BBbJITAPCKA AKAJEMIA HA HAYKUTE U NU3KYCTBATA
Hayuen unctutyTt no Apxurekrypa, CtpoutenctBo u ['pagoycTpoicTBo

BULGARIAN ACADEMY OF SCIENCE AND ARTS
Scientific Institute for Architecture, Construction and Urban Planning

Codus / Sofia
2024



Bbnrapcka
[MbpBO M3gaHue

Hay4eH pepakTop:
npod. a-p apx. Hukonan TYNELWKOB
npod. a-p uHx. JoHyo NMAPTOB

XyO0XHUK:
Onuan TYJELWWKOB

KomnoTbpeH gm3anH:
Mwunena BOXXNOAPOBA

MpenneyaTHa noaroToBKa:
AN ,Apx & ApT”
1505 Codus, 6yn. ,CutHsakoso® 47A

Q

[Mevar:
Direct Services Ltd

ISSN 2815-3650



BBJIITAPCKA AKAZIEMUA HA HAYKUTE U U3KYCTBATA
BULGARIAN ACADEMY OF SCIENCE AND ARTS

JOKJIaIn
MEXJTYHAPOJIHA HAYUHA
KOH®EPEHIIUS
10 OIA3BAHE
HA
HEJIBIDKUMOTO KYJITYPHO
HACJIEJICTBO

bAHIN’2023
21-23 noemBpu 2023

proceedings
INTERNATIONAL SCIENTIFIC
CONFERENCE
“PRESERVATION OF CULTURAL HERITAGE”

BASA’ 2023
21-23 november 2023

Codus / Sofia
2024



Penaxropu
mpod. 1-p apx. Huxomnait Tynemkos, akanemuk Ha “bBAHI”
mpod. a-p urx. ondo [Tapro
npod. a-p 1. apx. [Tengo J{oOpes, nonwcen uien Ha “BAHN”

Editors
Prof. arch. Nikolay Tuleshkov, PhD - Academician in “BASA”
Prof. Eng. Doncho Partov, PhD
Prof. arch. Pencho Dobrev, PhD, Corresponding Member in “BASA”

Jlokj1aguTe B cOOPHHUKA ca peneH3upaHu oT Komucust B cbeTas:
mpo. 1-p apx. Huxonait Tynemkos, akanemuk Ha “bBAHIN”
mpod. a-p urx. ondo [Tapro
npod. a-p 1. apx. [lengo J{oOpes, nonwcen unen Ha “BAHU”
mpo¢. n-p nmwk. PanTuna Panremosa
mpo. n-p mmk. Mapuna TpaiikoBa
Rewiewers of the papers published in the conference proceedings:
Prof. arch. Nikolay Tuleshkov, PhD - Academician in “BASA”
Prof. Eng. Doncho Partov, PhD
Prof. arch. Pencho Dobrev, PhD, Corresponding Member in “BASA”
Prof. Eng. Fantina Rangelova, PhD
Prof. Eng. Marina Traykova, PhD

ABTOpHUTE 32aN1a3BAT ABTOPCKHUTE CH NPaBa BbPXY A0KJaJHTe B COOPHHUKA,
KATO HOCSIT NbJIHA OTTOBOPHOCT 32 ChIABPKAHUETO HM.
“BAHU” pasnpocTpaHsBa cOOPHUKA ¢ MyOINKYBaHUTE A0KJIAIH
U He HOCH OTTOBOPHOCT, AKO ABTOPUTE ¢a NPUYHHUIN BpPela HA TPETH JIMLA.

Authors of contributions are responsible for the statements
or opinions expressed in the papers.



INOYETHUN CbOPIAHU3ATOPHU

MHUHUCTEPCTBO HA KYJITYPATA
MEXKIYHAPOJHA AKAJEMMUSI 110 APXUTEKTYPA
CblO3 HA APXUTEKTHUTE B BbJITAPUSL
KAMAPA HA APXUTEKTHUTE B BbJITAPUA
KAMAPA HA UH)KEHEPUTE B MHBECTULITUOHHOTO INPOEKTUPAHE
HAYYHO - TEXHUYECKH CbIO3 10 CTPOUTEJICTBO B BbJITAPUSA
CPBBCKA AKAJIEMUS HA HAYKUTE U U3KYCTBATA

HAIIMOHAJIEH HAYYEH KOMUTET
mpod. 1-p Ha HaykuTe. apx. bopucnas bopucos, BCY "JI.Kapasenos”, Codus,
npod. a-p 1. apx. [lerwo Jobpes, BCY ”JI.Kapasenos”, Codus

nott. 1-p 1. apx. Emu Fanes, JITY, Codust

mpod. 1-p nwk. Mapuna Tpaiikoa , YACT, Codus

npod. a-p umx. Gantuna Panrenosa, YACT, Codus

non. a-p unk. Jlazap I'eoprues, YACT,Codust
m1.ac. 1-p uwk. Hukonait Munes, YACT, Codus

MEXAYHAPOJEH HAYYEH KOMUTET
mpod. a-p uwx. AuToHH Mopomoynoy, TY, Atuna, I'sprius
npod. a-p umx. Anouc Marepna, TV, Octpasa, Uexus
mpod. 1-p urk. Autonno ®opmucano, TY,Heanon, denepuko 11, Utamus
mpod. a-p uxk. Acrepuoc JInonmoc, Tpakuiicku yHUBEpCHTET ,,JleMokput”, ["'bpums
npod. atH. Boxumap Suen, Komym6uiickn Yansepcurer, Hro Hopxk, CAILL
nou. 1-p unxk..boxymun Crpaka, TY, bepro, Yexust
mpod. a-p umwk..bomko CreBanosuy, TV, benrpan, Crpous
npo¢. a-p nmxk. Beponuka lllenrosa, Uuct. Censm. unxk., Cromnue, MakeoHus
npod. n-p umx.Bnagnmup benko, TV, Bparucnasa, CrnoBakust
mpod. a-p umk. [omybka Henescka, UHcT. Cemsm. mrx. Ckonue, MakenoHus
npod. 1-p unx. I'ynap I'pron, TV, HropuGepr, ['epmanust
npod. a-p umxk. ['fiopron Apyn, XKV, I'azunren, Typrms
mpod. 1-p uwxk. Jamup 3enynosud, MI'U, bocna u Xepuerosnna
npood. a-p umx..kanmapko Jle Gennue, Yausepcenrer-Pum, Utanust
mpod. 1-p uux. [paran Koctuu, TV, Hum, CepOus
Jomu. n-p umx. EBa Kopmanuxkosa, TV, Kommme, CroBakust
nmxk. XKax Heryep, p-nm - maboparopua rmo anTH4Ha KoHcepBanus, M3paen
npod. n-p umk. Msan banax, TV, Bparucnasa, CioBakns
mpod. a-p umwxk. Upxu Mama, TV, [para, Uexus
npod. 1-p apx. Heurnm Kamue Axtyriy, Yausepeuret Jloky3Ewumyn,W3zmup, Typrms
mpod. 1-p apx. Kiapa bepromuuu-Liecrapu, TY, Topuno, Utanus
npod.nrH. Kpmmmos 3uma, TV, Kpakos, [Tomma
npod. 1-p ux. Maypunno ITuaua, TY, Tpenro, Uranus
npod. a-p umx. Mapuo Kuopuno, TV, Topuno, Urtamus
npod.1.1T.H. nHk.Mapruyc Manmak, TV, Kpakos, [lonma
npod. n-p uwxk. Maprun Kpeiica, TY, Ocrpasa, Uexust
npod. n-p umk. Masitur Kpyc, TV, Ulyrrapt, I'epmanus, Yexus
not.a-p apx. Mas [lomosan , Yausepeutert ““/Ixeman buiiennac¢, Moctap, b u X
npo¢. a-p umx. Mepu LBetkoscka, V-1 ,,Kupuia n Meronuii®,Cromnre, MakenoHus
npod. a-p umx. Mustomn Jpmanku, YAH, I1para, Yexns
nou. 1-p apx. Muomup Bacos, Yaueepcuter B Hum, CopOust
npod. n-p uwx. Mupocnas baiiep, TV, Bspro, Uexus
npod. a-p apx. Hansa Kyprosuu ®omma, Yansepcuter B Hosu Can, Corpoust
nou. 1-p umk. Hanna Anemosny, Capaeso, b u X
J-p apx. Harama Jlykcop, Hupexrop, HUIIK-benrpan,, Cepoust
mpod. 1-p apx. Huxona Lexuu, TV, Humm, Chpous
mpod. 1-p uwxk. Hukonae Tapany, TV, Mamm, Pympaus
nou. 1-p unk. Ilersp Kykmuk, TY Ilpara, Yexus
aipod. 1.T.H. mHK. [Taono Jlopenno, TY, Muniio, [Topryramms
npod. a-p urx. Pagomup ®onmy, Yausepcurer B Horu Can, CopOust
npo¢. a-p uwxk. Pura benro, TV, Jlucabown, [Topryranus
npod. a-p urwk. Cranucnas Kmer, TV, Komune, CnoBakust
mpod. o-p unxk. YBe [opka, TV, Kacen, ['epmanus
npo¢. a.1.H. nwk.@unnn Bau borapr, TV, I'ent. benrus
npod. a-p umx. Opanrumek Bamnx, TV, [Ipara, Yexus
mpod. A.T.H. mHk. XaptmyTt IlacrepHak, BTY, Korbyc, ['epmanns
qoul. a-p unxk. Slna Mapkosa, TV, Ilpara, Yexus

OPTAHU3ALIMOHEH KOMUTET
npod. n-p apx. Huxomnaii Tynemxos, HLACT I npu BAHU, Codus, IMpencenaren
npod. a-p uwk. onuo [Mapros, BCY, ”JI1.Kapasenos”, Codusi, 3am. mpeacenaren
nou. 1-p bnarosecta VBanosa, 1 BCY ”JI.Kapasenos”,

apx. lOnuit dspkoB, pecraBparop, Krocrenamn

1. ac.1-p uwk. Msan MBanues, YACI, Codust

nnk. PagocnaB Hukonos, BCY JI1.Kapasemnos

apxeonor @unun Ilerpynos, HAUM,. BAH



HONORARY CO-ORGANIZERS

MINISTRY OF CULTURE IN BULGARIA
INTERNATIONAL ACADEMY OF ARCHITECTURE
UNION OF ARCHITECTS IN BULGARIA
CHAMBER OF ARCHITECTS IN BULGARIA
CHAMBER OF ENGINEERS IN INVESTMENT DESIGN
SERBIAN ACADEMY OF SCIENCES AND ARTS

NATIONAL SCIENTIFIC COMMITTEE:

Prof. arch. Borislav Borisov, DrSc - VSU “L. Karavelov”
Prof. arch. Pencho Dobrev, PhD - VSU “L. Karavelov”
Assoc. Prof. arch. Emil Galev, PhD — LTU-Sofia
Prof. Marina Traykova, PhD — UACEG, Sofia
Prof. Fantina Rangelova, PhD — UACEG, Sofia
Assoc.Prof. Lazar Georgiev, PhD-UACEG,Sofia
Assist. Prof. Nikolay Milev, PhD — UACEG, Sofia

INTERNATIONAL SCIENTIFIC COMMITTEE:

Prof. Antonia Moropoulou, PhD — National Technical University of Athens, Greece
Prof. Alois Materna,PhD, VSB-Technical University of Ostrava, Czech Republic
Prof. Antonio Formisano, PhD- University of Naples Federico II, Italy
Prof. Asterios Liolios, Ph — Democritus University of Thrace, Greece
Assoc. Prof. Bohumil Straka, PhD- University of Technology, Brno, Czech Republic
Prof. Bosko Stevanovi¢, PhD- University of Beograd, Serbija
Prof. Bojidar Yanev, DSc —Colubia University, New York City
Prof. arch. Clara-Bertolini-Cestari, PhD — Politecnico di Torino, Torino, Italy
Prof. Damir Zenunovié¢,PhD — Technical University of Tuzla, B&H
Prof. Dragan Kosti¢, PhD- University of Nis, Serbija
Assoc. Prof. Eva Kormanikova, PhD- University of Technology, Kosice, Slovakia
Prof. Frantisek Wald, PhD — Czech Technical University in Prague, Czech Republic
Prof. Gianmarco de Felice, PhD — Roma Tre University, Italy
Prof. Golubka Necevska-Cvetanovska, PhD — IZIIS, Skopje, Macedonia
Prof. Gorlin Arun, PhD-HKU, Gaziantep, Turkey
Prof. Gunnar Griin, Phd, Technical University of Niirnberg, Germany
Prof. Hartmut Pasternak, DrSc, BTU, Cottbus, Germany
Prof. Jiri Maca, PhD — University of Technology, Prague, Czech Republic
Prof. Ivan Balaz, PhD — University of Technology in Bratislava, Slovakia
Eng. Jacques Neguer, Head of Art Conservation Department, Israel Antiq. Authority
Assoc. Prof. Jana Markova, Phd- Czech Technical University in Prague, Czech Republic
Prof. Krzysztof Zima, DSc- University of Technology, Cracow, Poland
Assoc. Prof. arch. Maja Popovac, PhD, University “Dzemal Bijedi¢, Mostar, B&H
Prof. Mariusz Maslak, DrSc— University of Technology, Cracow, Poland
Prof. Martin Krejsa, PhD, VSB-Technical University of Ostrava, Czech Republic
Prof. Martin Krus, PhD, Technical University of Stuttgart, Germany
Prof. Emeritus, Mario A. Chiorino, DSc,-Politechniko di Torino, Torino, Italy
Prof. Maurizio Piazza. PhD - University of Trento, Italy
Prof. Meri Cvetkovska, PhD, Ss. Cyril&Methodius University, Skopje, Macedonia
Prof. d-r h. c. Milo§ Drdéacky, DrSc. — ITAM-Acad. of Sciences, Prague, Czech Republic
Prof. arch. Miomir Vasov, Phd - University of Nis, Serbia
Prof. Miroslav Bajer. PhD - University of Technology, Brno, Czech Republic
Prof. arch. Nadja Kurtovi¢-Foli¢, PhD — University of Novi Sad, Serbija
Assoc. Prof. PhD. Naida Ademovic, PhD-University of Sarajevo, B&H
Arh. Natasa Luxor, PhD, Director of National Heritage Foundation-Belgrade, Serbia
Prof. arch. Nikola Ceki¢, Phd - University of Ni$, Serbia
Prof. d-r h. c. Nicolae Taranu, PhD — TU Iasi, Romania
Prof. Paulo B. Lorenco, PhD — University of Minho, Portugal
Assoc. Prof. Petr Kuklik, PhD — Czech Tech. Univ. in Prague, Czech Republic
Prof. Philippe Van Bogaert, DSc — State University of Ghent, Belgium
Prof. Emeritus, d-r h. c. Radomir Foli¢, PhD — University of Novi Sad, Sebija
Prof. Rita Bento, PhD — Technical University of Lisbon, Portugal
Prof. Stanislav Kmet/, DSc, University of Technology, Kosice, Slovakia
Prof. Uwe Dorka, Phd- Technical University of Kassel, Germany
Prof. Veronika Shendova, PhD — IZIIS, Skopje, Nord Macedonia
Prof. Vladimir Benko, Phd- University of Technology, Bratislava, Slovakia
Prof. Yesim Kamile Aktuglu, PhD — Dokuz Eylul University, [zmir, Turkey

ORGANIZING COMMITTEE
Prof. arch. Nikolay Tuleshkov, PhD - Academician in “BASA”, Chairman
Prof. Doncho Partov, PhD, d-r h. c., VSU “L. Karavelov”, FEng. IACR, Vice — Chairman
Assoc. Prof. Blagovesta Ivanova, VSU “L. Karavelov”

arch. Yuly Farkov, main restawrator in Kustendil
Assist. Prof. Ivan Ivanchev, PhD — UACEG, Sofia

Civ.Eng. Radoslav Nikolov, VSU “L. Karavelov

Archeologist, Mag. Filip Petrunov, NAIM-BAS



cTp.

cTp.

cTp.

cTp.

cTp.

cTp.

cTp.

cTp.

cTp.

cTp.

cTp.

cTp.

cTp.

cTp.

cTp.

cTp.

cTp.

9-13

15-27

29-34

35-44

45-48

49-57

59-68

69-86

87-101

103-120

121-134

135-146

147-162

163-170

171-225

227-244

245-257

CBbABPKAHUE / CONTENTS

STEINORT CASTLE — HISTORY, CURRENT STATE, INTERVENTION
Hartmut Pasternak, Natasa Zivaljevic Luxor

CONSTRUCTIVE MEASURES TO PRESERVE THE BEARING CAPACITY OF STEEL
VERTICAL TANKS IN SERVICE FOR A LONG TIME
Lyubomir Zdravkov

OTHOCHO XMBOTA U TBOPUECKUS ITBT HA TTPO®. JI-P UHX. ITUMUTHP
JVIMUTPOB, T10 CJIYYAH 100 TOAUHU OT HETOBOTO POXXIEHUE
Muxana Ilankos

PROTECTION AND RENEWAL STRATEGY PROPOSAL FOR THE CITY OF PRIZREN’S
OUTSTANDING VALUE
Nadja Kurtovié¢ Foli¢, Ljubisa Foli¢

TOGETHERNESS OF SWISS AND VENEZUELAN PAVILION IN THE ARCHITECTURAL
BIENNALE DI VENEZIA 2023
Yesim Kamile Aktuglu

HISTORY OF SHORT SPAN ORTHOTROPIC BRIDGES CONSTRUCTED IN CANADA AND
THE USA
Alfred R. Mangus

PROTECTION OF IMMOVABLE CULTURAL HERITAGE, CURRENT STATE AND
CHALLENGES
Ana Mom¢ilovi¢ Petronijevi¢, Ivana Cvetkovi¢, Dusan Stajié¢

STRENGTHENING OF OLD EXISTING REINFORCED CONCRETE STRUCTURES,
THROUGH THE APPLICTION OF STEEL FRAMES
Anita Handruleva, Doncho Partov, Milen Petkov, Chavdar Stoyanov, Velyan Petkov

MASS TIMBER IN TALL BUILDINGS AND IN OLD STRUCTURES
Balaz Ivan, Balazova Pavla

THE DOCTOR’S MONUMENT IN SOFIA. TYPOLOGY AND ANALOGIES.
DESIGN AND PROJECTS
Blagovesta Ivanova

DESTRUCTIVE EARTHQUAKES AND RELATED ADVERSE EVENTS
Boris Foli¢, Radomir Folié

EUROPEAN CULTURAL HERITAGE ON STAMPS — BRIDGES
Balaz Ivan, Balazova Pavla

HIGH RISE STRUCTURE AND TALL BUILDINGS IN BRATISLAVA SLOVAKIA
Daniel Bukov

THE CONCRETE BRIDGES OF THE GREAT BULGARIAN ENGINEER
LALO RAYKOV(1923-2023)
barinka Gocheva, Doncho Partov, Dobromir Dinev

CONSTRUCTION OF THE SLOVAK NATIONAL UPRISING (SNP)
BRIDGE IN BRATISLAVA OVER DANUBE
Balaz Ivan, Balazova Pavla, Kolekova Yvona

BRIEF OVERVIEW OF THE BULGARIAN EXPERIENCE IN STRENGTHENING AND
RESTORATION OF HISTORICAL BUILDINGS IN BULGARIA
Dobromir Dinev, Milen Petkov, Antoaneta Dimitrova

PROFESSOR EDMUND BALGAC’S CONTRIBUTION TO THE THEORETICAL SOLUTION
AND APPLICATION OF SUSPENDED PRESTRESED STRUCTURES
Dragan Kosti¢, Predrag Radomirovié, Vuk Milosevi¢



cTp.

cTp.

cTp.

cTp.

cTp.

cTp.

cTp.

cTp.

cTp.

cTp.

cTp.

cTp.

cTp.

cTp.

cTp.

cTp.

259-272

273-280

281-294

295-300

301-308

309-320

321-330

331-346

347-362

363-368

369-378

379-393

395-400

401-408

409-423

425-436

RECONSTRUCTION OF CASTLES AND MANSIONS IN SLOVAKIA NOT
FINANCED BY THE STATE
Balazova Pavla

TRULLA BUILDING AND OVEN FROM THE MEDIEVAL TOWN OF LYUTITSA,
NEAR IVAYLOVGRAD, HASKOVO DISTRICT
Filip Petrunov

EARTHQUAKE IN THE SLOVAK REPUBLIC IN THE EDUCTION OF
CIVIL ENGINEERING STUDENTS
Balazova Pavla

ABOUT THE FATHER OF THE CZECHOSLOVAK SCHOOL OF ROPE ROOFS
ENGINEER JOZEF POSTULKA
Jan Kysel’

OTHOCHO ITPEMECTBAHETO HA TOTUYECKA ITbPKBA OT XVII CTOJIETUE
B I'P. KOII-CJIOBAKUSI, M3ITBJIHEHO ITO ITPOEKT HA MO3E® ITOIITYJIKA (1923-2009)
mose(b IMomryaka

MONOSTOR BRIDGE — NEW ROAD BRIDGE OVER DANUBE RIVER IN KOMARNO
Nagy Ladislav, Drdanko Gabriel, Brosch Petr

ABOUT TWO ORTHOTROPIC STEEL DECK BRIDGES ALONG HEMUS HIGHWAY IN
BULGARIA AND ANALYSIS OF THEIR OVERALL CONDITION
Lazar Georgiev, Stoyan Ivanov

CONCERNING A BRIDGE BUILT IN THE BEGINNING OF THE 2ND CENTURY, OVER
THE RIVER STRYMON (STRUMA), TO ULPIA PAUTALIA (KYUSTENDIL), ON THE
ROMAN ROAD STARTING ON THE EASTERN SIDE OF THE PASS OF SUCCI (PASS OF
TRAJAN) TO THE ADRIATIC AND ROME

Nikolay Tuleshkov

SURVEY OF DIFFERENT MODELLING APPROACHES FOR HISTORIC MASONRY
ARCH BRIDGES
Petar Grekov, Anton Gorolomov, DonchoPartov

PROBLEMS BY RESTORING, STRENGTHENING AND REHABILITATION OF
THE SUPERSTRUCTURE OF THE STEEL BRIDGE OVER THE ISKAR RIVER
NEAR VILLAGE KUNINO
Peter Velev, Ivan Yakimov

CONCRETE TIED ARCHES FOR MEDIUM SPAN BRIDGES FROM LAST CENTURY
Philippe Van Bogaert

ABOUT THE 55 YEARS HISTORY OF ZDIAKOV BRIDGE IN CZECH REPUBLIC
Tomas Roter

MAJIKO 3A TOJIEMUS UHXK. JIAJIO PAUKOB (1923 -1997)
Bacua IlenueB

WROUGHT IRON CUT NAILS WITH ROSE HEADS ARE STILL IN SERVICE
Yesim Kamile Aktuglu

[TPOYYBAHE HA CTPOUTEJIHATA NCTOPUA HA UNTAJIMIIHATA CTPAZIA C
PUTYAJIHA 3AJIA HA HAPOJIHO YUNTAJIUIE “OTEL| [TAMCHI - 1927 B C. U3BOP,
OBIINHA PAIOMUP

PanocBera Kuposa-/leaueBa, YaBnap CtossHOB

ABOUT THE HISTORY OF STAMBOLOV’S BRIDGE IN VELIKO TARNOVO AFTER 132
YEARS OF SPANNING OVER YANTRA RIVER AND PROJECT FOR STRENGTHENING
Radosveta Kirova-Delcheva, Lazar Geogiev , Doncho Partov,

Lybcho Lyubenov and Radoslav Nikolov



MEXIAYHAPOJIHA HAYYHA KOH®EPEHIIUA BAHWN 2023
INTERNATIONAL SCIENTIFIC CONFERENCE BASA'2023

STEINORT CASTLE — HISTORY, CURRENT STATE, INTERVENTION

Hartmut Pasternak !, Natasa Zivaljevic Luxor ?

! Brandenburg University of Technology (BTU), Cottbus, Germany
2 Director, National Heritage Foundation (NHF), Belgrade, Serbia

Abstract: The Count von Lehndorff family, the last German owners of Steinort, is
one of the oldest and most important noble families in East Prussia. Steinort Castle
(in polish language Sztynort), today in the Polish part of East Prussia, is one of the
most important mansions there. In addition, Heinrich von Lehndorff took part in the
attempted coup against Hitler on July 20, 1944 and was murdered for it. The rescue
and revival of this castle is therefore of exceptional interest. The baroque wooden
beam ceilings are characterized by their unusually large span and unique
polychrome painting. This paper reports on the minimally invasive replacement of
the ceilings (in order to achieve higher load-bearing capacity, the original beam
was glued with an additive).

Key words: heritage preservation, timber structures, ceiling, strengthening,
structural bonding

1. Introduction

The northeastern Masuria, a land of forests and lakes, is location of castle Steinort,
(in Polish Sztynort), a manor house that belonged to the von Lehndorff family for nearly
500 years. Nowadays, it is a cultural monument of German heritage. The core of building
(in German: Kernbau) was constructed between 1689 and 1693. In the 19th century there
were extensive structural changes expanded the Kernbau, with baroque characteristics,
with two wing buildings (1829) and three towers (1860-1880), which were built in the
spirit of the time - late classicism.

Fig. 1. Steinort Castle: Floor plan and section [1], photo in the 1930ies [2]

! Full Professor, Dr.-Ing. habil. BTU, Hartmut.Pasternak@b-tu.de
2 Director, NHF, natalieluxor@gmail.com
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At the end of the 1930s, the castle underwent a thorough renovation after it had been
neglected and damp since the First World War. It was in immaculate condition until the
Red Army arrived in January 1945. Count Heinrich von Lehndorff lived in one wing of the
castle with his family; the field quarters of Foreign Minister Ribbentrop were set up in the
other half in 1941.

The name von Lehndorff is best known for Count Heinrich von Lehndorff, the last
owner at Steinort Castle, who was involved in the failed Stauffenberg assassination attempt
on Adolf Hitler on July 20, 1944 and was executed shortly afterwards in Berlin. After
1990, the former East Prussian estate fell into disrepair at a rapid pace (Fig.2).

Fig. 2. Castle Steinort/Sztynort in 2000

2. Historical value

In addition to the castle complex as a whole, polychrome painted ceiling beams
with a span of 10,00 m have been preserved from the time of its construction, reflecting
traditional Masurian craftsmanship (Fig. 3). The still preserved, original ceiling
construction covering an area of 1400 m? is unique in its size, originality and
completeness.

Fig. 3. Polychrome painted ceiling, conditions 2004 [3]

10
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However, for public use as a museum or exhibition space, the existing structure
must be reinforced for an imposed load of 5 kN/m?. The renovation work is mainly paid
for from the German federal budget. Project manager is Prof. W. Jiager, Radebeul,
Germany.

3. Methodology and intervention

To meet the structural requirements for public use and the conditions for the
preservation of historical monuments (Rule of minimal intervention [4]), the idea for
strengthening the ceiling beams is based on transforming the rectangular beam (Fig. 4a)
into a T-beam. The former filler made of loose organic material is replaced by a glue-
laminated timber over a rectangular cross-section, so that a T-cross-section can be created
(Fig. 4b). The analogy to reinforced concrete or steel construction is clearly visible here.
The height adjustment plank was glued to the bottom and top with a melamine-urea resin
adhesive. This created a T-section with a much larger load-bearing capacity. The necessary
tests have been carried out of Prof. W. Jiager’s team at the TU Dresden.

{=&5 #rim

ik a1 By )

=2 5= T
wakre FR0 00 m

Toor plarsing syRiem  1=dh

hj o Bmrsed ek 10120 mm
haigc adjuatmont plank be= 45 mm
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|- - Matical baam mndre X0 mm
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Fig. 4. Ceiling beams a) historical b) reinforced [5]
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Fig. 5. Cross-section of a T-beam [5]
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Finally, the glue-laminated timber panels must be screwed together. Fig. 6 shows a section
of the ceiling. The historical boards could be pushed in from below.

4. Discussion

The presented method for material-appropriate strengthening enables the wide-span
wooden beam ceilings to be used by the public in a way that traditional solutions cannot
achieve. This method is suitable for historic buildings taken into consideration
international principles of monument conservation [4]. Worse alternatives to this method
are timber concrete composite ceiling and even a reinforced concrete ceiling. In addition,
the in situ strength sorting of the historical wooden beams as described in [7] could be
useful. The effort and expense of strengthening using structural bonding are justified
by the great historical and architectural significance.

The renovation of Steinort Castle is mainly financed from the German Federal

Budget. Project manager is Prof. W. Jiager. The renovation work on the castle began in
2014 and will continue over the next few years.

glue laminated Hmber Kano O 120 < 33 mm
waooden leight adpisimen plank 180 x 45 £ 5 mm Sorew with parial lhread
hisiornical criling haam

Fig. 6. Section of ceiling [5],[6]
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CONSTRUCTIVE MEASURES TO PRESERVE THE BEARING CAPACITY
OF STEEL VERTICAL TANKS IN SERVICE FOR A LONG TIME

Lyubomir Zdravkov!

University of Architecture, Civil Engineering and Geodesy

Abstract: The tanks are vessels designed for reception, storage, consumption,
technological prefabrication and transportation of various liquid products. The most
significant part of this large group of engineering facilities, with a wide application
in almost all branches of our national economy, are steel vertical tanks. They
intensively entered our country in the sixties of the last century, which is connected
with the intensive development of the economy. Following the chronological course
and development of reservoir construction in our country, three main periods can be
defined - Origin, Development and Technical inspection, repair and reconstruction.
In Bulgaria, we have already entered a period when the normal operating life of the
majority of AST is expiring or even has already expired. Therefore, a period of
intensive and responsible technical inspection, repair and reconstruction of the steel
tanks in our country is emerging. These activities are aimed at preserving their
bearing capacity and even increasing their safety during exploitation.

Keywords: steel tanks, development, bearing capacity, safety, bottom, shell, roof

1. Introduction

The tanks are vessels designed for reception, storage, consumption, technological
prefabrication and transportation of various liquid products, regardless of their shape,
material, location and construction. They are known from the deepest antiquity. As an
example, clay amphorae for storing wine can still be found among the remains of ancient
merchant ships.

The operating conditions of the tanks are very different. This leads to considerable
diversity among them. They can be:

a) according to their position relative to the earth's surface — raised, on the ground,
semi-buried and buried;

b) according to their shape — cylindrical vertical tanks, see Fig. 1, cylindrical
horizontal tanks, drop-shaped, spherical, with a conical bottom, water towers, trench;

¢) according to the used materials — clay, wood, metal (copper, aluminium, steel),
plastic.

! Lyubomir Zdravkov, Assoc. Prof. Dr. Eng., Dept. “Steel, Timber and Plastic Structures”, UACEG, 1 H.
Smirnenski Blvd., Sofia 1046, e-mail: zdravkov_fce@uacg.bg
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The largest part of this big group of engineering facilities, with wide application in
almost all branches of our national economy, are aboveground steel vertical tanks (AST),
which are spatial sheet structures with a cylindrical shape, see Fig. 1.

Fig. 1. Aboveground steel vertical tanks

They have the following advantages over other types of tanks:

- from an economic point of view, they are optimal for storing large quantities of
liquids at low pressure;

- the used there constructive solutions have been repeatedly checked in practice;

- the wide variety of types of roofs, shell and bottom, structural elements, of joints,
allows the selection the most economically optimal solution;

- they are convenient for prefabrication, mounting and maintenance in the process of
exploitation;

- they are suitable for repair and/or structural alterations.

2. Development of tank building in Bulgaria

If 1878 is taken as the starting year for the construction of steel vertical cylindrical
tanks, when the first such tanks were designed and built in Russia [4], these facilities will
meet their 145th anniversary these days. Five years later, in 1883, Shukhov developed and
published a method for the calculation of AST, showing their rational constructive form
and dimensions [6, 10], ensuring quick and cheap fabrication and assembly with minimal
metal consumption.

Steel tanks entered intensively in our country in the sixties of the last century, and
their introduction into operation was provoked by the rapid development of the economy.
A trend of continuous growth of the total storage tank capacity £V in the country has been
imposed and developed. This trend leads to two interrelated directions: overall increased
tank construction per year and an increase in single volume V1.

The first direction is related to an increase in oil refining, which in turn requires a
significant expansion of the storage capacities of the petrol bases (PB). Another factor here
is the rapid development of thermal energy related to the use of liquid fuels (usually fuel
oil) for thermal power plants (TPP).

The increase in the volumes of fuels that had to be stored in the PB and fuel oil
holdings of the TPP inevitably led to an increase in the single capacity of the tanks. Thus,
gradually the 71 = 1,000 m* and 2,000 m? tanks, which were typical at the beginning, gave
way to 1 = 15,000 m* and 10,000 m® tanks. The increase in single volumes Vi means larger
dimensions (diameter D and height H), and therefore — increased loads, respectively bigger
thicknesses. The trivial solution of simply increasing the thicknesses leads to an
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incommensurable increase in the problems associated with the manufacture and assembly
of sheet structures from thick sheet metal. It was clear that a complex approach had to be
applied to the issue. Indeed, the first calculations of tanks with large capacities have shown
[6] that the known methods for designing AST with ¥ < 2,000 m® are not fully applicable
for large capacities, and in a few cases completely new and more accurate methods are
required. On the other hand, to withstand the high tensile stresses in the lower courses, the
traditional BSt3 steel had to be replaced with a qualitatively new type, having increased
strength. This is how the so-called bi-steel shells of the tanks [4], in which the lower
courses are made of low-alloy steel with increased strength, respectively with decreased
thicknesses. Bi-steel shells have been well developed in theory and applied and continue to
be applied many times in practice.

Several problems in the design and construction of the tanks on a national level have
been successfully solved through the implementation of Standard Working Documentation
for AST [11]. This typical series has currently raised the construction of steel tanks in our
country to a higher scientific and technical level, with significant industrialization of
manufacturing and mounting. Standard tanks were designed with various volumes, with
limited numbers of heights and diameters, which could be ordered from a catalogue. In
practice, the roll method of mounting was implemented, see Fig. 2. The shell, bottom and
roof shields were factory welded. They were transported as separate parts to the site, where
they were joined by a minimum number of assembly welds. The execution of most welds
in factory conditions has sharply increased their quality, reduced labour intensity and
accelerated the mounting of tanks.

