMaJHaTa Bb3MOXHa JedopMaius, KOraro IUIOTO MPOCTPAHCTBO C€ MBJIHHU C BOJA U
clieq] ToBa 3aMph3Ba. KpuBaTa Ha HalpeKeHHUETO BBPXY CTEOJOTO MOKa3Ba KOHIEHTpAIUATA
Ha MYO TIPU 3aBapBYHHS MIEB Ha peOPOTO CHC CTEOJIOTO, C EKCTPEMYM TPU MPECHYAHETO Ha
HaJUTB)KHOTO C BepTUKATHOTO pedbpo. [lociaemnoro moctura croitHocT n0 2844 MPa npu
JUHEWHO M3YHMCIICHHE, KOETO € OKOJIO OCeM IThbTH IrpaHuIlaTa Ha nposiauBane fy = 355 MPa.
OT TpaekTOpUUTE Ha TJIABHUTE HAMPEXKEHUS U HA JIBaTa MOJIeNa Ce BUXKJA, Ye MyKHATHHATa
TpsiOBa J1a ce € pa3NpOCTpaHWIa MEPIEHANKYISIPHO HA MOCOKATa Ha TJIABHUTE HANPEKCHHUS,
T.€. BEPTUKAIIHO.

6.3.2. U3B0aH OT CTATHYECKOTO H3CIeIBaHe
Bb3 ocHOBa Ha TIIOOATHUS CTATUYECKH aHAINM3 € W3BBPIICHA OIEHKA W HM3YMCIISBAaHE Ha

TOBAPOHOCHUMOCTTA Ha OTACIIHUTC HOCCIHIU CJIICMCHTHU HA MOCTOBATAa KOHCTPYKIUA Ha MOCTaA
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Ha Zd’4kov M He e OTKpHTa NPHYKMHA 3a T0SBATa HA MyKHATHHU B CTCHATA HA TJIABHHUA Ipea
Ha MOCTOBara Ijioya. Bb3 OCHOBa Ha pE3yNTaTUTE OT JIOKATHHUS CTaTUYECKH aHalu3 €
J0Ka3aHO, Y€ MpUYMHATA 3a MyKHAaTUHUTE B CTeOJOTO Ha IJIBaHAaTa Tpela Ha MOCTa €
3aMpb3BaHEe Ha BOJA B 3aTBOPEHOTO MPOCTPAHCTBO MEXKIY CTEOJOTO M BBTPEIIHOTO
BEPTUKATHO pedpo. Pesynratute OT rinoOanHMs CTaTMYECKHW AaHAIU3, HM3BBPIIEH BBPXY
MPOCTPAHCTBEHUS M3UYHUCIUTEICH MOJICII, O0sXa CPAaBHEHU C OPUTHHATHUTE PbUHU U3UUCIICHUS
or 1960 r., mpu koero Oelie MOKa3aHO, Y€ T€ C€ ChIJIACYBAT MHOTO J0OpEe C HOBHUTE
M3YHCIIeHNs. | JIaBHUAT CTpOMTENeH WHxkeHep Ha Mocta Zd’akov, mpod. A. Ilmmmiep
ChrJacyBa T€3U Pe3yATaTH, KaTo U3Pa3u CBOETO OJ00CHHE, a MIIauTe MHKeHepu Ha Pontex
0sixa M3HEHAJaHW KAaKBO, OT JHEIIHA TJeAHa TOYKA, MOXKEIIE /1a C€ M3YUCIU C OTHOCHUTEITHO
MIPUMUTHUBHUTE CPEJCTBA HA CTaTHUKaTa OT MUHANOTO. CTaTUYECKOTO M3UUCIEHUE JOBEAE 10
CIIETHUTE TOBAPOHOCUMOCTH Ha MocTa Zd'akov: mpu 0cHOBHA KOMOHMHAIWS: 32t—TMMHTHPaHA
or nwrure; llpu pasmmpena komOuHIus: 102t-nuMuTHpaHa OT HaNpPEYHUTE TPEIu;
W3BbHpeana komOuHanus: 273t —TUMUTHpaHa OT cToWkuTe. B chiloTo Bpeme Oe n3uncieHo,
Y€ 32 HaTOBApPBAHETO CHIJIACHO CSN 73 6203 OT/eIHATE eIEeMEHTH Ha MOCTA CE M3IIOJI3BaT,
KAaKTO cJe/ABa: MbTHA Iu104a-79% ; HanpeuHu rpeau -84% ; rIaBHU rpeyd Ha MbTHATA IUI0Ya
Ha Mocta-100%; croitku-91%; neru- 100%; crabunureTHu Bpb3Ku- 65%.
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150 YEARS SINCE THE BIRTH OF THE GREAT GERMAN ENGINEER
PROF. DR. ENG. EMIL MORSCH AND HIS BRIDGES

Vasil Penchevl, Doncho Partovz, Petar Kolev 3,

! Viproject
23 University of Architecture, Civil Engineering and Geodesy, “L.Karavelov”

Abstract: In this paper the authors present a short autobiography of the great German
engineer and lecture, prof. Dr. Eng. Emil Morsch. It is given short information about his
education and scientific works in Stutttgart. Attention is drawn to some realized Steel-
Concrete bridges projected himself.

Key words: Emil Morsch, Steel-Concrete bridges, 150 years anniversary of born of EM

1.001mm nannu

Emil Morsch (poaen Ha 30 anpun 1872 r. B Reutlingen, u mounnan Ha 29 nekemspu 1950 1. B
Stutttgart-Weilimdorf), mpeacrtaBnsiBa 3Ha4MM U CBETOBHO HW3BECTEH HEMCKH CTPOMUTEIICH
UHXXEHEp, M3CIIe0BaTell M YHMBEPCUTETCKU IIPENojAaBaTe, KOWTO CHU Cbh3/laBa UME B
obnactra Ha ctomaHoOeToHHUTE KOHCTpYKIuu(dur.1). Heropure Teopuu 3a opasMmepsBaHe
Ha CTOMaHOOETOHa MMAaT TpalHO BIHMSHME BBPXY cTaHiaptuzanusra B DIN u HeroBute
npenumecrseHun. Ha 06a3ata Ha OOIIMPHM EKCHEPUMEHTAIIHU CEepUHM TOH pa3paboTBa
HOMOIPaMH, C KOMTO C€ Opa3MepsiBaT CTOMAHOOETOHHU TIPEIu U OIpeness HaIpeuyHOTO
ceueHue Ha apMHUpoOBKarTa B TsAX. Ha HeroBo nMe e u3ganeHa U Bb3MOMEHATEIHATa MOHETA C
HeroBoto ume: Emil Morsch. E. Morsch yun crpouTenHo MHkeHepCTBO B TeXHHYECKHS
yHuBepcuteT B Stutttgart ot 1890 no 1894 r., cnex koero padoru 10 1898 1. Karo AbpKaBeH
CTPOMTEJIEH MEHU/DKBP B IbTHATA U XUJAPOTEXHUUYECKaTa afMUHICTpanus Ha Wiirttemberg.

[Ipe3 1899 r. Tol mornara ycHemrHO AbpP>KaBEH HW3MUT, CJIEJ KOETO CTaBa IbpXKaBEH
CIIY’)KUTEIl M Ce IIpeMecTBa Ha paboTa B MOCTOBaTa Ciiy:k0a npu JbpKaBHHUTE JKEJIE3HUIN Ha
Wiirttemberg. Ot 1901 1. TOl € riaBeH WHXKEHEP W PHKOBOJMTEN HAa TEXHUYECKUS oduc Ha
Wayss&Freytag AG in Neustadt in der Haardt. E. Mdorsch mume Teopermunata 4act oT
nyonukarusata Ha Wayss&Freytag, ,,Der Eisenbetonbau, seine Anwendung und Theorie”,
KOSITO CE€ CYuTa 3a €AHO OT NHOHEPCKUTE IOCTH)KEHHS B 00JIacTTa Ha TEOPETUYHUTE
TUCKycHMH B obnacTra Ha cromaHoOetoHa(®wur.2). J[Be roawHu MO-KbCHO TOM mpuemMa
npodecopcka JITBKHOCT M0 CTaTHKA, MOCTOBU KOHCTPYKIIMM M CTOMaHEHHM KOHCTPYKIMH B
IlIBewinapckara denepanna moautexauka B Lropux. Ilpes 1905 r. Toit e Ha3HayeH 3a
KOHCYJITaTHBEH 4WwieH Ha ['epmaHckara acorumanus 3a O6eroH. [Ipe3 cpmata rogmHa BTOPOTO
uznanue Ha ",,Der Eisenbetonbau, seine Anwendung und Theorie”, e myOaukyBano ot E.
Morsch ceBmectHO ¢ Wayss & Freytag.

! Vasil Penchev, Civ. Eng. President of “Viproject; viproject@abv.bg
? Doncho Partov, Prof. Dr., HSCE “L. Karavelov”, Sofia, partov@vsu.bg
3 Petar Kolev, Student MSc, 3 Course, HSCE “L. Karavelov”, Sofia, petarjordanovkolev@gmail.com
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1900

®@ur.1. Emil Mérsch ®ur.2. Der Eisenbetonbau, seine Anwendung und Theorie”,

B Tperoto uzganme, xoero ce mosssBa npe3 1907 r., E. Morsch ce sBsBa karo
camoctosiTenieH aBTop. OcBeH ToBa npe3 1907 r. Toi cTaBa ujeH Ha ['epMaHCKH KOMMTET 3a
cToMaHoOeToH(npenMeHyBaH npe3 1941 r. Ha ['epmaHCcku KOMUTET 110 cToMaHoOeToH). [1pes
1908 r. E. Morsch ce 3aBpbina B Wayss&Freytag. B nombiHeHue kbM IpakTHdecKara CU
paboTta KaTO TUPEKTOp M WieH Ha Oopja Ha eHa OT Hal-Ba)KHHUTE FepMAHCKH KOMITAHUH 3a
MacHBHO CTpouTeNcTBO, E. Mdrsch nmpoxbimkaBa 1a ce 3aHUMaBa ¢ TEOPETUYHU BBIIPOCH HA
cToMaHOOeTOHHUTE KOHCTpyKuuu. Ilpe3 1912 r. Toit ycmsaBa na myOiMKyBa 4YeTBBPTOTO,
oTHOBO mpepaboreno u3nanue Ha ",,Der Eisenbetonbau, seine Anwendung und Theorie”.
IIpe3 1916 r. E. Morsch ce Bpbllla KbM HayKaTa W MpUeMa HA3HAYEHUETO KAaTO PEIOBEH
npodecop MO CTaTUKAa HAa MAaCHUBHM HOCEUIM KOHCTPYKIIMM, CBOJECTH MOCTOBE U
cromaHoOeTroHHa KoHcTpykius B TH Stuttgart. Jlo mencuonupanero cu npe3 1939 r. Toi
MyOJIMKyBa MHOXKECTBO IMyOJIMKAIMU, BKIIOUUTENHO 5-T0 (1922) u 6-To u3manue (1933) Ha
KHUTata cu ,,,Der Eisenbetonbau, seine Anwendung und Theorie”, kosito cera ce e
NpeBbpHaJa B CTaHJApTeH JOKYMEHT, 3a pabora B oOnacTTa Ha CTOMaHOOETOHHHTE
KoHCTpyKIuu. B cbmoro Bpeme E. Morsch ocraBa TacHo cBbp3an ¢ Wayss&Freytag AG,
KaTo BIMATEICH TEXHHUUYECKH KOHCYITaHT. BaxkeH Iulof Ha 3HAHUATA, HATPYNaHU B Taszu
JEeHHOCT, € HeroBara myosmkarus ot 1943 r. ,,Der Spannbetontriger, xosito € eaHa OT
I'bPBUTE MOHOTpaUK Ha HEMCKHU €3UK TI0 TeMarta 3a ,,[I[peBapureHo HamperHaT 0eToH” .