T .B& - -
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Fig. 2. Mounting of aboveground steel tanks by roll method

Currently, the Standard Working Documentation for AST [11] in question has been
cancelled. The design instructions [5 and 9] were introduced. Until recently, they were
leading documents in the field of steel tank design for Bulgaria, but they are also no longer
relevant. Now each tank has to be calculated individually, according to the real operating
conditions. In connection with the harmonization of European and Bulgarian regulatory
documents, the leading European standards for tank design have been introduced into our
practice. They are imperfect, but are a step forward as they reflect the latest developments
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in the American and Western European schools of steel vertical cylindrical tank design.
Following the chronological course and development of reservoir construction in our
country, three main periods can be defined [13], namely:

(I) Origin — tanks with relatively small volume (V1 < 2,000 m®), according to foreign
projects and materials. It covers the period 1900 + 1950. A typical representative: a riveted
steel tank with German design and material delivery, with a volume of V1 = 1,000 m?, built
at the Port of Burgas in 1917. The joining of the shell sheets by rivets is shown in Fig. 3.

. el
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Fig. 3. Joining of shell’s sheets with rivets

(IT) Development — in this period, significant individual volumes (V1 = 5,000 +
50,000 m*) were achieved on our typical and individual projects: on KIPP "Hranproekt"
(for light petroleum products with ¥; < 5,000 m®) from 1967, of NIPPIES "Energoproject"
(for fuel oil with V1 < 10,000 m®) from 1970 and the Standard Documentation [11]. The
projects of the tanks during this period marked the refinement of theoretical methods,
optimization and automation. The construction of the reservoirs was largely industrialized
through the introduction of the stands for rolls at the NHC - Burgas and later - at the
ZLMK - Septemvri. It refers to the period after 1950, as it can conditionally be limited to
1980. Typical representatives are the steel tanks at NHC - Burgas, NHC - Pleven (now
"Plama"), TPP "Sofia", TPP "Tr. Kostov" (now "Iztok"), TPP "Plovdiv", OC "Zemlyane",
OC "Lyulin" and various oil bases in the country (St. Zagora, Burgas, Sliven, Iliantsi, etc.)
with volumes up to 10,000 m* — mounted by roll method and from 15,000 m* to 50,000 m?,
see fig. 4, built using sheet by sheet method.

(III) Technical inspection, repairs and reconstructions — the maximum values of
the two trends in tank building in our country (MAX Vx and MAX V1) were reached in the
period 1970 - 1975. On the other hand, according to the working version of the new edition
of the standard EN1990, Annex A.4, the service life of a steel tank is taken as follows:

- for facilities of national importance — #. = 50 years;

- for tanks that are part of industrial production — ¢ = 30 years.
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Fig. 4. Aboveground steel tank with a single deck floating roof and ¥ = 50,000 m? capacity

Clearly, in Bulgaria, we have already entered a period in which the normal
operational life of a significant part of the AST expires or has already expired. Therefore, a
period of intensive and responsible technical inspection, repair, see Fig. 5, and
reconstruction of the steel tanks in our country, which have been in operation for a long
time. These activities aim to preserve their bearing capacity and even increase their safety.

Fig. 5. Repairing works on the shell of aboveground steel tank

3. Constructive measures to preserve the bearing capacity and increase the
safety during exploitation

Aboveground steel tanks, like all building facilities, are designed, executed and put
into operation according to the current regulatory documents. The latter, however, are
imperfect, but undergo continuous development and improvement. This means that it is
very likely that old facilities, which have been in operation for a long time, do not
correspond to the most recent achievements of science and practice. In addition, the
aggressive action of the stored product and the environment lead to a continuous thinning
of their structural elements. The constructive measures described here aim to preserve the
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bearing capacity of facilities that have been in operation for a long time. This will increase
the safety of the reservoirs, which will reduce the risk of [12]:

- premature decommissioning of facilities and their replacement with new ones;

- considerable material losses due to product spillage (the price of the stored product
many times exceeds the value of the facility itself);

- ecological pollution of the environment;

- risk of fire and human casualties.

3.1. Increase the service life of the bottom

The bottom is one of the elements of the tank that is most intensively subjected to
corrosion. In the process of operation, its thickness decreases and the risk of a break in it
increases significantly. Considering the accumulated experience of the rate of corrosion in
various types of stored products and the need to guarantee a 10-year interval between two
complete internal inspections, the following measures can be taken to increase the service
life of the bottom:

- putting an internal protective coating on the bottom, for example, special paints,
which have a guaranteed service life not less than the period between two
complete internal surveys, i.e. 10 years;

- installation of cathodic protection on the bottom.

3.2. Mounting of a double bottom of the tank

Mounting a double bottom does not increase the bearing capacity of steel tanks. It
aims at quick indication of a hole appearance in the main bottom and prevention of
penetration of product into the soil. In general, double bottoms can be classified according
to the following criteria:

a) according to the material of the second (additional) bottom:

- steel;

- from a polymer material.
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Fig. 6. Double bottom of the tank and active vacuum system
1. Shell of the tank 2. Angle section 3. Upper (secondary) bottom

4. Intermediate net 5. Lower (main) bottom
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b) according to the type of leak detection system:

- passive system — it is a system of pipes, through which the product caught between
the two bottoms goes outside to a designated, easily accessible place. The liquid
moves under the influence of self- weight. For this reason, the detection of a hole
in the bottom occurs with some delay;

- a continuously operating active vacuum system - it constantly monitors for an
increase in pressure between the two bottoms. Detection of a bottom hole is
immediate.

The modern trend is to put a second steel bottom and an active vacuum system, see
Fig. 6. The pressure between the two bottoms is decreased by a vacuum pump and its level
is continuously monitored. Any increase in pressure between the bottoms is a signal of
breaking their tightness. This scheme guarantees continuous control for the presence of
holes along the entire bottom.

The sheets of the two bottoms are separated by a steel mesh of spot-welded smooth
reinforcing bars with a diameter of @3 + @4, see Fig. 7. It prevents the tight contact
between the sheets and the creation of areas where the free movement of fluids is
impossible.

L

Fig. 7. Mounting of double steel bottom of the tank

The disadvantages of the double steel bottoms discussed in Fig. 6 and Fig. 7, are:

- increased price and time for mounting;

- in case of a hole in the lower (first) bottom, the mass practice is not to remove the
upper (inner) bottom, but to place a new, third bottom on it. This leads to more
expensive repairs;

- in the case of a hole in the upper (inner) bottom, a product penetrates into the space
between the two bottoms, which cannot be completely removed even after the
tank is completely steamed. Residual product can catch fire and even explode in
fire operations. It follows that in this case fiery works, such as gas flame cutting
and/or welding, are inadmissible.

3.3. Removal of the assembly lap weld in tanks with a roll-mounted shell

In a significant part of the tanks in Bulgaria, whose shells are mounted by roll
method, the assembly vertical weld was filled with overlap and double-sided welding, see
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Fig. 8. This is contrary to the requirement that the vertical assembly joint of the tank shell
be realized by butt welding with full penetration. Repairing works on the tanks must
include the replacement of the double welded lap joint of the shells.

o 25 and .-;,,,_5?1.;-,...,.\.-,;ﬁ_4_...:.;—@.sx;,s.:. -

|
a) one assembly weld

I
b) two assembly welds

Fig. 9. Location and scope of repair works
along the mounting joints of the shell

The accepted technological sequence for the repairing works on lap welds is as

a) the vertical lap weld along the shell is divided into sections, where repairing works

start from the first course, see Fig. 9;

b) a section of the assembly weld is prepared, repaired and controlled;
c) after the final of repairing works and control on this section, the operation is

repeated on:
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- on the other assembly weld, if there are more than one vertical assembly weld;
- on the same lap assembly weld, above the already repaired section.

The size of a section of the shell where an overlap assembly weld will be removed
and a full-weld butt assembly weld will be performed at one time shall not exceed the
following values:

a) the length of the section is not greater than 3 m;

b) the section must not cover more than two belts at once;

c) the length of the section should not exceed 1/3 of the shell’s height.

3.4. Mounting of intermediate stiffening rings on the shell

The intermediate stiffening rings on the shell, see Fig. 10, are intended to strengthen
it and prevent local buckling from wind load and/or negative pressure. They are often
applied to tanks that have been in service for a long time and whose shell has been thinned
by corrosion processes.

Fig. 10. Intermediate stiffening rings on the tank’s shell

Methodologies for determining the maximum distance between them and their
minimum moment of resistance are specified in [1, 2, 3, 8]. It is necessary to note that
according to the methodologies in [1, 3, 8], the radial rings stiff the shells against buckling
from loads in the radial direction (wind and/or negative pressure). The methodologies in
question do not consider forces in the longitudinal (axial) direction. There is some
development on the matter in [2], where the longitudinal forces in the shell also are
considered when determining the locations of these intermediate rings.

3.5. Using internal floating roofs

The installation of internal floating roofs does not increase the bearing capacity of
the tanks. However, they are the easiest and most economical way to reduce the product
vapour losses in tanks. They can reduce evaporation of stored liquids by up to 98%.
According to the materials used, pontoons are:

- steel - their construction is very similar to that of external floating roofs;

- aluminium - the most widespread in practice, see Fig. 11;

- polymeric - have problems with sub-layer fire extinguishing.
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a) non-contact roof type b) contact roof type [ 7]

Fig. 11. Aluminium internal floating roofs

Other advantages of aluminium and synthetic floating roofs are:

- corrosion protection is unrequired;

- high operational safety;

- the installation of the roofs is carried out by a small number of workers inside the
tank in a short period and does not depend on climatic conditions;

- the elements of the roofs are brought into the tank through the cleanout door or the
manbhole, i.e. it is unnecessary to cut additional holes;

- all mounting connections are bolted, i.e. there is no firework.

The disadvantages of aluminium roofs include:

- the thin roof plates are placed on floats and are not in continuous contact with the
liquid. In the space under the sheets, steam is formed, which passes through the peripheral
seal and escapes into the atmosphere;

- the construction of these pontoons does not have sufficient rigidity, which imposes
restrictions on the flow rate of filling the tank when the roof is in the lower position;

- the small stiffness of the roof structure leads to cyclic fatigue and destruction of the
welds that join the floats to the vertical supports.

3.6. Replacement of traditional steel roofs with aluminium

Aluminium domes, see Fig. 12, are taking a bigger and bigger part of the tank’s
market. This is related to the increased requirements for environmental protection through
the reduction of product losses and the reduced price of aluminium. These domes are often
applied when covering existing tanks with floating roofs. Another area of application is the
replacement of a supported steel conical roof with a self-supporting aluminium dome and
an internal floating roof.

The advantages of replacing a steel roof with an aluminium one are as follows:

- reduced self-weight, which leads to lower axial load on the shell;

- they do not need to be painted with protective or aesthetic coatings, as a result of
which they are comparable in price to steel roofs in the long term;

- have increased corrosion resistance compared to some stored products;

- can cover tanks with a diameter of up to 120 m, i.e. volume V = 200,000 m?;

- they are beautiful and have a very good aesthetic impact.
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Fig. 12. Aluminium dome roofs on vertical steel tanks [7]

It should be noted that when designing the domes, the possibility of forming bags of
snow on them should be taken into account. It is the unevenly distributed snow load
combined with wind load that has caused the collapse of several domes in the United
States and northern Russia. The key reason for these failures is that the c-¢ diagram of
aluminium has no yield strength. This does not allow redistribution of forces between
separate elements when one of them is overloaded. The lack of reserve capacity of
aluminium as a material necessitates the very precise determination of the load on the
dome and the resulting forces in the bearing elements.

3.7. Using additional stiffening elements on the membrane of the floating roofs

As a result of mounting mistakes and long-term operation, the membrane of single-
deck floating roofs is deformed. As a result, part of the water does not reach the drainage,
remains on the roof and accelerates corrosion processes. On the other hand, as the
temperature of the product increases, the vapour pressure under the membrane increases,
too. This can cause it to blow up in the middle like a balloon. Partially, the problems with
deviations of the membrane from its design form are solved with the use of additional
stiffening elements. They can be placed in a radial, see Fig. 13a or in a circular direction,
see Fig. 135h.

a) stiffening of the membrane by radial elements positioned above
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b) stiffening of the membrane by circular elements positioned below
Fig. 13. Stiffening of the membrane of single deck floating roof

When the stiffening elements are placed radially, it is more convenient to mount
them above the membrane. In this way, all assembly welds are performed in the lower
position. In the case when the stiffening ribs are placed in a circle, they must be placed
from below the membrane. In this way, the removal of atmospheric water to the drainage is
not hindered. But in this case, the mounting welds should be on the ceiling, which is
inconvenient to perform. In addition, the implementation of anti-corrosion protection
becomes difficult, see Fig. 14.

Fig. 14. Corrosion on the circular elements stiffening the membrane

4. Conclusion

Aboveground steel vertical cylindrical tanks are important facilities that are almost
always filled to the maximum level. They often store toxic, flammable and/or expensive
products. All this requires us to treat them with increased attention and responsibility. The
structural measures described above to preserve the bearing capacity of steel tanks that
have been in operation for a long time will significantly reduce the risk of these facilities to
collapse, product loss and/or environmental pollution. Compared to the cost of the stored
product, these measures do not cost that much at all.
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1.BnBenenue

ITpod. Jumutsp JdumurpoB € poaen Ha 03.10.1923 roxa. B rp. Jloseu(dwur. 1).
bama My e Omi crpouTeneH WHXKEHep, Maiika My aomakuHs. CpemHoTo cu oOpa3oBaHHE
3apbpiiBa B ['epmanckoro yumnuie B Codust ¢ otnuueH yenex (5,72), npe3 1942 rox.. Cnen
JIB€ TOJWHU BOEHHA CIIy>)k0a B 0OII0-BOMCKOBUS apMeiicku moJsik B rp. [lnosmus u B 1130
Codus. YBonHsBa ce cbc 3BaHHMe cTapmu JjeilteHanT. Ot 1944 cnex mpueMeH U3IUT,
nposeneH B rp.JIoBey, kiacupaiiku ce Ha IbPBO MSCTO € MPHUET 3a CTYJAEHT MO CTPOUTEIHO
umxeHepctBo B Codust. [ummomupa ce mpe3 1950 r. xaTo QUIUIOMAHT B KaTeapara U
noctbiBa Ha padora B TPAHCIIPOEKT, kbaeTo mpoekTupa MOCTOBE M APYTH CTPOUTEITHU
00€eKTH, JOCTUTalKU 10 HUBOTO Ha mpoekTaHT | crenen. B nepuona 1954-1957r. e penosen
acnupaHT 1o cromaHeHu KoHCTpykuuu BbB BUCU. Temara Ha aucepranroHHaTa My paboTa
€ cbC 3arnaBueTo: "BinsHue Ha MbI3€HETO MPU KOMOWHUPAHUTE CTOMAaHO-CTOMaHOOETOHHU
koHcTpyKuuun'". Crnen toBa npoabkasa na padotu B "TPAHCITPOEKT". TIpe31958-1959r. e
rpynoB pbkoBoguten B MHCcTUTYTA 32 TUIIOBO IpoekTupaHe. HarpaneH e c¢be 371aTHa 3Ha4Ka
kato panuonanuzatop. [locTenBa B kareapara kato acucteHt mnpe3 1960r. Ot 1965 no 1968
I. C pa3pellieHre Ha PbKOBOJCTBOTO HAa MHCTUTYTa paboTH KbM "TexHoekcnoprcTpoil" kato
HavyaJJHUK Ha TeXHUUYeCKUs OTIeN Ha CTPOeXa Ha HOBOTO MEXAYHapoaHO Jyeruule B barnan.
IIpe3 1970 r. ce xabunutupa kato nomeHt. B mepuoga 1971-1972r. mo chbBMECTUTEICTBO
pabotu kato AupeKTop mo Texuuueckute Bbrnpocu B JJCO "Metanctpoit”. Crinata roguHa €
HarpazgeH ¢ opaeH"Kupun u Metogu" II crenen. IIpe3 1975r. e u3bpan 3a 3aMm.JekaH Ha
Crpoutennus dakynrer. bere »xeHeH ¢ eqHa abieps.

' Muxan Lankos, IIpod. a-p nmx., YACT, Codusi, E-mail: M. Tzankov@irconltd.com
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®@ur.1. [Tpod. . Aumurpor(1923-2009)

Nux. Jumutbp JMMHUTpPOB 3ammTaBa CBOSI XaOWIHMTALMOHEH TPy 3a mpodecop u
rmoJTydaBa akaJieMHYHaTa CH JUThKHOCT Ha mpodecop npe3 1976 ron. Karo mpemnonasaren B
KarenpaTa B HAYaJOTO € PBKOBOAWI KypCOBO TMPOEKTUPAHE HA CTYJEHTUTE OT
cnermanHocture [II'C, TIC u XKC. bun e ppkoBoAWTEN HAa AWIUIOMHUATE PabOTH HAa MHOTO
crynentu. Karo nekrop npenogasa nucuuiivaara "CTOMaHEHHM MOCTOBE" Ha CTYJIEHTUTE OT
CHELUATHOCTUTE XKEJIE30IbTHO U ITBTHO CTPOUTENICTBO. buil € 3am. /lekan e Ha CTpOUTENHUS
dakynrer ot 1977 no 1980 r. Karo npoekTaHT Ha TbTHY | XK.II. CTOMaHEHH MOCTOBE 3a ITbPBU
II'bT y HAC BHEAPABA CIECIHUTE MOJAEPHHU TEXHOJIOTHUU: OPTOTPOIIHA IJI0YA, LISUIOCTHO 3aBOJCKO
3aBapsiBaHEe U BUCOKOSKOCTHHM OOJITOBE 33 MOHTaXXHU ChEAMHEHUS. bW € phKOBOIUTEN Ha
acnupanTa: PamocnaB CrnaBoB. bui e pbKOBOAMTEN Ha KOJEKTHBA MpHU pa3paboTBaHE Ha
PBKOBOJICTBO U CIIETHUTE HAYYHU TEMH:

* PBKOBOACTBO 3a M3rOTBSHE Ha YHOPaKHEHUS MO CTOMaHeHH MocToBe; [logoBu
KOHCTPYKIIMA Ha MHOTOETaXHHU CTpaud C MeTajeH ckener; W3cinenBane Ha HOCEHIUTE
KOHCTPYKIIMU Ha IUPK "I 7100yc" U chCTaBsIHE Ha TEXHUYECKHU MACTIOPT 3a TsaX. [1y0nukyBan e
MHOTO pa0OTH, KAaKkTO B HallaTa CHElUaJu3hpaHa MEepUOoJUKa, Taka M B TepMaHCKara
(Stahlbau 1986, 1988). Ot wm3BectHuTe HU 21 Op. TyK ca MapKuUpaHU camMoO CICTHUTE
nyommkanuu:  dumutpo . TI'., Bbpxy emuH Manko U3BECTEH IMOJABWKEH Jiarep,
ci."Crpoutenctso", 10/1970 rox.; Iumutpos M. I'., U3060p Ha cToMaHaTa - IIaBHO YCJIOBHE
3a (Qu3ndeckaTa ABITOTPAHHOCT HA CTOMAHEHHWTE KOHCTpYyKImH, cIL."lIpomuiiieHo
ctpoutenctBo", 8/1972 roa.; dumutpos 1. I'., BzaumonelicTBre MeXAy TJIaBHH U HATBKHU
rpenu npu cromaHeHute moctose, ['ogumnauk Tom XXV, cB.111. 1972-1974 rox.; lumutpos
J. T'., BiusiHue Ha HanpeyHUTE Tpeau IPHU MOEMaHe Ha YCYKBAaTEIHU MOMEHTH B I'PEJOBUTE
MOCTOBE, U3, ,, Texuuka”, 1963 rox.; Jumutpos /. I'., YcykBaHne Ha CTOMaHEHH MOCTOBE C
JIBE TTIaBHU TpEM, CTOMaHOOETOHHA TJI0Ya Tope U MPbhTOBa Bpb3ka nony, Hayuna cecus 1980
rox.; Junmurpos 1. I'., [TonoBH KOHCTpYKIIMM HA MHOTOETa>KHU CTPAJU C METAJIEH CKEJET, CII.
CrpoutencrBo, 2/1975ron.; dumutpos /. I'., Bbpxy H3uucisiBaHETO HAa BHUCOKHM MOCTOBHU
omnopu, - xabwnurauuoHneH Tpya, 1973 ron.; Humurpor M. I'., B3aumopeiictBue Mexmay
HA/UTb’)KHU W TJaBHU TPE MpU JIMICA HA CHOUpaTelIHA BPb3Ka B JK.II. MPHTOBU CTOMAHEHU
moctoBe, cmn. CrtpoutencrBo, 6/1970ron.; HumurpoB [. I'., Jdynecku, E.; Emactuuno
U3KbIIYBaHE HA MpaB MPHT, HATOBAPEH C MPOMEHAIA Ce MO KBajpaTHa mapadoiia HOpMaiaHa
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cuna, ['og. Tom, XXV ¢6.111, 1972-1974 rox.; Humutpos /I. I'., YcykBaHne Ha cCTOMaHEHHU
MOCTOBE C JIBE TJIaBHH T'pe/ld, CTOMaHOOETOHHA II0Ya rope U MPBHTOBA Bpb3Ka J0Ny, HAyYHA
cecus, 1980 rog.
ABTOp € Ha MPOEKTUTE HA CJIEAHUTE TOJIEMH CTOMaHOOETOHHH U CTOMaHEHH MOCTOBE y HAC:
* CTOMaHOOETOHEH I'PeIOBU MOCT IIpH rapa boB Ha Tpu oTBOpa 20+24+20m B XOpH30HTAIHA
KkpuBa ¢ paauyc 300m u xocota B cpenara 38 rpaayca.
* ctomaHoOeTOHEH IBbTEH Haajie3 (3ammbHAaTa pamka ¢ oTBopu 16-24-16m) mpu rp. ['opHa
OpsixoBuna.
* cTOMaHOOETOHEH K.I. MOCT HaJl p. Mckpelika, MO TJIaBeH KOJIOBO3-HENpPEKbCHATa Ipe/a B
kpuBa ¢ paauyc 300m u orBopu 16-20-16m npu rapa Csore.
* cTOMaHeH K.I. MOCT Haj p.Mckbp moJI I1aBeH KOJIOBO3- HEMPEeKbCHATa rpejia ¢ 0TBOpH 42-
54-42 m, c KyTUEHO HAIIPEYHO CEUEHUE, IPUIIOKEHO 3a IBPBU IIBT Y HAC.
* MocT Hax p. Uckbp k.. muaus Kypuno-CeToBpauene (MakcumaiieH oTBOp 54,60m ).
* MocT Ha aBTOMarucTpana Xemyc, kM. 26 (¢ MakcumalieH oTBop 72 m-Buaaykr 1); (dwur. 2).
CphopbKEHHETO MpEeACTaBIsiBa HENPEKbCHATa IIECT OTBOPHA Ipefa C 00la JbIKUHA
410m. OrtnennuTe monera Ha MocTa ca ¢ abmkuHd: 60+ 4x72,50 +60m(®dwur.2a).
KoHcTpykiusita Ha MOCTa € paslojioXKeHa B XOpHU3OHTanHa KpuBa ¢ paauyc 850m, B
HaIlPE4YeH HAKJIOH 3a BCAKO MBTHO MIIATHO 4.5% W HaIhkeH HakIoH 4.61%. 3a BCSIKO MBTHO
IUIATHO TJIaBHATa KOHCTPYKIIMS C€ ChCTOM OT JBE€ CTOMAHEHHU rpenu ¢ BucouuHa 3,600m,
pasmnosiokeHu Ha pascrosiHue 9,200m enHa ot Apyra. Mexny IilaBHUTE TPEU ca MOHTUPaHU
npe3 3,150m egna oT apyra BepTHUKAIHO, HANpPEYHH MPHTOBU BPB3KU. [lo momHMS mosic
MEXly TJIaBHUTE IPEU € pa3BUTa ~X,, — 00pa3Ha MPOTUBOBETPOBA Bpb3Ka. B mbpBOHaUaIHUA
MpPOEeKT Ha MOCTa, MbTHATa IUI0Ya € TMPOEKTHpaHa Karo KOMOWHUpaHa CTOMaHO—
cromaHoOeTonHa KOHCTpyKuus. [1o Bpeme Ha moHTaxka Ha 07.05.1984 rox. B nsBara 4act Ha
MOCTa M3IIBJIHSIBaHA C TEXHOJOrusATa upe3 ,lloTakToBo m30yTBaHe” Ha criobeHarta 3aj
€IMHUS YCTOH KOHCTPYKLMsI HAcThIIBAa aBapHuilHa cuTyauus. ToBa JnoBexzaa 0 MajJaHEe Ha
MOYTH IsAJ1aTa KOHCTPYKIUS HA MOCTa ¢ AbDKMHA 350m, BbpXy KanuTanHute purenu. [Ipu
NaJaHeTo IlaTa KOHCTpYyKUMs ce wusMmectBa ¢ 150cm wu3BBH aAbrara Ha Tpacero.
3aKII0YeHHEeTO Ha AbprKaBHATa KOMHUCHS TIOCTAaHOBH, Y€ aBapuUsTa C€ IBJDKU HA KOMILJIEKC OT
IIPUYMHY, BKJIFOUBAHKHM KaTO OCHOBHU: HEPAaBHOMEPHO HarpsiBaHe, akyMyJiIMpaHe Ha eHeprus,
LHEHTPOOSKHU CWIM M JAp. ABapupajiaTa KOHCTPYKLHS € Bb3CTAaHOBEHA B MPOEKTHOTO CH
MOJIO’KEHUE Mpe3 0HU — tojii 1985 roa. ABapusita Ha MOCTa NMPEAU3BUKBA MPEOIIEHKA Ha
I'bPBOHAYANIHUS BapUaHT Ha MpoekTa. [Ipy MTHTHO MIATHO OT KOMOMHHpPAHU CTOMAHO -
CTOMAaHOOETOHHM KOHCTPYKLMH, CE€ JilaBa HOBO pELIEHHE C OPTOTPOIIHA CTOMaHeHa
koHCcTpyKuusA(Dur.26). Celiara ce peasinzupa 4pe3 Ch3JaBaHe Ha IbTHA CKapa OT HalpeuyHU
CTOMAaHEHU I'PeAU ¢ KOH30JIM, KOUTO CTHIIBAT BbPXY INIABHUTE I'pean Ha Mocta mnpe3 3,150m.
OO6mara mMpoynHa Ha IBTHOTO IUIATHO 3a€HO C TPOTOapHUTE KoH30iH € 13,70m. MocTbT €
BBBEJICH B eKcIutoaranus npe3 1986 r.

Sofis

i=h 618
—

Varn,

®@ur. 2a. Moct Ha AM Xemyc,kMm 26, 884(c makcuManeH oTBop 72 m);
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®@ur. 26. Moct Ha AM Xemyc,km 26, 884(c MakcumaseH oTBop 72 m);

* MOCT Ha aBTOMarucrpaiga Xemyc, kM. 27(c makcumaieH otBop 162m)(®dwur. 3). M3Becten
karo Buagykr — 2, Toil mpencraBisiBa HEMpeKbCHATa rpeaa Ha 3 oTBopa ¢ pasmepu: 100 +
162 +100m. Toi1 e pa3nonokeH B Tpace ¢ HaIbXeH HAakJIOH 4.61% 1 B XOpU30HTAlIHA KpHUBa
¢ paguyc 1407,25 B octa Ha BCSIKO IMBTHO IUIATHO. HampeyHOTO cedeHue e ¢ KyThueoOpasHa
dbopma u cbe cpeaHa BucourHa 5,0m u mmpounHa oT 6,50m. OpTroTpornHara mbTHA IUI0YA,
cTebnaTa U IHHOTO ca opedpeHu ¢ TUIoCKH pedpa. JlebenrHara Ha TOpHATA TUIOYA Bapupa OT
12 no 16mm, Ha crtebnata- or 10 7o 14mm m Ha ApHOTO — OT 10 mo 30mm. OOmara
MIUpOYMHA Ha THTHOTO miaTtHO € 13,70m (¢dur. 3). /IpnOoumHara HAa TPEMOCTBAHOTO
MpensITCTBUE B Hal-AbJI0OKaTa My uacT moa mocta € 60m. CThii0oBeTe ca ¢ MakCHMMaliHa
BucournHa 42,50m. MocTbT € noamnpsH BbpXy 4 omnopu. J[Be OT OT TAX MpeJCTaBiIsIBAT
ycroute oT ctpaHa Bapna u Codus u aBa cToMaHOOETOHHHU CTH0A MO MOCTa, U3IBJIBIHEHHU C
MPABOBI'BITHO HAIIPEYHO CEYCHHE U TUIOCKO (PyHIUpPAHE.

BppxHata KoHCTpyKuMs € u3rorBeHa oT cromaHa St 52.3 mo DIN. Bcuuku cexumw,
M3TOTBEHHU B 3aBOJIa Ca M3IISLIO 3aBapEHU KOHCTPYKIMH. MOHTaXHUTE CHAXIaHUS 110 TOpHaTa
io4a U HaUIBKHUTE MOHTAKHU CHAXKIAHUS MO ABHOTO C€ M3MBJIHABAT CHhC 3aBapbUHU
meBoBe. (OcTaHAJIUTE MOHTQXHU CHAXKIAHWS Ca Ha BHCOKOSKOCTHH OonToBe. 3a
OCBIIECTBSIBAHE HA MPOEKTHATA FeOMEeTpUs O€ U3MBIHEH NPOOEH MOHTaX Ha KOHCTPYKIIUATA
B 00BPHATO TMOJIOXKEHUE T.€ C TOpHATA IJI04a HaAody. [IpoeKkThT 3a BphbXHATa KOHCTPYKITHUS
I'bpBOHAYANIHO O€ pa3paboTeH ¢ OTYMTaHE KOH30JICH METOJ Ha MoHTaxa. [lo KbCcHO, Mo
npeayiokeHne Ha MoHTakHara opranuzarust CMII ,,Meranuu kouctpykiun”, UIIIT
» | PAHCTIPOEKT”, pa3paboOTH TMPOEKT 3a MOHTaX 4Ype3 HAAIBKHO MPUABUKBAHE Ha
KOHCTPYKIUATA Ype3 XHUIPABIUYHU HUIMHApPU. THH KaTo crebliaTa Ha TIIaBHHUTE TpEad HA
MOCTa ca C MHOTO MaJika JIeOeIMHa a YKPEMUTEITHUTE pedpa OCUTYpsIBAT YCTOMYMBOCTTA MY
CaMO B EKCIUJIOATAllMOHHO CBCTOSIHME, 32 OCUTYPSIBaHE BB3MOXKHOCTTA 3a MOHTaX 4pe3
HaJUTH)KHO TIpeMecTBaHe O€ HEOOXO0IMMO /1a C€ YCHIJIM CTOMAaHEHATa BphXHA KOHCTPYKIIHSL.
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OCHOBHHAT MpoOTIEM € OCUTYPsIBAHETO Ha MECTHaTa YCTOWYMBOCT Ha ctebnarta. B pesynrar
Ha 00CTOMHU M3clieIBaHusI 0€¢ BB3MPHUET U OCHIIECTBEH BaPUAHT C TOMBJIHUTEIIHO HAIJTBKHO
YKpEIBaHe OT BBHIIHATA CTpaHa Ha MocTa. TerioTo Ha LslaTa MeTajdHa KOHCTPYKIIMS, 3a
BCSIKO €/THO OT JIBETE ITbTHH IUIATHA, U3IBJIHEHU KaTO OPTOTPOITHM II0YM Bb3au3a Ha 2200 T.
C usmbIHEHHE HAa HOB BHUJ OallaHChOpH, O€ yBeIMUYeHA IbJDKMHATA HA KOHTAaKTa C BPhbXHATA
CTOMaHE€Ha KOHCTPYKIIMSI IO Bpeme Ha mpemecTBaHeTo M. Taka ce ch3mamoxa yCIOBHS 4pe3
KpUKOBE Ja ObJe Clie[leHa W KOperdpaHa rojieMHUHaTa Ha OMOpHATa peakius [0 BpeMe Ha
OCBIIECTBSIBAHE HA OINPEECICHH MOHTaXXHU oneparuu. KoHCTpyKIusITa Ha MOCTa € MOANpsHA
BbPXY YCTOMTE Ype3 CTOMAaHEHHU Jarepu, posikoB Ttun ,Kpoln”’, a BbpXy cThiboBere
enactoMepHu jarepu Ha pupma ,, GUMBA”. JIBaTa BuagykTa ca MOCTOBH CHOPAXEHUS C HAM
— rojieMu npemocreHu orsopu no AM , Xemyc,, a Buagykr — 2 e ¢ Hail — rojisiM OTBOp B
CpaBHEHHE C BCHYKH MOJOOHU ChOPBHXKEHUs y Hac. PasxoaspT Ha metan e: Buagykr—1: 400
kg/mz; Buanykr-2: 420 kg/m2 . Ilo To3u moka3zaresn Te NpeBb3X0XKaT ,,ACIapyX0OB MOCT,, BbB
Baphna u ce moapexnaar cpen Hail — no0pute nocTkeHus B EBporna. C BbBEXIaHETO UM B
eKcIutoaTalys 0e 3aBbpIIeH Hall — TPYAHUAT y4acCThK OT aBTOMAaruCTpalHUs MPBHCTEH Y HAac.
MocTbT € BbBEJIEH B eKcIuioaTanus mpe3 1986 r.

@ur. 3. Moct Ha AM Xewmyc, km 27, 500(c makcumaineH otBop 162 m);
* TIpod . JuMuTpOB, M3MBIHABA (PYHKIUSATA HA PHKOBOAWTEN HAa KOJIEKTHBA W TJIABEH

IIPOEKTAaHT Ha CTOMAaHEHaTa 4acT Ha HOBUA AcmapyxoB MocT BbB Bapha ¢ orBopu 80,50-160-
80,50m, KONTO € U3M'BJIHEH C KyTHA00pa3HO HANPEYHO CEUYEHUE, U3IIBIHEHO 3a TbPBU BT Y
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Hac W 3armoyHai ja ce usrpaxuaa mpes 1973 rox. (pur.4a). MoctsT € ¢ 06ma abmkuaa 2050 M.
[IpoekTupan € KaTo CTOMaHOOETOHHA KOHCTPYKIusA, ¢ 40 MEeTpOBH MpPEABAPUTEIHO
HaIperHaTy CTOMaHOOETOHHU rpeau, ¢ o0ma abmkuHa 2050 M. , KaTo YacTTa OT MOCTa Haj
KaHala € W3MBJIHEHA OT HEMpeKbhCHaTa TPH OTBOPHA  W3ISUIO 3aBapeHa CTOMAHEHa
KOHCTPYKIHS, MOHTHpPaHa BbpPXY YETHPU CTOMAHOOETOHHU CTbHJIOA. LleHTpanHUAT OTBOP
Haj Bogara e ¢ pasmep 160,00m, a nBara crpanu4au oTBOpa ¢ pazmepu no 80,50m(¢pur.46).
CromaHeHaTa KOHCTPYKIUS € M3IBbJIHEHA C KyTHS00pa3HO HapeyHO CEYeHHE C IIUPOYHHA
5,50m, u BucouynHa Bapupaiia ot 2,80m Haj KpaifHUTe CTHI0OBE 10 6.60m HaJ IICHTPATHUTE.
[IpTHaTa TIIOYa HAa CTOMAHEHHUST MOCT € H3MbJIHEHa KAaTo OPTOTPONHA KOHCTPYKLHUS C
HAJJIBKHE pedpa, OT TPANeloOBUIHO OrbHATA JIMCTOBA CTOMAaHA M HAMPEYHU MHIHOCTEHHU
rpeau. YcTroiiuuBoCTTa Ha cTebsiaTa Ha CTOMaHEHUTE TJIaBHU T'PEH € OCUTYPEHA C Ha/UThKHU
peOpa, MOHTHpaHM OT BBTpEIIHATA cTpaHa Ha rpeaute. K-oOpa3Hu cTabMIMTETHU BPB3KHU 110
IBbJDKMHATA Ha MOCTa OCUTYpsIBaT HEroBara yCyKBaTesHa KOpaBHHA. 3a MPOU3BOJCTBOTO Ha
MOCTa € U3IO0JI3yBaHa cTOMaHa Mapka St52 ¢ rpanuua Ha nposiauase (fy = 330 N/mm?” ).
MOHTaXBT Ha MOCTa € U3IBJIHEH 0 T.Hap. MOJIYKOH30JIEH METOJI, MPU KONTO ce M3I0JI3BAT
[0 JIBE BPEMEHHU MOJANOPH BBB BCEKH OTBOp. M3nuranero Ha yacTUTEe Ha CTOMaHEHaTa
KOHCTPYKIIMS, C ObJDKUHM Mexay 12 u 18 Merpa,ce ochllecTBsiBa C IOMOIIA Ha JiBa
KyJlokpaHa. TpoTyapHHTE KOH30JM Ca MOHTUpPAaHH C TIOMOIITA Ha AaBTOKPAHOBE,
MPUIBIKBAHU 10 BEYe IOTOBaTa OCHOBHA KOHCTpyKius. [Ipu MoHTaka Ha cTOMaHeHaTa
KOHCTPYKLIMST Ha MOCTa ca u3noi3BaHd 78 394 crenuaiHu BUCOKOSKOCTHU OOJTOBE C
pa3Iu4Hu pazMepu. MocThT BiIM3a B eKcIuioatanus mnpe3 1976 rog.

Cekuus 1 Cekuus 2 L Cekuus 3 Cekyus 4 L Cekuus 5 L CmomaHera ROHcmpyMuﬂ\/ Cekuus 6 L Cekuus 7 L
20750 s /‘ 20100 20100 /l 2010 3200 20100 /l 20700 w

= f*,tij; I | |l T{

T I rrirrTrrrT i rr
®@ur. 4a. ['onemusat AcnapyxoB Moct BbB BapHa oT mpenBapuTeaHO HamperHaTu
CTOMaHOOCTOHHM Tpead ¢ JbDKMHM 1o 40m W CcTOMaHeHa 4YacT HaJ KaHaia;
(80,50+160+80,50m )

®@ur. 46. ['onemusar AcmapyxoB Moct BbB Baphna (ctomanena gact: 80,50+160+80,50m)
Kakto mo oTHolleHMe Ha BB3MpUETAaTa HOCEIla KOHCTPYKIUS, Taka M MO OTHOILIEHHUE Ha

pasMepuTe Ha MOCTa, O€llle INIaBEeH MIPOEKTaHT. 3a Ta3u My JIEHHOCT € HarpaJieH ¢ OpAcH
"T". Iumutpos".
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PROTECTION AND RENEWAL STRATEGY PROPOSAL FOR THE CITY OF
PRIZREN’S OUTSTANDING VALUE

Nadja Kurtovié Foli¢! LjubiSa Foli¢

University of Novi Sad, Faculty of technical sciences, Republic of Serbia
Universty Pristina, Faculty of Technical sciences in Kosovska Mitrovica, Republic of

Serbia

Abstract - Basic principles for cultural heritage protection, governance and usage for the City of
Prizren’s outstanding value sites are discussed in the paper. Positive and negative characteristics
of actual state of cultural heritage of Prizren are numbered. Starting points explaining the reasons
why, how and which cultural assets have to be selected and stressed by the strategy are
elaborated. Strategy concept, which apart the protection, define the managing process and cultural
heritage usage models is exposed in brief. The study of quantitative and qualitative cultural
heritage potential is presented, according to international, theoretical and practical, experience.
The priorities, which have to be realized as soon as possible, or the precious cultural heritage of
Prizren will be lost are pointed at the end.

Keywords — Prizren,built heritage, renewal strategy, economic potential, scenario
solutions

1. Introduction: historical basis for protection of prizren’s outstanding value sites

Kosovo is a small region in the Balkans, with a cultural heritage that is well known in the
world because it holds a very significant place in the world’s sacred histories. Often mentioned
in the history of Byzantine Empire, medieval Serbian state and Ottoman Empire, the region
arguably possesses some of the most important orthodox churches, monasteries and Islamic
mosques and sites in the Europe.

One of the most important treasures in the region is the historic city of Prizren. Some
researches believed that Prizren is one of the most beautiful towns on the Balkans, consisting of
high esteemed historic, cultural, religious, artistic, built and intangible values. There the
fragments of medieval Christian archaeological and architectural remains are organically
incorporated in an urban tissue and oriental way of life. The importance of the city through its
glorious past was reflected in the sacral and public buildings of outstanding value such as Fort
Kaljaja, residential area of Podkaljaja (Nenkaljaja), old town centre, monastery of Holy
Archangels and Fort Visegrad, Sinan-pasa mosque, Syzi Celebisé mosque, the complex of the
Albanian League of Prizren, and many others. [1]

! Kurtovi¢ Foli¢ Nadja, Professor (retired), PhD, University of Novi Sad, Trg. D. Obradovi¢a 6, Novi Sad, Serbia,
nfolic@uns.ac.rs

2 Foli¢ Ljubisa, Professor (retired), PhD, University of Pristina, Faculty of technical sciences in Kosovska Mitrovica,
Knjaza Milosa 7, Kosovska Mitrovica, ljubisa.folic@pr.ac.rs
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They are all listed as cultural monuments of great or outstanding value. Only one, the
church of Holy Virgin of Ljevisa is part of the Medieval monuments in Kosovo inscribed on the
UNECSO World Heritage List. Unfortunately, the church is also on the UNESCO Danger List. It
could be state that other cultural heritage do not attract the attention in the way it deserves.

Due to lack of maintenance, in few examples due to extensive inadequate conservation
interventions, and mostly due to the recent ethnic conflicts, the cultural heritage of Prizren is
under serious threat. Some monuments were destroyed by the fire and blasting since 1999 so
their construction and aesthetic appearance were seriously disturbed, especially in their interiors,
in some examples completely destroyed. [2] Due to the historical turbulences at the end of 20™
and in the first decade of 21" century, the outstanding sites of Prizren now definitely suffers of
complete degradation, and the need for new protection and renewal strategy is urgent [3].

2. Brief insight through Prizren’s urban and cultural development

Prizren has a very long urban history as the archaeological remains testify the existence
of a Roman settlement. During the period of medieval Serbia Prizren belongs to the type of the
settlement which formal characteristics represented the result of a very long and multilayered
process of settlement transformation which covered the period from the breakdown of the
Roman Empire till the fall of Byzantium.

Unlike these forms, the settlement of oriental type, which had begun to appear after
Turkish conquering the area of Kosovo, has a different developing course. Apart from the
elementary religious structures, all other structures of the type were built according to the needs
and number of inhabitants of the town. The oriental type cities mainly consist of two different
urban structures, of different size; commercial and trade centre (¢arsi) and housing quarters
(mahalas). The concentration of commercial buildings is the essential symbol of the economic
life of these cities.

The Turkish conquering of the Balkans imposed deep changes to the position, nature and
role of city parts. The major changes could be felt up to 16™ century. At that time the Balkans
had become a part of unique state and economic area in which the settlements developed in the
different ways.

Prizren is excellent example of the settlement developed by bridging or linking of two
different not distanced city entities. The very old city of Prizren experienced a sudden
development in the 14™ century that led to the defining of tree zones of urban contents that also
cover certain periods in the development. The oldest part of the city was formed by shaping a
group around a non-fortified settlement with the Episcopal centre of Holy Virgin of Ljevisa
church as a domineering structure. Then the fortification with the out skirting belt was formed on
the top of the hill, while the marketplace was created in the third phase, on the side of the
fortification. The creation of all these phases is related to some parts of the city directed towards
the Bistrica River which runs at the spot and which had changed its course [4].

This was still a period during which the Turks, after conquering, were tolerable towards
the religion of the inhabitants, so that the physical form and the social structure of the inhabitants
was slowly changed. This can be testified by the stagnation through which Prizren had
undergone from 14509 till the half of the 16" century (Fig.1) [5].
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Fig.1: Church of the Holy Virgin of Ljevisa and Sinan pasha mosque (photo archive:
http://www.spomenici.heritage.gov.rs/lat/nkd/pregled/crkva_bogorodice_lje; http://dtk.rks-
gov.net/tkk_objekti_en.aspx?id=1268)

Today’s Carsi, called Arasta, which only testifies about the age of its position, had been
formed, however, in the peripheral part of the medieval settlement on the right Bistrica bank.
Fortress Kaljaja is of structural, urban and historical importance, since it has preserved traces of
Byzantine, Serbian, and Turkish fortification buildings methods. By using the inherited fortified
castle, strictly for military purposes, Turks ménage to get this type of necessary structure without
any greater efforts.

Several churches from the 14" century, located on the foothill of fortress, besides
historical and architectural significance, they also have urban importance, proving the existence
of settlement, suburbia type, below the fortified city. From the Turkish period the most
important heritage is represented by the elements of urban plan structure, bridges, river canal,
sewerage system, springs with drinking water, and public bathhouses.

Among the most important profane structures are the housing buildings of Potkaljaja
(Nenkaljaja). Even though they are the oldest examples of this type of structures from the end of
18™ and the beginning of 19" century, they also exhibit the development of residential houses in
Balkan cities during an earlier period, influenced by the living conditions, religious and class
status of the Prizren citizens. This part of the city kept fully its character, scenery, ethnic
structure, and presents a unique ambient of urban whole (Fig.2)..

The outskirts that also developed in the previous period, in Turkish period remained
settled by the Christian inhabitants. This can be testified by the name of mahala — Varos, which
is territorially identical with the former medieval out skirting.
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Fig. 2: Dominant position of the fortress Kaljaja and remains of the houses of Potkaljaja (photo
archive:http://mirjanadetelic.com/leksikon/gradovi/sl/6266270 1.jpg;
http://’www.kosovo.net/burn.html)

3. Key issuess of cultural heritage strategy

Identification and critical analysis of key issues of protection, arrangement and use of
cultural heritage and Prizren city identity is carried out as an overview of available documents
and personal observations which analyzed the condition of the area of immovable cultural goods.
Some of the standpoints were based on the data from scientific publications, statistical reports,
and analytical papers from various media.

The main areas of motion and development of cultural context do not coincide
completely with municipal borders as they are defined today. According to natural and social
conditions, the conclusion is that:

- The topology of Prizren is diverse and its history is complex, which results in rich and
valuable cultural heritage;

- Historically, some parts of Prizren have been developed in different ways and in different
time as integral parts during the ancient civilizations, Byzantine and Turkish culture, and
during the time of socialism and transition;

- Prizren was during the history a pluralistic society; today predominant ethnic group
consist of Albanians, but still there very small groups of Serbs, Turks, Roma, which all
have their identity and cultural heritage;

- The recent history of Prizren is abounding with conflicts and problems in various areas —
social development, economy, politics, culture, religion, social ethics, etc.

- There were a lot of different spatial and urban plans prepared for Prizren which were
formed according to developmental priorities which differ in some segments with the real
developmental potentials, which particularly apply to the field of cultural heritage. A
careful analysis shows that in many former plans there were some highlighted policies
which were promising a change in treatment of cultural heritage, but they lacked proper
enforcement in practice. [6]

This conclusion serves as a starting point for the SWOT analysis. The analysis shows that
the greatest strength is outstanding cultural and economic value of built heritage; the greatest
weakness is the inability of local communities to take advantage of these resources. Possibilities
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for the use of cultural heritage are numerous and achievable, but the threats are mainly presents
in the form of a negative impact of the activities of people living in the city.

4. Approach to the preservation and renewal strategy proposal

The course of the development of formulating for the establishing the theoretical grounds
of the study and preservation of cultural heritage is not the sole approach; there are also other
reasons for the protection. Undoubtedly, one of the most important reasons is the national and
political need. The other reason is the strong and fast expansion of the development of the
society, especially in the last few decades, which resulted in the acceptance of new values. These
values put a great pressure on the remnants of Prizren’s cultural values, and even pushed them to
the margins of social importance. Somehow, the study of built heritage is considering necessary
and positive, whereas preservation is not always seen as necessary and indispensable. In the
community of Prizren it is often seen as hindrance to the development of the environment and its
degrading factor.

The preservation of heritage, especially built heritage, is not consider to be an important
political issue, and therefore this field is rarely discussed seriously at the high levels of
government. One of the answers lies in the fact that for them is very difficult to define clearly
and comprehensibly why to take care of built heritage in the first place, while they have to make
decisions on so many other problems. But, the relationship of a community with its heritage is
primary emotional, and it is more often than not the matter of the heart and not the mind. There
1s no point in a single element of heritage unless the society it belongs to feels affection, devotion
and love for it. However, in order for those emotions and memory messages to reach others, who
do not share the same feelings, it is necessary to explain the values in written way. [7] Through
the last two decades huge demographic changes in Prizren occurred and that have caused the
present hostile attitude of the population towards the built heritage from the period before the
Ottoman rule.

The physical aspect of cultural heritage contains a complex of values which correspond
to various needs of the community, and is the result of accumulated human work at a certain time
and space. These values cannot all be accepted at the same time, as they are sometimes
confronted by each other. But, it is important to realize the need for defining the presence of
cultural heritage, and to possess the ability of formulating the reasons for this. Therefore, it is
necessary to establish a transdisciplinary method of strategy making, which can bridge the
deficiencies of communication, which certainly contributed to the specific present day situation
of Prizren’s built heritage.

5. Preservation and renewal strategy proposal

The proposal is based on the statement that in the actual politics of the protection and
renewal of cultural monument and sites all the possibilities that are available are not considered.
Different approaches and methodological concepts of space and physical planning, conservation,
maintenance and usage of Prizren’s heritage offer possibilities for reconsidering and
improvement of cultural heritage as a driver of local economic development. Different types of
cultural heritage contribute to the valuable built surrounding and traces the directions of the
cultural routes, basic focal points and image that characterize the borderland where overlapping
medieval Byzantine and Serbian, and later Oriental, Islamic architecture and urban patterns. It
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was perceived that it was not done enough to present the whole meaning and universal value of
Prizren cultural heritage in local, regional, and international frameworks.

Renovation of Kaljaja (fortress) started in 2012 by the Archaeological Institute.
Donations came mainly from the Ministry of Culture of Kosovo, but the largest investment, in
the amount of two million dollars, was donated by the US Embassy in Kosovo. This restoration
was carried out by archaeologists from the Archaeological Institute of Kosovo and was based
more on restoration and excavation, while CHWB (Cultural heritage without border) dealt with
the promotion of this valuable cultural monument (Fig.3).

- X S5 o o e e
Fig. 3 Kaljaja (fortress) during archaeological research and after reconstruction
(https.://www.info-ks.net/vijesti/lokalne/54204/prizren-na-kaljaji-pronadeno-50-topovskih-
duladi;
https://www.info-ks.net/vijesti/lokalne/86441/prizrenska-kaljaja-turisticki-i-historijski-biser-
kosova-fotovideo)

Among different strategies, the proposal suggests the more efficient mechanism of the
protection in connection with the series of legal and economic instruments. [8] It implies the new
formulation of purposes and aims of the protection — the transition of the processes of the
integrative protection and extensive restoration of the great parts and complexes. In that process
of the total protection and restoration, the only guarantee of success is the wise introducing of the
cultural heritage into the economic processes. On the other hand, it demands the search for the
balanced compromise between the doctrine of the protection, everyday life necessities and the
lawfulness of the economic circulation. [9]

The reasonable protection of the cultural heritage includes the aspect of the creation of
that which is recognized as the “cultural society”; it means the accepting the fact that the cultural
sector have to be recognized as the economic one. By this approach new business, market and
incomes can be created, but above all this will generate real protection of built environment
harmonized with building innovations. That is why defining of the presumptions and aims of
whole city are needed. It includes an overview to previously determined strategies and marking
of the strategic directions of the future development.

Starting from the fact that the cultural and historical heritage of the city is one of the
basic initial factors in the process of modern planning, the strategic directions in the domain of
protection and improvement of built heritage can be formulated as:

- Adjustment of the development policy related to the protection of built, and all cultural
heritage, with the complex development of the city in general;
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- Adjustment of the program related to the domain of protection of built heritage with the
programs relating to other domains which are active participants in planning in order to
create optimal conditions for urban renewal of Prizren;

- Adjustment of the program in the domain of protection of built heritage with the
requirements and progress of the modern development and the conditions of social and
economic changes in the society in transition;

- Provision of an uniform realization of the program for protection of built heritage through
the phases, in this way creating the conditions for the acting which is of general and
permanent significance for the social life;

- Defining of the typo-morphology of Prizren for purpose of creating a permanent image
about starting and general characteristics for planning of whole city;

- Determining a basic principles of evaluation for all forms of built heritage which exists in
Prizren, as that is now a little bit elusive;

- Integral treatment of the historical center of the city with determining the principles for
gradual evaluation of the spatial cultural and historical units inside the focused area and
classification of minor areas within the historical city center;

- Evaluation and classification of particular spatial and historical sites outside the historical
city center.[10]

In recent decades, partial renovations of the old parts of the city have begun, but also a
drastic change in the general image of the city. Namely, in certain parts of the city, new
residential districts are planned, which is necessary for the social and economic prosperity of the
city [11]. With this, however, Prizren will significantly lose the compactness of the urban fabric,
the recognizable urban matrix and exceptional sights (Fig. 4).
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Fig. 4 Old photo of Prizren under the fortress (Potkaljaja) and New residential and commercial
buildings design https://canprojem.com/en/kosova-prizren-2/

In the eighties of the twentieth century, Potkaljaja, as an extremely picturesque and densely
populated part of the city, attracted the attention of many architects. One of the proposals
designed by arch. L J. Folic, only in recent years has been accepted as a model that is copied in
different variants and for different purposes (Fig. 5 and 6).
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Folic)

Fig. 6 Renovated residential houses and a hotel in Potkaljaja
(https.//balkaninsight.com/2020/01/14/return-to-kosovo-the-serbs-who-re-embraced-their-

hometown/; https://www.aa.com.tr/ba/balkan/prizrenska-kaljaja-turisti%C4%8Dki-i-
historijski-biser-kosova/1044510)

6. Concluding remarks

Out of the abundance of new attitudes regarding the protection of the built heritage
available today in the world, we have selected only those which have been rarely applied in our
circumstances, while the study has found out that they should be represented to a greater extent
here. These are the changes in evaluation of the built and spatial heritage in relation to the period
in which they were established, then selecting of the basic groups of elements during the work on
the built heritage, and evaluation of typological features of the elements of the spatial cultural-
historical areas. The special group of consideration is represented by finding out of new solutions
in the domain of historical areas (urban archaeology, usage of the sub-terranean space in order to
preserve surface terrain integrity of the area).

In the domain of methodological planning apparatus, two levels can be discerned clearly:
its modernization in general sense and development of specific patterns for the needs of planning
in the protected historical urban core. Following the principle that a problematic approach to
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planning of protected city core should be applied, we also considered the planning within the
context, as well as establishing of communication between the protected urban core and the
wider parts of the city. As a result of a discussion, it was pointed out to the need for a higher
degree of determination than it is usually done.

Summing up the knowledge about protected historical monuments and areas in optimal
determination of the potentials for its development, and the development can be considered
through studying and by proposing variant solutions which are existing in the practice of many
countries and known under different terms (scenario, variants, options, etc.)

In the considerations of the quality of the physical space of the protected urban areas, a
special attention has been paid to the transformation in the approach of formation of the urban
area. The urban area, especially the historical one, performs the communicative, informative and
knowledgeable function and as such it conditions the manner of our expert work. The most
sensitive 1s knowledgeable function which deals with diversity of multi-sensual feeling of the
space and possibilities of “making the space alive” through personal activities of the users
through which the space quality called the richness of the space is achieved.

The following basic aims have been defined:

- Enlarging of the historical city core down the Bistrica river and reviving of the river

banks;

- Putting an end to the further degradation of built heritage and historical urban areas;

- Reviving of the economic potential of historical areas;

- Differentiated preservation of built heritage;

- Upgrading the quality of the environment.
Having analyzed the series of phenomena and processes of all categories, it was possible to
determine the potential of the focused areas which cover the spatial, natural, social, ecological
and economic potential of the space.

By applying this knowledge and conclusions to the variants of scenario for strategically
options, it was also possible to name the main factors which feature certain scenarios.

Scenario I: maximum protection of built heritage is in the first place, as well as restoring of the
morphological structure of the old Prizren, specific culturological relationship towards the
heritage and careful implantation of the new elements in the old context;

Scenario II: it is based on the modernized treatment of the protected historical city cores, on the
preservation of the historical buildings without subordinated to them, on reviving of economic
potentials of the historical areas, on activating of the passive and abandoned zones, on
integration of the historical area into the modern city development trends and on considerable
reviving of the touristic potentials;

Scenario III: it is based on contrasts, on the spirit of a modern city, on the fact that there are
certain economic possibilities of protected areas, that the economic flow allow the development
of a business and touristic zone of Prizren, with maximum touristic potentials.

It 1s almost impossible to discuss the protection and restoration of historic urban areas,
and that the greatest attention is focused on a direct link between integrative conservation and
sustainable development. This paper seeks to explain the elements that drive and create these
links in the historic urban areas. Some basic conclusions on cultural policy are drown, which
must be defined by characterization of urban landscapes and neighborhoods. The strategy
proposal affirms the historical urban area and is in line with European views on the community
neighborhood, city, region and country.
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Despite the strong cultural diversity posed by migratory movements in the Prizren, and
that has to satisfy everyone's desires and to be readily developed, protection and renewal of
historic urban areas should rely on common values adopted by the people who coexist in a given
space and partially or completely transform the social structure that has historically created
Prizren. In this context, protection and renewal strategy proposal for outstanding Prizren sites
encompass different solutions which vary in a wide but delicate range from satisfying basic
consumer needs to the creation of high professional range.
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TOGETHERNESS OF SWISS AND VENEZUELAN PAVILION
IN THE ARCHITECTURAL BIENNALE DI VENEZIA 2023
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Abstract: The Swiss Pavilion and The Venezuelan Pavilion are neighborhood pavilions,
where through main entrance of Giardini area, the first pavilion at right is the Swiss
Pavilion, that was designed by Bruno Giacometti in 1952, and the second one is the
Venezuelan Pavilion, that was designed by Carlo Scarpa in 1956. Both of them are nearly
70 years old. Their architectural design and structural design are unique as pavilion
architecture, with steel mostly at roof level and with glass to get the daylight in.

This year, the curators designed both of them as sister pavilions, by letting a walkway from
Swiss Pavilion to Venezuelan Pavilion. They put a carpet over ground with a design of
architectural drawing in scale 1/100, original, by B. Giacometti, including both pavilions

in the plan.

Key words: Venice Architectural Biennale 2023 in Giardini, Swiss Pavilion, Venezuelan

Pavilion, structural steel

1. Introduction

In the paper, the architectural design together with structural design of the Biennale Pavilions

will be examined separately and then together [1] [2].
It will be very interesting to investigate that the buildings, built 70 years ago, are very

suitable to be connected. This feature of the pavilions shows how an architectural design may be
a universal design, free from time (Fig.1).

Fig.1. The architectural plan of both Pavilions (drawn by Y.K.Aktuglu)

2. The feature of the Pavilions
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The Swiss Pavilion and the Venezuelan Pavilion are having a rectangular plan for spaces.
Both of them are having windows and transparent facades at roof level, to get the daylight in, with
a positive effect on the exhibited goods (Fig.2).

Fig.2. The frontal facade of both of them (photo taken by Y.K. Aktuglu, on 29.09.2023)

This time, the white and black carpet over the whole area of the larger space of Switzerland
Pavilion, lets visitors feel a wider area, as they are at their own home, with the help of white color,
on the floor, and over the walls, together with light coming from the top (Fig.3 ).

Fig.3. The inner view of Swiss Pavilion with carpet over the floor and with the structural
steel trusses at the roof level, with V-shape roof (taken by Y.K. Aktuglu, on 30.09.2023)

Similar in Venezuelan Pavilion, the daylight comes directly from top parts of the walls and
also from the roof level(Fig.2)(Fig.4).

The roof structure of the Switzerland pavilion, is having a V-shaped outlook to inner part for the
larger space (Fig.3), and a conoid roof form for the smaller space, supported by structural steel both.
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Fig.4. Inner view of Venezuelan Pavilion (photo taken by Y.K. Aktuglu, on 30.09.2023)

In the Venezuelan Pavilion, the design of the roof structure is more calm, with stripes (Fig.2)
(Fig.4).

The most important part of these pavilions is the intersection part, where the visitors flow
from one to another, automatically (Fig.5) (Fig.6).

Fig.5. The connection part of two pavilions, from Switzerland to Venezuelan (photo taken
by Y.K. Aktuglu, on 30.09.2023)
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Fig.6. Connected part, in Venezuelan Pavilion (photo taken by Y.K. Aktuglu, on
30.09.2023)

For all features, structural steel is the main structural material to make the design be built in
reality.

3. Conclusion

After visiting two pavilions, Switzerland and Venezuelan, it could be easily written that,
both pavilions are full with daylight, with their rooftop windows.

The structural steel trusses to span the Switzerland Pavilion’s roof level, tranfer the loads
through cantilever structural steel triangular trusses to the perimeter walls, and then to the
foundations.

In Venezuelan Pavilion, the upper walls of the major and minor spaces, are designed with
transparent and solid sections, continue also at the roof level. The rest is constructed with solid
perimeter walls.

The idea to connect the two pavilions, helps visitors to pass from another in an easy way, in
a continuous flow.

The magical white carpet, with the architectural plan of the spaces, over the ground, lets the
visitors feel themselves as over a flying carpet, as in the story of Aladdin and Magic Lamp.

As a conclusion, to support the idea as Neighbors:A Manifest (Fig.7) , the architectural
planning and the structural solution of the Pavilions as exhibition pavilions are overlapping in a
perfect way to highlight the pavilions are looking like statues, which is the sacred aim of
architectural design and structural design.

Fig.7. Neigbors: A Manifest (photo taken by Y.K. Aktuglu, on 29.09.2023)
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HISTORY OF SHORT SPAN ORTHOTROPIC BRIDGES CONSTRUCTED
IN CANADA AND THE USA
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Abstract: This paper will describe innovative bridges built and in operation. Short
span bridges with orthotropic steel decks in North America are very rare. Many
believe welded orthotropic steel decks are too challenging to design and offer little
benefit to the owners of short span bridges. The advantages will be summarized.
Featured bridges of North America are the Ulatis Creek I-80 Test Bridge, California
(1966); the Battle Creek Test Bridge, Salem, Oregon (1967); Indian River Bascule
Bridge in Port Carling Ontario (1975); Cordova Alaska Ferry Terminal Articulating
Ramp (1969); USA Navy Floating Pontoon Bridge with Bi-serrated Ribs (1968); the
“multi-cell steel slab bridge system” is manufactured in Redding, California (2000);
the Sagtikos Parkway of New York (1991); and the Braille Trail Pedestrian Bridge of
Santa Rosa, California (1976). Bridges discussed in detail were selected to
demonstrate the complete range of all short types. A comprehensive reference list will
be provided to assist in obtaining more detailed information about these bridges and
other short spans bridges can be time consuming. It is well beyond the scope of any
paper to discuss.

Key words: short span, orthotropic bridge, steel decks

1. Introduction

1.1. Ulatis Creek Bridge Vacaville, California, USA

Construction was completed in 1966. It is only the outside eastbound third lane a 5-
span bridge with 6-bents for eastbound Interstate I-80. All spans are §8-M long and an
orthotropic deck with “Split-T” ribs supports eastbound traffic. The engineers wanted to
test the durability of five types of wearing surfaces. San Francisco Bay Toll Crossing
engineers supervise this testing because the best material was selected for the wearing
surface of the Hayward San Mateo Orthotropic Bridge. Ulatis Creek was repainted and a
single replaced wearing surface was installed [the best of the 5]. The Ulatis Creek
experimental bridge lane is still in service and the current owner is Caltrans, plus the
original wearing surface for Hayward San Mateo Bridge is still in place after over 34 years

[1].

! Alfred Mangus, Retired Caltrans [ home email], mangusalf@aol.com, USA,
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1.2 Battle Creek Test Bridge Salem, Oregon, USA

In 1966, the State of Oregon Highway Department designed the Battle Creek
experimental bridge. Construction was completed in 1967. It is a 3-span bridge with 4-
bents. The main span is 9.144-M long and the side spans are 6.858-M long. The bridge is
14.021 m wide. An orthotropic deck with trapezoidal ribs supports the northbound traffic,
while an orthotropic deck with flat plate ribs supports the southbound traffic. The
engineers wanted to test the durability of both open and closed ribs (Fig. 1). The bridge is
still in service and the current owner is the City of Salem.
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Fig.1. Battle Creek Bridge

1.3. Port Carling Bridge across the Indian River, Ontario, Canada

The Indian River Orthotropic bascule bridge at Port Carling, Ontario built by O.J.
Gaffney Ltd., Stratford, was designed and administered by the consulting firm from
Toronto. The first time the span was raised better than 50% of the asphalt concrete surface
slid off. At the request of the Ministry, Bemac Protective Coatings was engaged to design
and construct a new mastic surface for this bridge in 1975. The solution was 13-mm x 25-
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mm steel strap plates that were welded at 61-cm centers in zigzag pattern, plus 13-mm
diameter x 25-mm steel headed studs at 46-cm centers midway between these strap plates.
Bemaphalt hot mastic was 50% washed concrete sand; 40% crushed limestone; 7% (85/100
Pen.) asphalt, and 3% Trinidad asphalt. This wearing surface has worked successfully.