2. Peasimzupanu MmoctoBu 00exkTH OT nnpodecop E. Morsch

E. Morsch ywactBa, CBIIO Taka B CIETHUTE IMPOCKTH 33 MOCTOBE, KAaTO HHXKEHED,
MPOEKTAHT M M3IIBJIHUTEN, U TO B ChbBCEM Milajia 3a Hero Bb3pact (dur.3, dur.4, dur.5 u
®ur.06).
2.1.Mocr Isar (M3ap) B Griinwald(I'pronBann), 1903/1904 r.(®wur.3)

B mMmomenrta Ha OTKPUBAHCTO CH, TO3HW MOCT MPCACTaBJIsABaA Hau-TOJIEMUST TPUCTABCH

IbroB MocT B cBera. [IpoekTsT e mpenacraBeH ot E. Morsch, enBa xorato e Hapbpumi 30
roguan. O6maTa nbmkuHa Ha MocTta € 22 1m. [llupunaTta Ha meTHOTO IaTo € 8,0m. MoCThT
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e ¢ 1Ba oTBopa o 70m. BucounHara Ha KJIr0Ya Ha MOCTa HaJl MpaBaTa CheIMHSIBAIlA MECTAaTa
Ha onopute € paBHa Ha 12,80m. Onopute npeacrapisiBaT CTaBHU yCTPONCTBA U3I'BJIIHEHU OT
JsTa cToMaHa. /[broBUTe KOHCTPYKLHMHU Ca M3CJIEIBaHU KaTO HEpMUpaH OETOH, HaTOBapeHU
NPEeJMMHO Ha HaTHCK. M3BECTHO KOJIMYECTBO apMHMPOBKA € MOCTABEHO OT ChOOpaKEHMS 3a
CUTYPHOCT Cpelly MosBaTa Ha HaIpeKeHUs Ha ONbH. J[bruTe MpeacTaBisgBaT MPaBOBI'BIHU
HAIIPpEYHU CEYEHUs C pa3Mep BbB BbpXa Ha MOCTa paBeH Ha 80cM, B MACTOTO Ha OIopaTa ca C
BucourHa 90 cm u 120 cm B MSCTOTO Ha Hail- TOJIeMUTE pa3pe3Hu ycuiaus. [IbTHOTO m1aTHo
€ MOAIPSIHO BbPXY JABIUTE MOCPEACTBOM CTPOMHM KOJIOHH ¢ HarpeyHo ceueHue 40/40cm.

2.2. Keaezonbren moct Haa Rhone(Pona) B Chippis(Uunuc), Schweiz(lllBeituapus),
1906 r. (Froté&Westermann, Ziirich)( ®wur.4).

2.3.Moct I'mwonaeprodes, 1907 r./1908 r. (Pur.5).

JlHec To3u MOCT ce cuuTa 3a MHUOHEP Ha MOJIEPHUTE JIHEC MHTETPATHU MOCTOBE, B KOUTO
HOCEIIUTE YaCTH Ha KOHCTPYKIIMATA Ca CBBP3aHH B €IHO MHTETPATHO LSO, ChIIPOTHBIISBAILIO
Ce ChC TI00AITHO MOBEICHUE MPU TOEMaHe Ha BHHITHUTE TOBApH, MKOHOMUYHA €KCTUIOATAIIHS
U BHUCOKa ecTeTHKa. KOHCTpyKIusATa IpeCTaBisBa MaCBHA AbIOBA 3allbHATA B OCHOBHUTE CH
KOHCTPYKLHUs ¢ OTBOp OT 79,0m, mupuHa Ha MOBTHOTO IUIaTHO 6,90m, BHociencTBHE
pasmpeno Ha 10,50m. Ot gBere CTpaHW Ha roysMara JIbra MOCTBT € JIOCTPOEH C JBE
KPBIOBU JbIU OT JSICHO U C 4 KpBroBU JbI'U OT JsiBO. [IBTHOTO IJIATHO € MOBAMTHATO Ha
JIBTUTE C TOMOINTAa Ha KOJIOHHW, CTBHIBAIIM BbPXY Abrute. /Ibrure ca cbc cTpenka, paBHa
26,50m. BbB Bbpxa nprata e ¢ mmputna 6,50m u 7,50m npu konrpadopcute. [lebennnara Ha
J'bIUTE TIpU OCHOBaTa cu € 2,13m u BBB Bbpxa € 1,20m mpu kiaroua Ha gbrara. [wprata e
MOATIPSHA B MAacWBHU (DYH/IaMEHTH, CEPHO3HO BKOIIAHHM B CKIIOHOBETE OKOJO cpeiara Ha
nepuieTo, KOUTO CIyX aT eIHOBPEMEHHO M 32 OCHOBH Ha TOJIEMHUTE KOJOHH, MOHTHUPAHU OT
JIBET€ CTpPaHM Ha JbIUTE MPU OCHOBaTa CH. Bbpxy JBeTe MOJOBUHM Ha JIbIUTE ca
Pa3MoIOKEHHU 0 6 pesia, ¢ BKIOUEHU B TAX M0 4 OMopu, KOUTO MOAIBPKAT MBTHOTO IJIATHO.
[To3unmuTe Ha TE3U OMOPU CHOTBETCTBAT HA HAIBKHUTE TPEIH MO TUIATHOTO. BhTpemnuTe
KOJIOHU Ca U3IIBJIHEHU C KBaJApaTHO HampeuyHo cedeHue 50.50 cm, qokaTo BHHIIHHUTE UMAT,
MOpaiid ApXUTEKTYPHHU ChOopOakeHus1, T-00pa3HO HANIPEYHO CEUeHUE, MOCTaBeH ¢ ¢iaHIIa Ha
T ceuenneto(80 cM) OoT BbTpeUIHAT CTpaHa Ha abrara. [loBbpXHOCTTA Ha BHHIIHUTE OMOPH
cienBar TOBBPXHOCTTa Ha (acamara Ha roisimMata Abra. Beuuku moamopu ca KOpaBo
CBBpP3aHM KaKTO C JbraTa, Taka v ¢ MbTHATA IJI0Ya HA MOCTA.

2.4. Mocrt Grafton, Auckland(Oykaannx), Hosa 3enanaus, 1908/1910 (®wur.6).
MocThT CBBp3Ba JBETE HOBO3EIAHACKU IBPKBHH Maructpaiu. ToBa € CTOMaHOOETOHEH

MOCT, IycHaT B ekcruioarauus npe3 1910 roa. ¢ apmkuna Ha cBoaa 97,60m, nperaBisiBail B
OHA3H eI10Xa Hal TOJIEMUAT MOCT OT TO3H BHJI B CBETA.
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Fig.3. Isarbriicke in Griinwald, 1903/04; Fig.4. Eisenbahnbriicke iiber die Rhone in Chippis,
1906, (Froté¢ & Westermann, Ziirich);

. 3
Vovw Gomdnburttatirichy 10 wsiurinn Bran - Mulicedtss, Vil Assetaall 1200
Wike 70 Monr, Spanseren 20 Vin

Fig.5. Gmiindertorbelbriicke, 1907/1908; Fig.6. Grafton Bridge, Auckland, New Zeland,
1908/1910;

Kenezombren moct Neckar(Hekap) B Tiibingen(Tro6unren), 1908/09, Priifung und
Detailbearbeitung des Entwurfs von Karl Schaechterle und Anton Jori(u3nurBane u paboTHa
noKyMeHTaIus Ha npoekta or Kapn Illextepne u Anton Mopu ot oduca 3a usrpaknase Ha
MocTOBe Ha ['eHepanHaTa nupekius Ha BropremOeprckure Abp)KaBHH >KeJIe3HHIM). Jpyru
HErOBH MOCTOBE ca M30pOEHUTE IMO-I0JIy B TEKCTa KakTo ciensar: Moct Han JlyHaB Ha
Hohenzollerische Landesbahn, 1909; Jlomen wmoct Hekap B Potsaiin, 1915 r.;
CromanoOeToHHa 00IHMIIOBKA Ha Tosie3a Spree Ha Weisentunels, 1931 r.; MoctsT Pozenbepr
B Xaitn6poH, 1950 r.

Ha ocHoBanme MHOrOOpOWHHTE HANMpPaBEHU EKCIIEPUMEHTH, ChC CTOMaHOOETOHHHU
obpasmu, E. Morsch ycranoBsBa, 4e OETOHBT M CTOMaHaTa JEWCTBAT CHBMECTHO, KaTO
cTatnuecku 1o0pe 000Co0eH ,,KOMITO3UT’, KOUTO Cce ChIIPOTUBIISIBA HA BCHUKU BHHIITHH CHUJIH,
KaTo MOHOJIUTHA CTPYKTYypa, MPU KOETO CE YCTAHOBSBA, Y¢ OCTOHBT JOCTATHYHO JI0OpEe IoeMa
MPEIMMHO TIOSBIJIUTE CE HATHCKOBH HAIPEKEHHUs, JOKATO CTOMaHaTa ToeMa A0 TojsMma
CTCTCH, Bh3HUKHAIIUTE OMbHHM HanpexeHus. C Ipyru JyMH, BaTa BUJIa MaTepUATH 3a€THO
ce JIOMBJIBAT B €IHO €AMHCTBEHO IISIIOCTHO TBOPEHHUE-TSIIO: HAPEUCHO CTOMaHOOeToH. [Ipyro
OTJINYHO CBOMCTBO Ha CTOMaHOOETOHHATAa KOHCTPYKIIMS € HeWHATa SKOCT Ha orbBaHe. OCBeH
TOBA, HA MPAKTHUKA MOAIPHKKATa HA KOHCTPYKIIMUTE OT CTOMAaHOOETOH ca OMIM MHHUMATHU(
3a OHa3W eroxa), KOETO Ce € CYMTAJ0 3a OCHOBHO MPEAMMCTBO Ha CTOMaHoOeToHa. B
KOMOWHAIMATA: CTOMaHaTa, MOKPUTA C OCTOH, C€ € CUMTAIO MPAKTUYECKH J0Ope 3alluTeHa
cpenry ¢eHOMeHa Ha KoposwsTa. Hskowm wu3cliefBaHWs Ha JBaJeceT TOJUINHU KaHAIU B
cT.0eT.rpeiu ToKa3Bat, 4Ye CTOMaHaTa € a0COJIOTHO HEHAapaHEHa M ChC CHIUS IBST, KAKTO
KOTaTO € HaITyCHaJIa 3aB0JIa MPH HEHHOTO BaJIlyBaHE.
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3. Anxe3us

CueruieHHeTo MeX/1y MOJICKYJIUTE Ha MOBBPXHOCTTa HA CTOMaHaTa U OeToHa ce Hapuya
aznxes3us. 3a NPOEKTHpPaHe Ha CTOMAaHOOETOHHHM KOHCTPYKIMH, CTOMAaHEHUTE IPBTH TPsAOBa J1a
ObZe Taka IMojpeneHa Mo IbJDKMHA, (opMa u neGenuHa, ye a ce OCHIIECTBIT OE30I1acHO
IIpeHACsSHE Ha HaNpeXeHusTa Bbpxy OetoHa(dur.7 u ®ur.8).