2. Ferry Terminal Ramp Bridges Canada, Alaska, and Washington USA

In 1968, an articulating ferry terminal was designed for the Alaska Ferry system
located in Cordova, Alaska. Campbell & Associates of Douglas, Alaska designed the
4.877-M wide by 36.127-M long all steel ramp. One end of the ramp hinges on the end of
the City of Cordova’s cargo dock. Two counter-weight towers are used to adjust the ramp
to the deck level at the stern of the ferry. The elevation varies based on the tide and
freeboard of that particular end loading ferry. The key dimensions of the American rib are
a structural height of 241-mm, a base distance between the outside face of the trapezoidal
legs of 330-mm, bottom width of 165-mm and a plate thickness of 6-mm or width. The
rib and its structural section properties are shown in a table of American ribs in
Reference [1]. Also, the spacing of the ribs was selected from this design aid. The steel
deck is 10-mm thick, which also becomes the top flange of the two 1.178-M deep plate
girders. Epoxy grit was used for a thin wearing surface of about 6-mm. The ramp was
removed in 2000, when the Ferry Terminal was changed. The owner was the Alaska
DOT/PF.
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Fig. 2. Elevation + Plan State of design of three State of Washington Ferry Terminals in 2004

Similar ramps were built by the Province of British Columba Ferry System. Berger /
ABAM [today WSP] designed similar ramps owned by the Washington State Ferrys
[WSF].
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3. Floating Pontoon Bridge U.S. Navy, USA

The U.S. Navy has experimented with the “Ammi” system or biserrated trapezoidal
ribs to reduce the total dead weight of the pontoon (Fig. 3 & 4). The welded-steel pontoon
bridge was conceived and developed to be mobile, lightweight, strong and durable. The
first 80 prototype modules were built in 1966 and 1968. Its main component is a welded
steel pontoon 9.754-M long, 1.829-M wide and 1.219-M deep. It is fitted with two
detachable, rubber- tired wheels for towing. During towing it carries two 457-mm pipe
piles and 20 orthotropic girders with web openings for lightness. The bridge pontoons may
float or be elevated on the piles they carry. The deck beams link the pontoons to form
6.069-M modules. In combination, the Ammi bridge components can create a 6.069-M
roadway capable of carrying a 54.4- metric ton army tank. The watertight body is made of
6-mm thick plates, stiffened of a novel shape, which the Navy’s engineers designated as
“biserrated-orthotropic.” In the top and bottom these ribs, spanning transversely 609-mm
on centers, are shaped as trapezoid ribs about 152-mm deep and have serrated upper edges.
In the sides, they are of triangular shape and are placed vertical 304-mm on centers. The
pontoon is also featured by 508-mm diameter cylindrical wells at each end for one mooring
spud or support pile. Weighing only 37.23kg per linear meter, the section possesses great
flexural and torsional strength. It is made of two parts: a serrated-edge trapezoid rib and a
top closure or flange plate. The channel, in turn, is obtained by bending a plate to that form
after the strip is cut along two parallel serration lines. The “cut-out” or interconnections.
Secondly, it increases the depth of the section, and hence its strength by a height equal to
the depth of the serration without an increase in the weight. In more permanent
installations, welded connections can be provided by means of seat and ring segments
placed at bottom and top of the pontoon spud wells. serration, which occurs in staggered
pattern in the two faces, serves two main purposes: first it makes possible the use of full-
penetration welds for the flange-to-web interconnections. Secondly, it increases the depth
of the section, and hence its strength by a height equal to the depth of the serration without
an increase in the weight. In more permanent installations, welded connections can be
provided by means of seat and ring segments placed at bottom and top of the pontoon spud
wells.
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Fig. 3. Bi-serrated Ribs’ Cutting Pattern Fig. 4. Bi-serrated Ribs

4. Slab Bridge for Mass Manufacturing Redding, California, USA

The modular bridge system was developed by Advanced Bridge Systems Inc.,
Redding, California and was engineered by Jiri Strasky, Consulting Engineer, Mill Valley,
California, for bridges with spans from 6-M to 30-M. The bridge deck is assembled of steel
modules and a composite concrete deck slab (Fig. 9 & 10).
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Fig. 5. “C” Rib Details Fig. 6. Modular Slab Bridge with “C” Ribs

The depth d (Fig. 5) and number of ribs depend on the span length and loading. The
number of modules depends on the total width of the bridge. The width of module shown
is 2.540- M (Fig. 6). A seven-rib box module forms spans from 6-M to 17-M; and spans
from 18-M to 23-M are formed by six-rib module. Shear studs guarantee a composite
action of steel modules, with a concrete deck. Steel stiffeners and concrete diaphragms
have been designed at the end of the deck. Static and fatigue loading tests were done at the
University of California, San Diego. The "C" shaped orthotropic ribs are formed quickly
from 8-mm coils of flat steel up to 1.829-M wide. These "C" shaped beams are then easily
nested and welded together with just 5-mm fillet welds. All welds are quickly and easily
made externally. Welding by a Patents Pending method(s) reduce up to 75% of the effort
needed. All exterior welds mean faster production and simpler inspection. Reduced weight
saves 10% minimum materials over other systems. Ideal for emergency bridge
replacement, since orders can be shipped in seven days. The modules fit on standard trucks
and are easily deliverable on all North American highways and most rural roads [8].

5. Temporary Bridge for Construction Detours Long Island, NY, USA

The bridge owner was New York State DOT; designed by Roman Wolchuk
Consulting Engineers; built by general contractor Hendrikson Brothers, and the A-36 steel
fabrication was by Quickway Metal Fabricators (Fig. 7). The length of the temporary two-
span bridge with overhanging end supports was 64-M. The width was 12.192-M,
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Fig. 7. Sagtikos Parkway “Temporary” Bridge Panelized Deck Details
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including three 3-658-M. roadways and the precast concrete parapets mounted on the
cantilevered brackets. The superstructure consists of a total of 15 deck units and 12 girder
segments. This temporary bridge over the six-lane Long Island Expressway was put in
place in just one hour and twenty minutes. The reasons for selection were: speed of
erection and the eventual removal of this bridge; cost savings on traffic protection;
potential reusability of the modular structure on similar projects in the future; and low
depth and light weight of the structure. The superstructure is composed of two types of
identical prefabricated components: the girder segments and the deck units. A 21.336-M
long girder segment consists of a W-beam 914mm X 61kg section with a welded 25-mm X
406-mm bottom cover plate and a vertical 19-mm X 444-mm stem welded to the top
flange. A typical deck unit is 12.80-M long and 3.658-M wide and consists of a 13-mm
thick deck plate stiffened with four trapezoidal ribs and two 203-mm X 152-mm angles at
the longitudinal edges. The ribs are supported on cross beams spaced at 6.40-M. and
welded to the vertical legs of the border angles. The deck and girder components are
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joined in the field by bolting through modular holes spaced at 101-mm in the vertical
legs of the border angles, and in the 19-mm thick girder stems. The 3-mm thick layer of
shop-applied epoxy-grit surfacing required the use of countersunk bolts for the deck plate
splices. The deck units are designed to carry the HS 20-44 wheel loads and to act as top
flanges of the girders. Launching noses [4.877-M-long] were bolted to the front ends of
the girders. A pivoted yoke was mounted at the rear to assure centric application of the
launching push by one bulldozer [9].

6. The Bronx and Queens Approach Spans to Throgs Neck Bridge, NY, USA

The bridge owner was redecked with orthotropic deck panels and was designed by
Ammann & Whitney Consulting Engineers (Fig. 8). The length of the thirty five approach
spans varies between 42.7 meters and 57.9 meters [10]. This total deck area was about
45,700 square meters.
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7. The 1-678 Simple Span Bridge, NY, USA

This deck was used the I-678 expressway top ramp of a 3-level interchange for 21.3 bridge
at the south end of Bronx Whitestone Bridge in Queens Borough in NYC. Replacement of
the concrete deck occurred from 9pm Friday night to 6am Monday morning in 1984 [10].
See Figure 10.

8. Orthotropic Pedestrian Bridges

The orthotropic bridge across Santa Rosa Creek is an integral part of the Braille Trail,
built to help the visually impaired and those in wheelchairs to enjoy Spring Lake Park of
Santa Rosa, California (Fig.11 & 12). This bridge is capable of being periodically
submerged by floodwater and aesthetically pleasing as part of a beautiful park. A timber
bridge would float and poor soil support discouraged heavy concrete span; therefore, an
orthotropic steel plate bridge was the economical choice. Engineers with the Sonoma
County Water Agency selected an all welded steel orthotropic bridge to create a minimum
weight structure with clean lines for a pleasant appearance and ease of maintenance. A
dark brown acrylic epoxy compliments the banks of the channel near the bridge and
contrasts well with the green park. A sand-wearing surface, bonded to the bridge's deck
provides a non-skid surface for wheel chairs and pedestrians. The superstructure was
completely prefabrication at a plant 240-km from the park. The 1.829-M wide by 17.678-
M long span was trucked to the site and lifted into place by a crane in 1976 [11].
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9. Conclusion — Why use short span bridges with orthotropic steel decks?

Short span orthotropic steel deck bridges have proven to be durable. Engineers are
conservative and prefer to use a proven durable system. The other reasons used for
selecting orthotropic steel deck bridges may be also applicable to short spans. Short span
orthotropic steel deck bridges can be economically built in cold regions during any time of
the year. Concrete must be at or above 4.44 degrees Celsius to properly cure. Although it is
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physically possible to encapsulate plus heat the concrete construction process, it is usually
more expensive. The orthotropic steel deck integrates the driving surface as part of the
superstructure, and has the lowest total mass of any practicable system. Around the world
floating bridges and movable bridges are built with orthotropic steel decks. A lower mass
requires less energy to move the operable spans of a movable bridge. The mass of every
movable span eventually reaches a practical limit due to the size of motor needed to move
the bridge. Thus, even short movable spans built of heavier reinforced concrete are much
more expensive for these bridge types. The lower mass results in lower seismic forces.

Hence, large orthotropic bridges in high seismic zones such as Japan and the western coast
of North America. The examples in this paper provide a matrix of rib types, superstructure
types and various bridge types. Other short span orthotropic bridges of North America
include the North 680 to West Connector Test Bridge of Danville, California (1966); the
Sacramento River at Colusa, California (1970); Walpole Island swing bridge of Ontario,
Canada (1970); the Miller-Sweeney bascule bridge on Alameda Island, California (1974);
and the city of Valdez, Alaska floating dock articulating transfer bridge (1981). The Maxi-
Park Company of Vancouver manufactures orthotropic decks for parking garages floors.
The Rabbit Creek, Willow Crest, Lathrop, and Egan Drive Orthotropic Pedestrian Bridges
are located in urban areas of Alaska, and owned by Alaska DOT/PF.
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Abstract: The paper analyzes problems in protecting architectural heritage at the
beginning of the 21st century with reference to the area of southern Serbia. In the
paper, first of all, a comparative analysis of the legal regulations concerning the
protection of architectural heritage in Serbia and the world is carried out to
determine possible shortcomings or omissions of Serbian legislation in this field.
After that, the treatment of cultural heritage in Serbia is presented based on positive
and (mostly) negative cases. Then, the condition of the architectural heritage
buildings is analyzed, representing the basis for later successful interventions. The
causes that led to the poor condition of the buildings are listed, as well as the
problems faced by the owners of the protected buildings. Finally, after reviewing the
general situation, suggestions are made on how the problems can be alleviated and
overcome over time.

Key words: building heritage, preservation, (re)reintegration, protection

1. Introduction

Architectural heritage represents one of the most significant categories of the
country's spatial and cultural identity. It is a significant part of a country's identity and
includes a wide range of buildings and structures created over the centuries, from ancient
to today's achievements in architecture. By the term "built heritage," we mean historic
cities, parts of settlements, old buildings, archacological sites, and areas with historical,
cultural, or artistic value. This heritage has different categories, such as cultural
monuments, spatial cultural-historical entities, archaeological sites, and famous places.
Those categories help better understand and classify various aspects of architectural
heritage crucial for preserving and emphasizing cultural heritage.

The protection of architectural heritage is a very complex procedure with various
challenges. Even during the construction process, each building is exposed to specific
influences. They can later threaten the original appearance and characteristics of the
building, both aesthetic and constructive. The causes of degradation are numerous and are
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reflected in the complete or partial demolition of the building. However, this also includes
upgrades, extensions, and changes of purpose. They can be divided into long-term and
immediate [1].

Apart from damage to existing buildings and attempts to preserve them in their
original form, a big challenge today is the coexistence of historical buildings with newly
built structures in the urban fabric of cities. The coexistence of old and new buildings has
always been challenging in Serbia and the world. For coexistence to be possible,
multidisciplinary and institutional cooperation is necessary, especially in the phase of
previous research, preparation of strategic documents, and spatial planning to fulfill
numerous conditions to ensure heritage preservation.

The paper analyzes exactly these problems when designing new buildings in
protected areas. The problems observed during the application of legal regulations in
practice were analyzed. Also, the bad condition of buildings with monumental properties
was pointed out, with the reasons that led to them, to suggest how to improve the current
state and overcome the problems that have arisen.

2. Comparative analysis of legal protection of cultural heritage in the world and
Serbia

Laws protecting cultural heritage were created at different times in different regions
worldwide. Even though in the ancient times of Ancient Greece and Rome, archaeological
remains were recognized as heritage, and their protection was part of various edicts passed
by rulers [2], the roots of modern heritage regulations can be dated back to the European
17th century.

The Royal Placard of 1666, issued by the governing council under the minority of
King Karl KSI of Sweden, is often cited as the first example of succession law in modern
times [2]. However, the 19th century saw the emergence of what we recognize as modern
heritage legislation. The Law on the Protection of Ancient Monuments from 1882, which
the British Empire passed, should be mentioned as one of the most influential. France was
among the first countries to address this issue. 1837, it established the Higher Commission
for the Inventory of Cultural Monuments, which created the first list of protected
monuments in 1840 [3]. In the same year, the Commission hired the architect Viola le Dik
to restore the great church in Vesle. France passed the first Law on protecting its cultural
heritage in 1887. Since then, the legislation has been continuously changed and improved
to achieve today's complete protection system, which serves as a model for many countries
in the world [3].

International regulations related to heritage protection can also be traced back to this
period. The Hague Convention of 1899 and the Athens Charter of 1907 on the Restoration
of Historic Buildings are significant documents for protecting and preserving cultural
heritage at the world level. Since then, until today, many charters, conventions,
recommendations, resolutions, and declarations, which in various ways relate to the
preservation of architectural heritage, have been signed and ratified.

During the 20th century, international legal regulations continued to develop and
improve. However, in the middle of the 20th century, architectural and urban practice
implemented the modernization of cities, which predicted the massive demolition of
inherited buildings and entire blocks under the pretext of wear and tear of materials and the
necessity of total reconstruction. Some countries, including France, previously established
a protection system that managed to preserve a rich cultural heritage. Back in 1946, France
prescribed a protection perimeter of a 500 m radius around all protected cultural
monuments, and in 1962, the Law on Protected Sectors, which saved city neighborhoods
and even entire cities from destruction [3].
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The history of protection in Serbia does not lag behind documents of this type
brought in Europe in terms of time or content. The first legal document in Serbia that
protects heritage is the Decree on the Prohibition of Demolition of Old Towns and Their
Ruins. It was adopted in 1844 and represents one of the first modern general monument-
legal acts in 19th-century Europe. Two and a half decades later, in 1870, the first official
list of protected monuments was compiled and published - 152 localities, including old
towns, cemeteries, and old places of churches [4]. The first cultural monuments in Serbia
were placed under state protection immediately after the Second World War when the field
of cultural heritage protection was legally regulated and institutionalized. At that time, the
Law on the Protection of Cultural Monuments and Natural Rarities from 1946 was in
force, according to which all immovable and movable cultural-historical and other
monuments are placed under the protection of the state, and the relevant protection
institutes decide on this [5].

Today, heritage protection is a Constitutional right and obligation of every citizen
of Serbia - Article 89 of the Constitution of the Republic of Serbia [6]. states, "Everyone is
obliged to preserve natural rarities and scientific, cultural and historical heritage, as goods
of general interest, in accordance with the law." The Republic of Serbia, autonomous
provinces, and local self-government units are specially responsible for heritage
preservation."”

Apart from the Constitution, heritage preservation is woven into several laws,
strategies, and planning documents. Laws dedicated to this area are the Law on Cultural
Property [7] (1994), the Law on Cultural Heritage [8] (2021), and the Law on Culture [9]
(2009). The Law on Planning and Construction [10] (2009) has a significant influence on
the treatment of cultural heritage in modern conditions, while the National Architectural
Strategy and the Sustainable Urban Development Strategy determine the strategic direction
of action in order to develop and improve the quality of architecture and the built
environment and preserve the architectural heritage.

Regardless of everything, architectural heritage does not enjoy the treatment
guaranteed by the law. Planning in the context of preservation and affirmation of heritage
has not become a practice, and the mechanisms for practical action have not been
sufficiently developed. The Law on Planning and Construction stipulates that planning,
arrangement, and use of space are based on the principles of sustainable development,
whereby non-renewable resources should be used rationally and sustainably by
encouraging urban and rural renewal and protection. However, the practice is usually far
from that. The problem of inadequate protection treatment in the last thirty years has been
recognized through recent strategic documents - the Strategy of Sustainable Urban
Development until 2030 [11] and the National Architectural Strategy 2023-2035—year
[12], which increased the focus on architectural heritage. The strategy of sustainable urban
development identifies that cultural heritage is not sufficiently represented in the practice
of spatial and urban planning and that architectural heritage and other elements of the
urban structure, in addition to immovable cultural assets, represent valuable factors of the
character and identity of the settlement. However, there are often forms of construction
that are not aligned with the principles of sustainable development and preservation of
urban identity. The mismatch of dimensions of old and new buildings and the generally
disturbed balance of design elements of architectural and urban solutions lead to the
devastation of the urban identity of entire cities. This problem is discussed in depth in the
National Architectural Strategy, which states that "sustainable use and restoration of
architectural heritage is not only a cultural resource but also an economic potential that
significantly affects spatial development and the preservation of spatial identity." The
strategy proposes a review of all forms of heritage and mandates that "the modernization
and improvement of such (recognized) entities must be based on the study of the
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characteristics of each of the observed forms of heritage, with their full respect and the
design of new contents that will not violate the basic values of the found heritage, i.e.
spatial cultural -historical entities."

According to these documents, before defining the urban parameters, it is necessary
to carry out extensive analyses and define the typological characteristics of the settlement
or part of the settlement to reduce the generalization of the parameters.

3. Treatment of immovable cultural property

Generally, the treatment of protection and intervention on immovable cultural assets,
their protected environment, and architectural heritage can differ. Numerous factors
influence the different treatment: the degree of protection, the immediate environment and
the context in which it is located, the time distance between the construction of the original
buildings and the later additions, the scope of the implemented interventions, the currently
current conservation practice, but also the styles and trends in architecture. In order to
preserve the harmony of the environment, there is a tendency to harmonize with the
architectural elements of the existing building (height and treatment of cornices, stucco,
rhythm, and proportion of openings, respect for vertical/horizontal) or a complete contrast
of the new building compared to the old one is sought. Regardless of the approach to
creating an architectural solution, harmonizing with the dimensions and other architectural
elements, designing in the context of the already built environment is a priority for
preserving the ambiance.

Figure 1. The Moravska Banovina building in Ni§ a) appearance of the building
from 1886 [13] and b) the appearance of the building today, after additions from 1925 and
1935, photo by the author

When reintegrating new buildings into old city cores today, one should consider the
context, the value of the preserved originals, the integrity of the design, and evidence of
current style, forms, dimensions, and contrast [14]. In other words, the following should be
taken into account:

- the state of the building and preservation of documentation about the building;

- how much the building was built in context, that is, what is its relationship with the
architectural environment;

- the basic principles of respect for the authenticity of immovable cultural heritage,
which imply that only the necessary minimum technical interventions are carried out on
the original to return it to its original state, that is, the need for protection, preservation, and
use;

- integrity - does the new building bear witness to the time in which it was created,
and does it have value as a representative of the current style;

If possible, and if historical buildings are preserved at a high level, restoration and
revitalization of existing buildings are carried out with minimal interventions.

Contemporary world practices for an extended period do not deal with the protection
of individual cultural monuments. However, with broader strokes of spatial cultural-
historical entities and cultural landscapes, and in the last ten years, the approach of looking
at the entire city with its immediate surroundings, with a particular emphasis on aerial
views, has been relevant. One of the approaches in the comprehensive overview of cities is
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the approach of the historic urban landscape (Historic Urban Landsape), where it insists on
multidisciplinarity, the cooperation of all institutions and professions, but also the
permanent involvement of the local community and other interested parties in the process
of planning,-greating and using cities.

Figure 2. Strasbourg, a preserved ciy complex, photo by the authors

The picture in Serbia, specifically in its southern small towns, is unfortunately far
from satisfactory in preserving architectural heritage. Historical buildings in cities, as well
as the units themselves, rarely look representative. Mainly, there is an excessive number of
subsequent, temporary, or permanent interventions on the buildings, which greatly disturb
the ambiance of wholes or the general appearance of an individual building.
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Figure 3. Interventions in “Kazandzijsko sokace”, one of the central streets of Ni§
[15]

In the example of the “Kazandzijsko sokace” in NiS, one can see the type and degree of
interventions that occur on historical buildings. Whether it is the demolition of parts or entire
buildings, the extension of parts or the construction of complete buildings, or only partial
interventions of a smaller scale (adding temporary or permanent canopies, external air
conditioning units, advertising, removing plastic plaster, replacing original windows, etc. .), the
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ambient whole is degraded. It loses its aesthetics and visual harmony, which further causes a
negative impression on the building or the entire neighborhood, reduces its historical value, and
limits the possibility of presentation and possible tourist exploitation [16].
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Figure 4. The urbanistic context of the immovable cultural property - the House of
Sotir Ili¢ in Leskovac, a) after construction in 1911, b) appearance in 2022 [15]

The state of cultural assets and the challenges in preserving them can be illustrated by
the house of Sotir Ili¢, son of Kosta Ili¢ - mumdzija, a tallow candle maker, one of the first
industrialists in Leskovac, a very respectable person of his time. The house was built in 1911,
according to the project of the architect Svetozar Jovanovic the Elder. Immediately after the
Second World War and the change of the political structure in the country, by the state-party
political doctrine after the Second World War, new urban plans were drawn up in such a way
that the newly built buildings deliberately hid and overshadowed and often replaced the
preserved architectural heritage—pre-war period. As early as 1948, a new planning document
for Leskovac was created with the idea of total reconstruction created by prominent architects
of the time, Momcilo Belobrk and Ratomir Bogojevi¢. Cultivating the idea of total
reconstruction of the city center, shaped at the end of the fifth decade of the 20th century,
Leskovac was transformed into a city with a completely mismatched urban-architectural
structure, degraded and marginalized immovable cultural heritage. The following General
Regulation Plan from 1956, drawn up by the bureau - Studio for Architecture and Urbanism
Belgrade, architect Vido Vrbani¢, continued the idea from the previous planning framework
and envisaged the construction of large residential blocks in the central city core, completely
ignoring the existing urban matrix. Based on this Plan, the construction of the Northern Block
was started in 1957, which completely obscured the Ili¢ Palace and other representative
buildings of Leskovac's pre-war industrialists.

4. Causes of the poor state of architectural heritage

If we look for the reasons that led to the poor state of architectural heritage in Serbia,
we must recognize historical events and the political, social, and economic situation in
which our country found itself during the nineties of the 20th century. The Law on Cultural
Property, which is still valid today, was passed in 1994, at the time of the collapse of
Yugoslavia and the survival of one of the most extended periods of hyperinflation in world
economic history. Not only did this law not accept the novelties of the time in the
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protection and definition of architectural heritage, its importance, and the role it has in the
planning process, but the legal solutions set in this way led to a gradual weakening of the
legal protection of immovable cultural assets and the collapse of the capacity of the entire
protection service.

After the end of the isolation and the re-accession of Serbia to the international
community, it was not possible to implement reforms in the field of cultural heritage in
order to stop further devastation. Although international legal documents in this area were
formally retroactively ratified, their implementation in the legal framework was absent.
This situation caused the gradual degradation of protection, marginalization of the value of
architectural heritage, insufficient number of professionals, and inadequate treatment
through spatial planning documentation, leading to the massive loss of significant
architectural heritage, ambient units, and the identity of entire cities.

Apart from this enormous problem, the low level of preservation of the construction
stock should also be considered. Poor heritage status occurs due to the following causes:

e Unsettled property-legal relations - some buildings with monumental properties
have had no heirs for a very long period, have a more significant number of them,
or are in the process of restitution;

e multi-owner buildings - in the case of multi-owner buildings, there must be the
interest of all owners to adequately take care of the buildings, which is often not the
case;

» There is a lack of interest on the part of the owners of buildings with monumental
values to adequately take care of their;

* Jack of affirmative incentive measures for owners of buildings with monumental
properties - there are no financial incentives in the sense of tax exemptions,
subsidies for carrying out conservation-restoration works on immovable cultural
heritage in private ownership, for procurement of materials, replacement of
carpentry and the like;

= "complicated" procedure for carrying out work on such facilities (creating project
documentation, obtaining conditions for undertaking technical protection measures,
obtaining approval for project documentation...).

» difficulties in finding qualified artisans to perform craft works (absence of a
database of qualified artisans who specialize in work on immovable cultural
heritage);

high cost of works - replacing carpentry with wood while respecting the shape of the
profile costs more than replacing it with ordinary PVC carpentry of standard dimensions
(although in the long term it can pay off); the impossibility of installing thermal insulation
on the outside of buildings, due to the existing plaster plastic, implies the use of more
expensive thermal plaster systems [17]; restoration of plastered plastic - profiled wreaths,
cast plastic, etc. increases the total cost of renovation of facade planes.

Due to those above "procedural" and financial difficulties, owners often take matters
into their own hands and independently, without consulting the protection services or
architectural experts, carry out interventions on their buildings. Such procedures result in
permanent damage to the visual appearance of the building, as well as the entire ambient
environment.
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' Figure 5. Non-professional interventions at the facilit§1 in Vlasotince [15]

All of this, unfortunately, very often results in a complete lack of interest in
building maintenance, which ultimately leads to the collapse of individual parts or the
entire building.

Figure 6. The same building in Nis a) in 2014 [18] and b) in 2023, photo by the authors

5. Suggestions for overcoming the problem
Based on all of the above, it can be concluded that most of the problems in the
protection of the architectural heritage arise for two reasons: the inconsistency of the legal
regulations concerning the protection of the heritage with the planning documents that are
adopted, as well as the poor general condition of buildings with monumental properties and
lack of interest or financial impossibility owners to take better care of such buildings. The
problem can only be overcome by the joint action of all parties involved in this procedure,
from owners of buildings, investors, designers of protection services, and planning
institutions. The problem can be explained as follows:
= Respecting the adopted international charters, resolutions, and principles of
integrative protection of cultural and natural resources;
= Anticipating mandatory analyses of the built stock, the typology of parts of the
settlement, and especially the architectural heritage, i.e., urban areas with a greater
concentration of architectural heritage;
» Defining the urban planning parameters after the analysis, defining the typological
features of a part of the settlement;
* By working on improving the planning methodology with the mandatory
preparation of studies and previous analyses;
* By implementing protection studies into planning documents and harmonizing
planning documents with study documentation;
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= Harmonization of planning documents with protection measures after the
declaration of immovable cultural assets;
= By increasing investment in various forms of protection;
* By introducing incentive measures for building owners;
By creating a database with information of interest to facility owners.

6. Conclusion

We must be aware that cities develop and change to the needs of their inhabitants.
With the increase in the number of people in cities, there is a need to increase the housing
stock, so it is necessary to determine the locations we want to develop by planning and
doing the necessary studies for them. Properties that enjoy prior protection can be, and
most often are, positioned in desirable locations for new construction, so they should be
respected.

As already determined by the strategic documents, it is necessary to carry out
preliminary research on architectural heritage by studying the characteristics of each of the
observed forms of heritage. Based on the previous analyses, with full respect for the
preserved heritage, new contents can be planned to enable the development of locations but
will not damage the fundamental values of the existing heritage, spatial cultural-historical
entities, or environments. This approach is not only "protective" and "conservative" but
also developmental in a long-term and sustainable sense. Numerous European studies [19]
have confirmed that heritage is the essential resource that makes a rural area, city, or
region attractive, which further attracts investments, leads to the development of the
private sector, and the creation of new jobs. Preserving cultural heritage is part of the
solution for reducing the impact of climate change, reducing the overheating of cities and
the creation of thermal islands, as well as reducing pollution, primarily waste construction
material. The fact that heritage preservation affects the quality of life of residents and
makes a place suitable for living, working, and visiting is in favor of heritage preservation.
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STRENGTHENING OF OLD EXISTING REINFORCED CONCRETE STRUCTURES,
THROUGH THE APPLICTION OF STEEL FRAMES

Anita Handruleval, Doncho Partovz, Milen Petk0v3, Chavdar Stoyanov4, Velyan
Petkov®

University of Structural Engineering and Architecture “L. Karavelov”

Abstract: In the report, the authors make an attempt to acquaint our and foreign
colleagues with a modern method imposed in practice for strengthening existing reinforced
concrete structures, through the application of steel frames, which has found its rightful
place in the last decades in the Bulgarian construction practice.

Key words: existing reinforced concrete structure, steel frame, method for strengthening
1. Introduction

Reinforced concrete skeletal structures, infilled with masonry walls built in seismic zones
in Bulgaria before 1960, have been designed to resist mainly to gravity loads and wind. At
present, when such types of structures are subject to structural and architectural evaluation, in
most cases they need to be strengthening according to the current seismic design code. One
method of seismic strengthening of existing reinforced concrete frames with removed masonry
walls uses additional earthquake resistant system such as various types of steel frame. One way
of seismic strengthening of existing R.C. Frames is realized by improving strength, stiffness and
ductility of r.c. elements, using various techniques such as added high-strength mortars,
jacketing with steel elements or fibre plastics. An alternative approach for seismic strengthening
of existing r.c. frames can by accomplished by adding an additional earthquake —resistent
system, such as various typologies of eccentrically braced steel frames (EBSF)(Fig.19).
Strengthening of reinforced concrete frames is usually performed for the purpose of increasing
the strength and stiffness against earthquake induced forces. Steel frame strengthening system,
in combination with moment resistant frame may cause an increase in the stiffness and strength
of structure. Through the steel frame, earthquake induced loads transferring from top stories to
the lower stories and foundations.
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2. Analysis on five practical Examples from the Bulgarian Cnstruction Practice

2.1. Case Study 1- Strengthening by embedding steel frames in reinforced concrete

structures [1].

The ways to enhance reinforced concrete skeletal structures are commented on with the
help of built -in steel frames in the light of modern Japanese practice and the application and in
the specific Bulgarian conditions according to [2]. By investing steel frames in reinforced
concrete frame structures, a significant increase is achieved both at their stiffness and their
bearing capacity [3,4]. The main characteristic of the Japanese construction practice is the
dispersion transmission of the efforts of the steel connection of the existing reinforced concrete
structure, which is achieved through a specific detail, which is shown in Figure la, b,c. A key
component of this detail is the curing-compensated grout that is placed between the steel
connection and the existing reinforced concrete structure. This solution is additionally reinforced
with a reinforcing skeleton, which has the function of limiting its transverse deformations, thus
increasing the ductility of the contact joint between the old and the new element. The specific
application of this method of seismic strengthening in Bulgarian conditions is given in Figure 2.
The implementation is for the seismic strengthening of the building of ViK Pernik, damaged in
the earthquake of 22.05.2012. Details regarding the calculation of this method of strengthening
can be found in [3] and [4]. The construction of the building is provided in accordance with the
norms [2] according to the computational model shown in (Fig.2).

Fig. 1a, b, c. Reinforcement of the supporting structure of the Pernik Waterworks by means of
embedded steel frames in an existing reinforced concrete structure.

Fig. 2a,b. Seismic investigation of the Pernik Waterworks building in accordance with [2]- a)
spatial model and b) deformed scheme from the seismic impact

2.2. Case Study 2- Seismic retrofitting of high rise buildings with external steel
structure[5]

An example of seismic strengthening of the fourteen-story reinforced concrete structure of

the Faculty of Dental Medicine at the Medical University of Sofia was considered. The building
was designed and completed in the late 1960s. As a result of the analysis and examination of the
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supporting structure, it was established that the structural system of columns and flat beams has
insufficient stiffness and bearing capacity for the seismic security of the building. The
implemented solution for reinforcement with an external steel structure ensures the preservation
of the architectural-functional solution and does not require stopping the operation of the
building during the execution of the seismic reinforcement. The reason for the study is the
serious damage that the building suffered during the earthquake of 22.05.2012, which was weak
for the Sofia region (see [3] and [4]). Then the building registered significant damage in non-
structural elements in the upper floors, and especially above the tenth. This necessitated a
structural survey of the building in order to draw up a technical passport, according to which
seismic strengthening of the supporting structure of the building is required. The aim of the
current development is to present a new method for the Bulgarian construction practice for
seismic strengthening of tall buildings, which has not been applied in our country, although it is
widely used in countries with a degree of seismic risk comparable to that in Bulgaria. The
external steel structure seismic strengthening method is very suitable for relatively tall buildings,
for example 10-20 stories. It turned out that many such buildings in Bulgaria, built before 1987,
have major seismic problems.

2.2.1. Seismic evaluation of the existing building

The building was designed and completed in the late 1960s. It is relatively high - fourteen
floors, with a reinforced concrete supporting structure. As a result of the analyzes and
examination of the supporting structure, it was established that the structural system, for
example, of block A consists of columns and reverse flat beams plus an elevator core located at
the end and a wall of the stairwell ( Fig. 1 and Fig.2). The core and wall significantly worsen the
seismic behavior of the building, making the structure very sensitive to torsion. Most likely, the
building was investigated for an earthquake according to the Bulgarian seismic norms of 1964.
For the purpose of developing a project for seismic reinforcement of the building, its existing
supporting structure was seismically evaluated. The studies were carried out in accordance with
the requirements of Eurocode 8, parts 1 and 3. Due to relatively insufficient data on the
reinforcement and construction of the elements absorbing the seismic impact, a method with a
behavior coefficient ¢ = 1.5 was used in the seismic evaluation. as required in [2]. For this
purpose, a spatial model of the building was developed and studied. The relative inter-story
displacements along the short side of the building, in the damage containment check, are shown
in Fig. 3, and the periods of free oscillations for the first few shapes are as follows: T1 = 2.62
sec. (predominantly torsional), T2 = 2.21 sec. (mostly translational in the transverse direction),
T3 = 1.85 sec. (mostly twisting). Evaluation of the P-A effect shows that it is also a significant
contributor. Additionally, the bearing capacity checks in a seismic design situation of a
significant portion of the seismic reinforced concrete elements are not satisfied. The main
conclusion from the analysis of the existing structure of the building is that its supporting
structure has insufficient stiffness and load-bearing capacity for its seismic protection. In
addition, the time when the building was built (the 1960s) gives reason to think that its structure
has almost no ductility, because the Bulgarian seismic norms of 1964 did not require ensuring
stable inelastic behavior of the buildings.
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Fig.3. Spatial m(;del of the existing structure Fig. 4. Formwork plan of type floor of block A

2.2.2. Choosing a strategy for the seismic strengthening of the building

A more detailed analysis of different seismic amplification strategies is given in [3] and [4].
The fact that the building has significant problems, both with stiffness and bearing capacity and
ductility under seismic impact, necessitates the choice of a seismic strengthening strategy that
excludes the strengthening of individual structural elements, i.e. the methods with externally
glued polymer reinforcement, which are very modern in Bulgarian construction practice, are
excluded as inappropriate. A strengthening option was sought to improve both the load-bearing
capacity, the stiffness of the building, as well as its ductility as much as possible. Additional
problems to find a solution are the requirements for a minimal suspension of the building from
operation. l.e. in practice, the building must function almost continuously. Variants with only the
installation of steel connections and reinforced concrete walls inside the building were
investigated, but after their investigation they were rejected for the following reasons: -
Impossibility to ensure the load-bearing capacity of the embedded new elements - steel
connections or walls. The application of such methods necessitates stopping the functioning of
the building for significant periods of time, which is not permissible in the specific case; - It is
necessary to seriously strengthen the existing foundation, which is an expensive and labor-
intensive operation. For these reasons, a new method for seismic strengthening was chosen for
the Bulgarian construction practice: - application of an external steel structure. This method of
seismic strengthening has been applied for years in countries with a seismic risk comparable to
that of Bulgaria. The method is even considered in some seismic amplification standards [2]).
The advantages of the method are as follows: - The suspension of the functioning of the building
is for a relatively short period of time, according to the imposed requirements; - There is no
significant change in the existing architectural and functional solution; - The external steel
structure 1s performed on its own foundation, which is usually only connected to the existing
one, and significantly heavy and expensive interventions in the existing foundation structure are
eliminated. The significant intervention in the existing facade of the building is considered a
disadvantage of the method in Bulgaria. In other countries, such as Japan, for example, this is not
considered a disadvantage, but is even classified as an advantage, because it gives a safe, modern
and technological look to the building. It should be borne in mind that in many cases the method
of seismic strengthening with an external structure is only possible for high-rise buildings, if
high-tech and expensive methods with vibration damping devices, seismic isolation, etc. are
excluded.