¥
/H’
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s e TRy

—— g ———d

]
|
4 c.
{
h—-- i
Fic. 48. S
®ur.7. Tecr 3a cuerieHre ®ur.8. AnxesnoneH tect or OpeHcka maboparopus

[Tpu enHONMOCOYHO apMHUpaHU IJIOYM KpaulaTa Ha apMUPOBBUYHUTE MIPHTU CE 3aKOTBSAT B
roJIeMH y4acTbllM OCTOH, Taka 4e Ja HsMa OMAaCHOCT 3a HaMallsiBaHE Ha aJXe3usiTa, mopajau
MPEeKICBPEMEHHO HANyKBaHE Ha OOrpbhlIAIIMAT apMuUpoBkara OeroH. B  muougara,
3aKOTBSIHETO € TI0-MaJKO, HO OJIM30 /10 KpauIlara Ha TPEeIUTe Ce BBBEKIAT CTPEMEHA, KOUTO
oOrpaxaar OeToHa /10 U3BECTHA CTEINEH, KaTo MO TO3M HAUWH CHIIMST 3ala3Ba aJxe3uoHHaTa
CH CcHJIA.

4. HapabxHu AepopManiu M cbKpalaBaHe Ha 0eToHA.

CT)IIICCTBYBaT HAIIpeIKCHUA, IMOPOACHHU OT TEMIICPpATYpPHU aMIUIMTYJAU WA BBHIIHU
TOBApHu, KOUTO BOAAT OO0 pasmIupsABaHC U CKBCABAHC Ha OCTOHHUTE €JIEMEHTH.
HOpMaJIHI/I HaIpEKCHUA & - HAIIPCYHU HA ITIOBbPXHUHATA HaA €JICMCHTA U TAaHTCHIHUAJTHA

T - yCmop€aJHHU Ha ITIOBBbPXHHUHATA Ha CJICMCHTA.

4.1. Hapabxkaa nepopMmanusi Ha CTOMaHOOETOHA

ExcnepumeHTHTE, KOUTO C€ TPABAT CHC CTOMAHOOCTOHHHU TMPU3MH, B KOHTO
pa3lIMPEHUETO C€ IOoJIydyaBa 4Ype3 aKCHAJIHO OIbHHO HANpPEXKEHUE HMAT HSIKOJKO:
HejocTaTbka. Te ce ChCTOST Mpead BCUYKO B MpoOjeMa 3a OCUTYpSBaHETO Ha TOYHO
[EHTPATHO TPUJIOKEHUE Ha HAMPEKEHWETO Ha OMbH M (pakTa, ye cuiaTa MOXE JAa ce
MPEXBBPIN BHPXY apMHUpPOBKaTa CaMO Ype3 TOJIEeMH aJIX€3MOHHU HAIPEXKEHUs, Taka dYe
Kpaumiara Ha oOpa3IluTe ce HalyKBaT mpexaeBpeMeHHo. C MHOro mo-rojisiMa CTOMHOCT ca
TECTOBETE, TPU KOUTO PA3TETIIMBOCTTa HA CTOMAHOOETOHA CE€ YCTAHOBSIBA UPE3 EKCIIEPUMEHTH
BBPXY 00pa3iy, MoUI0KeHu Ha orbBaHe. OT Tiax Haii-uszBecteH e Considere’s. [IspBute My
TECTOBE Ca HAMPABEHH BBPXY MPHU3MHU OT OETOH C KBAJPAaTHO ceueHue 6/6cm MMpoYrHA U
60cm BucOYMHA, TIOJICUJICHA OT OITbHHATA CTPaHa C KPBIJIA CTOMAaHEHU IPBTH.
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IIpes MMPAaBUJIHO MMOAPCIKAAHC HA apMUPOBKATaA, TOCCT YPEC3 IMOCTABAHCTO i B MOCOKaTa Ha
MAaKCUMAJIHUTC HAIIPCIKCHUA HAa OIIBbH, AKOCTTA Ha CPsA3BAHC Ha CTOMaHOOETOHA MOXKE Ja cc
YBCJIMYM HAZA TOBA HA 00MKHOBeHUS OcTOH. B 06pa3uH chC citaba ApMHUPOBKA, HAIIPEIKCHUCTO
IIpH pa3KbCBAHE CC MMOBHIIAaBa A0 I'PaHHWYHATa HOCHMOCIIOCOOHOCT B CTOMaHaTta, JOKaTo IIpu
IIO-TCKKa apMHUPOBKA TAKOBa HAIPCIKCHUC HEC MOKC a CC JOCTUTHEC, ThH KaTO H3I0JI3BAHETO
Ha aaxe3us BbpPXYy HO-JIG6GJ'H/ITG MNPBTHU HC € 1OCTATHbYHO CHJIHO B KpauiiaTta.

5. KOHCTPYKTHBHHM €JIeMEeHTH OT CTOMAHO0ETOH
5.1. CtToMaHO00E€TOHHH ILJIOYH

Te mpencraBiasBaT ca HaM-POCTUTE CTOMAHOOETOHHU KOHCTPYKLUH, W3MBIHEHU Ja
[oeMaT HalpeKeHUs Ha orbBaHe. JloOpe M3BECTHO €, Y€ TOPHUTE CIOEBE Ha IUIOYMUTE ca
NOJIJIOKEHU HA HATHUCK, JIOKATO JIOJIHUTE CJIOEBE pearupar Ha onbH. B moun, nmoanpeHu B
KpaullaTa CH, apMaTypHHUTE NPBTU TPsiOBa BBPBAT YCIIOPEAHO HA JIMHUMUTE HA JEHCTBUE Ha
HaNpeXEeHUsATa Ha OIbH, U TPsOBa Ja Jie)KaT BB3MOXKHO Haif-OJM30 10 IBHOTO HA IUIOYATa,
KaKTO € IIPUETO B ChOTBETCTBUE C IIPaBMIHATA MM 3amuTa. Hampeunure pasnpenenuTenHu
NPBTU CE U3IOJI3BAT 3a NOAAbpKAHE HA HOCEIIUTE NMPBTH IPABUIIHO PA3IOJIOKEHH 110 BpEME
Ha W3rpaXJaHETO Ha IuloYaTa, W CJIEJOBATEJHO JBETE€ CEpUM OT IMPbTOBA CTOMaHa, ca
CBBP3aHU 3a€/IHO B TOUKUTE Ha npecuyaneto um(dur.y).

s

®ur. 8. CtroMaHOOETOHHHU TUIOYHN ®dur. 9. CromaHoOeTOHHU KOJIOHU

5.2. CTOMaHOOECTOHHH KOJOHH

Te NpEaACTaBIABAT KOHCTPYKTHBHH CJICMCHTHU NPCIHA3ZHAYCHU [Ja MOCEMAT HATOBApPBAHC
OCOBO IO CBOsITA HA[UThXKHA OC. VI3MBIHSIBAT ce ¢ HA/Th)KHA HOCEIa apMUPOBKA U CTPEMEHa,
KOUTO C€ BpPB3BAT WM 3aBapsBaT 3a HAJJIBXKHUTC IMPBTH, MPU KOCTO CC Cbh3AaBarT
apmupoBbuHu ckenetu(ur.9). HagmpxuaTta apMUpOBKa c€ H3IMBIHSIBA OOMKHOBEHO B
nuana3ona ot 12 1o 40 mm. Ilpu pazmepu Ha konouuTe 10 40/40cm Morar fa ce ce apMupar
¢ 4 HaurexHU TIpbTa. CTpeMeHaTa Ha KOJIOHHWTE CIyXaT 3a Mpera3BaHe Ha Ha UThKHATa
apMHPOBKA OT M3KBIYBAAHE U 32 OCUTYpPsIBAHE HA MTO-MOHOJIUTHO CTOMAHOOETOHHO HAIPEYHO
CCUCHHE.

6. IlpusiokeHuss Ha cTOMaHOOETOHA
6.1. UcTopuyecku JaHHU
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Jxoyzedp Monue, KOHTO mpuiara 3a MOBpPBH BT cToMaHoOeToHa mpe3 1868 r.,
OOMKHOBEHO € TIPHET 3a HeroB uzooperaren. Cieau OT TO3W METO]] Ha CTPOUTEIICTBO 0Oaue ce
OTKpHUBAT B Mo-paHeH nepuon. Hampumep, Ha Ilapmxkoro uznoxenue ot 1855 r. Jlambot
u3Jara Jiojka, u3paboreHa or cromanooeton. Ha MexayHaponHoTo uznoxkenue ot 1867 r.,
OCBEH No-u3BecTHUs Monue, € npencraeH u ®pancoa Koiine. Ot 1860 r. Toil mpoektupa
MOJ0BE, AapKu M TpbOM, B M3rPakJaHETO HAa KOUTO OCHOBHUTE MPUHUIUIM Ha
CTOMaHOOETOHHAaTa KOHCTPYKIUS ca pasno3HaBaeMu. Ha Monue oOade, HpUHAMICKU
3aciayraTa, 4ye c€ € IMOCBETWUJ Ha HOBHUS METOJ Ha CTPOUTENICTBO C IOCTOSHCTBO U YCIIEX.
[ITbpBOHAYaTHO TOK € OMJI COOCTBEHMK Ha BakHa JieTcka sicna B [lapwxk. [IspBuTe My onutu
ca Jia HarpaBy roJieMU PACTUTEHU Ba3u, KOUTO Ja ObJAAT MO-TpallHU OT TE€3H OT IBPBO U IO-
JIECHO NIPEHOCHUMU OT T€3M Ha LIMMEHTa. Toll ce CTpeMH J1a MOCTUTHE LEJITa CH, KaTO BbBEXK/A
KEJIe3HU MPBTU C MAIIBK JUAMEThp B IIMMEHTOBUTE CTPAaHU Ha Ba3uTE M paslIUpsBa TO3U
METOJ, Ha M3rpa)KJaHe JO0 MPOM3BOJCTBOTO HA rojieMu pesepBoapu 3a Boaa. IIpe3 1867 r.
U3BaXJa IbpBUS CU (PEHCKHM NATEHT, KOHWTO CKOpPO cjelBa ¢ rojsiM Opoil Apyrd Ha
pe3epBoapu, MOJI0BE, MPaBH U CBOAECTH I'peAM B KOMOMHAIMS C NMOAOBE U Jp. B mareHTHHTE
My YEpTEeKU Beue ca Pa3KpUTHU BCHUKHU €JIEMEHTH, KOMTO JHEC Ce M3IOJI3BAT B Pa3jIMuHUTE
KOHCTPYKTHBHHU JIETAIJIN HA ChBPEMEHHUTE CTPOUTEIHU cucTeMu. JlecHo e 1a ce pazbepe Kak
n3o0pereHneTo Ha MoHue, 6a3upaHo M3LSIO Ha eMIUPUYHA OCHOBA, € MPEIONpeesieHo 1a
CE pa3BUE B CbBCEM pa3jMYHU HalpaBiCHUs B pbleTe Ha uHxeHepute. [Ipe3 1884 r. taka
Hape4YeHHUTE MaTeHTH Ha MoHue ca 3akyneHu ot pupmute Ha Opaiitar u Xaiauryx B Hoitmar
Ha Xaapn u Ha Maptenmiaiin 1 XKoco B Odenbax na Maiin. IIspBara cnomenara ¢upma
npuaoOuBa mpaBata 3a 1suta KOxxnaa ['epmanus, ¢ uskmodeHue Ha Opankdypt Ha MaitH u
OKOJIHOCTTa, YUSATO TEPUTOpHUS € 3ama3eHa 3a TAX OT MocjenHara crnoMeHara ¢upma. B
CBILIOTO BpEME M JBETE CTpaHH MpuAoOMBaT oT MoHue omnuuu 3a usna ['epmanus, KoATo
obaue Te OTCTBHIBAT TOAMHA IMO-KbCHO Ha HMHKeHepa Wayss. [locnennusit, BbB Bpb3Ka C
ropecrioMeHaTuTe GuUpMH, MPOBEXKJIa TECTOBE 3a HaToBapBaHe B bepiuH, pesyiarature oT
KOUTO ca omoBecTeHH mybnamuHo mpe3 1887 1. B Opomrypara "Das System Monier,
Eisengerippe mit Zementumhullung", B3 ocHoBa Ha kosTo Ways ycrsBa Ja BbBEIC
cucremara Monier B myONMYHM U 4acTHU crpaad. [losBSBaT ce MBbPBUTE CTOMAHOOETOHHU
rpeau B KOMOMHanusg C IUIo4M omie mpe3 1886 r., BbB Bpb3Ka C HU3rPAXKIAHETO HA
oubmmorekara B Awmcrepgam. Cucremara Monue (pur. 8) wu3nm0A3Ba MHOXKECTBO
pasmnpeneauTeNHd NpbTH, Pa3MOJIOKEHU MO BI'hJl KbM HOCEUIUTE MPBTH, KAaTO ABETE ca
CBBbpP3aHM 3a€JHO B TOYKM Ha IpecuyaHe. B mocnenctBue croMaHOOETOHOBUSI CKEJET Ha
CrpaJiuTe A0Ka3Ba CBOSITA 3/[paBUHA U YCTOWYMBOCT Ha MOKAPH.