2.2.3. Implementation of the selected amplification strategy

A project has been developed for the chosen amplification strategy. A scheme of the applied
construction is given in Fig. 5. Due to the presence of an adjacent joint body (body A), it is
possible to apply external steel construction only on three sides of the building. This also
necessitated the installation of two additional reinforced concrete walls — one actually reinforcing
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an existing wall from the stairwell, and the other located in an existing frame structure along the
wall next to the joint. The availability of the foundation structure of the building, which is a rigid
box type, leads to the minimization of interventions in the foundation because of the applied two
additional walls. For the reinforced building, it is assumed that the existing reinforced concrete
elements - columns, core, etc. are secondary elements, according to the classification of [2].
These secondary elements are strengthening locally. The significantly improved seismic
behavior of the building is evident from the relative inter-story displacements presented in Fig. 6
and Fig. 7. Additionally, the periods of free oscillation for the first few shapes are as follows: T1
= 2.35 sec. (mostly translational in the transverse direction), T2 = 2.27 sec. (mostly translational
in the longitudinal direction), T3 = 1.39 sec. (mostly twisting). The assessment of the P-A effect
shows that it complies with the requirements of [2]. A major problem in the seismic design of
buildings with an external steel structure is ensuring a connection between the existing old
reinforced concrete building and the new structure, including the foundation. For this purpose,
the recommendations given in [3] were used, i.e. the Japanese experience. A detail of the
connection between the old and the new construction is given in Fig. 8a. The expected visual
result of seismic amplification is shown in Fig. 8b. According to the authors, it is impressive and
gives a new, modern look to the building.

Fig.5a,b,c. -a) Model of the structure after seismic strengthening with external steel structure; -b)
Formwork plan of a type floor after strengthening the structure; -c) Vertical views of the
structure after reinforcement
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Fig. 6. Relative inter-floor displacements Fig. 7. Relative inter-floor displacements
in the "X" direction (longitudinal) in the "X" direction (longitudinal), after reinforcement
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Fig. 8a, b.-a) Details of connection between the existing and reinforcing structure; -b)
Visualization of the design solution on the facade of the building
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2.2.4. Conclusions

The conducted researches, briefly presented in the present work, enable the following main
conclusions to be made: - The examined method for seismic strengthening with an external steel
structure enables effective strengthening of relatively tall buildings in Bulgaria; - When
implementing the method, special attention should be paid to the connection between the old and
the new construction, including the level foundation; - Eurocode does not give sufficiently
specific guidelines for the application of the method, but fully sufficient information on the
problem can be found in the Japanese Standard for Seismic Reinforcement and in Japanese
practice.

2.3. Case Study 3-Application of viscous wall dampers for the extension of ,,Radisson”
hotel in Sofia[6]

2.3.1. General Data

This report presents the upgrade of a two-story existing reinforced concrete structure with
seven floors. A steel structure with vertical connections in both directions is applied to the
superstructure. The existing structure was completed in the 1960s and was designed for vertical
loads only. This necessitates its seismic securing before the superstructure is implemented. In
order to prevent contact between the superstructure and existing adjacent buildings in case of
seismic impact, a passive seismic control system has been implemented. It consists of 21
vibration damping devices (Viscous Wall Damper), significantly reducing the absolute and inter-
floor displacements, as well as the forces transmitted to the existing structure. Introduction a
real project for upgrading an existing reinforced concrete building using a steel structure is
presented. The investigated approach to improve the seismic behavior of the structure is the
incorporation of a passive seismic system in the form of vibration damping devices installed in
the steel superstructure. The main purpose of such type of systems is to reduce the seismic forces
that are transmitted from the superstructure to the existing reinforced concrete building by
increasing the damping. In addition, the heat-damping system is an effective method to
significantly reduce the horizontal displacements of the superstructure under seismic conditions.
Thus, hitting adjacent existing buildings during strong earthquakes can be avoided. The main
purpose of the report is to evaluate the effectiveness of the system.

2.3.2. Description of the building

The presented report is focused on a real project that is in progress. The existing building is
a two-story hotel with a reinforced concrete frame structure designed to withstand vertical loads
only. The building was built in the 1960s and is being upgraded with a seven-story steel structure
that has vertical seismic connections in its two main directions. Additionally, they are provided
twenty one vibration damping devices to be installed in the metal structure. In order to be
resistant to seismic impacts, the existing structure is strengthened by means of vertical steel ties
that are embedded in the reinforced concrete frames. Reinforced concrete casings of the columns
are implemented only to absorb gravity loads. The building's single foundations are united by a
reinforced concrete foundation slab. It is also installed a system for monitoring the stresses in the
main plane of the foundation construction and the settlements in the depth below it. A view of
the building is presented in Fig. 9.
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Fig. 9. View of the building under consideration
2.3.3. Reinforcement of the existing building

2.3.3.1. Installation of vertical steel frames

Part of the strengthening of the two-story part of the hotel was done by incorporating steel
ties. They are embedded in the existing reinforced concrete frames of the building. These frames
were originally designed to take vertical loads only. The computational procedures used in this
strengthening approach are based on the Japanese Standard in accordance with Eurocode 8 and
are detailed in [3] and [4]. Example embedded connections are presented in Fig. 10a, b.

Fig. 10a, b. Typical built-in vertical steel frame

2.3.3.2. Reinforcement of columns

The main columns are reinforced by reinforced concrete casings to be able to absorb the
additional vertical load resulting from the superstructure. Some details of their reinforcement and
a view of the reinforced concrete casings are presented in fig. 11a,b. Self-compacting concrete
was used for the execution of the casings.

a)
Fig. 11a,b. Reinforcement by reinforced concrete casings
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2.3.3.3. Strengthening of foundations and monitoring

The existing single foundations of the building are united by a common foundation plate,
and a monitoring system has been implemented to monitor stresses and deformations. The main
purpose of the monitoring system is to compare the calculated stresses in the base plane and the
soil settlements at depth below it with the actual ones during and after the upgrade. It is
important to check whether the redistribution of stresses in the main plane of the foundations
after their union is as expected and to determine whether excessive settlements have been
generated (Fig. 12)
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Fig. 12. System for monitoring the foundation structure

2.3.4. Analysis of the application of vibration damping devices

2.3.4.1. General description of vibration dampening devices

The existing part of the hotel is located next to other neighboring buildings (Fig. 9). In
addition, the possible locations for embedding vertical steel connections were limited due to the
functional requirements of the building. A passive seismic system has been added in some of the
superstructure's vertical steel connections in the form of energy dissipating devices. The goal is
to be achieved two main goals - reduction of seismic displacements, and hence avoidance of
hitting neighboring buildings and reduction of the effect of seismic impact on the existing
reinforced concrete frame construction. The vibration dampening devices are shown in fig. 13. A
total of twenty-one vibration damping devices were installed - fourteen in the longitudinal (X-
axis) and seven in the transverse (Y-axis) direction.

Fig. 13a,b. Testing of vibration dampening devices-a) and their storage on the construction site-
b)

The results show that the structure can be significantly lightened by reducing some
important parameters (such as acceleration, shear forces in foundations, etc.) through the use of
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vibration damping devices. The main advantages of vibration damping devices are: * Well-
known, reliable, simple and proven technology for all possible types of constructions all over the
world; « The direction of applicability is horizontal; * Reduction of interference forces;
» Economically expedient solution without the need for maintenance.

2.3.4.2. Computational model for analysis with accelerograms (timehistory)

In accordance with Eurocode 8 [2], the Bulgarian elastic response spectrum for the territory
of the city of Sofia has been applied (Fig. 6). The analysis with accelerograms (time history) was
performed using artificially generated ones that fit the response spectrum used in the calculations
(Fig. 14a.b).

)
TR

Fig. 14a,b. Artificially generated accelerogram and elastic response spectrum for the city of
Sofia (soil type C)

The dynamic analysis of the building was performed using the software product SAP2000,
version 15.1.0. More information on the analysis approach is available in [2] and [3,4]. A spatial
model was analyzed using the finite element method. The idealization of the building is done
using elements from the SAP2000 library: frame elements (for columns and beams), link
elements (for vibration damping devices) and shell elements (for walls and slabs) - Fig. 15.

Fig. 15. Model showing points and elements in which the changes of displacements and efforts,
respectively, are traced

2.3.4.3. Results of dynamic analysis with accelerograms (timehistory)

The analysis with accelerograms (time-history) was performed to establish the behavior of
the structure under seismic conditions. Two models of the building were studied - with and
without vibration damping devices. The first two oscillation modes for both models are shown in
Fig. 16.

Fig. 16. First and second form of vibration (translational)
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The periods of the first two forms of oscillation for both models are as follows: * without
vibration damping devices - T1=1.075 s; T2=0.968 s; « with vibration damping devices —
T1=1.406 s; T2=1.091 s. Some parameters of the seismic behavior of the construction are given
quantitatively in Fig. 17.
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Fig. 17. Movements over time of point CE at the roof plate level in the two main directions X
and Y

Some typical results are shown in Table 1. A comparison is also made between the results of a
system with and without vibration dampers.

Table 1, Comparative analysis in direction x

Max. absolute value Without Viscous Wall- With Viscous Wall- Difference[%]
damper damper

Displacement of the point 293,13 110,75 37,8

CP in the level of roof

plate

Displacement of the point 273,02 104,83 384

CE in the level of roof

plate

Acceleration of the point 3,0 0,63 20,9

CElg]

Acceleration of the point 2,72 0,58 21,3

CP[g|

Shear Force in Column 317 195 61,5

SC113 [kN]

Shear Force in Column 292 201 68,8

SC117 [kN]

Shear Force in 60969 29754 48,8

fundamen|kN]

Overturning moment 1751673 1454059 83,0

6. Conclusions

The presented research allows the following conclusions to be made: * The passive seismic
system with vibration damping devices is a very efficient method for improving the seismic
behavior when upgrading existing reinforced concrete structures with metal structures;
* Vibration damping devices significantly reduce inertial forces in both structures - the existing
and the superstructure (by 35+65%). In this way, the requirements for strengthening the existing
part are eased; ¢ Vibration damping devices significantly reduce displacements (by 30+60%)
compared to the same construction without vibration damping devices. This helps avoid hitting
neighboring buildings in strong earthquakes.

2.4. Case Study 4- Project for the conversion of an electrical and radio repair shop into
a shop and showroom for heating and solar installations, located in a housing cooperative
in the city of Sofia, Oborishte district, Gen. Danail Nikolaev Blvd.; No. 8; bl. 3, (seismic
insurance)(7].
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2.4.1. Reinforcement of the construction of an apartment in a housing cooperative in
Sofia

The site is a seven-story residential cooperative, the ground floor of which has been
remodeled to create a store and a showroom for heating and solar installations. During this
reconstruction, a total of four vertical brick walls were removed, playing the role of earthquake
diaphragms, ensuring the earthquake resistance of the building. In place of the removed brick
walls, this project provides a structural solution to seismically secure the building's structure to
an earthquake of the VIIIth degree, by implementing a total of four steel reinforcing frames,
which are installed in the places of the removed brick walls.

2.4.2. History of the construction of the residential building

According to the residents of the building, it was built in 1966 as a massive brick-reinforced
concrete structure. It was executed monolithically and consists of reinforced concrete slabs,
beams and columns, as well as brick walls made of solid single bricks with a thickness 12.5 and
25 cm. The perimeter basement (basement) walls are made of monolithic concrete with a
thickness of 60 cm. The building is 7 floors with a floor height of 2.90 m. Ground floor with H -
2.9 m, and basement with H - 2.1 m ., with a flat roof - cold, with the second roof plate being
inclined, with waterproofing. For this reason, the analyzes that will be prepared to investigate
these structures for seismicity will not treat the bearing capacity of the block as a whole in an
earthquake, but only the forces that will be obtained at the locations of the removed brick walls.
From the on-site inspection of the existing building and from the analysis of the static
calculations, the main conclusion emerges that the assumption of the vertical operational loads
and their transfer to the foundations of the building is realized through a skeleton-beam system
consisting of slabs, columns and beams. The spatial stability of the building for seismic impacts
is ensured by the reinforced concrete skeleton and the brick walls made of solid bricks in the
building. After a thorough study of the presented architectural projects, the following facts were
established: An architectural project was prepared with the client Emil Jartov. It provides for the
demolition of four existing brick walls with dimensions: 25/247 cm.; 25/314 cm.; 12.5/400 cm.
and 25/240 cm., as well as the opening of a new door in an existing wall with dimensions 80/200
After the conversion of the ground floor, the floor slab will have to take the same calculated
useful load as it was before the conversion, according to the "Regulations for Loads and Effects
on Buildings and Facilities" 1989, and due to the non-change of the purpose of the site. The need
to reinforce the openings in place of the removed internal brickwork is correctly reflected.
On the basis of the extensive study of the architectural documentation of the completed
reconstruction, the following conclusions were drawn: The realization of openings in the brick
walls involved in the absorption of horizontal impacts is allowed to be carried out only on the
condition that the disturbed net stiffness and load-bearing capacity of the structure is restored the
building being reduced by removing brick walls. This is accomplished by framing openings with
steel frames firmly connected to the brick wall elements or columns and purlin around the
opening. The calculation of each reinforcing frame must be preceded by the study of a well-
prepared dynamic model of the building through software products: "SUPERSTAT" ; "SEIZM" ;
"SAP2000" etc. The resulting seismic forces and displacements in this part of the building must
be satisfied in terms of strength and deformation by the construction of the reinforcing frame. In
the implementation of the architectural project, which proposes the removal of existing brick
walls between reinforced concrete columns in order to unite adjacent spaces, it is necessary to
implement steel reinforcing frames in the openings. They will guarantee the same seismic
resistance of the building as it was before the proposed reconstruction. The earthquake building
was studied with software products established in construction design, and the results will serve
as a basis for the implementation of the strengthening frames. Static calculations of the
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reinforced concrete structure of the VIIIth century earthquake building were performed with the
program of "CESSI" - "SEIZM" (right and left sections). After that, static calculations were
performed with the "SUPERSTAT" program of the steel frames and their corresponding sizing
was done. In order to obtain the forces with which to calculate and size the steel reinforcing
frames placed in the places of the removed brick washers, the building was calculated to the
VIIIth degree for the Sofia city area according to several calculation models / described in
Appendix I - "Seismic analysis" - see folder "KMD"/. On the basis of the comparative analysis, it
was established that the proposed mechano-mathematical model of the supporting structure,
adopted in the "SEIZM" program of "CESSI" gives reliable results that can be used for the study
of the reinforcing steel frames. In this program (unlike many others, which work with a
cantilever, with a stiffness equal to the sum of the stiffnesses of all the diaphragms), all the
washers are worked at the same time, described with their geometrical characteristics, number of
floors covered in them and modulus of elasticity and angular deformations. In addition, it also
covers rotational effects, resp. twisting moments resulting from the mismatch of the center of
mass with the center of rigidity of the building. The resulting limit forces at the locations of the
removed brick walls: horizontal earthquake force, vertical earthquake moment and vertical
earthquake load, are used to size the steel reinforcing frames. In the computer printout from the
"SEIZM" program attached to the static calculations, all framed and unframed brick diaphragms
with vertical reinforced concrete columns are listed, their geometric parameters, number of floors
they reach, reduced modulus of elasticity and angular deformations, according to the joint
behavior of the reinforced concrete columns and brickwork under horizontal earthquake loads.
Also determined is the type, location and direction of placement of B.H.K. in the building. The
location and characteristics of the applied weights along the height of the building have been
determined, as well as the necessary coefficients set according to the 1987 NPSSZR. to
determine the storey seismic forces. As a result of these calculations, the limit values of
displacements and shear forces in B.H.K., on which we dimension the reinforcing steel frames,
were obtained.

2.4.3. Static calculations of reinforcing steel frames

The reinforcing steel frames were tested at three simultaneous earthquake forces obtained at
the locations of the removed brick walls of the VIII degree earthquake. For the calculation of the
steel frames of the simultaneous action of horizontal earthquake force, vertical earthquake
moment and vertical earthquake load, the program product "SUPERSTAT", developed on the
basis of the finite element method, was used. Each one of the steel frames is descretized into a
certain number of end elements with different geometric characteristics, on which, as well as on
their nodes, the corresponding effects were placed - horizontal and vertical forces in the nodes
and an extra-nodal uniformly distributed load. The resulting sectional forces: bending moments,
transverse and normal forces are plotted in "M", "Q" and "N" diagrams, where the nodal
equilibrium of the structure is checked and a final static check is made according to the laws of
construction mechanics.

2.4.4. Dimensioning of structural elements of steel reinforcing frames

For the resulting shear forces, the steel frames are dimensioned and secured, according to
"Standards for Design of Steel Structures" - NPSK 1987. of strength, resistance and stiffness.
The anchor bolts at the steps are sized for shear, tension and bending forces resulting from the
earthquake actions at the column toes. The anchor bolts that connect the steel structural elements
of the reinforcing frames to the reinforced concrete parts of the building, columns and slabs/ are
also sized for shear and bending forces resulting from the impact of the horizontal seismic force.
The corresponding dimensions of the applied connecting means /welded and bolted joints/
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according to NPSK 1987 have also been carried out. Inspections of the horizontal displacements
of the frames due to the seismic load were carried out, and it was observed that they satisfy the
requirements for inter-floor displacements according to the 1987 NPSSZR. The column base
plates are dimensioned as an elastic plate loaded with the reactive stresses produced beneath it in
the reinforced concrete slab by the vertical axial forces in the columns.

The current work project under the "Construction-constructive" part was developed on the
basis of a written assignment by the investor, to carry out strengthening measures in the ground
floor converted into a shop at "Gen. Danail Nikolaev Blvd. No. 8, block 3" with the aim of
achieving of such seismic resistance of the building as it possessed before the reconstruction in
the ground floor. For this purpose, a seismic analysis of the existing load-bearing structure of the
residential building was carried out in order to find the corresponding floor seismic forces and
displacements in those parts of the building where the vertical brick walls were removed. On the
basis of the mechano-mathematical models known in practice for determining the calculated
seismic load on the supporting structure of the building and with the help of the calculation
program of CESSI - "SEIZM", the story seismic forces and displacements in those parts of the
building in which they were removed were determined in the remodeling the brick walls, and in
place of which we will design replacement steel frames. The calculations were carried out under
the assumption that the brick walls and reinforced concrete columns work together on seismic
effects, which is accounted for by the adoption of a bent module of the masonry. Analyzing the
results of the research /in the prepared "Seismic analysis" - Appendix No. I/, it was found that
the building according to the model of Prof. H. Nissimov, Prof. L. Tsenov, as well as the
"Eurocode 8" designs, does not give satisfactory results in the studies of the VIII degree
earthquake. For this reason, on the basis of the obtained seismic forces in the places of the
removed brick walls, the relevant reinforcing steel frames were investigated, the constructive
solution of which will be the subject of the written material presented below in the text.

2.4.5. Description of the structural solutions of the steel reinforcing frames. Load and
impacts. Static calculations.

2.4.5.1. Steel frame "P1"

The frame is located in letter axis "B" and numerical axes "3" and "4". The frame is
completed in place of a removed internal partition wall, adopted in the calculations for the
earthquake washer "III1 in the right section.". The thickness of the brick wall was 25 cm. In its
place, a portal opening was left, formed by two reinforced concrete columns "K2" and "KS5"
along axes "3" and "4" and a reinforced concrete slab along axis "B". The steel frame is located
under a reinforced concrete slab. The presence of two reinforced concrete columns and a slab
determined the nominal axial distance between the columns to be 2468 mm. /trait No. 1/. The
frame is a single-ship, full-wall, single-story, double-jointed structure with external axial
dimensions: 2468x2780 mm. It is made of (GVP) HEB 200 steel profiles with full-wall I-cross
sections. The steel frame is U-shaped, composed of two vertical columns "K1 and K2" and three
horizontal beams "G1, G2, G3". Vertical columns and beams are connected by welding joints. At
their lower end, the columns end with support plates with dimensions: - 30x400x400 mm.
connected to them by welding seams and two ribs each — 14x250x400 mm., placed on the sides
of the column and welded to it and the slab. The anchoring of each of the columns to the
reinforced reinforced concrete slab is carried out by means of seven "HILTI" type anchor bolts
with a diameter of 20 mm. and length 190 mm. On the sides, the steel columns are connected to
the reinforced concrete columns by means of steel plates, anchored in turn with "HULTI" M 16
adhesive anchors to them. Steel plates "FP1" with dimensions 20x200x220 mm. fix during
installation, the exact distance between the outer sides of the columns, which in this case is 2468
mm. This distance is fundamental to the geometry of the frame and must be respected when
fixing the location of the columns. This means that the installation of these fixing plates must be
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checked with great responsibility and in the presence of the designer. Two holes with ¢18 mm
are made in the plates. with a countersink large enough to allow the stud nut to be sunk into it.
This allows after the adhesive anchor is installed, the protruding part of the stud can be cut off
and the nut left submerged, then welded into the hole. At their upper end, the columns are
connected to the steel beam "G1" by means of nodal plates anchored to the ceiling, which unite
the two elements on one side. The planks are 20 mm thick, 400 mm long. and width — 220 mm.
and are anchored to the ceiling slab. In addition, the columns and beam "G1" are united by nodal
plates, reinforcing the frame node. Beams "G2 and G3" are made of HEB200. In the places
where the beams are connected to the columns, local ribbing of the stem of the columns with the
dimensions of the plates: - 10x170x85 mm is carried out. The connection is realized by welding
joints. The connection of the steel bar "G1" with the reinforced concrete slab is carried out by
anchored with Hilti to the reinforced concrete slab - 20x200x220.

2.4.5.2. Steel Frame for strengthening of building apartment

The photos focuses on the strengthening of non —ductile RC building, designed in 1966.
The case study present an example of a seven —stories buildings with removed masonry walls,
replaced by steel frame. The —infill r.c. frame is designed in accordance with regulations of
1964,s. The building is strengthening with steel frame in the first floor to comply with the current
national seismic code. In fig. 18 are shown: Construction detail of the steel frame, between
column and beam of frame. Steel frame for strengthening of non —ductile RC frame after
removed the masonry infill. Two one span steel frames in the first floor of the building during
strengthening.

Lk

B : L1 L Bl11] : o I.Il;..;r-.:.::.?l;" T
i it s
| = i) :u.ﬁl ﬁ'l{ e t .
Fig.18. Two one span steel frames in the first floor of the building during strengthening,
Designers: D.N.P and M.S.P. 2006

2.5. Case Study 5- Redevelopment of apartment No. 2 in two stores for industrial goods
in a housing cooperative, located in quarter 439, m. Centera, property No. 11 according to
the plan of the city of Sofia, district '"Sredets" SO, str. Lyuben Karavelov” No. 24, (seismic
insurance)(8]

2.5.1. General data

The current work project under the "Construction-constructive" part was developed on the
basis of a written assignment by the investor, to carry out strengthening measures in the
residential apartment converted into shops at 24 "Lyuben Karavelov" street in order to achieve
such seismic resistance of the building , as she owned it before the remodeling on the ground
floor. For this purpose, a seismic analysis of the existing load-bearing structure of the residential
building was carried out in order to find the corresponding floor seismic forces and
displacements in those parts of the building where the vertical brick walls were removed. On the
basis of the mechano-mathematical models known in practice for determining the calculated

82



VII MEXAYHAPOJHA HAYYHA KOH®EPEHIIUA BAHW’ 2023
7th INTERNATIONAL SCIENTIFIC CONFERENCE BASA' 2023

seismic load on the supporting structure of the building and with the help of the calculation
program of CESSI - "SEIZM", the storey seismic forces and displacements in those parts of the
building, in which they are removed at rebuilding the brick walls, and in place of which we will
design replacement steel frames. Calculations were carried out under the assumption that the
brick walls and reinforced concrete columns work together on seismic actions, which is
accounted for by adopting a translated modulus of the masonry. Analyzing the results of the
research /in the prepared "Seismic analysis" - Appendix No. I/, it was found that the building
according to the model of Prof. H. Nissimov, Prof. L. Tsenov, as well as the "Eurocode 8"
designs, gives satisfactory results at the studies of the VIII degree earthquake. On the basis of the
obtained seismic forces in the locations of the removed brick walls, the relevant reinforcing steel
frames were investigated, the description of which will be the subject of the written material
presented below in the text. One way of seismic strengthening of existing R.C. Frames is
realized by improving strength, stiffness and ductility of r.c. elements, using various techniques
such as added high-strength mortars, jacketing with steel elements or fibre plastics. An
alternative approach for seismic strengthening of existing r.c. frames can by accomplished by
adding an additional earthquake —resistent system, such as various typologies of eccentrically
braced steel frames (EBSF)(Fig.19).
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Fig.19. Different typologies of Dissipative Frame: a) inverted V eccentrically braced frames, b)
inverted Y eccentrically braced frames, c) concentrically braced frames using buckling —
restrained braces, d) knee-braced frames

The new structural system can be easy designed as a dissipative system. In order to limit the
damage in the existing r.c. structure and to concentrate plastic in the dissipative steel bracing
systems, the latter should possess a higher stiffness than the former. This objective is
accomplished naturally in case of braced steel frames. Reinforced concrete skeletal structures,
infilled with masonry walls built in seismic zones in Bulgaria before 1960, have been designed to
resist mainly to gravity loads and wind. At present, when such types of structures are subject to
structural and architectural evaluation, in most cases they need to be strengthening according to
the current seismic design code. One method of seismic strengthening of existing reinforced
concrete frames with removed masonry walls uses additional earthquake resistant system such
as various types of steel frame(Fig.20).
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Fig.20a,b,c,d. Different typologies of Steel Frame uses as additional earthquake resistant
system: a) Truss steel frame, b) Polygonal steel frame, c¢) Steel frame consists from two closed
counter, d) II-shape steel frame
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The new structural system can be easy inserting inside the R/C Frame. This system have
several advantages: Steel members can be connected directly to the existing R/C elements;
Connection between the new steel frame and existing R/C frame can realized over a longer
interface, leading to smaller concentration of forces due to earth-quake loading.

2.5.2. Application to an building apartment
1.5.2.1. Steel Frame Strengthening Method

This retrofit method has been used in a total of 10 projects consisting of nine apartment in
residential public buildings and one railway station.

Fig.22. Application to an building apartment

They was developed in Japan, USA, New Zealand. Internal or external steel Frames are
installed to the existing R/C structural frame with the aim to enhance its seismic performance.

Fig.23. Steel Frame in the first floor of the building

An alternative solution consists in inserting a full steel frame inside the r.c. frame(Fig.23).
This system has several advantages. The choice of frame typologies is larger in this case.
Connection between the new steel frame and existing r.c. frame can realized over a longer
interface, leading to smaller concentration forces due to earth-quake loading. The configuration
of the opening, where we must install the new steel frame and *“ Proposal for the strengthening”
In this seismic retrofit method for strengthening of existing reinforced concrete frames, steel
frame are imply to the existing R/C columns and girders of the retrofit structures. This retrofit
method has been used in a total of 10 projects consisting of nine apartment in residential public
buildings and one railway station. The steel frames are usually placed in vertical aligned spans.
This system allows to obtain a great increase of stiffness with minimal added weight. It is very
effective for existing structure for which the poor lateral stiffness is the main problem. The steel
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frames increase the lateral stiffness of the concrete frame , thus increasing the natural frequency
and also usually decreasing the lateral drift. However increase in the stiffness may attract a
larger inertia force due to earthquake. Then arise the question: How to transfer the internal
forces in the mixed structures? Only through the new steel frame or through the composite steel-
concrete construction. A special configuration is possible when the new steel frame are inserting
inside the R/C Frames(Fig.24).

Fig.24. Example of application of steel truss frame and polygonal steel frame which are
inserting inside to the R.C. Frame. Front of view elevation with Steel Truss Frames and
Polygonal steel frame

2.5.3. Seismic analysis of the existing structure

Distribution of horizontal seismic load between masonry walls (linear strut model). Floor
horizontal seismic forces from acting on the building shall be allocated to the respective
direction-along X and Y direction proportional to the stiffness of individual vertical diaphragms
in the present direction. In order to obtain maximum horizontal seismic forces in places removed
masonry walls, which must be substitute with steel frames, stiffness of individual diaphragms
was adopted without taking into account the presence of openings for windows. and doors
directions. The idea of vertical polygonal steel frame between r. c. columns and girders came up
as a suitable solution. For this design solution, detailed static and seismic analysis was carried
out to verify the stability of the structure and the bearing capacities of all cross sections and the
reconstructed structure as a whole as well as the limit state of usability. View of steel frame of
the polygonal steel frame is shown in Fig.25.

g0 — b ) bt} Su) T

2.5.4.Conclusion

The application of linear models of the infill is useful in everyday design, but not when
assessment of existing buildings is performed. Such simplified models should be used mostly
for preliminary analysis and modal dynamic analysis. As is well known , masonry infill bring to
structures extremely inelastic behavior, due to the brittle nature of the composing materials. The
proper assessment of the behavior of infilled R/C frames is may possible when nonlinear
modeling and analysis is applied. Application of the SEISMOSTRUCT multi - strut nonlinear
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infill model in combination with programs “Adaptive Nonlinear Pushover Procedure® is
presented in first two figures. A part of the mentioned above structure( front facade of the
building) is modeled and analyzed with SEISMOSTRUCT software package. The main purpose
was assessment of the effect of 1-st storey masonry infill removal, which has happened during a
reconstruction. The results shown , that if the infill was not removed the ultimate total base shear
force would have been 1150 kN, but after the removal it is only 900 kN, or more than 20 %
decrease in the load carrying capacity of the building even though all elements were left intact.
(The nonlinear analysis was provided from Ci.Eng. V.Petkov, one of the author of the paper in
the frame of his Ph study).
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MASS TIMBER IN TALL BUILDINGS AND IN OLD STRUCTURES
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Abstract: Information about the development of the tallest buildings made of mass
timber. The height of record-tall timber buildings has tripled in recent decades. The tall
buildings can be: a) all-timber, b) timber-concrete hybrids, c) steel-timber hybrids, d)
timber-concrete-steel hybrids. Load-bearing elements: columns, beams and walls can be
made of grown wood or of certain types of composite timber. We distinguish the following
types of structural composite lumber for load-bearing purposes (SLS): a) CLT, b) DLT, c)
NLT, d) MPP, e) GLULAM, f) LVL, g) PSL, h) LSL. The contribution represents a part of
the power-point lecture, which is used in the pedagogical process by Pavla Balazova , for
Slovak and foreign students (e.g. from Albania, Belarus, Brazil, Egypt, Georgia, Greece,
Hungary, Iran, Kazakhstan, Kenya, Kuwait, Lithuania, Mali, Nigeria, Palestine, Poland,
Russia, Serbia, Spain, Syria, Great Britain and Ukraine). The CTBUH materials and
diagrams from Damian Koh's website are used in the contribution. Old timber structures.

Key words: tall buildings, mass timber, timber-concrete-steel hybrids, education of
structural engineers, old timber structures

1. Introduction
Today there are 139 mass timber buildings around the world of eight stories or
higher, either complete, under construction, or proposed. CTBUH reviews a decade of
progress in the worldwide mass-timber movement, with analysis by building height,
location, function, structural material, and several other parameters.
In the CTBUH study performed till February 2022 it is written [1]:
- there are 66 completed mass timber buildings globally, 8 stories and higher (54 in
Europe — 71 %; 6 in North America; 5 in Australia and 1 in Asia);
- 64 % of all mass timber buildings are residential;
- the key advantages of mass timber: a) they are strong, the mass timber can be used
to supplement or replace steel or concrete as a structural solution; b) they are
sustainable. The forests are sustainably managed so we can rely on timber supply

! Balaz Ivan, emeritus Prof., Ing., PhD., Faculty of Civil Engineering, Slovak University of Technology,
Radlinského 11, 810 05 Bratislava, The Slovak Republic, ivan.balaz@stuba.sk
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The Slovak Republic, balazpa@gmail.com
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for generations; c) they are safe, the mass timber building systems are proven to
meet or exceed code requirement;

- it took only 77 minutes for Austrian forests to grow back the timber used in HOHO
building, Vienna. HoHo is 84 m high building with 24 floors and structural type
timber-concrete hybrid;

- it took 49 weeks to complete Stadhaus (29 m high, 9 floors, all-timber), London,
UK, in 2009 in mass timber, compared to 72 weeks for equivalent concrete
building;

- 900000 kilograms of CO; were saved through building Origine, Québec City,
Canda, in timber rather than convential materials. Origine consists of 12-floor solid
wood structure on a concrete podium and measure 40,9 m in height (Figure 12).

Solid timber CLT GLULAM PSL MPP
Fig. 1. Some species of mass timber used for beams, columns and walls in timber
mass buildings (Fig.3).
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Fig. 2. Comparison of the tallest buildings in the world from different structural materials
(state in February 2022) [1], [2].