7. UcTopuYecKH MPUMePH 32 MPOeKTHPAHE U U3NIbJIHEHNEe HA CTPAIU U ChOPbIKEHHUsI
NOATHKHAJIHU NPorpeca B CTOMAHO0ETOHHUTE KOHCTPYKIIUH

Ha ¢wur. 10 e nagen npumep 3a U3MIBIHEHNE HA OCHOBU OT CTOMaHOOETOH 3a ¢abpuka 3a
motopu Daimler 6mm3o go Lllyrrapr. B Ta3u KOHTpyKIHs, HATOBapBAHETO 332 BTOPUS €TaXK €
npuero 3a 600 kg/cm2, koero ce mpuiiara 3a U34UCIEHUS Ha MOJOBUTE KOHCTPYKLUHU, TPEAU U
Tperepu, Karo ce 0T4YeTe Hail-HeOIaronpusaTHOTO pa3NpeesieHHe OT TOBAa HATOBAPBAHE BHPXY
CTOMHOOCTOHHHTE €JIeMEHTH. B Ta3um Bpb3ka ce mpenmoiiara, 4e TMOJOBHTE IUIOYH JIEXKAT
CBOOO/IHO BBPXY I'pEIUTE, KOMUTO OT CBOSI CTpaHa Ce MOAMUPAT CBOOOJHO BBPXY KOJIOHUTE.
[To TO3M Ha4yMH, BCHMYKH TE3W KOHCTPYKTHUBHH CJIIEMCHTH IPEICTABISIaBAT HENPEKbCHATH
rpenyu ¢ MO-TOJISIM WM TO-MarbK Opoit mosnera. Ha ¢ur. 11 ca mokazaHu TOJOXUTETHH H
OTPHUIATE]IHA MOMEHTHH JWIPAaMH Ha HENPEKbCHATA Ipelia Ha YSTUPHU IOJieTa C KOH30Ja B
necHus kpas. HampaBenu ca wusuncienus crnopen Tadbmunure E. Winkler, kaTo € oTYMTEHO
BIIMSHUETO HA HATOBAPBAHETO BHPXY KOH30JIaTa.
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®@ur. 10a,6,8. OcHoBU BBB adbpuka 3a MoTopu Daimler 630 no HlyTtrapt

HeoOxomumaTa apMupoBKa OTrope M OTAOJNY C€ ONpeneis Bb3 OCHOBA Ha Te3d
MaKCUMaJIHU MOMEHTOBU JHMarpaMd M € KOHCTpyHpaHa, KakTO € IoKa3aHo Ha ¢ur. 12.
Heo0xomuMoTo cedeHre Ha apMHpOBKaTa B TOpPHATa YacT HaJ OMOPHUTE, € OCHTYPEHO OT
JIBJITH TIPENOKPUBAHUS HAa OI'bHATHUTE JOJHU NPHTH.
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Fics. 218 and z1p—Maximum moment [ines and reinforcement of ginders.

®ur.11. MoMeHTOBa AMarpama ®ur.12. ApMUPOBBYEH IJIAH HA TpesiaTta

Ha ¢wur. 13 e mokazaHo TaBaHCKO TOMEIICHHWE Ha KOBAIIKUs IleX Ha ¢adpukara 3a
aBTomoOmi Ha Daimler. Ha ®@wur.14 e naneHo crwiduiie ¢t cromanobeton oT XIX Bek.
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Fio. 233~ Loft of the forge shop of the Daimler motor factory.

dur.13.TaBaHcko MOMEILICHNUE HA KOBAIIKUS LIEX ®ur.14. Creidumie

8. Meroau Ha pyHaupane

8.1. ®ynagameHnTHA 1U104a (pa3npe/eaeHa 0CHOBA)
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3a ma ce MpenoTBPATAT JIOIIM CIATAaHUS, IJIONITa HA OCHOBHUTE Ha Crpajara TpsOBa jaa
ObJie TTPOTOPIIMOHAIHA HA HOCEMaTa CIOCOOHOCT Ha MoYBaTa. AKO TOBapOHOCHMOCTTAa Ha
MoYBaTa € MajKa, U3MCKBA C€ MHOTO TOJISIM (YHIIaMEHT, KOUTO MOXKe J1a OBb/Ie OCUTYPEH upe3
ynorpeba OT apMUpaHU IUJIOYH, TMPHUTEKABAIIM HEOOXOIMMaTa SKOCT Ha orbBaHe. [lo To3m
HAYMH € Bb3MOXKHO J]a C€ HamMalld HATHCKbBT BbpXy nousata 10 0.5 kg/cm?2, taka ye cnabure
CTPOMUTEIHHU MMOYBHM WJIM HACHIIAHATA 3€Ms J]a MOraT Jla C€ M3MO0JI3BaT 3a ocHoBUTE. Dur. 15
IOKa3Ba AbHOTO Ha KaHalu3alus BbB BucOageH ¢ ocHOBa HA 8§ m AbJI00YMHA.
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Fio. 334—Reink oS see bt Wasteni F16. 355~Silo column foundation.
®ur.15. /IbHO HA KaHAIM3ALMS ¢ur.16. Ct.0eT. KOJI0HA BHPXY ILI0YA

Teii karo mouyBaTa HE MOXe Ja ObAe HaroBapeHa moBede oT lkg/cm2, 1sI0TO
MPOCTPAHCTBO MEXKJY CTEHHTE TpsiOBa Ja yCTOM Ha HaThcka. ToBa ce OCBHIIECTBSBA upe3
u3rpaxaaHe Ha QyHIaMEHTHa Tuioda ¢ JedenuHa 45cM., mpocTupama ce OT eaHaTa Jo
napyrara crteHa. Pasrienana oT craTtudecka rje/Ha TOYKa, IUloYaTa IpeJCcTaBisBa Tpeaa,
MOATNpSHA B JBaTa CU Kpas W OrbHaTa OT HATHUCKa Ha 3eMsATa Harope. HeoOxoammara
apMHUpOBKa 3a METhp Ib/KMHA Ha KaHaimuzanusatra € 10 nmpbra 24mm B JuaMeTbp, KOUTO
MOopaJiv U3MOJI3BAHETO HAa KPUBHHATA HA MOBBPXHOCTTA, TPSIOBA J1a Ob/IaT 3aKOTBEHH B OETOHA
MOCPEACTBOM cTpeMeHa ¢ 7 mm aebenuna. [lox cromano6eToHOBUS HyHIaMEHT € U3IbJIHEHA
OCHOBa OT 15 cm, cioil OT KaMBbK Ha BapOLUMMEHTOB pa3TBOp. PasmpeneneHuTe OCHOBHU
(pynmameHTHHTE TJIOYM) TpsAOBAa Ja ce M3MOJI3BAT, KOTaro IO HsAKAaKBa MPUYMHA
HAaTOBApPBAaHETO OT KOHCTPYKIIMUTE € HENMPHJIOKUMO 3a 3eMHara ocHoBa. Ha dur. 16 e
MOKa3aHa MoJ| pell OT CUJIO3HHU KOJIOHU HOpMajHata ¢opMa Ha CTOMaHOOETOHHATa OcHOBa. B
TO3U ClTydail € He0OOXOIMMO JIa c€ pa3mpe/ieNsi KOHIIEHTPUPAHOTO HATOBAPBAHE OT KOJIOHHTE
PaBHOMEPHO: HAITHKHO M HAMPEYHO, T.€., C IPYTH AYMHU € HE0OXO0MMO YKpETBaHe U B JIBETE
nocoku. HamnbikHata apMUpOBKa CIIy:KM 3a pa3npenesisiHe Ha KOHIEHTPUPAHUTE TOBAPHU
BbPXY TNPOCTPAHCTBOTO Mexay KojoHute. Ha c¢urypa 17 ca mokazanu neraitnu Ha
apMHUpOBKaTa, 0COOEHO pa3NoJIOKEHUETO Ha apMUPOBKATa B rpejaTa, ONpeesieHa Ja moemMe
CpsI3BalMTE HAMPEKEHUsI B OETOHA.

9. IInj1oTHn

[Topanu BucokaTa cHM SKOCT Ha HATHCK, OETOHBT € OCOOCHO NOAXOAAl] 3a
nuinotu(¢ur.18). CrnupaqHOTO pa3oyioKeHWE Ha CTpeMeHaTta € Hal-ycroiiunBo. CeueHueTo
OOMKHOBEHO € KpPBIJIO WJIM OCMOBI'BIHO. IIpenuMcTBOTO Ha CTOMaHOOETOHHHUTE HOCEIIU
MUJIOTH W HINNYHTOBU IMHWJIOTH B CPaBHCHUC C ABPBCHHUTC €, Y€ OETOHHHUTE MOTaT Ja c€
M3MO0J3BaT HAJ HUBOTO HA IOANOYBEHHUTE BOJU, KaTO IO TO3M HAYUH CE CIECTABAT
3HAYUTEJIHA YacT OT BUCOUYMHATA HA PyHJaMEHTA.
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®ur.17. Pa3pes npe3 rpeauTe U AbruTe Ha ®ur.18. [Tnnotn

BOAOHCIIPOITYCKIMBO Mas€

[Ipn apMupaHeTo HaANBKHUTE NMPBTU CE€ CHEAUHABAT B OCTPUS CHU Kpall B Kelsi3HA oOyBKa.
JloOparta Bpb3Kka MEXIYy HAIIBLKHUTE MPBTH HA PA3CTOSHUE €IUH OT APYr € MHOTO BaXKHA.
JIOTTBITHUTEITHO, TaKa 4e Jla Ce paslpeleNd yAapbT 110 BpeMe Ha TBMKEHUETO, € HEOOX0IUMO
Jla ce MOCTaBH HAKAKBa Cpe/la MEXy YyKa Ha MIJIOTHHUKA U MUJI0TA, KAKTO M Ja Ce U3IMO0J3Ba
TUTHTHA IIaIKa, KOSATO J]a 00XBallla IllaBaTa Ha TUJIOTA, 3a Ja e MPEAOTBPATH pa3pyIIaBaHETO
My. Ta3um pa3HOBUAHOCT Ha MUIOTUTE € BBBEACHA MpH U3KOMHU pabdotu or Hennebique.
[Toapo6Ho e onucana ot Diemling mpe3 1904r.

10. BogocTouu u MmocToBe

C BBBEXIIAaHETO HA CTOMAaHOOETOHA, KAMEHHUTE YCTOU U JBIUTE OT KAaMBbK HAa MOCTOBETE
Ce 3aMEHSAT C HOBOIPOEKTHUPAHU CTOMAHOOETOHHHM, NMPH KOETO IJI0YOIPeOBUTE BOJOCTOLHU
CTaBaT MOMYJSIPHU ThU KaTO C MOMOIITA Ha apMHUPOBKATa € Bb3MOXKHO OETOHHATa Iuioya Jia
[I0OEME HANpEeXEHUSATa Ha OIbBAHE C PA3CTOSAHUE MEXAYy moamopure a0 6,5 m, kKaro ce
yBeIM4YaBa M MIMPUHATA HA IIBTHOTO IUJIATHO, a ¢ MoMouIra Ha T-o0pa3HuTe rpean 00XBaTbhT
MOXe na Obae yBenudeH ormie moBeue. Ha ¢urypa 19 e moka3zaHa KOHCTPYKIMsTa Ha
IUTOYOTPEIOB BOJOCTOK ChC CBETHA OTBOp 4 m mojn mazapa B Laupheim. ITnouara e c
nebenmrHa 35 cm e W34YuciIeHa 3a mapeH BasK. Ts € m3nbiaHeHa ¢ 12 mpbra, 16 mm B
MaMeThp Ha METHp wupHHa (9 ca mpaBu U 3 orpHaTH Harope B kpaumiara). IlopepxHocTTa €
oopMeHa KaToO KOpOHAa 3a OTBEXJAaHE Ha IOBBPXHOCTHUTE BoAU. IIpum TecToBOTO
HAaTOBApBaHE HE € YCTAHOBEHO HUKAKBO OCE3a€MO OTKJIOHEHHE. MHOro nojo0HU MaHenu ce
HOCTaBSAT MO/ YIHIIM, C IIUPUHA 10 6,5m.
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Fic. 274.~Cantik d sidewalk, Sch b

®ur.19a,6. [TnodorpenosB BoOAOCTOK-a ) TporoapHa yact Ha BOJOCTOKA-0)

CTtoMaHOOETOHHUTE IJIOYU MOTAT Ja ce M3IOJI3BaT HEe CaMO KaTO €JIeMEHTU MEXIy BE
OlopH, HO W KOTaTO ca 3aKpEleHW B €IWHUS CH Kpad, a JIPYTUsAT CThPYM CBOOOJHO -
KOH301HO. Ta3u ¢opMa Ha KOHCTPYKIIHSI MOXKeE J1a C€ M3I0JI3BA HApUMED 3a paslupsiBaHe HA
yIuIa MoKpaid peka. B To3u citydail TpoToapbhT MOXKE Ja C€ OCTaBH Jia CThPYM HAJ peKaTta,
KakTo € nmokaszano Ha @wur. 196. B To3u ciydaii apmupoBkara TpsiOBa J1a ce moctaBu 071130 10
ropHaTa MOBBPXHOCT M J]a C€ 3aKOTBH B O€TOHEH OJIOK 3a]] CTeHaTa Ha pekara. biokbT TpsiOoBa
Ja € C JIOCTaThbUHH pa3MepH, 3a Jla MPEeAOTBPATH MpeoOpbinaHeTo. TakoBa ChOpBKEHHE €
m3rpageHo ot Wayss Freytag B Wildbad. CToMaHOGETOHHUTE IUIOYM CBHIIO MOTaT Ja ce
W3MOJI3BAT C MPEAUMCTBO KaTO MbTHA HACTWIIKA BBPXY CTOMAHEHH IEIIEXOIHH MOCTOBE U
KaHaJIM, a CBIIO W 3a M3rPaKJaHe Ha ITbTHA HACTHMJIKATa HAa OCHOBHUTE IBTHU apTepPHH Ha
MOCTOBETE, BMECTO CTOMAHCHU IBTHH KOHCTpYKImH. [ImouuTe 3a TpOTOApHTE B MOBEYETO
cllyya ce HM3padOTBaT MPEABAPUTEITHO M CJell ToBa ce mojaraT. Te morat na Obaar
HamnpaBEeHH C LMMEHTOBA HACTHJKAa MM Ja C€ IMOJOXH acanroBa HACTUJIKA CIEJ
MOCTaBSHETO HM.

11. IbroBu KOHCTPYKIUH
Ha ¢ur.20 u 21 ca mocodyeHu pemieHus Ha CTOMaHOOETOHHHU JBIOBU MOCTOBE B XamOypr u
['yHzecpua. AHanu3upaHH ca HAPEYHHUTE CEYEHUS HA KOHCTPYKIMHUTE UM.

®ur.20. Moct Ha marucTpaia 6u3o 10 Xamoypr, ®@ur. 21. Moct Ha maructpanara B [ 'yH3ecpun
Paspes npe3 HocelaTa KOHCTPYKLUS U (Anray) - 'epmanus. Mexayocue 32 M
IIbTHATA HACTHUIIKA.

Ocute Ha pebpaTa Ha Te3W MOCTOBE ca MPHUETH KaTo mapaboiu, 3a Jga Morar jga ce
HpI/IJ'IO)KaT C Hpe}II/IMCTBO NU3BECCTHUTEC q)OpMy.]'II/I 3a HCHOCpC}ICTBCHO N3YUCIICHUC HA JIMHUATA
Ha BIUSHUE 32 MOMEHTHUTE B ONpEAENICHO HANPEYHO CeYeHHe Ha mapabonuuHaTta abra. Twi
KaTto O6I/IKHOB€HO OCHUTC HA ABIUTEC CC aneMaT TakKa, 4€ Oa CbhbBIIaJdaT C JUHHUATA Ha HAaTHUCKa
3a COOCTBEHOTO HATOBapBaHE, B TOPHUTE Cllydyau ce mpuema, ye gopmara Ha mapabomaTa €
JOIyCTUMO H30paHa, THhil KaTo COOCTBEHHST TOBap € MAaIbK M TOYTH PaBHOMEPHO
pasmpeneseH 1o uenus nuanazoH. TpsoBa aa ce otOenexxu oco0eHo, Ye TYK Bpb3KaTa ¢ Opera
€ OCBIIECTBEHA MTOCPEIACTBOM OCTOHHU CTEHHU, KOUTO 3aTBAPST KyXO MPOCTPAHCTBO, MTOKPUTO
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CbC cTOMaHOOeTOHHA my04a. [1o To3M HaYMH ce HamalsiBa 3eMHUT HAaTUCK BbPXY CTEHUTE Ha
KPHWJIOTO.
Ha ¢urypa 22 e nokazan maructpajieH MocT Haj peka M3ap kpait I'pronBang — ['epmanust.

®ur. 22. Maructpanes Moct Haj peka M3ap kpaii ['pronBang — ['epmanus

MocThT Ha MarucTpajiata € ¢ IbJKruHa okosio 220 M., ¢ IBe apku ¢ pazmax ot 70 M. , Haj
KOpUTOTO Ha peka M3ap u 3axpaHBallus KaHa 3a eJIeKTpUYecKara 1eHrpania. J{pere riaBHu
MoJIeTa ca MPOEKTUPaHU KaTO apKHU C TPU CTaBHU yCTPOUCTBA. [ITHOTO MIATHO € U3AUTHATO
HaJl TPOEKTHATa KOTa C MOMOIITA Ha KOJIOHHU, TIOJANIPEHU BbPXY AbIUTE HA MOCTA.
TexHomorMsATa 3a M3ITBIHEHUETO HAa JHIOBH MOCTOBE € MoKa3aHa Ha dwur.23.
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TpucTtaBHUS CBOJI BIM3a B MOCTOBOTO CTpOUTEICTBO OKoJio 1880 r.u nHec ce paasa Ha
nocTa mmpoko pasnpoctpanenue. [Ipe3 1900r. Hlyrraprckus nmpodecop d-r h.c. Emil Morsch
MpeICTaBs METOJ 3a HW3YMCICHHE Ha TPUCTABHU CBOJOBE B CHIIHOCTTA HA KOUTO €
ONpe/IeNIIHETO Ha TakaBa CBOJOBa (opMa M Ha TakuBa JAEOCIMHU B OTACIHUTE HAIPEUHU
CEYCHHUS, Y€ MAKCUMAIIHUTE CTOWHOCTH HAa HATUCKOBUTE HAMPEKEHUS HA JIOJHUS U TOPHHS
pb0 Ha BCAKO ceyeHHe Ja ca €IHHU Ha JPYTU paBHU U MOYTU PAaBHU MPH BCUYKHU pa3pesu, T.e.
Ja ce MOJY4YH CBOJ C enHakBa curypHocT. IIpodecop Mpopin € enuH OT NMHOHEPUTE B
o0nacTTa Ha CTOMaHOOETOHA, a MPUHOCHT MY KbM CTaTMYECKOTO M3YMCIIEHHWE HA TPUCTAaBHU
CBOJIOBU MOCTOBE III€ OCTaHE U B OBJCIIE HE3aMEHUMO HAay4yHO TMO3HAHHE B PBHIETEC Ha
CHbBPEMEHHUS CTPOUTENIEH UHKEHEP.

JIUTEPATYPA

[1] Hermann Bay: Emil Morsch, Erinngerungen an einen grofen Lehrmeister des
Stahlbetons und technischen Mentor der Wayss & Freytag, VDI Gesselschaft fiir Bautechnik,
Diisseldorf,1990.

[2] Georg Knittel: Morsch Emil, In Neue Deutsche Biographie (NDB), Band 17,
Duncker&Humbolt, Berlin, 1994, ISBN 3-428-00198-2, s.682f.

[3] Klaus Stiglat; Bauingenieure und I Werk, Ernst & Sohn, 2003

[4] http:// en.structurae.de/

[5] http:// en.wikipedia.org/
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3a ’)KuBOTA U TBOPYECKHUS BT HA NPO(. ATH. mHK. Muir4yo bpaiinos,
1o cay4ai 100 rotHu OT HErOBOTO POKAECHHE

Muxauna [lankos 1,

" University of Architecture, Civil Engineering and Geodesy
! Vuusepcumem no Apxumexmypa, Cmpoumencmeo u I'eodesus

AbcTpakT: OmHOCHO KOCMONOIUMHAMA HAYYHA OEUHOCM HA Npog). OmH. undic. Munuo
bpaiinos, kamo uzsmvknam u 6cenpusnam yuen ¢ 06iacmma Ha CMmpoumenHume
KOHCMPYKYuu y Hac u 6 yyxcouna, no cayuati 100 2oounu om necogomo pooswcoenue. Onum 3a
passacHasane Ha Gurocopuama Ha KOHCMPYKMUBHOMO UHICEHEPCMEBO, 3ANe2HANU 8
0CHOBAMA HA YANAMA MY HAYYHA OeUHOCM, NPAKMUKA U nyOIuKayuu.