2. Application of mass timber in tall buildings

According Total number of mass world-wide buildings, 8 stories and higher, grouped by
project stage (completed; under construction; proposed), as February 2022 is 139. Completed total
66 buildings (47 %); under construction total 18 buildings (13 %); proposed total 55 buildings (40
%). Residential total 54 buildings (64 %); office total 16 buildings (19 %); mixed-used total 12
buildings (14 %). Europe total 60 buildings (71 %); North America total 18 buildings (18 %);
Australia total 8 buildings (10 %); Asia (Singapore) total 1 building (1 %).
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Table 1. The tallest buildings in the world from different structural materials (state in
February 2022) [1].

Name City, State Completion Hﬁf’]ht Floors Material Function
. ) ) office
Burj Dubai, United ’
Khalifa Arab Emirates 2010 828 163 | steel/concrete 1"10'[61,‘
residential
Shanghai Shanghai, . hotel,
Tower China 2015 632 128 composite office
Central )
Park New York City, 2020 472.4 98 concrete residential
USA
Tower
Willis )
Chicago, USA 1974 4421 108 steel office
Tower
. timber-
Ascent Milwaukee, 2022 86,6 25 concrete residential
USA .
hybrid
Miostarnet | Dromunddal, - og19 | gsa |18 | alltimber | M-
Norway used
Sara Skelleftesd, steel-timber mixed-
Kulturhaus Sweden 2021 72,8 19 hybrid used
timber- .
De Karel Rotterdam, 2012 70.5 2 concrete- mixed-
Doorman Netherlands . used
steel hybrid
Winni Tallest DELTABEAM
300 Main peg, 2022 142 42 structure in the world.
Canada .
Peikko.

STRUCTURAL COMPOSITE LUMBER (SCL)

CLr DT MPP
1
4
GLULAM VL PSL LSL

Fig. 3. Main species of mass timber: Cross Laminated Timber (CLT), Dowel Laminated
Timber (DLT), Nail Laminated Timber (NLT), Mass Plywood Panel (MPP), Glued Laminated
Timber (GLULAM), Structural Laminated Veneer Lumber (LVL), Parallel Strand Lumber
(PSL), Laminated Strand Lumber (LSL).

There are 60 buildings in Europe (54 completed, 6 under construction): Sweden 12, France 11,
Norway 11, United Kingdom 7, Finland 5, Germany 4, Netherlands 3, Austria 2, Italy 2,
Switzerland 2, Spain 1.

There are 15 buildings in North America (6 completed, 9 under construction): Canada 10, USA 5.
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There are 9 buildings in North America (6 completed, 3 under construction).
There is 1 completed building in Asia, in Singapore.
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@ AN Timber: 29 Buldings @ Concrete Timber Hybric: 6 Bulldings

@ Concrote-Yimbar Hybrid: 20 Buildings ® Al Timber: 5 Buikdings © Concrete-Timber Hybrid: 4 Buildings

@ Concrete-Steel. Timber Hybrid: 7 Bulldings © Stoel-Timber Hybeid: 3 Buildings © Al Timber: 3 Buildings

© Stesl-Timber Hybeid: 4 Buildings @ Concrate-Steel-Tirber Hytwkd: 1 Bullgings @ Conareta-Stes! Timbar Hybrit: 2 Buildings
Europe North America Australia nad Asia

Fig. 4. Number of tallest mass timber buildings grouped according to the structural type [1].

3. Examples of mass timber in tall buildings

)
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»
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)
:
:
:
)
)
:

> -t el :
Ascent Mjostarnet De Karel Doorman
= = 16 stories of timber-steel
- - = hybrid structural system
+ + added to the original 4
CLT pasen et ghian concrete storeys
GLULAM GLuLAN
TIMBER-CONCRETE-STEEL
TIMBER-CONCRETE HYBRID AN-TIMBER TIMBER-STEEL HYBRID

HYBRID
Fig. 5. Parameters see in Table 1 [1].

Hybrid construction systems integrate different structural materials to carry specific design
loads. Connection and joint details are crucial for hybrid structures.

More details about mass timber structures may be found in [4]. The study analyses 350
contemporary multi-storey timber building projects between 2000 and 2021. It consists of 300 built
projects, 12 projects currently in construction, and 38 design proposals.

Some advantages of the timber-steel hybrids [3]: a) greater spanning strength and ductility
than timber alone; b) better suitability for lateral restraint systems especially for taller buildings; c)
more flexibility with layouts and later renovations or change of use; d) ease of assembly and lower
weight than concrete-timber hybrids; e) greater dimensional accuracy, steel akin to mass timber.
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Fig. 6. Lighthouse Joensuu, Finland

[1].
Timber-steel hybrid, 48 m, 14 floors, 2019,
residential.
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Fig. 7. HoHo building in Vienna, Austria [1].
Timber-concrete hybrid, 84 m, 24 floors, 2020,
mixed-use.

Table 2. The tallest all-timber buildings (state in November 2023) [5].

Name City, State Comple- | Height | p Function
tion [m]
residential,
Miostarnet Burmunddal, 2019 85,4 18 hotel,
Norway
office
Limberlost Place Toronto, Canada 2024 52,5 10 education
503 on Tenth Portland, USA 2024 50 10 office
Treet Bergen, Norway 2015 49 14 residential
Butler Square Minneapolis,USA 1908 44,5 9 industrial
.O jbayashl' . Yokohama, Japan 2022 44 11 office
Training Facility
Hoas Tuuliniitty Espoo, Finland 2021 ? 13 residential
T3 Bayside Toronto, Canada 2023 42 10 office
Blindern . .
(7
Studenthus Oslo, Norway 2019 ? 12 residential
T3 Sterling Road
Building SA Toronto, Canada 2023 39,8 8 office
Auckland City
Mission — Auckland, New ? ? 10 | office/residential
Zealand
Homegound
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Fig. 8. The progression of the World’s Tallest Timber Building has been swift, from 29
meters in 2009 to 85 meters in 2019; an almost 300% increase [6]. In November 2023 the
tallest timber building is the Concrete-Timber Composite Over Concrete residential
building Ascent in Milwaukee, USA, from 2022 with 86,6m and 25 floors (Figs. 2 and 5).

CTBUH reviewed till September 2020 more than 75 complete, under construction or
proposed tall buildings around the world, 7 stories or 25 meters in height, that utilize mass
timber in their structure, and determined their distribution by function, region and
structural material use.
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Fig. 9. Distribution of mass timber buildings [6].

4. OIld timber buildings and churches

The Nanchan Temple, also located in Shanxi, is the world’s oldest wooden structure
The Great Buddha Hall, which is 11.75 meters long and 9.9 meters wide in plan, was
constructed in 782 (see Fig. 10). During the past 1200 years, it has endured eight 5.0-plus-
intensity earthquakes without sustaining damage [10].

i
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he Great Buddha Hall, China [7].
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Fig. 10. Nanchan Temple, Shanxi Province — t
& Zeus 1234, CC BY-SA 3.0.

The Yingxian Wooden Tower (see Fig. 11) has been certified as resistant to a 7.0-
magnitude quake, and the Nanchan Temple and The Hall of Supreme Harmony are rated to
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withstand an 8.0-magnitude event. All these timber structures are still standing after
suffering several strong earthquakes in the past hundreds of years, and have clearly proven
the excellent seismic performance of timber structures, largely on account of the
mortiseand-tenon connections used in all three structures. The deformation and frictional
sliding between tenons and mortises, combined with the light weight, good ductility, and
strong energy dissipation capacity of the system, allowed the buildings to balance, absorb
and ultimately dissipate the seismic energy they experienced, and preserved their integrity
[10, 11, 12].

Fig. 11. Yingxian Wooden Tower, Shanxi province, China [7].
& Charlie fong, CC BY-SA 4.0.
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Fig. 12. The Hall of Supreme Harmony, Forbidden City, Beijing, China [7].
@ Rabs003, CC BY-SA 3.0.
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The Hall of Supreme Harmony inside the Forbidden City (Palace Museum) of
Beijing was first completed in 1420, and then reconstructed after suffering several fires
(see Fig. 12). The current structure wasconstructed in 1695. It is 26.9 meters high, 64
meters long, and 37 meters wide. After reconstruction, it survived seven strong
earthquakes with a seismic intensity of 6.0 or higher, and whose epicenter was less than 90
kilometers away. During an 8.0-magnitude quake in 1679, no damage occurred, even
though the epicenter was only 45 kilometers away [11].

Fig. 13. Borgund Stave Church, Norway, circa 1200 AD, still stands today; a) Drawing by
G.A. Bull. (Public domain) [8]; b) € Ximonic (Simo Risinen), CC BY-SA 3.0.

Wood has been an integral part of Scandinavian architecture for centuries, deeply
rooted in the region's culture and history. The abundance of forests and the skillful
craftsmanship of local communities have fostered a deep connection to wood as a building
material,. From traditional stave churches to iconic timber houses, Scandinavia's
architectual heritage ambraces the use of wood in various structural systems. The drawing
of the Borgund Stave Church in Fig. 13, for instance, shows this unique system of raised
roofs, with which the tall internal posts (staver) are interconected with brackets (buakneer).
Many of these practices have been carried forward onto contemporary high-rise
construction. For instnace, the inclined timber frame crowning Mjestarnet, in Brumunddal,
Norway (Figs. 5, 8), resembles a conventional single-family timber frame home with a
pitched roof [8].

Nordic countries have a rich history of using timber as a primary building material,
with traditional vernacular architecture showcasing the beauty and functionality of wood
construction. Wood appears not only in single family houses, but also in relatively high-
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rise structures, known as Stave churches, for instance, Heddal Stave Church (1250 CE) in
Notodden, Norway, (Fig. 14) which is the largest stave church in Norway.

The solid timber has many advantages over modern conventional structural materials,
for instances it requires less energy than concrete or steel for its production. As a
renewable resource with a negative carbon footprint and low embodied energy, timber is
central in the discourse on carbon-neutral, energy- and resource-efficient construction [9].

The discourse of architectural scale plays a crucial role in envisioning timber high-
rises. In early-modernism, timber has been associated with low-rise and midrise structures
due to perceived limitations in its load-bearing capabilities. However, advancements in
engineering, computational design, and manufacturing technologies have challenged this
notion. Through the integration of engineered wood products such as cross-laminated
timber (CLT), glulam, and laminated veneer lumber (LVL), architects and engineers are
pushing the boundaries of what is possible in terms of height and scale. One maginificent
effort is the Mjostarnet building in Brumunddal, Norway (Figs. 5, 8), known as the Wood
Hotel, which is officially the world’s tallest wooden building, and it contains a hotel,
apartments, offices, restaurant, common areas and a swimming facility [9].

- -

Fig. 14. Heddal Stave Church, Notodden, the largest stave church in Norway Source:
Micha L. Rieser; in the Norwegian Directorate for Cultural Heritage database [9].

v

There are unique wooden churches in Slovakia, the peculiarity of which was the
construction technology - all the material had to be made of wood and nails were not
allowed to be used during its construction. According to historical records, there were
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more than 300 wooden churches in Slovakia, in which elements of Western, especially
Roman and Eastern Byzantine culture intermingled stylistically. Currently, we still have up
to 50 of these sacral monuments from the 16th - 18th centuries.

The oldest preserved Roman Catholic wooden churches are influenced by the
Gothic style: Trnové (1500) - Zilina district, Rudno - relocated to the Slovak Village
Museum in Martin, Tvrdosin (15th century) and Zabrez (1647), which is transferred to the
Orava Village Museum in Zuberec - Orava. The only Roman Catholic church from the set
of national cultural monuments is located in the village of Hervartov in the district of
Bardejov.

Church of Saint-Francis of Assisi (Figs. 15, 16) is a Roman Catholic church
situated in the village of Hervartov, PreSov region, The Slovak Republic. The church was

constructed in wood at the end of 15th century.The wall paintings date between 1655 and
1805. On July 7, 2008, the church along with seven other monuments was declared

UNESCO world heritage site under the name "Wooden Churches of the Slovak part of the
Carpathian Mountain Area"

Roman Catholic Church of St. Francis of Assisi in a Slovak village of German
origin, with its two-part floor plan, high roof and other features in the exterior and 16. and
has a purely Gothic character. This wooden church from the end of the 15th century
represents the oldest type in Slovakia. It is made of red spruce. The building consists of a
polygonal sanctuary, a nave, a sacristy and a porch.. The interior underwent several
changes in decoration, mainly during the Reformation period, when rare Reformation
monuments were added, such as wall paintings from 1665. In the 18th century, part of the
Baroque decoration and a late Baroque painting by J. Mirejovsky from 1803 were added.
The main altar, the Altar of the Virgin Mary, St. Catherine of Alexandria and St. Barbory
from 1460-1470 was restored to its original form in 1985-1990 [13].

Fig. 15. Roman Catholic Church of St. Francis of Assisi in the village of Hervartov in the
district of Bardejov, PreSov region, The Slovak Republic. Source: Muzeum.sk [13].
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Fig. 16. Roman Catholic Church of St. Francis of Assisi in the village of Hervartov in the
district of Bardejov. PreSov region, The Slovak Republic. Source: Muzeum.sk [13].
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Timber roof of Notre-Dam Cathedral in Paris [14, 15].

On April 15, 2019, adevastating fire occurred at the infamous Notre Dame
Cathedral in Paris, France. The fire caused significant damage to the historic structure,
which is a landmark in the city and a symbol of French Gothic architecture. The cathedral
has been undergoing restoration works and is on course to reopen to the public in 2024.

A significant portion of Notre-Dame Cathedral’s roof was completely destroyed.
Before the fire, the wooden lattice structure underneath the cathedral's lead roof was
known as the “forest”. It was made up of centuries old oak trees that were added to the
cathedral between 1220 and 1240. Its impressive dimensions measured more than 300 feet
long, 42 feet wide and the transept was over 30 feet tall. Before it collapsed in the 2019
fire, it was one of the oldest frameworks in Paris. To reconstruct the roof, workers will
install 26 timber frames (known as "bents" or “trusses”). This work is expected to take
place from 2022 to 2024 [14].

99



MEXIAYHAPOJIHA HAYYHA KOH®EPEHIIUA BAHW 2023
INTERNATIONAL SCIENTIFIC CONFERENCE BASA'2023

In March 2020, 1,000 oak trees were cut from roughly 200 French forests to make
the frame for Notre-Dame Cathedral’s roof and spire. These trees were selected through a
painstaking process in January and February 2020, as they need to fit the precise
requirements defined by the chief architects in charge of Notre-Dame’s restoration.

The oaks selected are roughly 150- to 200 years old, with some standing over 60
feet tall. Felled at the end of March, before their sap rose to prevent humidity in the wood,
the wood will be dried for 12 to 18 months to make sure it does not shrink or move once in
place.

In response to criticism over the felling of the oaks — some of which stood on
plantations ordered by former kings to build ships and ensure the grandeur of the French
navy — officials say that the number of trees felled represented a very small percentage of
the oaks harvested each year in France, and that these trees would have been felled
anyways as part of routine forestry maintenance.

In June 2020, the first four trees cut from the Bercé forest near Le Mans, France,
were sent to a sawmill about 60 miles away. Transporting the four trees, with the longest
measuring 85 feet long, required two cranes and a special trailer [14].

Think Wood about fire and seismic safety of timber structures [16].

In response to concerns about fire and seismic safety as it relates to wood
construction, industry-driven group Think Wood continues to build resources in its Think
Wood Research Library supporting the application of softwood lumber in residential and
nonresidential building projects. Since its 2017 launch, the library has amassed nearly 900
pieces of research to aid architects, engineers, and other industry professionals in the
design and building of safe, high-performing wood structures. Among the information
collected by the association is research demonstrating fire can be safely and effectively
controlled in wood buildings when proper protections are in place [16].

Fig. 19. rup‘s fire V‘Ee‘st report demonstrates how in a ﬁe, char forms on mass timber at
a predicable rate, slowing combustion while retaining strength. (Photo courtesy of
Arup/Think Wood) [16].
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Conclusion

The Slovak and foreign students are informed by members of the Department of
Languages at Faculty of Civil Engineering, Slovak University of Technology in Bratislava
about current problems related to the architecture and civil engineering. The topic related
to the possible use of timber in the modern timber high-rise buildings and in the old timber
buildings and churches as well is very interesting for the students. The paper should help
the students better understand terminology used in [14]. Given information may be
interesting also for designer in practice.
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JOKTOPCKUAT NAMETHHUK B CO®UsI. TUIIOJOI'USA U AHAJIOTI'NN.
ITPOEKTUPAHE U ITPOEKTHU

THE DOCTOR'S MONUMENT IN SOFIA. TYPOLOGY AND ANALOGIES.
DESIGN AND PROJECTS

Baarosecra UBanosa!

Bucwe cmpoumenno yuunuwe ,,Jlroben Kapasenos
Blagovesta Ivanova

University of Structural engineering and Architecture

Pe3rwome: Hzcnedsanemo 3anoznasa c manko uzgecmmomo 6 buvreapus ume Ha
Anmonun Hoszegp Tomuuka — apxumexma-npoexmanm Ha MOHYMEHMA, U3OUSHAM 6
yecm Ha 3a2uHanume 8 pPycKo-mypckama oceobooumenna eotina npes 1877-1878
B0EHHO-MEOUYUHCKU — CIyJIcUmenu — Jjekapu, @enouiepu, GemepuHapu, Uu
dapmayesmu. Tunonocuama u npuduHume 3a NOCMPOSABAHEMO HA NAMEMHUKA Cd
paszenedanu 6 CpaeHumeneH AcneKm 6b8 8pb3Ka C NOOOOHU — Om 6peMemo Ha
Kpumckama eotina u owcepmeume no moea e6peme 6 Anenus. Bve epw3ka c
MUNONO2UAMA NAMEMHUK®M € pasefiedaH 6 CpasHeHue ¢ Opyeu PycKU GOeHHU
namemuuyu 8 Obedunenomo Kpaicmeo. 3a mowymenma 6 Coghus ca pasenedanu
npoexmume, NPOEKMUPAHEMo U U3NBIHEHUemo, ONUCAHu 8 OoKymenmu om Pyckus
O0vporcasen goeHHo-ucmopuyecku apxue 6 Mockea. Hecoeama munonozcus omeedxcoa
KbM MOHYMEHMAIHUME CbOPBICEHUS, XAPAKMepHU 3a 00eIucka uiu nupamuoama.
Ilocmasanemo na caprxogpaz 6vpxy Hesl 3acun8a MOHYMEHMAIHOMO 8b30elcmeue Ha
CLOPBICEHUEMO.

Key words: [lokmopcku namemuux 6 Coghus, npoexmu, apxumexm Aumonun Hozegp
Tomuwxa

Abstract: The research introduces the name of Antonin Josef Tomishka, little known
in Bulgaria — the architect-designer of the monument, erected in honor of the
military medical personnel — doctors, veterinarian, paramedics and pharmacists -
who died in the Russian-Turkish war of liberation in 1877-1878. The typology and
reasons for the construction of the monument are examined in a comparative aspect
in relation to similar ones - from the time of the Crimean War and the victims of that
time in England. In relation to typology, the monument is examined in comparison
with other Russian war memorials in the UK. The composition of the monument in
Sofia, its projects, design and implementation, described in documents preserved in
the Russian State Military Historical Archive in Moscow, were examined. lts
typology leads to the monumental structures characteristic of the obelisk or the

'TIpo¢. x. 1., Prof, DSc. bg_fineart@abv.bg
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pyramid. Placing a sarcophagus on it enhances the monumental impact of the

facility.

Key words: Doctor's monument in Sofia, projects, architect Antonin Josef
Tomishka\Tomiska

1. YBoa. Tunousorus. IlogxaHpoBy pa3HOBHIHOCTH HA IIOMEHAJTHUTE
mMonymeHTH 0T XIX B.

JloktopckusaT nameTHUK B Cousi € €qHO OT PEIKUTE MO XapaKTepa CH ChbOPBHKECHUS
B IIOYMT HA 3arWHAJM BbB BOMHA MEQUIM — XOpaTa, KOMTO Ca MPU3BAHU Ja CIacsABaT
KMBOTA Ha I0OJIETO HAa CMBPTTA U Ja ObJAT 10 MOCJIEIHUS MOMEHT /10 BoroBamure. Te3u
CHELUAJUCTU ChIIO HamMupar cBodra ['ojarora mo pas3ivyHU NMOBOJAMU — HSIKOM OT TAX HA
TepuTtopusiTa Ha bbiarapus, Apyru cien 3aBpblliaHeTo cu B Pycus — oT cTpagaHus u
yBpexkaanus. B To3u cMUCHI cTaBa BHIIPOC 32 OCBHIIECTBSIBAHE HA eHA OIaropoaHa uaes B
namer Ha 531 aymm, 4MMTO MMEHa ca M3IMCAHM Ha €JIEeMEHTUTE OT (acajnata Ha
MOHYMEHTA.

Manko mno-paHeH € MEMOpHaIbT, W3IUIHAT BbB BOEHHaTa OonHuna ,,HeliHo
Benu4ecTBO Kpaynua Bukropus® B Hernu, CayTxeMnThH, B HaMeT Ha MEAUIUTE, 3arMHAIH
o Bpeme Ha Kpumckara BoiiHa [1]. 3BecTeH e mo myOnuKaius Ha TpaBopa ot ajndyma c
¢dotorpaduu Ha npuHIa Ha Yenc (mo-kbcHO kpan Enyapa VII) [2] u oT MankoTo 3ana3eHu
¢dororpadun. [laMeTHUKBT 110 IJIaH € OKTAroH, Mo100eH Ha TOTHYECKHU JOHKOH, Oa3ara My
mpejacTaBisiBa cThhasia. B ocHOBaTa Ha mpejicTaBisBaliaTa TpU HHUBa KyrnooOpa3HaTa
CTPYKTypa, OTAAJECYEHO HAIOMHSAIIA U MOCTpoeHaTa B CTWJ Heorotuka Cracka Kyna Ha
Kpembin, ce Buxkaar ¢puHM HEOrOTHYECKH TPUCHCTABHU B OYEpPTAaHHETO CU apku. Te ca
M3KJIIOYUTETHO U3SIIIHU, TIOBTApST CE HA BCAKO HUBO, a B TPETATa M0J] apKUTE Ca BIIMCAHU
ckynnTypu. Haii-Bucokata 4yact € yBeH4YaHa € KpbCT. MOHYMEHTBT € HU3TpaZeH oOT
MOPTJIaH/ICKU KaMbK U € OTKpUT mpe3 1864 r. PucyHkara Ha KyjaTa € BOUCaHa B IIMPOKa
OCTPOBBPXA apKa, OKOJIO KOATO €a Pa3MOJ0KEHH PACTUTEIIHW OPHAMEHTH, a B rOpHATa
yacT e u3nucan Haamuc: “Memorial to the medical officers of the/Armi who died in the
Crimean war (roguHa ¢ OYKBEHM O3HAuY€HHUs, HE C€ ueTe, MOpaaud HEMpPaBUIHOTO
M3MUCBAaHE HAa TMOBEYETO OYKBU B Ienus Haamuc)®“. B anbyma, aBTOpBT € MOCOYEH KaTo
HEU3BECTEH, BHIIPEKU HAJTTMYMETO HA MOAMMUC, Makap M TpyaHoueTuB [3]. Pazuuranero u
CPaBHUTEITHOTO HM3CIJICIBAHE OpUEHTHpa KbM aBTOp ¢ uMe Tomac Xaiitep Jlyns (Thomas
Hayter Lewis, (1818-1894), apxuTekt, moyeTeH npodecop, KOMTO BCHIIIHOCT € M apXUTEKT
Ha ChOPBKEHUETO [4].

Ha cenem or nanara ca 3amucaHd HMMEHAaTa Ha CIY>)KUTEIUTE, B YHUATO MaMET €
W3MTHAT NaMETHUKBT. Te ca Ha 3aMEeCTHUK TIJIABHHMSI UHCIIEKTOpP, XUPYP3UTE, TEXHUTE
aCHCTEHTH, C W3MMCAHM JaHHM 3a TEXHUTE BOEHHM 4YacTH, IJIaBHUTE (apMaleBTH,
AHECTE3UOJI03UTE, OTTOBOPHUIIUTE 32 MEIULMHCKOTO OOJIEKJIO, IIUBWJIHUTE XHUPYpP3H U
aHecTe3noso3u. Ha mameTHHKa He ca BKJIIOUEHU OHE3U WIEHOBE Ha OT/AEJa, KOUTO ca Ouiu
WHBAJIWJIM3UPAHU U BrociencTBue nounHand. [5] Ha ocmoro e cineanoro omnucanue: ,,B
mamMeT Ha OHEe3W O(HIEpPH OT aPMEUCKUS MEIAMIMHCKH OTAET, KOUTO 3arMHaxa, JOKaTo
ciyxar B apmusata Ha M3Tok, o Bpeme Ha BoitHata ¢ Pycus, npe3 1854, 1855 u 1856 r.
To3u mamMeTHUK € U3JUrHAT OT TeXHH Opats oduiiepu u npusTenu. TepeHbT 3a MACTOTO €
npeaocTaBeH oT jopA Ae ['peit, nbpkaBHUSA cEKpeTap 0 BOEHHUTE BbIIPOCH, U TIOATOTBEH
3a OCHOBUTE IOJ pbKOBOACTBOTO Ha Manop PeliBbuxun P.E. Pazxoaure 3a usrpaxmaaHero
My Bb3au3aT Ha 8921 nupu.
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CRINEAN TMEMORIAL

BN. Yo s}\\‘ al Neode b

@Due. 1. Memopuan, uzouenam 6v8 soennama 6onnuya ,, Hetino eenuvecmeo kpanuya
Buxmopus“ 6 Hemnu, CaymxemnmvH, 8 namem Ha meoduyume, 3A2UHAiU NO 8peme Hd
Kpumckama eouina, 1864 a.

Ilocouern no:  https://'www.netley-military-cemetery.co.uk/hospital-buildings/the-
crimean-war-memorial-and-the-officer-s-mess/

IIpez 1963 r. Gonnmmara € 3acerHara OT MoXap W € chOopeHa mpe3 1966 r., a
IIAMETHUKBT — IIpe3 1977, nopaau TEKKOTO My ChCTOSHME. [0 yBpekaaHETO My JOBEXA
OJIM30CTTa ChC COJIEHATa BOJIA U JIMIICATa HA IOPUIAMYECKa 3aIIMTa, ThI KaTo ce OKa3Ba, 4e
TOH HSMA CTATyT HAa HEJBMWKUMO KYJITYPHO HaciencTBO. [Ipu HampaBeHMTE NOCTBIIKM J1a
Obne mpemecTeH, pasxoaute mpe3 1969 r. ca ouenenn Ha 25 000 Opurtancku nupu. Cien
paspyllaBaHeTO My IIOCBETHUTENIHATa IUloya € IMpeMecTeHa B crpajata Ha maba Ha
kaszapmara B Keogh. Korato LleHTbpbT 3a 0oOyueHue Ha MEIUIIMHCKUTE CIyXOM Ha
orOpaHata ocBoOOXkaaBa Kkazapmara mnpe3 2014 r., mioyara ¢ Haanuca MaHena €
IIpeMecTeHa B My3€s Ha BO€HHATa MeAulMHa. AHaoruara ¢ JJoKTopcKus MaMeTHHK €, ue
TO3M MOHYMEHT € M3JUTHaT B Onau3ocT 10 OONMHMIIA, Taka, KAKTO € MMAalo HACHU U 3a
nametHuka B Codus.

Tunonorusara Ha nameTHuka B Hetin oTBexna KbM JApyr, 1mojgo0eH MO CHIIyeT U
XyJ0’)KECTBEHU OCOOEHOCTH, KaKbBTO € Pyckus mamMeTHUK B IIbpKOBHHUS JBOp Ha Xpama
Ceitnt Jlxon cyd Kactpo (Russian Memorial In The Churchyard Of St John Sub Castro),
U3JIUrHAT OT MpaMop M KaMmbk KbM 1877 r. B rpan Jlyus B U3touen Cwcekc, AHIIUS B
IIaMeT Ha PYCKHM BOMHUIM, 3aTMHAIM KaToO IUIEHHULU. M3QUrHaT € 1o 3anoBel Ha pyCKus
nMmriiepatop Anexkcanasp 11
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The Victoria Hospital and the Army Medical School at Netlay. Wellcoma Collection, QC-BY
Wellcome Collection, CC-BY aaiuya
Buxmopusi 6 Hemau, CaymxemMnmvH, 8 namem HA Meouyume, 3AUHAIU NO 8peMe Ha
Kpumcrkama eouina, 1864 2.
Ilocouen no: Netly Abbey matters! (Supporting Alzheimer's Research UK), 2024
https..//www.netleyabbeymatters.co.uk/the-roval-victoria-military-hospital-pre-1914

OT ropHuTe NOCOYEHH NMPUMEPH CJe[Ba 1a ObJie HallPaBEeH U3BOJ, Y€ NaMETHULIUTE C
BOEHEH xapakTtep B OOeIMHEHOTO KpaJCcTBO, M3aurHaru npe3 XIX B. HOCAT MOYUTTA KbM
3arMHaJINTe, Ype3 MOHYMEHTa M HeromaTa (opma, MOCPEICTBOM TEKCTOBETE, KaKTO U
MECTOIIOJIOKEHUETO — 3a IAMETHHKAa Ha MEAMIUTE — B OJIM30CT A0 Kpajlcka BOEHHA
OoJIHMIA WM 10 HapeXJaHe Ha pyCKus umnepaTtop. Te3um Aerailyin e Mmociayxar IMpH
MocyeIBalluTe KOMEHTapH 1o oTHoueHne Ha Jlokropckust mamMeTHHK B Codusi.

[laMeTHUKBT Ha 3arMHAIUMTE MEOULM II0 BpeMeTo Ha Pycko-Typckata BoiiHa B
Codust ocTaBa eIMHCTBEH, CHIIECTBYBAIl B MOMEHTA, CJIE]] YHHILIOKaBAaHETO HA TO3H B
rpax Hernu.

Omie enuH BUJ CpPaBHUTEJIEH aHAJIU3 [10COYBA, Y€ B BPUTAHCKOTO KpaJICTBO KaTo
€IMH OT ydacTHULMTEe B KpuMmckara BOWHA, MMa YCTAaHOBEHHU Pa3JIMYHU TUIIOBE BOECHHU
[IaMETHHUIIM, KOUTO MOKEM J1a MPUUUCIUM KbM THUIIOJIOTUSATAa HA BOEHHUTE [MaMETHUIU OT
XIX B. Cpen Tax ca OOETMCKHM, KOJIOHM M OKTaroHu-kyiau. [6] Tasu Ttumonorus e
XapakTepHa 3a nomeHanHute namerHuiu npe3 XIX B. Jlokropckust nametHuk B Codus e
YeTUPHUCTEHHA NpecedeHa MUpaMuja, yBEHYaHa ChC capKodar ¢ YeTHPH KOJOHH IO
BIIIATE.

[Ipe3 XX B. ¢dopmuTe Bapupar, Karo MpUMEp € MaMETHUKBT Ha 3arMHAINTE II0
BPEMETO Ha IIbpBaTa CBETOBHAa BoWHa Meauuu B bykypemr or 1932 r. [7] Ton
IIpe/ICTaBIsBa MUpaMuaiHa KOMIO3UIUS C MUEJECTal HAa YeTUPU HUCKU KOJIOHH, YBEHYaH
¢ OpoH30Ba (hurypagHa KOMIO3HLHUS.
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@Due. 3. [lamemnux na meouyunckume 2epou 6 byxypew, 1932 2.
ITocoueno I10: https://depositphotos.com/photo/medical-heroes-monument-
bucharest-romania-135464140.html?ref=26681138

B mno-kbcHO BpemMe MOYMTTa KbM JIEKAPUTE CE€ MPEeBpPbINA B Tpaaulus, HO
namMeTHUKBT B Codusi € BTOpUSAT, cinel To3u B AHIIMA. [IbpBHAT € paspylieH, Mmopaau
CKBIIOCTPYBAIIOTO MY MPEMECTBAHE U JIMIICAaTa HAa IOPUAMYECKA 3alUTa KaTo KYJITYPHO
HacyencTBo. [lo-KbCHUTE MaMeTHUIM ca CBbP3aHU Hail-Beue ChC 3arMHAINTE MEAMIU IpU
neyenneto Ha KoBua-19. B cinydas craBa BBIIPOC 32 Pa3iInyHU >KAHPOBU MOAPA3IACICHUS
Ha IaMETHUIM, W3JMTHATH BBB Bpb3Ka C BOWHHU, 3a BOCHHM WJIM LUBWIHHU MEIHULH,
3aruHaIM MIPU BOCHHU JCUCTBUSA, 32 MEAMIIM 3aruHANN O€3 BOCHHH JICHCTBUS H TIP.

2. loxkTopckusaT nametHuk B Codus

[TametHukbsT B Coduist € 00sIBeH 3a IMaMETHHK Ha KyJlITypaTta ¢ THTyJa ,JlaMeTHUK Ha
3aruHANINTE MEAUIIMHCKU YMHOBE B PYCKO-TypCcKaTa 0cBOOOIMTENHA BoiHA™ (B. ,,/3BecTus
Ha [Ipesmmuyma wa Hapomnoto cvOpamme™, Op. 73/ 1955 1.) m e ngexiapupaH 3a
UCTOPUYECKH, MEMOpUAJeH M apXUTEKTypeH NaMETHHK Ha KyaTypaTa ¢ KaTeropus
,,HarmoHamHo 3HaueHue” (mucmo Ha HUTIK Ne2637/ 07.06.1988 1.; Ne4349/04.12.1992 1.).
Brnucan e B uznanue 3a BoeHHuTe nametHui B oomact Codus. [8]

3a pasnmka ot nmameTHuka B Hernum B OOeaMHEHOTO KPaJiCTBO, KOHTO KaKTO Oerie
pasriiejaHo, € U3IUTHAT [0 pelIeHHe Ha KpaluiaTta B ONM30CT A0 BOEHHA OONHHMIA, a
CBILIO TaKa, UMAaWKU Mpel BUJA U pa3jiMyHaTa MCTOpUYecKka OOCTAHOBKA, € Ch3/AaJeH IO
pellieHre Ha KOMaHJBAaHETO Ha pyckuTe Boicku. CpeacTBara 3a HEro ca ChbOpaHu OT
J0OOpPOBOJIHM JIapeHMsI KaTo T€ ca OMJIM MPOMOPIMOHATIHO pa3peieieHd MEeXKIy TOYUTTa U
KbM 3arMHAJINTE BOCHHO-MEAUIMHCKH YnHOBe B rpaja Kapc, uzaurnar npe3 1910 r. [9]
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Due. 4. [lamemnxvm 6 Kapc, 1910 .
ITlocouen no: https://noev-kovcheg.ru/mag/2007-10/910.html

ApxurekTbT Ha nameTHuka B Codusi, KoiTo, mogoOHO Ha mameTHHKa OoT Hertnw,
CBIIO CTaBA IONYJIAPEH, GlIarojapeHyue Ha PermpoayKIHs Ha TpaBiopa, ¢ AHTOHUH Mosed
ToMumka, 4Yex Mo HApOAHOCT M apxuTekT B Pyckara wnmnepus. Toil 3aBbpliBa
XynoxectBenata akajgemusi B Cankt IlerepOypr u mpemmuHaBa mpe3 3aIbKUTETHOTO 32
BPEMETO €BPONEICKO CTUIIEHANAHTCTBO C KOMAaHIUPOBKHA B YHUBEPCUTETUTE BB Buena u
Pum 3a yceBppmieHcTBaHe Ha KBanmudukanusara. Cnex 3aBpbimaHeTo cu B CaHKT
[leTepOypr cTaBa IMpOEKTaHT Ha €AHU OT Hal-3HAYMMMTE U CIIOKHU ChOpbkeHus. Cpen
Tsx ca 3aTBopuTte (80-90-te 1. Ha XIX B.), cunarorara B Caukr [letepOypr (1883), mputotu
3a "HemomHu u OemHu xopa (1880-1881), yumnmme 3a crnenu gema (1887-1889),
npeycTporcTBOTO Ha ['poOHMIIaTa Ha BenWKHTE KHsA3¢ B llerpomaBioBckata KpemocT
(1900). HeroBust npoekt (1882) 3a ubpkBata ,,Bp3kpecenue XpHucTOBO Ha MICTOTO Ha
CMBPTOHOCHOTO paHsiBaHE Ha NouyuHanusg umneparop Anexkcanabp I1“ [10] e mbpBu B
IIPOEKTHATA HAJAIIpeBapa MpU IbPBUA €Tall 33 U3JUTaHETO Ha TO3U TOJIKOBA CHILECTBEH 3a
pyckara nabpkaBa xpaMm. AHTOHHH Tomuiika e mpogecop B Akanemusrta (1888), ppkoBoau
arenuero no apxurekrypa (1894-1900), apxurekT B MHMHUCTEPCTBOTO Ha BBTPEIIHUTE
paboTH, NEHCTBUTENECH CTATCKM CHBETHUK — €IHA OT BHUCIIMTE JUTHXKHOCTH B Pyckara
UMIEpUsi, ChC CHELMATHU IPUBUIIETUU B OOLLIECTBOTO.
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@ue. 5. Eono om Hatl-panHume u3zo00padiceHuss Ha J[OKMOpCKUs nAMemHUux,
nyonaukysano npesz 1885 2. 6 3anaonus neuam. (Heuszsecmmno uzoanue)
[Tocoueno no: http://stara-sofia.com/shipka.html

AntonnH Tomwuiika, 4ueTo MME ce€ MpOW3HACS HENpaBWIHO B bbiarapus karo
Tomummko win Tomumek, € poaex npe3 1851 r. B rpaag Xep:KMaHyB MHUECTEI], HaQJIed OT
[TapnyOuiie, ToraBa B ABCTpO-yHTapcKkaTa UMIepus. 3a J1a UMa Bb3MOXKHOCT Jia paboTu
ycrnemHo B Pyckara ummnepusi TOH Ipuema NpaBOCiiaBU€ U CTaBa MOJAHUK Ha pyckKara
KopoHa. [1o To3u HAUMH MBTAT HA TATAHTJIUBHS CTYJCHT € OTBOPEH KbM MPOCKTHUPAHETO B
o0jacTTa Ha CUT'YpPHOCTTA, KaKBUTO Ca 3aTBOPUTE U OJaroTBOPUTENHUTE 3aBEJCHUS 3a
MPUIOTSBAHE HA MpecTapesy, HEMOIUTHU XOpa, HHBAUIM, CAKaTH M O3JIpaBsBaIIM MO TOBA
BpeMe, WK Taka HapeueHute OoraaenHu. Hail-sneuaTisiBaiara cpes crpajguTe ¢ 1ol00HO
npenHasHaueHue ca BomkoBckara OoranenHs Ha TeproBuute (1880-1881) m 3aTBOPBHT
»KpbcToBe™ (1884-1889/1890), ompenencHu B pyCKUTE H3TaHHS ,,[IPOMHIIIICH MOJICPH
(HEOpyCKH CTHII).
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@ue. 6. Borkosckama bozaodenns, 1880-1881 2., Canxkm [lemepoype
ITocoueno I0: http://kupchinonews.ru/2019/04/09/volkovskaya-bolnitsa-stala-

pamyatnikom-regionalnogo-znacheniva/

3nauenueTo 3a bbarapus Ha apxurekta AHTOHMH ToMMUILIKa 3a MPOEKTUPAHETO Ha
TO3U €IMHCTBEH II0 pOja CH IMaMETHUK, MOXeE Ja ObJe CpPaBHEHO C TOBA HAa BOEHHO-
nosieBus xupypr Huxomnaii [Iuporos. B nBara Toma Ha cBost kanurtaneH Tpya [11] nexapsar
onucBa OOJHUYHHUTE CHOPHKEHHS HA TOJIETO Ha OOMHMTE NeicTBUS M CcBOsTa paboTa 3a
BOMHUIIUTE, KOUTO € cracwi. BoeHHWTE MeauuM, YAUTO HMMEHA Ca YBEKOBEYEHHM Ha
CTEHUTE Ha yBEHUaHATa ChC capKodar mpeceueHa mupamuia B JloKTopckara rpaauHa B
Codus ca nexkapu karo Iluporos. 3a pasnuka ot paborata Ha Huxomaii ITuporos,
IIPUHOCUTE Ha apXuTeKT ToMuIIKa OcTaBaT HEMO3HATH U HEJIOOLEHEHW, a HeromaTa
OOIIMpHA MNPOEKTAaHTCKa MJEWHOCT € W3LUI0 HeuscieaBaHa B bwarapus. Herosara
NOMyJsIpHOCT B Pycust KaTo M3BECTEH NPOEKTAHT Ha OOLIECTBEHU U JKWIMILHU Crpagu U
Hali-B€4Y€ Ha CrpaJuTe 3a HaKa3aHWs, KAKBUTO ca 3aTBOpUTE, € orpoMHa. llpmxkuse
paborata My B bbirapus mo mpoekTupaHeTo Ha mbpkBarta kpaii ¢. [llunka u JlokTopckus
[IaMETHUK CTaBa M3BECTHA B ToyiAM Opod NpOPEeCHOHATHH W MOMYJISIPHU MEPUOAUYHU
W3IaHus, U3aeHu B Pycusi, OJIM3KU 10 BpEMETO Ch3/1aBAHETO HA ChOpBKEHUsATA. [12]

AHxraxxumentute Ha AHTOHMH Tomuiika B bbirapus cbBmazaT ¢ HadajloTO Ha
HETOBHS TBOpPUECKHU IBT. [10 OTHOIIEHNE HA TPOEKTUpaHETO B brirapus 3a0enexuTenHo e
HEroBoTo ydacrtue npe3 1881 r. B KOHKypca 3a CTpPOMTENICTBO Ha pyCKara LbpKBa
»PoxaectBo Xpuctoo* B lllunuenckus manactup npu ceno Illunka u BrocineacTsue 3a
Jlokropckus nameTHuk B Codust.

KoM 24.11.1881 r. 3a XpaM-IlaMeTHHKA Ca TMPEACTABEHU OCEM MPOEKTa, CPEel KOUTO
ca u Ha mnpenonaasarenn Ha Tomumka: Ha Anekcanabp lBanoBuu Pesanos, [laBun
WBanosuy ['pumm, Pobept Annpeesud I'bonuke, Pynond bornanosuu bepurapn, nax. E.
H. Xu6ep. Ha 19.01.1882 r. ca npemupanu ca npoextute Ha AHToHHH HMosed Tomumika,
Bukrop Anexcannposuu lllprorep u Anexcanasp @pannouu 3urendepr. [IpoekTsT Ha
ToMulika e nocTaBeH Ha MbpBO MscTo ¢ mpeMus ot 1000 py6iu.
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@ue. 7. [Inanosa cxema Ha 3ameopa ,, Kpvcmose “, 1884-1889/1890, Canxm
Ilemepbype

ITocoueno mo: https://www.save-
spb.ru/page/houses/houses/kresty sledstvennyi_izolyator.html?section=houses/houses

CBeIeHHETO € OTPa3eHO B M3JAAHHUETO ,,KHIIMHEBCKU enapXuallHi BEIOMOCTH  KaToO
OTUET Ha KOMMUTETA IO U3rPaKJAaHETO Ha IPAaBOCIIABEH XPaM 3a BEUYHO BB3IOMMHAHUE Ha
najHanuTe no Bpeme Ha BoitHata 1877-1878 r. [Ipe3 1886 r. € mo10KeH OCHOBHUAT KaMbK.
Cnen npexbcBaHe, CTPOUTEICTBOTO € MTOAHOBEHO npe3 1897 r. moJ ppKOBOACTBOTO Ha apXx.
Anexcanabp Hukanoposuu [lomepaniues (mpencenaTen Ha cTpouTeaHara KOMUcHs € rpad
Huxkonaii [TaBnoBuy Mrnatues), HENOCPEICTBEH PHKOBOAUTEN HA CTPOUTENICTBOTO € apX.
Anexkcanabp HukonaeBuu CmupHoB. B Hauanmoro nHa 1882 r., koraro e mnpemupan
IIPOEKTHT 3a CTPOMTEICTBOTO Ha LIbpKBaTta ,,PoxaecrBo Xpucroso® mpu c. llunka,
Tomuika ce cbriacsiBa Jla pbKOBOJAU CTPOMTEICTBOTO, IPH YCIOBHE, APYro JULE LI
ochlIeCTBsIBAa HaA30pbT. [10 ToBa Bpeme ce BoAsT pa3roBopute 3a JIOKTOPCKUS MTaMeTHUK.
B cpuroro Bpeme B Cankt IlerepOypr ce noBbpiiBa 31aHHMeTO Ha BonkoBckaTa GoraienHs.

IepkBara ,,PoxnectBo XpucroBo™ B Illumka € mbpBOTO My ydacTwe, W3BBH
CTUIIEH/IMAHTCKOTO MY IIPOEKTHO OTUUTAHE C ,,rpblUKa‘ bpkBa 3a 3000 yoBeka. BepmnocT
Tomuika wu3nMM3a C €IHO JOCTa CMEJO pELIeHHWEe — Jila IPOEKTHpa €IHa CJIO0XKHA
KOMIIO3ULIUS B ,,pyCKH CTHJI BBPXY JapeHus oT Objirapurte TepeH. MHTepecHOTO mpu
CTPOUTEJICTBOTO Ha Ta3U LIbPKBA €, Y€ TOM OTKa3Ba Ja oOciie[Ba MSCTOTO KaTo M3Ipalia
apxutekT PobGept Mapdens, usnpaia u Apyro juie Aa HanpaBu MOApoOHA CMETKa Ha
CTOMHOCTTA Ha CTPOUTEJICTBOTO U MCKa rOJsIMO Bb3HArpaXkiaeHue 3a Hajazopa. Hakpas cbe
ctpouTtenctBoTo ce 3aema T. W. I'yGonun [13], KOiTO CKOpO ce OTKa3Ba U MpPENopbyBa
3anaceH kanutaH @. E. Crpyse. [14]

ITpes 1881 r. Tomunika He nbTyBa 10 c. [lunka, T kKaTo MK € 3aeT ¢ JlokTopckus
NaMEeTHUK WJIM 3Hae, 4e npe3 cieasamarta 1882 r. tpsabOBa na noceru M3touna Pymenus,
KakTo orOens3Ba kanutaH Xpucrto Yapakuues. [15] [lopagu oOBbp3BaHETO BHB BPEMETO
Ha JBara IMpPOEKTa, MOXE Jla C€ NPEANnoJokH, Y€ AHTOHMH TOMHINKA TMOJIydaBa
€IHOBPEMEHHO WJIM OOBBP3Ba JIBETE 33/1a4H.
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JlokropckusaT nametHuk B Codus, Moke na ObIe ompenesieH KaTo Crenu(puyHo
MOHYMEHTQJIHO M IIOMEHAJIHO CbOpbXKEeHHE. JIBeTe CBOMTHS — NPOEKTHPAHETO MU
oOclieIBaHETO Ha TepeHa 3a mbpkBara Kpail c. lllunka u npoexktupaneTo Ha J[OKTOpCKHS
IIaMETHUK ca 0OBbP3aHU BB BPEMETO.

3. IlpoexkTn 32 lokTopckusi nameTHuk B Codus

3a 1a ce JOCTUTHE JI0 MPOEKTHUPAHETO U U3IUTAHETO HAa NAMETHHUKA € OChIECTBEHA
orpoMHa moArotButTenHa padora. Ha 25 ronu 1878 r. nexapute oT AeiicTBamiaTa pycka
apMusi B3eMaT pelleHHe 3a ChOMPAHETO Ha CPEACTBA CPel MEAWLIUHCKUTE CHCIOBUS B
Pycus 3a wm3rpaxaaHeTo Ha BB3IOMUHATEIEH NaMETHUK Ha 3arMHAJIUTE BbB BOCHHUTE
JEWCTBUSL MEIUIM, BeTepuHApuU M (apMmameBTH, KOWTO Ja ce M3AWrHe B THPHOBO Ha
teputopusTa Ha OuBmara OcmaHcka wumnepus. M Tl kaTo ToBa € BpeMETO Ha
BPEMEHHOTO PYCKO yIpaBjieHue B bbirapus, B CbOTBETCTBUE C pe€la, BBIPOCUTE ca
OTIPAaBEHU YpEe3 ChOTBETHUTE JOKYMEHTH JO IPABUTEICTBEHATa KaHIEIapus B rpaj
HukonaeB 3a xonaTtaiicTBO, MMIEpaTOpPbT Ja pa3pelld Ja C€ W3JAUTHE [aMETHUK Ha
MEIULUMHCKUTE YMHOBE OT JEeHCTBalaTa apMmus He camo B bearapus, HO u B A3us. 3a
Lenra ,BUCHIaTa BOCHHOMEIUIIMHCKA ympaBa“ ce oOpblla M KbM IOJIEBUSA
BoeHHOMeUIIMHCKKM uHcnekTop B Can CredaHo mo BbIpoca 3a MOCTPOSBAHETO Ha
naMmeTHUIM B EBponelicka u A3uarcka Typuus Ha 3aruHaIMTe OT MEAULIMHCKUS IIEPCOHAT
B Pycko-Typckara BoiiHa. [16].

Tonocute Cankr IlerepOypr, cromunara Ha Pyckara ummnepust — Codust, cronunara
Ha KHsDKeCcTBO bbirapus, KbAETO MMa BPEMEHHO PYCKO yIpaBieHHe 1o cuiara Ha CaH
Credanckust mupen aoroeop (19 despyapu/3 mapt 1878 r.) — u camoro Can Credano,
KBJIETO € Pa3IoJIOKEeHAa TNIaBHATA KBAPTHpA HA PYCKHUTE BOICKU (CJel M3MECTBAHETO U OT
OnpuH, KbaeTO € Onia KaHIenapusara ciell NPUKIYBAHETO Ha BOCHHHUTE JIEHCTBHSA OT
pycko-Typckata BoiHa Ha 19/31 sauyapu 1878), craBar IJIaBHM ONOPHU TOYKH THpU
B3€MAaHETO Ha pELICHMATa 3a CTPOMTEICTBOTO Ha nBara namerHuka. CpexncrBara ce
cbOupar ot 1oau 10 centeMmBpu 1878 r. mo MeauuuHCKU 3BeHa. Ch3aieHa € KOMUCHS 110
OpraHM3anusTa 3a U3JIMIaHeTO Ha IaMeTHHKa, [17] KoATO BIOCIEACTBHE ChCTaBs HUJEsATa
3a HeroBuss oOpasza (MAEHHOTO 3aJaHKE), OpPraHH3Upa KOHKypCca M OCBIIECTBSIBA
CTPOUTEIJICTBOTO My. Ts IIpeLeHsBa, Ye 3a J1a ce B3eMe pelIeHIe 3a BUCOUnHaTa U opmara
Ha MAMETHHIIMTE, ca HEOOXOIUMH CBeJIeHHUs 3a Opos Ha HAAMHCHUTE U 3a TEXHHS pa3Mep,
KOETO ChILO TaKa € CBbP3aHO C MPEJCTABIHETO Ha CBEJCHUS OT [J1aBHOTO MEAMIIMHCKO
ylpaBJeHHe 3a Opos Ha 3aTHHAIIUTE, BPEMETO U MSICTOTO Ha CMBPTTA UM.

CrnenBamara crpnka 3a opOpMsSHETO Ha HEATa 3a M3AWTaHETO Ha J{OKTOPCKUS
[IAMETHUK Ca CIMCHLUUTE C HMMEHaTa Ha 3arvHajJuTe, KOUTO IOCThIBAT 10 [J1aBHOTO
MeaunuHCcKo yrpasieHue. Te ca oT Tudnuc ¢ undopmanus 3a Kaskas, or Oneca — 3a
Pymbuus, bearapus u EBponeiicka Typuus. mneparopbT uziaBa cBOeTo 0JaroBoJIeHHE
Ha 12 rom 1878 1., a mpe3 mait 1881 r. komucusaTa 3aBbpIIBa CBOsATAa paboTa U JAOKJIa/IBa
Ha [ 1aBHUS BOGHHO-MEINLIUHCKHA HHCIIEKTOPAT.

KomucusTa pemasa na ce u3rpaad naMeTHUK caMo B bbirapus, a a3uatckusar aa ce
OTHECE KbM pasnopexjgaHeTo Ha OKpbKHUS MEAMLUMHCKM MHCIEKTOp Ha KaBkaskus
BOCHEH OKpBI' ChC chieiicTBreTo Ha VMmeparopckoro KaBkazko METUIIMHCKO OOIIECTBO
KaTo 4acT OT ChOpaHUTE CPE/ICTBA IIe CE MpeAaaaT NPONOPIUOHATHO Ha MOYNHAIUTE TaM
MEIUMUMUHCKM 4uHOBE. M3aupeHuTe MMeHa Ha 3arMHaJIUTe Ha MecTaTa Ha BOCHHUTE
neiicrBus B EBponelicka Typuus ca 543, a B Asuarcka Typuus ca 202, 3atoBa cpeacTBaTa
3a eBpOIEHCKUs MaMETHUK TPsOBa 1a ObJaT IBE-TPETU OT ChOpaHUTE.

[Ipe3 1880 r. Ha KoMHCHsATA ca IPEIACHN U UJCHHU CKULIM (HE ca OTKPUTH) HA JIBa
YaCTHU IMPOEKTa: EIUHMAT Ha Jekap — Jokrtop H. JIBOpsHIIHBINA, KOWTO ,,HAIIOMHS
(daHTaCTUYHU €CKM3H'‘, BTOPUAT € JIeJI0 Ha WHXCHEP-NOJIKOBHUK, Hskoi II. Benapn.
Omnucan e Karo ,,KpacuB®, HO HE MOXe /1a ObJie OLIEHEH B XYI0KECTBEHO OTHOIleHuEe 0e3
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y4aCTHUETO Ha TECHU CIIELUAIUCTH, Thi KaTO 3a HEro JUIcBa (puHaHCOBa 000CHOBKa. Toii e
oIpezieNieH KaTo Oeceka 3a OTAUX U He HAllOMHS Ha MOHYMEHT. Mma kymon Ho 3a 1a 0b1e
BUJUM, TPsIOBa 1a ObJie MOBAMTHAT HA 0koJio 20 M. [18]

B nokyMeHTuTEe JIUIICBA OMMCAHO CTPOMTENHO 3aJaHUE, HO OT KOMEHTapHUTe CTaBa
SCHO, Y€ YaCTHHUTE M Oe3Bb3ME3/IHM NPOEKTU HE ca Ha HeoOXoauMaTa BUCOTA. 3a Ja
MOJIy4d YJIOBJIETBOPSIBAILl IPOEKT 3a MaMeTHUK, Komucusra ce o0prpiia kbM OO11€CTBOTO
Ha CaHKTHEeTepOyprcKUTe apXWUTEKTH 3a Ja ObJe opraHusupaH KOHKypc. [IpoekTsT Ha
MOJIKOBHUK beHaps e oTKIIOHeH nmopaju pa3MUHABAaHETO MY C MJIeATa 3a NaMETHHUKA U Thi
KaTo IpeBHUlIaBa cpeacTBara oT 15 xumsau pyonu. [19] Ensa toraBa komucusita opopms
M3HMCKBaHUATA CU 3a MPOEKTa 3a maMeTHUKA. JKesaTenHo e Toi Ja 0blie OT TBHPI KaMbK U
Ja HAMa Maswika. [Ipu cTpouTencTBoTo 1a He ce ynoTpedsBaT MeTaju, Bpb3KuTe 1a ObaaT
KaMEHHU, NOKpPUBBT Ja ObJe OT cCKajaTra acluj, KOSITO MMa TbMHOCHH LBST, 3a
¢dbyHgaMeHTa /a ce M3MO0J3Ba MOPTIIAHACKH LIMMEHT, MpaMOpHaTa Ijloya ¢ HaJIHCUTE Ja
He ObJIe MPUKpENeHa ¢ Kes30.

3a NpOBEXKJIAHETO HA KOHKYpPCA €ca IOCOYEHU OIIPENEICHH YCIOBUS: UMEHATa ca Hall-
ChILIECTBEHATa YacT OT MaMETHHUKA; Jja ObJe U3Pa3eHO CaMOOTBEPKEHOTO U3ITbIHEHHUE Ha
IbIra Ha MEIUMIMHCKMTE YHMHOBE, MSCTOTO € rpaj ThpHOBO; MaMETHUKBT Aa Oble
IIOCTPOEH Taka, ye Jla He e HYX/1ae OT PEMOHT; Ha IaMETHHKA Jla ca U3MHCAaHU MMeHara,
npe3uMeHaTa U (paMuUIMHUTE Ha JIEKapuTe, BeTepUHapUTe M (hapMaleBTUTE M MMEHaTa U
¢amunuure Ha 3aruHanure Qenauepu. EnuHCTBEHOTO ycinoBHe € (GaMWiIMHTE Ja ca
M3IMCaHU HAITBJIHO. Y TOYHEHO €, Y€ aKO0 MMEHaTa He Morar Ja ce crdepar, ToBa MOXe Ja
CTaHe Ha JOI'BJIHUTEIHO Pa3noioKeH! mi1ouu. ChIIo Taka, ako € Bb3MOXKHO J1a C€ T0COYU
C KpBCT U MACTOTO Ha norpedenuero. Cymara 3a CTPOMTEICTBOTO € 15 xwmsaau pyoiu.
[Ipoektute na 6bAT OLIECHEHU CHbBMECTHO C yyacTHeTo Ha KoMucusTa 1o cTpouTescTBOTO
U o0mecTBoTo Ha apxutekture. [Ipemupanure npoektu na ObaarT Tpu, Ja ObIaT
INPUAPYXKEHU C OOSICHUTETHU 3alUCKH, KOMTO Ja OCTaHaT KaTro COOCTBEHOCT Ha
Komucusra.

Ha 4 oxtomBpu 1880 r. mpencemarensiT Ha KOMHCHSATA CBIACOHUS MEIUK U
PBKOBOAMTENI Ha KaTelpaTa MO chAeOHAa MeIUIMHA, akageMuk, mnpodecop Skos
AnekceeBud YwmcroBnu ce oOpwpma kbM Cankt IlerepOyprckoro o6miecTtBo Ha
apXUTEKTUTE, ¢ MoJ0a /1a OOSBAT KOHKypCc 3a Ha mpoekT. Cien mosyuaBaHero Ha 11
KOHKYPCHU IPOEKTa, CbBMECTHO ChC CHOTBETHA KOMHUCHUSI OT apXWUTEKTU T U30upa u
3aruiamia (3a 1a cTaHaT HelfHa cOOCTBEHOCT) TPHU OT THIX.

[IbpBa mnpemuss mojgyyaBa NPOEKTHT Ha XYI0KHHUK-APXUTEKTHT AJIEKCaHIbP
I'otrapgoBuu I'poHBMIA, ydacTBal € MOTOTO ,bmaromapna Pycus 3a ympenure
TpykeHHIu". BTopaTa mpeMus e Ha aKaaeMHKa IO apXUTeKTypa AHToHMH Kocmpouu
Tomumxka c¢ wmoroto ,Hemo3nar®. Tperata e Ha XyJoXHHK-apxuTekra JleoHTHI
Hukonaesuu benya [20], yuacTBan ¢ mototo ,,B. TbpHOBO®.

B kpaiiHa cMeTKa € ImpeArnodeTeH BTOPUAT IPEMUPAH — TO3U Ha ApXUTEKT AHTOHUH
TomuIka, KOUTO IIPU Y4aCTUETO CU B KOHKYypca TOM Hapu4a ¢ MOToTO ,,Heno3natr®. [21] U
HanWCTHHA TOW € HENO3HaT, Thb KaTo JO TO3HM MOMEHT HE € IPOEKTHpall naMeTHUK. Tol e B
HAyYaJIo0TO Ha CBOs TBOpYecku mbT. KbM 1881 r. Toky-m10 € mocThnui Ha paboTa KbM
['maBHOTO yrpaBieHHE Ha 3aTBOPUTE, a HEMOCPEJCTBEHO IpeIu TOBa C€ € 3aBbpHAl OT
IPOABIDKUTENIHOTO CH CTUIIEHAMAHTCTBO B EBpona M € Ha3HaueH 3a aCUCTEHT II0
apxuTeKkTypa B XyaoxxecTBeHaTa akajaemus B CaukT IlerepOypr.

CrnedenunusaT npoekT Ha TomMika M OCTaHaJIMTE, KOMTO CTaBaT COOCTBEHOCT Ha
KOMUCHSATA IO CTPOUTEJICTBOTO HA IIAMETHHMKA, HE Ca U3BECTHU HUTO KAaTO M300pakKeHus,
HUTO KaTo uaeu. Ot enHo nucMo ot anpuil 1882 r., Koraro Beye € peleHo, 4e NaMEeTHUKBT
me ce crpou B Codus, craBa sCHO, 4e JOKyMEHTalusiTa € Owia NpuapyXeHa c
¢dororpadcku CHUMKM Ha MAaKETUTE HA MPOEKTUTE (B HEM3BECTHOCT). OUEBUIHO MPOEKTHT
Ha ToMmuIika B Hail-BUCOKa CTENIEH YJOBJIETBOPSBA U3UCKBAHUATA HE CAMO KaTo UJesl, HO U
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KaTo pasxonu 3a m3rpaxaane. Cropen uaesTa Ha KOMUCHUATA, HAa IMaMETHHKA TpsOBa 1a
Obaar u3nucanu 550 UMEHa ¢ MaJKo UMe, OalIMHO UMe U (paMuIIKs, KaKTO ¥ C MecTaTa Ha
OrpeOEeHNETO Ha 3aruHaJINTe.

CrenBamioTo ycjaoBUE € BCSIKO €IHO OT MMEHATa Jia ce 4YeTe OT IUIeJHaTa TOYKa Ha
HOpMAJICH YOBCHIKHU PBCT. I[BCTC 3aABJDKUTCIIHU YCJIOBHA Cbhb3daBaT 3aTPpyJHCHUSA U
Komucusra B3eMa perieHne Mecrata Ha CMbPTTa U MOTPEOCHUETO Jla HEe Ce M3IKMCBAT Ha
MOHYMCHTA. ITo TO3M HAauMH IMAMETHUKHT € JUIIECH OT OCHOBHATA CH CBIIIHOCT Aaa 6"I>I[e
namMeTeH JIOKyMeHTalleH MeMopuail. U Thii kaTo umMeHara ca MHoro, Komucusita pemiasa te
na ObIaT W3MHCAHM IO TPYNH — JeKapu, papmaneBTu, Berepunapu, ¢enamepu. Mimenarta
Ha MOKOWHHUITUTE J]a Ce Pa3mojoxkar mo azdydeH pen no Gamuims, Ha denauepure aa ce
n3nrmaTr MaJIKMTEC MMCHa C II'bpBaTa 6YKBa, a Ha OCTaHaJIuTe 6YKBI/ITC Ha IOBPBOTO U
BTOpPOTO UMe. Jlumcara Ha MSCTO MPeIONpeess MpoMsHATa Ha UaesATa — Jja Ce MPEMaxHe
emOyiemara OT cpejara Ha nueaectana. [22]

[IpoekThT Ha TomuIKa € U30paH MOPaIM HEroBaTa IEIeChOOPA3HOCT — €HOPOICH
MaTepuall KaTo 3aJ0r 3a rojsiMa TPaWHOCT Ha CHOPHKEHHETO, HAJMYME HA IUIOII Ha
CTCHHUTE 3a M3MMCBaHE Ha NMEHATA; ChOTBETCTBUE MEXIy uzaeara u ¢popmara. CrienuaiHo
e or0ens3aH0 HaIMYHMeTO Ha capkodar, ONpeneneH KaTo PUMCKO-XPUCTHSHCKH |
HAcOYBall KbM MOMEHAITHUS XapaKTep Ha ChOPBKEHHETO. [IpyKECTBOTO Ha apXUTEKTUTE
OLICHSIBA TMPOEKTa KaTO HAAXBBPIAIL ONpeAeseHaTa CyMa, HO CTPOMTEITHATa KOMUCHS
CHITHO TIOJIKPETISl UesTa 3a 00JIMKa MYy.

CT)HIGCTBCHI/ISIT BBIIPOC, KOWTO CTOH npea KOMHUCHUATa € 3a HUSINBJIHUTCIIA Ha
MaMETHUKA, KaTo TS MPEANoYnTa Toi na Obae or bearapus. B bearapus mo toBa Bpeme
paboOTAT HSAKOJIKO PYCKM HHXKEHEpH, KOUTO CIOpe] KOMHUCHATa OuxXa MOIJIM Ja ce
aHTaXHUpaT ¢ TEXHUYECKOTO U3ITbIHCHUE HA TTAMETHHUKA.

3.1. Onpenesisine HA MSICTOTO HA TAMETHUKA

Crnenpamata cThlika € padborara Mo OMpPEAETSHETO Ha MACTOTO HAa NMaMETHHUKA B
TopuoBo. Tyk KOMHCHSATa OTHOBO HM3IHUTBAa 3aTpyJIHEHHE ThH KaTO TIpaabT € TECeH, a
MMaMETHUKBT TPsiOBa Aa ObJle U3AUTHAT HA IUIONIA/, IIPU BIIM3aHE B I'pajia UK JI0 BT 3a Ja
ObJe BUAMM. 3a 1eNTa € MPeAIIucaHo Ja ce U3BbPIIN 3aCHEMaHEe Ha MECTHOCTTa, KbAECTO
e Ob21e pasnosoxeH. [la ce crbepe nHpopMalus 3a HAMUPAHETO Ha MOIXO/ISII MaTepra
3a CTPOUTENICTBOTO, KOMTO TpsiOBa a ObJe KaMbK, HO HaXOJUIIETO My Ja Obae 6im3o A0
rpaja 3a 1a Ob/ie I0-€BTHHA HEroBaTa JOCTaBKa U Jla MOXeE Ja ce o0padoTBa Ha 4acTu 3a
Jla MoraT Ja ce u3abiabadar Haamucute. KaMbKbT a HE € MOJHMpaH, 3al0TO KOPIyChT U
MUeNecTaTbT TPsiOBa Ja ObaaT rpy0o 00paboTeHN. AKO OCHOBHUST MaTepHall Thpiu PpuHa
MOJIMPOBKA, TO M capkodarbT B TOpHATa 4acT Ha MUEAECTana MOXeE Ja ObAC OT ChIIUS
Matepuain. OCcBeH ompenesiHeTO Ha CTOMHOCTTA Ha KaMbKa, /1a ce ONpeAH 1IeHaTa Ha BapTa
OT BHCOK KJIaC M IIeHaTa Ha TpyJa Ha KaMEeHOIMCella M Ha MalcTopa, KOMTO Ie rpaBupa
HAJMUCUTE C UMEHAaTa. 3a MO-rojiiMa YCTOMYMBOCT MOraT Ja ce AOIyCHAT OLIe CThIala
KbM nuenectana. ChIIo Taka € MpeABUACHO ciel u30opa Ha MSICTOTO, aKO OCHOBATa HE €
KaMmeHucra, GyHIaMeHTHT Aa ObAe NOCTaThYHO OBJIOOK M mupok. Llgnmara 3umapus na
ObJIe OT KaMbK C Bap WIM LIUMEHT U J1a HE C€ U3MO0JI3Ba KUpIuY. BrTpemnocrTa 1a 6b11e oOT
JIOMEH KaMbK, a O0JIHIIOBKATa - OT 00paboTeH. MACTOTO Ha U3JUTaHETO Ha MaMeTHUKA J1a
Obae Oe3IIaTHO ,,a aKO TOBA € HEBBH3MOXKHO, BBIIPOCHT Aa ObJI€ U3SICHIBAH C MECTHHUTE
BJIACTHU .