Key words: Munuo bpaiinos, ¢hunocogus na KOHCMPYKMUBHOMO UHICEHEPCMBO
1.BbBenenne

[Tpod. n.1.H urx. Mumdo bpaitHoB e poaen Ha 28.09.1022r B rp.Pyce. ['mmua3zuanno
obOpasoBanue 3aBbpiiBa mpe3 1941r. B PyceHckaTta MbkKKa TMMHa3Msl C OTIWYEH ycrex. B
nepuona 1941-1944r. orbuBa BoenHara cu ciayx6a B [IB aptunepus. Karo BoiiHuK mpe3
1943r. e npeBogay mpu 00y4eHHETO Ha OBITAPCKH B3BOJ BOMHHIIM 10 HOBA MPOKEKTOPHA U
pamapHa TexHuka B ['epmanus. Cinen oOyueHue B IIKOJA 3a 3aacHU OQUIEpU € Ha3HAYCH 3a
KOMaHJup Ha B3BOJ 10 M. toHH 1944r. ChiiaTa ronHa ce yBOJIHSABA U C KOHKYpC IMOCTHIIBA 3a
CTyneHT no llpomMuiieHo M TpakJaHCKO CTPOMUTENCTBO. 3aBbpuiBa mpe3 1949 ron., ¢
OTJIMYEH yCIIeX KaTo IbPBEHEIl Ha BUITycKa M MMoJiydyaBa Auruioma 3a CTpOUTENeH WHKEHEpP-
KOHCTpYKTOp. Karo cTyJaeHT € Boaui ayAMTOPHHM CTYAEHTCKHM MOATOTBUTEIHU KYpPCOBE 3a
m3nutu 1o CtpoutenHa MexaHnka U CTOMaHEHH KOHCTPYKIMH;, PBKOBOJUTEN-YYaCTHHUK B
CTYJICHTCKHU CTaX MO BB3CTAaHOBsIBAaHE Ha MOcTOBe B bymamemia (1948r.) pabotun e B ciyxba
»BHOC Ha cTpouTesHu MamuHu~ B ,,Metamumnopt” IIpe3 1950r. ¢ KOHKypc € mpuer 3a
acucteHT B kareapara” . IlocimemoBaTenHo € CT. acUCTeHT U mpenojaBaren. [Ipe3 1958r.
y4acTBa B KOHKypca 3a Tpuma J01eHTH, KbM KaTteapara. C npotokon Nell ot 25.06 1958r. Ha
Axagemuueckus cbBeT Ha MCU e u3Opanu 3a joueHTH ¢ 15 rmaca mpu npucbeTBaiu 15
yJieHa Ha ChBETa C MpaBo Ha riac. Hsaima gaHHM ¢ KaKBU Hay4HU TPYJIOBE € KaHIUAaTCTBal B
KoHKypca. Karo nomeHTt e dvenm nekuuu Ha cryaeHtute or cnenuanHoctra [II'C mo
JTUCIUIUIMHUTE ,,J[bpBEHN M CTOMAaHOABPBEHN KOHCTPYKIMH, HAMUCAH U W3JaJieH y4eOHUK
JTexunka” 1962 ron., u 1970r. ,,Cromanenu mocrtoBe”, a ot 1967t u mo ,,CToMaHeHU
KoHCTpyKIuu”. M36pan e 3a mpodecop npe3 1966r. Cnen nencuonupanero Ha npod. [lomos
npe3 1965r. e uzbpan 3a pproBOAMUTEN Ha Karenpata (1966-1987rox. )

[Ton HEroBOTO PBHKOBOJACTBO KaTeapaTa N00MBa ChBCEM JIPYr OOJIMK- MOMBJIBA CE C
HOBM IIpENojaBaTeld U aCUCTEHTH, Ch3/laBa CE U CE pa3BUBa JabOpaTtopusTa, U3JaBaHe Ha
HOBa y4yeOHa JHUTeparypa, OCHIIECTBABAHE Ha CEPUO3HA HAyYHU-HU3CIEIOBATEICKA JEHHOCT,
aKTUBHO YYacTHE TPU H3TPaXKJaHe HA OTTOBOPHU OOEKTH B JbpKaBaTa, yBeIMYaBaHE Ha
MEXIYHApOJAHUTE KOHTAKTH Ha KaTeApaTa ChC CPOAHH KaTeIpH OT Apyru cTpanu, ChaBToOp €
Ha yuyeOHHKa ,,CTOMaHEHH KOHCTPYKLUHU , OT M3AaTeicTBO ,,Texnuka” rox. 1991 roa. B

' Muxan Lankos, IIpod. a-p umx., YACT, Codus, E-mail: M. Tzankov@irconltd.com
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KoWTO € Hamucan riaBute: CTOMaHEHUM CTPOMTENHM KOHCTpyKuuH, [IpoekTHO-
KOHCTpyKTOpcKara pJenHoct, Haykara u Teopusta 3a KoHcTpykuuure u IIpbToBH
KOHCTPYKLUU.

bun e u3bupan 3a 3aMm. aekan Ha CrtpoutenHus (akynrer, 3aM. U u.1. Pexrop Ha
VYuusepcurera, llpencenaren na lleHTpanmnara TexHuuecka OumOimoreka, Pemakrop € Ha
rogumrarka Ha YACT'.

PvroBouTen Ha 00110 12 acnupaHTH, 3alUTHIIN YCIICITHO TUCEPTAIUH.

ITpe3 1982 ron., ciex MOATOTBEH M 3alllUTEH XaOWIMTAIMOHEH TpyJ Ha Tema
,,KOHCTpYKITMH, OWKOHCTPYKIIMH, KOHCTPYKTUBHH CHCTEMH TIOJIydaBa HaydHaTa CTEICH
,»,JJOKTOp Ha TeXHu4yeckute Hayku . Oduuuanuu peneH3eHTH Ha Tpyaa ca 3.1.H.T. Ipod.1.H.T.
EBrenunit WBanoBuu benens; 3.4.1. mpod.k.T.H MBan JumutpoB bonueB, mpod. K.T.H
Jumutsp 'enueB AumutpoB u npod.kx.1.H. Tonop Aumutpos Kapamancku

Karo TakbB 3amouBa HeroBara KOCMOIIOJINTHA M Hay4yHa JAEMHOCT Ha W3THKHAT U
IPU3HAT YUYEH B 00JIaCTTa HA CTPOUTEIHUTE KOHCTPYKIMHU. B ocHOBaTa Ha 11su1aTa My JI€HHOCT
U B IyOnMKanmuuTe My TOW mocTaBsi ¢uiocodusta Ha KOHCTPYKTUBHOTO HH>KEHEPCTBO.
MamabHocTTa Ha Ta3u JEHHOCT M3NH3a M3BBH PAMKUTE Ha Ta3d HUCTOPHS, €TO 3aIl0 KaTo
[Ipunoxenue kbM Hesl BKJIOYBaM ,, PaBHocMmeTka’-80 rogunu-KuBoT U Bpeme-JleliHoCTH,
MOArOTBEHA OT Hero 3a yecTBaHe Ha 80 ropumHuHata My. [lo Hajomy me mMapkupame camo
OCHOBHHM JIEMHOCTHU B IbP’KaBHUTE OPraHU U UHCTUTYLIUHU:

* PpkoBoauTen Ha YmpasineHue ,Hayka W TeXHHMUECKHM mporpec”’, WiIeH Ha
Konermyma, Ha Hanimonanau aeneranuu B MexayHapoaHu KOHTpecH U ap. (1963-1964).

* Or d¢espyapu 1969r no nHoemBpu 1971r. — 3am. muHHCTHD Ha Bucimero
o0pa3oBaHHE U HAyKaTa,
* B mepuoma 1972-1983 — 3am. npencemaren Ha Komwmrera 3a Kynrypa mo

MHBECTUIIMUTE U UKOHOMUKaTa. B Ta3u obnact mie orOenexka camo HanmoHanHusat qBopen Ha
KynTypata. 3a Ja ce rapaHTHpa KadeCTBEHH M HaBPEMEHHO IPOEKTHUpaHAa Ha CIOXKHHUTE
KOHCTPYKLMHU IO HETrOBO MpEAJIOKEeHHE Oellle Ch3IaZeH KOJEKTUB OT MpEernoaaBaTeildl KbM
Karepara ¢ pbKOBOAMTEN aBTopa Ha TasW aeiHocT. (IlocTmkeHusiTa Ha Karegparta IIe ce
UBSICHST MO-KBCHO);

* CpBeTHUK B MUHHUCTEpCKHsI chBeT T0 OOpa30BaHUETO U HAYKAaTa,

* Cexperap Ha Cekuus TexHuuecku Hayku Ha cbio3a Ha Hayunute paGoTHuMIU B
bearapus;

* BunienpeauieHT Ha MexIyHapoiHaTa acOlMALUs 0 KOHCTPYKTUBHO UHXKEHEPCTBO
u mocroBe (IABSE-1985-1991)(®ur.1 u ®ur. 2);

Vice-President of IABSE: Prof. Milcho Brainov, Bulgaria(1985-1991)

The Bylaws Committee 1989: Milcho Brainov(1922-2011),, Yukio Maeda, Tippur Subba
Rao, Jorg Schneider (Chair), Giorgio Macchi; Alain Golay (Executive Director)
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* YUnen Ha 6ropoto Ha [Ipesuanyma Ha Cpro3a Ha yueHurte B brarapus;

* OcnoBaren u mpbB mpeacenaren (1990-1996) ma Cwroza nHa CrpouTENHHTE
KoHncTpykTopu.

3a peitHocTTa My B KommTeTa 3a KynTypa € yAOCTOEH CBHC 3BAHUETO”3aC/IyKHJI
AesATeJ Ha KyJTypara”.

2.JIperJien Ha OCHOBHHMTE HAYYHHUTE IPHUHOCH M JIUTEpPaTypa
Temure KouTO pa3zpaboTBa MOTraT 1a ObAAT TPYNUPAHU KAKTO CIIE/BA:

1.TeopetnuHo  uW3cielBaHE W MpakTHYECKO  pa3paboTBaHe Ha  HAy4YHO-
METOJI0JIOTUYECKUTE MOJI0XKEHUS 32 GOpMUpAHETO U pa3BuTHETO Ha KoMIuiekcHaTa Hayka U
CUCTEMaTUYHaTa TEOPUs 32 CTPOUTEIHUTE KOHCTPYKIIMHU:

* L KOHCTpyKIIMM-KOMILJIEKCHA HayKa, CHUCTeMaTHMYHa TEOpHsl, KOHCTPYKTUBHO
TBOpuecTBO”; M3narencrso Ha BAH 1980 rox.;

* Ilpupona-uuBUIM3aMs- €KOJOTHS: MaTepHaliHa KyJITypa-TEeXHUYECKO TBOPYECTBO-
KOHCTPYKTUBHO WHXEHEPCTBO-UHKEHEpHO KOHCTpyKTHBHM AeiHocTH- CCKB-Codus, 1990
roJ.;

* HamansiBaHe Ha pPUCKOBETE OT NPHUPOIHU OCICTBUSA-NPEAU, a HE CIEH TAX-4pe3
KOHCTPYKTUBHOTO HHXeHepcTBO- CCKb-Codust, 1990 rog.;

*  Haxoun Ilpenapurennn Mucnmu mno Ilpemnoxenusta Ha a-p Ppank
[Ipec(npencenaren na Hanmmonannata Axamemus Ha Haykute Ha CAIll-no M.bpaiinoB) 3a
Mexnynaponnara Jlexkana 3a Ilpuponnu bencreus, BAH xH. 4 1987 rox.;

*CrangapTu3alluOHHA, OTKpUTA, YHHUBEpCalHa, JAWUHAMHUYHA, KOMIIO3HIIMOHHA
KOHCTPYKTMBHA CUCTeMa Jokial, Mocksa, 1976r.

* Crpykrypau [Ipobnemu Ha Hayunara Opranuzanust Ha Bucmero oOpazoBane u Ha
OopazoBarennara cuctema. Texuuka-Copus-1971r.

2. Teopernuynu u3cinenBaHe Ha OMKOHCTPYKIIMUTE U Ch3/1aBaHE Ha 00Il1a METO10JIOT U
Y KOHCTPYKTHUBHO-M3YHUCIUTEIICH aHAJIHN3 32 TAXHOTO HAIPETHATO U J1e(OPMHUPAHO ChCTOSHHE;

* KoHcTpykuuu, OUKOHCTPYKLHH, KOHCTPYKTUBHH CUCTEMH- JUCEPTAI[MOHEH TPy 3a
MPUCHK/IAHE HA HAy4YHATa CTEIIEH ,,/JJOKTOp Ha TEXHUYECKUTE HAYKU ;

3. Teopermuno wu3sicHsiBaHe Ha mpoOjemMa ,,YOBEUIKM IOCEJICHUS-CIPaIu-
KOHCTPYKLUU-TEXHOJIOTUN C M3CJEBAHE HA YCJIOBUATA, MPEANOCTaBKUTE, U3UCKBAHUATA U
MPUHIIMIIUTE 32 PelllaBaHe Ha ChbBPEMEHHUTE I'PaJOyCTPOICTBEHH MTPOOIEMH;

*  UoBemku 1moceleHHss BuCOKM  crpaau:  apXWTEKTypa, KOHCTPYKIIWH,
unaycrpuanuzanus Koncrpykrusuu cucrtemu”, ,,Texauka” ,1977 rog.

*  KoncrpyktuBno UmxkenepcrBo:  Hayka-IIpoexktupane-IIpaktuka-O061mecTBo-
N3narencku neaTsp Codusi-1989r.

*  CTpOMTEeNHO-KOHCTPYKTHBHaTa  CUTypHOCT, llpupomnute  OenctBust U
Texnonornueckure aBapun-Possara Ha [IpprkaBara )u3Boau ot CBeToBHATA KOH(EpPEHIIUS HAC
OOH, Anonus 1994r). Cnucaaue Ha BAX, k1.2, 1996 rop.

4. Pa3ButHe Ha TEOPETUUYHUTE MOJEIM W MPAKTUUYECKU MOJIXOIU 32 OIpEaessiHe
KOHCTPYKTUBHO-TEXHOJIOTUYHATA ONTUMAIHOCT HAa METATHUTE KOHCTPYKLIUU.

3.Monorpaduu

* bpaitHoB M. KoHCTpykuMu — KOMIUIEKCHA HayKa, CHUCTEMaTHU4yHa Teopus,
KOHCTPYKTUBHO TBopuecTBO, M31. Ha BAH, Codus, 1980 roxa.;
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* bpaitHoB M. DBuUKOHCTpyKIMM — TPOTHBOBETPOBH, NPOTHBO3EMETPHCHU,
cTaOunIM3upaly 1MCKOBH Bpb3ku, Texuuka, Codus, 1981 rox.

* BbpaitHoB M. YoBewku MOCEJICHUS, BUCOKH CTPaaH, apXUTEKTypa, KOHCTPYKIIHH,
WHyCTpUATIU3aIMs — CTPAaIHA KOHCTPYKTUBHH cucTeMH, Texnuka, Codust, 1977 roa.

* bpaiitnoB M. JludepenipaneH KOHCTPYKTUBEH aHAJIN3, ONTUMAIHO KOHCTPYKTHBHO
KOMIIO3MpPAaHE, aBTOMATH3WPAHU CUCTEMH 34 IPOCKTUPAHE HA CTPOMUTEIHU KOHCTPKIIUH,
Texunuka, Co¢us, 1972 rox.

* bpaitnoB M. M3uucisiBaHe Ha CTaTHYECKH HEOINPEACIUMH JTHPBEHU CTPOUTEITHH
KOHCTPYKIMU — YacT BTopa OoT “M3unciigBaHe Ha CTATUYECKU HEOINPEACIUMH KOHCTPYKIUU C
HOJIATIMBU CheauHeHus1 — MoHorpadwusa, I'ogumank Ha MHXXEHEPHO-CTPOUTEIICH UHCTUT

2 2
Codus, 1955 ron.

4.M30panu ny0JauKaluM U JOKJIAAU

* BpaitHoB M. MeToIWYeCKH MPEANMCTBA, TEXHUKO- UKOHOMHYECKH OCOOCHOCTH U
BB3MOKHOCTH 32 YCHBBHPILEHCTBAHE HA OPAa3MEPUTETHHSI METOJ MO T'PAaHUYHHU CHCTOSHUS.
KOGuneitna nayuna cecus ,1968r.

* bpaitnoB M., A. Mamok .YCBHBBPIICHCTBAaHE HAa METOAA 3a Opa3MepsBaHE Ha
CTPOUTEJIHUTE KOHCTPYKLUMHU IO rpaHuuHu cbecTosiHusA, ApxuB MCA u BUCHU-LTB, 1965
roJ.

* BpaitHoB M. Meronuka 3a ompenensHe epeKkTHBHaTa 00JacT Ha CTOMAaHEHHUTE
KOHCTPYKLIMU B YCJIOBUSATAa Ha ChOTBeTHAaTa e(eKTHBHA KOHIOHKTypa, KOOuneitHa HayuHa
cecusd, 1968 ron.

* bpaitHoB M. CTpykTypHH NpoOJieMH Ha Hay4yHaTa OpraHM3allds Ha BHUCIIETO
oOpa3oBanue U Ha oOpa3oBarenHara cucrema, , Codus, 1971 rox.

* bpaitHoB M. M3uncnsBaHe Ha CTaTMYECKH HEOMPEACTUMHU ABPBEHH CTPOUTEITHH
KOHCTPYKIIMU — YacT BTopa oT “U3uncisgBaHe Ha CTATUYECKU HEONPEIETUMHU KOHCTPYKIIUU C
MOJATINBHU CheauHeHus” — MoHorpadus, ['ogumnuk Ha UHXkeHepHO-CTpOUTEIeH UHCTUTYT,
Codums, 1955.

* bpaitnoB M.. CTpouTenHa MeXaHUKa Ha CUCTEMU C MOAATINBU ChEIUHEHHUS — YacT
mepBa OT “V3umcisiBaHe Ha CTATUYECKU HEOMPEACTIMMHU KOHCTPYKIIMH C TOJATINBU
cbenuHenus”’, onumnank Ha MHkeHepHo-cTpouTteneH nHCTUTYT, Codus, 1955 rox.

* BpaitHoB M. CBOOOJHO BUCSIIM MPEXH C eIMHMYHA KpuBuHA. FOOmielina HaydHa
cecus, 1968 ron.

5. Ilo oTHomIeHMe HAa CTPONTEIHO-KOHCTPYKTHBHATA JIE{HOCT

Cnensa na ce 0TOCIIEKHU:

* Yyactue npu ctpoutenctBoto Ha JJynaB Moct —Pyce (1953-1954 ron.);

* PpkoBomuTen Ha KosnektuBa Ha BUAC, m3roTBui aBa BapuaHTa B KOHKypca 3a
AcnapyxoBust MocT. Criedenusn KOHKypca € €OUHMAT OT IpoeKkTuTe. PrpkoBoauTen Ha
KOJIEKTHBA MPOEKTUPAT MOCTA.

* [lo HeroBo MpeIOKEeHUE, KaTo 3aM IMpeAcerare] Ha KOMUTETa MO KylTypa, Oe
Ch3/aJIcH OCHOBEH aBTOPCKM KOJEKTUB 3a KoHcTpykuusta Ha HJIK B cwctaB mpod. M.
bpaiinos, npod. Tonop. Kapamancku, npod. Becenun Benkos, nou. JIro6uo BeHKOB 1 HHX.
bornan ArtanacoB, uyusATO 3ajmada Oemie 1na 0400psBa BCHUYKM BB3HUKHAIM IPU
CTPOUTEJICTBOTO TPOOJIEMH, CBBP3aHU C KOHCTPYKLUATA. YuacTBalle AaKTHBHO IIpHU
0o0CHKJJaHE Ha BCHYKM MpPOOJIEMHU, OTHACALUIM CE€ 1O MPOEKTUPAHETO, B KOJEKTHUBA OT
karezapara. C HEroBO y4acTue M CBUKAH OT HEro €KCIIepTeH ChBET Oelle N3MEHEHO OCHOBHOTO
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pewenue , npuero B THU/I, mo oTHOIIEHNE Ha 1O/l HA 3aja U TaBaHa Ha 3aja 3; pbKOBOJUTEN
Ha pabOTHUTE TPYNU MO MPOEKTHUPaHE Ha KOHCTPYKLUMUTE;, KaTO 3aM. Ipeiceaaren Io
nHBectunuuTe Ha Komurera 3a KyaTypa, mo cnenuanHo peuienue ot 18 04 1978 rog.,
unBectutop Ha HJIK, ¢ BCMUkM mbIHOMOIIMS /1a TO NMPEACTaBIsABa NPe] BCUYKU MHCTAHIINH,
Jla pelaBa BCHYKH BBIPOCH W NpoOJieMH, Ja Ch3AaBa HeoOXoauMmara OpraHu3alus 3a
IIPOBEXKaHEe Ha UHBECTUIIMOHHUS IIPOLIEC.

6. IlocseciioB:

1. UHTepecyBamuTe ce, KOUTO MCKAT JIa CE 3all03HAAT C BCHYKH OOCTOSATEICTBA OT
3aBeniaHueTo Ha r-H EBnoru ['eoprueB 10 oTkpuBaHe Ha BuciieTo TeXHHYECKO y4yWIUIIE,
Morar ja mnoJsi3BaT 3amuckure Ha npod. umxk. ['eopru CredaHoB, moyeTeH IOKTOp Ha
Texuuueckust ynuBepcuter-Buena- ,, I1oJoBUH Bek BuUCIIE TEXHHMYECKO OOpa3oBaHUE IO
apXUTEKTypa, CTPOUTETHO MHKEHEPCTBO U reoje3us’ - nznanue Ha [lonurpaduueckara 6asza
npu YACT'.

2. 3a HUcropusita Ha Kareapa ,M/IIK” ca noi3BaHu apXWBHU MaTepuaid Ha
kareapara ot npod. JI. BeHkos.

IIpuioxenue:

(I'opensnoxeHuAT TEKCT MPeACTaBIsABA U3BaJKa OT OOMIMUPHUS JOKIaa u3HeceH npen Ocmus
HallMOHaJleH cuUMNo3uyM 1o CTOMaHeHH, OBbPBEHHM U KOMOMHUpPAaHU KOHCTpykuuu 10-
11.11.2022r., ot pod. a-p unx.M. IlankoB).

A. XpoHoJiorus 1o cb3aasanero Ha Bucme Texuuueko Yuuninie

l'ogunata e 1882. bbarapunst EBnoru ['eoprues- Thproeen, HHAYCTpHANEN] H
OaHkep, jkuBeell B bykypemn, och3HaBa HeoOXxomumocTTa B bbarapust na ce cwinane
yUWJIMILE, B KOETO HAyyHUTE MpEeAMETH, KOUTO Ce€ MpernojaBar, Aa ObJaT MPEeIuMHO OT
NPWIOKHUTE HAYKH, C HACOYEHOCT KbM MHJIYCTpHUATa. 3a pealu3upaHe Ha Ta3u
HE0OXOIMMOCT TOW NpaBH 3aBelllaHue OT 6 MWIMOHA 3JIaTHU JieBa C U3HCKBaHE OBICIIOTO
yUMJIMILE Jja Hocu uMeTo ,,bparsa EBnoru u Xpucro I'eopruesu ot Kapnoso”. B 3aBemanuero
cu Tou nume ,,Camo HaAekJaTa MM, Y€ e MOra M a3 Ja ydyacTBaM B INPEYCISBAHETO U
BEJIMYHETO Ha OTEYECTBOTO, M€ IpaBH Ja yMpa CIHOKOWHO, 3alI0TO CbM pabOTWI Tpe3
BCHYKHSI CH )KMBOT U CbM CIECTSABAJ, KAKTO a3 M OpaT MM, HUE cMe OMJIM BHOIYIIEBIEHO CaMO
OT TOBa JKEJaHWE, KOETO cera OCTaBa Jla C€ OCBIIECTBH OT HACIEIHHMIUTE MU H OT
U3MBIHUTENUTE Ha 3aBemanuero”’. OceH ToBa EBnoru I'eoprues nogapsBa MAcTOTO, BbPXY
KOE€TO I0- KbCHO € ITOCTPOEH PEKTOPATHT U JaBa 8 XWJI. JIB. 3a U3Tpa)KJaHe Ha crpajara.

JleBeT roauHu 1o KbCHO, npe3 1891 roa. bearapckure MHKEHEPU U apXUTEKTH CE
obenuHsBaT B OBJATapCcKu Chl03 Ha uHkeHepute U apxutektute (BMA). Cpro3bT 3amodBa
CEpHUO3HO Ja Ce 3acThlIBa 3a Ch3/laBaHE Ha BHCIIEe TeXHH4Yecko yuyumiaumie. [losssBar ce
MHOTO ITyOJIUKAITMY Ha BUIHU WHkeHepH kaTo Hukoma Capador u FOpaan Jlanuos.

JlBasieceT ToAMHU MO KbCHO, mpe3 1911 rox. ¢hoHabT OT 6 MM 3/IaTHH JieBa €
HapacHai Ha 15 muL. 3maTHH JeBa. HacTosTencTBOTo, KOeTo 00CTyKBa 3aBEIIaHUs OT YaCTHU
Javma, ABIrO yMyBa Jla Ce€ Ch3JaBa JIM CaMOCTOSITEIHO BHCIIE TEXHUYECKO YUYMIHIIE
HE3aBUCHUMO OT YHUBEPCUTETA U KakK JIa Ce pa3lpeaelsaT CpeJCcTBara OT ABeTe 3aBemanus. Ho
OKOHYATEJIHO HUIIO HE CE pellaBa.

Tpunecer roarHU 1O KbCHO, @ UMEHHO Tipe3 1941 roa. Crro3sT BUA (¢ pemenue No:
4764/ 15.04.1932 rox., na MunucrepcTBoTo Ha Berpemnure padoru u HapogHoTo 31pase e
YTBBPJICH YCTaB Ha bbIrapckoTo HHXEHEPHO apXUTEKTYypHO ApyxkecTBO — BUAJI/, moarorss
HOB TIPOEKTO3aKOH, KOWTO ce BHacsi B HapogHoTo chOpaHHe OT MHUHUCTPHUTE Ha
OOmiecTBeHUTE Crpaau, MbTUIIA U OnaroycTpoiicTBoTo M Ha HapoaHoTo mnpocBelieHue
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3aKoHBT € npueT u ce nyonukysa B Ibp:xkaBen BecTHuk o1 12. 06. 1941 roa. OcHoBaBa ce
Bucme Texunyecko yunnuiie (BTY) B Codus ¢ aBa pakynrera: CTpOUTETHO- apXUTEKTypEH
u MamunaHo-TexHosorndecku. B CTpoutenHo-apXuTeKTypHus GakyiaTeT ce IpeIBUKAAT TPU
OTJENa: CTPOUTEITHO WHKEHEPCTBO, ApXUTEKTypa U 3€MEMEPHO HMHXKEHEPCTBO. 3a IIBJIHO
otkpuBaHe Ha BTY ce onpenensat 5 roauHu , HO olle Ha cienpamiara roguaa Ha 04.10.1942
roa B Aynara Ha CouiicKusi yHUBEpCUTET B IPUCHCTBUETO HA :

- Heroso BenmnuectBo nap bopuc III;

- HeroBo napcko Bucouectso kHsa3 Kupui;

- HeroBo Bucoko npeocBenieHCTBO coduiickust mutponosut Credan;

- Munuctsp npezacenarenst npod. 1-p bornan @unos;

- IIpencenarenst na Hapogunoto cr6panue r-u Xpucto Kandos;

- MuHHCTBPa HA HAPOAHOTO HpocBementue r-H npod. JI-p Bopuc Horos;

- Munucrbpa Ha OOLIECTBEHUTE CTpajy, MBTUILA U OJAroyCTPOMCTBOTO I'-H MHXK.

Jumutsp Bacunes;

- MuHHMCTBpa Ha KENEZHUUUTE U IPUCTAaHUIIATA I'-H MHXK. Bacun PagocnaBos;

- PektopbT Ha YHuBepcurera r-H npod. Jumutsp Kamnapos,;

- JlupekTopbT Ha XyaoxkecTBeHaTa akajeMus r-H npod. B 3axapues,

- OuWBIIM MHUHUCTPH, TMpodecopu, OOMECTBCHUIIN,0DUIIMATIHA JIMIA, BHUIHH

TPAKJAHU U MHOTO UHKEHEPHU U apXUTEKTH

[Ipeacenarenar Ha Hapounata xomucus r-H a-p uHk. lOpaan /laHuyoB B KadyecTBOTO Ha
M3ITBJIHABAI JUTHKHOCTTa PEKTOp JaBa OTYET 3a TOTOBHOCTTA 3a 3all04YBaHE Ha Y4eOHHTE
3aHATUA HA BHclIeTo TEXHUYECKO yunuuie.
I'-1 mpod. a-p umx. Tompop PagocnaBoB n3Hacs mbpBara akaJeMU4Ha ped Ha Tema ,, Booume
Kamo HaAyuoHAamIHo 602amcmeo U 8b3IMOICHOCMUME 3a MAXHOMO U3NO0JI38aHe Y HacC ™ .

Hosoto Bucmie texuuuecko yuuanine B Copus e opuimramTHo OTKpUTO.

Bucmiero  TexHHMYECKO YUUIIHIOC.IIPE3  I'OAUMHHUTC €, IPCTHPISIO  CICAHUTC
HaNMMCHOBAHUA:

- Bucmie Texunuecko yuniauuie (BTY) (1942-1945);

- Ibp:kaBHa mostutexHuka ( 1945 —1953);

- Unxenepuo crpoutenen uHeturyT (MCH) (1953-1963);

- Bucur unxenepHo crpoutesien uuerutyt (BUCH) (1963-1977);

- Bucumt uHCTHTYT 10 apxuTekTypa u crpoutesictso (BUAC) (1977-1992)

- YHuUBepcHUTET 10 apXUTEKTYpa, crpouTtesicTBo U reoge3us (YACI) (1992 u
TTOHACTOSIIIIEM).

b. Xponoaorua no cs3nasanero Ha: Kareapa ,,Merannu, Ibpsenn u IlnacrmacoBu
Koncrpykuun”

Hctopuara Ha kareipa “MeTanHu, AbPBEHH U IUIACTMACOBH KOHCTPYKIHMM X IIpe3
TOJMHUTE OYEBUIHO € Ousla TACHO CBBbp3aHa C pa3BUTHETO Ha Bucimiero TexHHYecko
yunnuine. MiMeTo Ha kaTtenpara ChIIO € NPETHPISUIO MIPOMsHA.. B MarepuanuTe ¢ KOUTO ce
pasmnouara Hsima uHpopmaius kora CtpoutenHus GakynTeT e ch3fal Ta3u Kareapa. Jloruuno
€ Ch3/1aBaHETO Ha KaTeJpara Ja € CBbP3aHO C HA3HAYaBAHETO HAa HEMHUS I'bPBU PHKOBOJUTEIL.
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Pexktopara Ha Bucmieto TexHHMYECKO YYWIMLIE [0 HAJIEKHHUS pel  MpaBU
Ipe/uloKeHre 3a M300p Ha uU3BBbHpeAeH mnpodecop nmo “CTaTHka Ha CTOMAHEHUTEe H
AbPBEHHU KOHCTPYKIMHU .

KonkypcswT € 00siBeH B Ibp:xkaBen BectHuk 0p.117 ot 23 05.1945. OueBugHO TOBa €
OmI0 M OBJIENIETO HAMMEHOBAHUE HA KaTeApaTa B TO3H MEPUOI.

JIoKkyMeHTH 3a yyacTue B KOHKypca MoJaBarT:

- nHxK. Xpucro Bacunes I1onos ;

- 1-p unk. bopucinas Bacunes baHkos;

- 1-p uaxk. Mcak Momes bpaxanu.

3a peLeH3eHTH 10 O0sBeHHs KOHKypc ca u30panu: npod. a-p umxk. Ileituo momn
[lerpoB u a-p uwx. Bacun T. Ctounos.

W nBamara pelieH3eHTH Ha OCHOBAHME Ha MPEJACTABEHUTE MaTEpUaAIM MPENopbUBaT Aa
O0bse n30paH 3a u3BbHPeaeH npodecop uHxk. Xpucro Bacuues IlonoB u He mpenopbryBaT
IpyruTe JBamMa KaHaunatd. M Tpumarta wieHOBE Ha KOMHUCHATAa TjacyBaT ¢ Ja
MPEIIOKEHUETO HA PELIEH3EHTUTE.

IIbpBaTa mpoMsiHa Ha WMETO Ha Kareapara ce u3BbpmBa mnpe3 1950 r. Creg
¢dopmupane Ha oOma karenpa ,,CTpouTenHa MeXaHUKa” TS c€ NPEMMEHYBa B KaTeapa
"CToOMaHeH! U IbPBEHN KOHCTPYKUIMHU' .

[Ipe3 1971r. kaTeapaTa mpueMa HaCTOAIIETO HauMeHOBaHue ''MeTaJlHu, IbPBEHU H
IJIACTMACOBHM KOHCTPYKIUM'" .

PS.

left is: Prof. Fritz Leonhardt (1909-1999)

President Hans von Gunten created the “President’s Club” that held its first gathering at the
Helsinki Congress in 1988.
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