IIpe3 1880 r. enuH oT BoeHHUTE MHKeHepu B Codust OT BpeMeTo HAa BPEMEHHOTO
pycko ynpaeneHue e Huxonaii Komutkun. I[lo Bpemero Ha HOBpPBOTO OBJIrapcKo
MPABUTEJICTBO € T'YOEPHCKU WHXKEHEP W TPABUTEIICTBEH CTPOUTENIeH WHXeHep. HeroBu
MIOMOIITHUIIM ca apxuTeKT BaiyiaB Poy6an (rpagoyctpoiictBeH TexHuk) [23], umx. ['eopru
Iporek (aBTOp 1a IbPBHUS perynanuoHeH mwian Ha Codus), umk. Moszed ITpomek 1 HHX.
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Hepounm Borytuacku. 3aeqHo ¢ Tax paborar um apxurektute AnTonmH Komap u apx.
[Temren. [24]

IIpe3 ecenra nHa 1881 r. Hukonaii KonuTkuH kato ,,ympaBisBall HyOJUYHHUTE
pabotu Ha bwarapckoTo KHsKeCTBO [25] Mo BpeMeTo Ha pekuma Ha IIBJIHOMOIIMATA Ha
KHA3 Anekcanabp batenOepr, usnpama nucmo 1o rerepan Vsan Bacunuesuy ['pumm. To
€ 3HAaKOBO II0 OTHOILIEHHE Ha HJesITa M M3I'bJIHEHHETO Ha maMmeTHuka. [lo ToBa Bpeme
I'puMM € HHCHEKTOp MO0 MEOUIMHAa KbM MMHUCTEPCTBOTO Ha BBTPEIIHUTE PabOTH B
KuspkectBo bbirapus u cberaps I'pakqaHcKkuTe MEIUIMHCKH 3aKOHU. [26] OT ToBa mMMCMO
CTaBa SICHO, Y€ MIPEICENaTeNAT Ha KOMUCHUSATA 10 CTPOUTENCTBOTO SIK0oB YncToBuY € 3a1an
BpIpocu Ha KonuTkuH, kouto mHTepecyBaT M I'pumm. KommtkmH otroBaps Ha lBan
I'pumM, ye ako MaMETHUKBT ce€ CTpou B TBHPHOBO, Hai-7OOPOTO MSCTO 3a HEro € Ha
MapuHo mnosne Ha HOBOCTpoOALUs ce OyneBap. AKO ce pelu MaMeTHUKBT Ja Objae B
Codust Toif MOXKe J]a ce OCTaBH HA €MH OT IPAFCKHUTE IUIOMIAH, WK B Majka 060cobeHa
rpaJiiHKa CPEeIry HOBOCTposiiara ce 6omuuma. [27]

Cnomenata Oosnuna ©Ou  TpsOBamo na Obae  AJsiekcaHapoBckaTta  [28],
CTPOUTEIICTBOTO Ha KOSATO € 3aBbpmieHO mpe3 1884 1. [29] 3a wusrpaxmanero wu
Coduiickata oOumHa otnens mapuen ome npe3 1879 r. Mpedra nmamMeTHUKBT Aa ce
U3JIMTHE cpelly OoJHMUIaTa moka3pa, uye mpe3 1881 r. 3a Hero He € MMaino peuleHHe Ha
oOmmHaTa 3a 0e3Bb3ME3/IHO MPEJOCTaBsiHE HAa MACTO, Thi KaToO BCE OLIE HE € SICHO Kb
e Obae nocTpoeH Toi. (Taka UMEHHO € MOCTPOEH MaMETHUKBT Ha 3arMHAIUTE METUIH 110
BpeMe Ha KpuMmckaTa BoiiHa — B IBOpa Ha BoeHHara OosiHuIa ,,Kpanuna Buktopus B rpaa
Hetnu.) I1o ToBa Bpeme 0k010 ThpHOBO MMa HAXOAMILE HA CUH Ha LBST (CUEHUT) U A0CTa
TBBPJ KaMbK, HO TOH HE MOXeE Ja ce MOJIMpa U 3aTOBa MaTepUaAIbT 3a capkogara TpsoBa
na ce noctasu oT Kapapa. Axko nameTHUKBT ce ctpou B Codusi, Toil MOke J1a ce IOoCTpoU
OT TAIlIKeCEHCKH MACHYHUK U capkodarsT Aa ce u3padboTu ot rpaHurt. [30]

CnenBaio mnpenrnoyuTaHue Ha KOMHCHSTa € PBbKOBOJICTBOTO M KOHTPOIBT Ha
CTpOEXa Jla ce BB3JIOKAT 3a 0€3Bb3ME3THO U3IIBJIIHEHHE HA MH)KEHEPUTE OT OBJIrapcKOTO
IIPABUTEJICTBO.

B 3axmouenne KonuTkuH criozesns, 4ye cu Mo3BoJIsiBa JAa U3pa3H JIMYHOTO CU MHEHUE,
KOETO €€ ChCTOM B TOBA, Y€ Hail-moOpOTO pellieHHe MO BBIPOCa 33 CTPOUTENICTBOTO Ha
IaMEeTHUKA € TOW J]a ce MOCTPOM OT MECTHU MOPOAMU OT KaMbK, capko(darbT, CpeIHUST
KaMbK C M300paKEHUETO Ha 3MHUS U 4Yallla U JOJHHUTE IUI0YM, KBJETO ca Pa3MoJIOKEHU
IJIABHUTE HAANMCU U BEHLUTE, Aa ce HanpasaT B Kapapa. Hannucure Ha nonxute mioun
Jla ca OT MeTajiuuecku OyKBU BrpajieHu B mpamopa. U Thil kato B bwarapus Hsima HUTO
€IMH BasTel U ,,Ja)Ke IPEJCTaBa HAMAT 3a TOBA, KAKBO € MOJUPAH KaMBbK' I1I€ CE HAJI0XKHU
JoBex1aHeTo oT Mranus Ha paOOTHHUIM, CHEIMATHO 3a TO3U MaMETHHK, KOETO Ie Obae
HECPaBHUMO IO-CKBIIO.

IIucMoTO Ha MHCHEKTOpa IO MEAMIMHA KbM MHUHHCTEPCTBOTO Ha BBTPELIHUTE
pabotu B KuspkectBo bvarapus Wsan ['pumm no Hauannuka Ha BoeHHO-MeTUIIMHCKOTO
HanpasieHnue B Cankr IlerepO6ypr Opect VBanoBuu Pynuncku ot kpas Ha 1881 r. naBa
OKOHYATEJIEH OTTOBOP Ha BBIIPOCUTE 33 MSACTOTO Ha CTPOUTEICTBOTO.

[TametHukbsT me ce mnocrpou B Codus B rpaauHkara cpeuly ¢dacagara Ha
AnexcaHapoBcKa OOJTHUIA U MSICTOTO 3a HETo 1e ObJie IPeI0CTaBeHO Oe3IUIaTHO. 3a Ja ce
CTUTHE /10 TO3U U3BOJI, € UMAJIO U JIpyra KOPECIIOHACHIIMS KOSATO JIUIICBA B apXUBUTE, Thi
KaTo B [MMCMOTO € Ka3aHo, Y€ PEUICHUETO € Ha KHsA3a. MarepuansT 1ie ObJe MecTeH, a 3a
capkodara e 6b/1e HEOOXOUM KapapcKu Mpamop.

TexecTTa Ha OpraHu3anMsITa Ha CTPOUTEICTBOTO Najga Ha A-p MBan I'pumm. Yernpu-
IiecT Mecela I0-KbCHO CTaBa SICHO, 4€ B bbirapus Hsma Ha KOro Ja c€ IIOBEpHU
CTPOUTEJICTBOTO M JOOMBAaHETO Ha CTPOMUTETHHUS MaTepuall, HE MOXKE Jla C€ M35CHU
HEeroBarta IIeHa M LieHaTa Ha TpyJa. 3aToBa BOCHHUAT MUHUCTBP AJjekcaniabp Kaynbapc e
IIOMOJIEH OT BOEHHUSI MUHUCTBp Ha Pycus 3a cpaeiictBue npen Herosa Cserioct
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bearapckus KHA3 J1a TOCOYH O€3IUIATHO MSCTO 32 CTPOMTEICTBOTO HA MAMETHHKA, KAaKTO U
na ObAe IMOCOYEHO MPABUTEICTBEHO YYpEXKJICHHE Ja Ce 3aeMe C IMOCTpoMKara Ha
MaMeTHUKa, a ChIIO Taka Jna ce ¢ukcupar pasxomure. [Ipe3 kbcHara eceH Ha 1882 r.
MPOBJDKABAT MOTBBPXKIEHUSATA BBB BUJ Ha Telerpama, nojaaeHa ot Mean I'pumm, ue
KH3bT Ha bearapus sxenae 1a mMa maMeTHUK Ha pyckute Jiekapu B Codusi.

W Taka, cropen AoroBopa 3a MOCTPOSIBAHETO Ha MaMETHUKA € M30paH IUIOUaja B
HoBaTa yacT Ha Codusi ¥ rpaJICKUIT ChBET OTCTHIIBA MSCTOTO HA IMAMETHHKA OE3IIIaTHO.
ToBa ce ciyuBa mexay kpast Ha 1882 u Hauanoro Ha 1883 r., chaelKHM 1O MMCMOTO HA
3aBEX/IAIINS MHXXEHEPHOTO OoTAesieHre KonmuTKrH 10 BOGHHUSI MUHUCTBD Ha Pycusi.

XangpuchT OT Pyckusi nbpkaBeH MCTOPUYECKHM apXWB IIOKa3Ba €IHAa MHOTO
TMOOOIMHKTHA TJIEJHA TOYKA KbM MSCTOTO HAa CTPOUTEIICTBOTO Ha OOJHMIIATA W TTAMETHHUKA.
B cBoe mucmo ot 9 despyapu 1885 r. BOeHHUSIT MUHUCTBD KHA3 Muxaun Kanrtaky3un
NuIe 10 HavyajiHuka Ha BoenHo-meauimuckoro Hanpasienue B Cankt I[letepOypr Opect
PynuHcky, ye maMeTHUKBT € 3aBbpllieH Ha 27 anpuin 1884 r. U mpu HEroBO KeJaHUuE MOXKE
na My wusnpara ¢ororpaduu. ,,.3a€IHO C TOBA WMaM dYecT Ja mpernpars Ha Bamie
[IpeBb3X0aUTENCTBO OOpaTHO JBa uepTeka Ha MMaMETHUKA, U3TOTBEHH OT aKaJeMHK
Tomuniko, npepanenu mMu BbB BoeHHOTO MuHMCTepcTBO Ha 8 tonu 1882 r. mog Ne 164.°
[31]

B Tta3m mpenmcka e 3amaseH € camMo eauHUAT 4deprex Ha Tomummka. Ha Hero e
MMOCOYEHO MSICTOTO, KBAETO cera ca Hamupa JlokTopckus nameTHuk. OTOensi3aHo € UMETO
Ha TUIoIaaa ,,AJICKCaHIPOBCKU " 1 HAUMEHOBAHUETO —,,I[aMITHUK MEIUIIMHCKUM YHHAM
[32]. Pa3nonosxen e mexnay ,,Opxanuiicko® (cera Oyi. ,,luko Caxb30B*) u ,,llapurpaacko
moce”“. OtBba Opxanmiickoto 1moce ca ,KounBosr Ha HeroBo BucouecTBO™ u
,KaBanepuiickute kazapmu* [33]. Ha xanapuca e or0ensi3aHO W MSCTOTO Ha IIbpPKBaTa
,CB. Codus”, xpam-namernuka ,,CB. Anekcanabp HeBcku“ [34] u HaponHoTO chOpanue
[35]. Ceramnusar OyneBapn ,,Bacun JleBcku®, uin paauamHata Ha IIUPOKUS LIEHTHD, €
otOesi3an Karto ,,JlyHykoBcku OyneBapa‘. MscToro Ha maMmeTHuKa Ha Bacun JleBcku He
e orOemsi3ano [36], Thil KaTO TOW BEpOSATHO € OWJI WM3BBH HeroBara 3amadya. OT ckumara
JUYH, Y€ C OTOeNsI3aHUTEe CTpajl € MOThpCceHa Bph3Kara mo ocra 10 JlBopema kaTo
LEHTpalHa crpajaa B croiumara. Ordens3BaHeTo Ha crpagute Ha HapogHoro ceOpanue u
Ha XpaM-TIaMeTHHKa ,,AJeKcaHabpp HeBcku™ mokas3Ba, 4e BEpOSTHO TS € TpsAOBajo 1a
WIIOCTpUpa HETrOBOTO MECTOHaXOXJeHue mnpen Boennoto wmuHucTepcTBO B CaHKT
[TeTepOypr.

4. JloroBop 3a CTPOMTEJICTBOTO — TEXHOJIOTHUN U MaTepHAJIH

JloroBopbT 3a cTpoexa Ha JJOKTOPCKUSI TAMETHUK € CKJII0YEH Ha 22 nekemMBpHu 1882
r. Mmexxny Boennoro munucrepctBo Ha KuspkectBo bbarapus B nunero Ha uHx. Hukonai
Konutkun n npennpuemaua Jlynmxu @apadocko. Criopes HEro NociaeaHUAT ce 3a1blkaBa
Ja TOCTPOM MaMeTHUKa MO uepTreka Ha ToMuiIka W MpHIOKEeHHs Mopaen. Mojenute
MpeJICTaBIsIBaT MOJIOBUH (hacaaa, MOJOBUH pa3pe3 IUIaH Ha ChopbkeHuero. Cymara 3a
CTPOUTENCTBOTO € 15 Xunsau KpeauTHu pyosu. J[oroBopbT XBBpIsSl CBETIMHA BBPXY
3UIapUUTE, PA3TBOPUTE U MaTepuaInTe. BpTpemHocTTa Ha maMeTHUKA J1a ObJe U3rpajcHa
OT JsJaH KaMbK, U33UJaH C IUTbTHO Pa3TBOPEH BapoOB Pa3TBOpP C JBE YacTU MACHK. 3a
KPETIeK C€ M3IOI3BAT JKeJIe3HU BPB3KHU (aHKEpH) ¢ pazmep 1x5 cM, a ChIo U ¢ AbhKkuHA |
M. OOnumoBkata na Obae oT u30paH Os1 TamkeceHCKH KambK [37]. JIbaOounmHara Ha
KaMBHUTE OT OOJUIIOBKATA (B Ccllydas KBaapoBa 3ujapus) a 0bjae He mo-mManka oT 50 cwm,
KOATO € HeoOXOOuMO 3apajJd 3aKpemBaHeTo. 3a 3uJapuara € T[OCOYEHO, ue
CTBHIAJIOBUIHOTO pa3IoJiaraHe Ha OOJIMIIOBbYHUTE KAMBHHU OT BCEKH MO-HUCHK pejl TpsOBa
na 6bae 20 cm. [lognuBanero um ga 6b1e ¢ mopmiana nuMeHT PobeHc ¢ mpumec 2 yactu
ISCHK, a pa3IMBKaTa Ja ObJe ¢ MUMEHT C IPUMEC OT €{Ha YaCT TISICHK.
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@Due. 8. Xanopuc ¢ nocouenomo macmo nHa namemuuxa, PUBUA, ¢. 546, on. 1, 0. 95,
. 165.

Capkodarst, KOWUTO yBeHYaBa KOMITO3UIUATA a OBb/J€ OT CHB TPAHHUT C TpErU3HA
o0paboTka u monupad. Kato 115710 BbB BCHUKM TOYKU Ha JAOrOBOpa € CIIOMEHATo, paboraTa
na ObJe M3BBPIICHA MPENU3HO ¢ (UHU KOHTYpH W 4ucToTa. CHMBONBT Ha MEIUIIMHATA,
KOWTO MHOTOKpPaTHO € OOCHXKJIaH B JOKYMEHTHTE € 3ama3eH KaTo MPHCHCTBUE U B
JIOTOBOpa CIEIHAaIHO € IMOCTAaBEHO H3HMCKBAaHETO 1a ObJe OT OpOH3, a CBIIO Taka H
BEHIIMTE, KOWTO ca MO JBa B JIOJIHATA YacT Ha BCsSKa CTeHa Ha mupamuaara. Kem
(MHAHCOBOTO OCHUTYpSIBaHE Ha JIOTOBOpa € HEOOXOIUMO Ja TIOCOYMM M 33TbJDKUTEIIHATA
rapanius ot 1500 nB., koero € 10% OT cTOMHOCTTAa HAa MPEANPUATHETO U C€ BHACA OT
npeArnpueMaya ¢ e J1a Cra3Ba CTPUKTHO YCIOBUATA 110 JoroBopa. [38]

5. Ona3BaHe Ha IBM:KMMH NPOU3BeIeHUSs
Maketn Ha JIOKTOpPCKMS TaMETHHK C€ CBbXpaHSIBaT BbB KOJEKUMSATa Ha BoeHHO-
meaunuHCKuss My3ed B Cankr IletepOypr. Te He ce OTHacAT KbM pasriieaHus
UCTOPUYECKH MEPUOJ U ca OMITN Ch3Ja/ICHH 3a MOIMYJIIPU3UPAHETO MY.

6. 3akar0ueHue

Joktopckusar nameTHUK B Codusi € YHHKaJCH KaTro apXHUTEKTYPHO ChOPBKCHHE.
HeroBara meMopuaaHa CEMaHTHKAa € I[OCTUTHATa OJlaroJapeHue Ha H3IO0JI3BAHETO Ha
JpeBHATa TeKTOHWYHA (Gopma Ha obenucka. Kommosuiusara My € TpHUaeIHa, TOJOOHO Ha
OPJICPHOTO WICHCHHE M CE ChCTOW OT 0a3a, mupamuaa u aHTabJeMaH, YBEeHUaH ¢ PPOHTOH
(kamakbT Ha capkogara). OT cBosi cTpaHa capkodarbT ChIIO € TPHUICICH, OCHOBAaH Ha
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JIOrUKaTa Ha aHTUYHUSA OpACP U UMa 63,33,, KOJIOHH U CBOTBCTHO, q)pOHTOH. IIo To3m HauuH
TOH ce IpeBpblla B KIACHUYCCKO CBOPBIKCHUC, a YBCHYUABAINHUAT IO capr0(1)ar — B
CHUMBOJIMYHA MOLICXPAHUTCIIHUIA Ha Pa3lUJICHUTC IO II'bTUIATA Ha OUTKHUTE TIICHHU
OCTaHKHM Ha MCIUIIUTC

buaaroxapaoctu

KbM Pyckust nbpkaBeH BOGHHO HCTOPUYECKHU apXUB 3a MPEIOCTAaBEHUTE KOIUS Ha
JTOKYMEHTH, KOUTO 32 IbPBU BT ce MyOnukyBart B bbarapus. OcHoBHaTa 4acT ot
M3CJIEJIBAHETO € MyOJMKyBaHa B KHUTATA, ChIbPrKAIlla U MOJIYYCHUTE TOKYMEHTH
,»JlokTopckusT nametHuk B Codus. U3zcnensanus u qokymentu. C., 2023, Maranop-74 ¢
aBropu biarosecra iBanoBa, Enena byrapuesa, Huna [{ronreposa, Panocsera Kuposa,
PagocnaB CuMeOHOB.
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Abstract — The paper lists some very important earthquakes in the world, and related adverse
events. The impact on the specific structures and buildings, such as nuclear power plants and
bank revetments was discussed. The examples of the tsunami and hurricane impacts were
mentioned. Also mentioned were liquefactions, mechanism, calculation of safety coefficient and
lateral spreading.
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1. Introduction

Earthquakes are by their nature stochastic processes and it is very difficult to precisely
determine the intensity and time of their occurrence, but rather the probability of occurrence is
provided through a certain return period and a seismic map (of hazards) on a specific location.
Understanding of earthquakes was considerably improved by the discovery of tectonic plates,
their movement and collision borders. Many researchers dealt with earthquakes or their various
effects on structures, such as: Ani¢i¢, [1] Dowrick [6], Baker and Cornell [2], Cosi¢ and
Brci¢[3], Duan and Chen [7], Elnasai and Di Sarno [8], Foli¢, B.[12], Hrasnica [15], Jankovi¢
[16], Petronijevi¢ and Schmid [22], Kwong and Chopra [17], Meymand [18], Milovi¢ and DPogo
[20], Newmark and Rosenblueth [21], Schnabel, Lysmer and Bolton Seed [23], [9] etc. The
places where the tectonic plates meet or collide are called faults, and they are usually situated in
the oceans or on the edges of continents, and there are various motions of plates. One of the most
famous faults is San Andreas, which is a part of the Great Pacific Ring of Fire, is located in
North America and it cuts across California and it is characterized by the shearing horizontal
plate motion. The name Ring of Fire comes from the presence of a large number of volcanoes on
the ocean’s rim. The east part of this ring constitutes the Andes in South America, which are the
result of the subduction of the Nacza (neighbor Pacific) plate under the rising Andes. In Middle
America there is the Cocos plate, whose motion in 1985 caused a relatively moderate earthquake,
and its effects were catastrophic for certain buildings in the Mexico City. Indonesia, Japan and
New Zealand are also a part of this Ring, and they are characterized by frequent and
considerably intensive earthquakes. For instance, the earthquake in Japan 2011 was IX on the
Richter scale. It is believed to have shifted the Earth‘s axis of rotation for around 10 to 30 cm.
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There is a fault between America, on one side, and Europe and Africa on the other side in
the Atlantic Ocean, which passes through Iceland. For this reason, Iceland is very frequently
exposed to volcanic eruptions. There is a difference between volcanoes which have global
impacts and those with a local impact. One of the criteria for the global impact is the quantity
and chemical compositions of ash and dust ejected into the atmosphere. The eruption of the
Eyjafjallajokull volcano, on Iceland in April 2010, ejected so much ash that air traffic was
cancelled. The contact of the water and lava in the grotto of a volcano can considerably increase
the height and amount of the ejected ash, as well as the explosion intensity of the eruptions, like
a pressure cooker. Volcano Santorini, around 1500 BC, caused a tsunami with the eruption, and
the ejected ash cause a mini ice age, since there was not sufficient sunlight for a normal harvest.
These eruptions were confirmed in two ways, by taking samples from old trees, interpreting the
tree rings, and from the sampling of polar ice. The third way is from the geological composition
of soil from the sediment layers, and it is used from the historically distant events.

Fig. 1 Types of interplate boundaries. Types of fault, after Datta, [4]

2. Scales for description of earthquakes

Different scales are used to describe earthquake intensity, [1], [4]. One of the most
frequent is the Richter scale and it has a direct physical measure. The measure of the earthquake
intensity is Magnitude, defined by (in 1935, it is called the local magnitude My). It represents the
value of displacement amplitude in a logarithmic scale with 10 as a base, and it is expressed in
microns. The amplitude is measured on a standard seismograph Wood Anderson, at a distance of
100 km from the epicenter. There are other appropriate magnitudes defined by seismologists,
such as the magnitude of spatial (P) waves My (Body Wave Magnitude, suitable for deep of
earthquakes), surface waves Mg (Surface Wave Magnitude, suitable for measuring of shallow
earthquakes distant over 1000km). These scales intensities only partially coincide, only in certain
intervals, at that. Also used in geology is the physical parameter such as the seismic moment.
There is a number of empirical formulas describing relations between energy of seismic waves
and the energy in the focus, or the relation between the amplitude and the length of the fault. One
of the most important measures of earthquake effects is the peak ground acceleration (PGA).

There are scales which do not describe the physical intensity of an earthquake, but rather
its destructive effects and the damage on the structures such as the Mercalli scale or modified
Mercalli scale or MSK (Medvedev Sponheuer Karnik), and seldom MCS (Mercalli Cancani
Sieberg) is used. All three scales have approximately same intensity (12 degrees) [1] even
though some authors consider them to be shifted for half a degree.
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Destructive effects of earthquakes and related adverse events

There can be special problems when the earthquakes cause tsunami, floods and fires. An
example of a flood is the earthquake Fukushima in Japan, on March 11" 2011. An example of
the fire is the Kobe earthquake in Japan in 1995 or San Francisco in USA in 1906.

Tsunami and floods

In the case of subduction, when one plate sinks beneath the other, when this vertical
movement becomes sudden during a strong earthquake, it can cause a tsunami. A tsunami is
relatively low at the open sea or ocean, it can be only a few meters, but as it approaches the
coast, its height increases to tens of meters, which increases its destructive power. In Japan in
2011, there were protective walls against the tsunami, but in the vicinity of Fukushima, where a
nuclear power plant with uranium and plutonium reactors is located, there was an overflow,
aggregates and cooling pumps stopped operating, and the damage to the reactor occurred due to
overheating. Citizens were evacuated due to the danger of radioactive contamination. On the
northern part of the island, the tsunami protection walls were only slightly higher, but sufficient
to protect the coasts of that part of the island. It should be noted that the walls collapsed (without
breaking) in the vicinity of Fukushima, and this also contributed to the disaster caused by the
tsunami.

Tsunami in some cases can have the same effects as a typhoon or hurricane.

The pumps also stopped working due to the overflowing of protective walls (due to the
hurricane Katrina) in New Orleans. Since a large part of the city was below the sea level because
of settlement and sinking, a part of the perimeter was protected by the wall, that is, bank
revetments, however it was not sufficient and the pumps were submerged. The pumps should
have pumped out the water from the low parts back into the sea, but they were incapacitated
because of submerging, and the catastrophic floods ensued. After the disaster, the pumps and
generators were elevated to a higher level, so that the floods would not submerge them and
interrupt their operation.

Modeling of an optimal shape of breakwater in the hydrodynamic laboratory

An interesting example is a breakwater for a nuclear power plant in the north of Great
Britain, construction is underway. The wall is made of prefabricated elements, and at the top it
has a curved shape towards the sea, like a beak, so that the part of the wave that reaches the top
of the wall returns back to the sea. It is possible to break the top of the next wave by this reversal
if the periods of the waves interfere. The most favorable shape of the wall was tested on a model
in the hydrodynamic laboratory.

Liquefaction

Liquefaction is a phenomenon known for centuries, but its mechanism was only
explained in 1964 after the earthquake in Niigata, Japan. Namely, the images of overturned and
practically undamaged buildings in Niigata in 1964, were deeply etched in the memory of
everyone who saw them.
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Liquefaction is a phenomenon that mostly occurs on poorly compacted soil, primarily
sand or sandy soil that may contain a certain percentage of dust. Namely, during an earthquake,
soil particles oscillate, so if the granular skeleton is weakly connected and submerged in
groundwater, there may be a loss of contact between the particles, and the load-bearing capacity
of the skeleton ceases, and the soil then behaves like a heavy liquid. Therefore, it can be said that
the pore pressure of the ground water (due to the buoyancy force) overcame the shear resistance
of the soil. The geotechnical and stress conditions with which the soil resists the effect of an
earthquake is designated as CRR (cyclic resistance ratio), and the effect of an earthquake that
tries to collapse the granular skeleton is called CSR (cyclic stress ratio). The CRR/CSR ratio
gives us a factor of safety against liquefaction for a given earthquake.

A detailed method of testing of pile damage during liquefaction (Kobe) was provided in
Tazoh and all. [24].

Negative friction the soil layers

Negative friction is a phenomenon when weakly bearing soil layers, instead of
transferring the load from the deep foundation to the adjacent soil, hang on the deep foundation.
In Kobe, a pile protection system against negative friction was applied, namely a pile driven into
the ground, usually steel, coated with tar or special bitumen, along the places where negative
friction is possible in the soil layers. This prevents mud or poor soil from "hanging" on the pile.
This pile processing system patent was protected in Japan.

Sensitive clays

Sensitive clays were originally registered in Scandinavia, however, they are also
registered in Canada and other parts of the world. It is the phenomenon that clays that have a
good static bearing capacity, and are exposed to the effect of certain vibrations, suddenly lose
their bearing capacity. These vibrations can be caused by passing trains, not necessarily by an
earthquake. The phenomenon is similar to liquefaction, but it is not necessary for the clay to be
saturated with water. Also, with sensitive clays and silty soils, errors may occur during pile
construction (Milovi¢ and Pogo, [20]) which compromises stability and safety of such structures.

Mexico City 1985, September 19"

At the epicenter, it was tge magnitude 8.1 earthquake. The consequences of a relatively
weak earthquake (COCOS plate) on Mexico City in 1985, about 400 km away, were catastrophic
in certain locations ("Lake Zone"). Namely, the filtering of the earthquake through the soft layers
of the soil resulted in the extension of the period of predominant oscillations of the seismic
waves. The collapse of high-rise buildings in Mexico City occurred as a result of the structure-
ground interaction, namely under the city there are several locations where there were once lakes
or ponds, which were buried due to the expansion of the city and the need for construction land.
These locations are an additional problem not only because of refraction and dispersion, but
because of the reflection of seismic waves in the soil deposit from the rigid boundary. This is
similar to a standing wave and self-resonance. The influence of such soft soil layers on tall
buildings in the response spectrum is represented by Mexico City as an extended plateau [13],
[14],[19],[18] and [1].
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Earthquake Kobe, Hyogoken-Nanbu 1995 (Hansin-Awaci), 17" January

In Kobe there is a number of sites with layers of varying thickness of soil deposits, and
one major fault that has merged with a nearby local fault. The port of Kobe was expanded over
time by sand filling, so in 1995 liquefaction occurred in a number of locations. The number of
victims during and after the Kobe earthquake is not only the result of engineering "errors" in
important buildings, but the confluence of a series of factors, which simply converged at a given
place and time. Therefore, the "errors" were the result of a lack of knowledge, that is, the
engineering structures that were built at the time, were made at the highest level of the technical-
technological development of the time, but after a couple of decades, they were surpassed by the
progress in these fields. Therefore, irrespective of Japan's wealth, the scientific and technological
progress could not be observed by the demolition of capital buildings and the construction of
new ones, in accordance with innovative regulations and new knowledge. A brief review of the
global economy: after the malfeasance of the American FED which abolished the gold standard,
as early as in 1972, the leadership on the planet was taken over by Japan as the real economy, in
a period of about two decades. Therefore, regardless of such economic power of Japan, capital
buildings could not be demolished just like that, rather they are possibly strengthened, if there is
knowledge about such needs. Let us note, that it is often the case in the USA that a certain type
of structure, e.g. prefabricated bridges with steel pendulum for connection cantilever and simple
beem, was systematically and extensively inspected only after the demolition of a representative
structure. And if it is determined that such a system is very difficult to control and maintain, or
that it is impossible to protect it with additional measures, then its further use is discontinued.

Fig. 2 Damage due to the loss of support (Kobe, 1995, after [18])

The number of casualties, which was relatively large solely due to the traditional
Japanese houses construction was not immediately available to the professional public. Namely,
Kobe is an elongated port city constrained between the Rokko hill on one side and the sea, i.c.
Osaka Bay on the other side, so the residential quarters are expanded on the outskirts. It is the
seventh largest city in Japan, and had about one and a half million inhabitants. Due to the
narrowness of the city center (about 5 km wide), the highways were elevated on piers and turned
into long overpasses or bridges, and the soil was filled in and reclaimed from the sea. At that
time, there were about 160 km of elevated highways on piers in Kobe, and quay walls and
artificial islands were also built.
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Night before the main shock of Kobe 1995

On 16™ January at 18:26 h, seismic activity of 3,6° Richter was registered, which
activated the sensors, but which is almost imperceptible to people. At 18:49 h an even smaller
seismic activity of 2,5° Richter, was registered that activated sensors again. Sensors located the
focus of the fault 15 km southwest of Kobe, in the Akashi channel separating Awaji island from
the mainland. At 18:55h a third tremor is registered, an even smaller seismic activity of 1,5°
Richter. At 23:49 h there was fourth tremor. On Tuesday, 17" ] anuary at 5:46 h, the main shock
of the earthquake hits the area (M 7.2-7.3-7.5°).

In Kobe, there is a fault that runs almost parallel to the coast. Until 1995, the faults on the
island of Awaji and in the city of Kobe were known, however, the fault in the channel, which
was then activated and which connected these two faults, was unknown until then, so these faults
were considered exclusively as separate phenomena. The intensity of the earthquake was 7.5
magnitude on the Richter scale, but the fault and the source were at a depth of only 17 km,
directly below the city.

If we assume that the fault in Kobe was approximately 20 km long, on the island 15 km,
and in the channel 5 km, and we calculate the seismic moment, assuming that the height of the
fault surface and the shear modulus are the same, we get an increase with 1 (Iength) squared, so
the seismic the moment grows from a length of 20 to 40 km. The increase is (40/20) squared,
which is 4 times the original. We stress that the length of the San Andreas fault is about 7000
km, so the previously assumed length is very small. If the expression for the seismic moment is
used, it should be compared with the relationship between the length of the fault and the
magnitude, and it should be taken into account that there are formulas related to certain
locations, and therefore they may differ (M~ 6.5 to 7).

The residential houses were made as a wooden or bamboo frame without proper braces or
ties, and for defense against typhoons, heavy traditional roof tiles were used, which cannot be
blown away by the strong wind (suction effect). Due to the P-A effect, and due to the lack of
horizontal support, these heavy roof tiles fell during the earthquake and caused the greatest
number of casualties. Wooden houses also caught fire, the fires were caused by fire from the
hearth and failure of the installations. The finite number of fire engines could not adequately
respond to numerous fires. The earthquake caused 140 fires in the suburbs, out of a total of 5,500
casualties (there are more data on the total number of casualties, the figure ranges from 5,052 to
7,000), about 4,900 were in the suburbs. Kobe is a predominantly port city, one of the largest in
Japan, and was organized as a large distribution center for goods (receiving and shipping), so
help was slow to arrive in such a city when the port was badly damaged. This, regardless of the
efforts of the citizens, increased the number of casualties.
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Collapse of the Higashinada viaduct during earthquake Kobe 1995
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Fig. 3 Response spectra of different locations in Kobe. Accelerograms with and without the
interaction of soil and structure, after Mylonakis and Gazetas 1998 [13])

The increase in the period of the seismic response of the bridge-column-piles system
occurred primarily because the surface layer of the soil, about 3.5 m thick, has extremely soft
characteristics (SPT, N from 5 to 20 shocks), so due to the interaction with the soil, it was
necessary to strengthen the horizontal tension reinforcement (stirrup) due to the increase of the

required ductility.
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The port was largely disabled, and aid deliveries did not begin until the third day. Some
buildings were built according to regulations from the 60s, so they did not have seismic
resistance like the latest buildings. After the 1960s, Japan improved regulations several times,
and also after the earthquake in Kobe in 1995.

It should be noted here that the traditional architecture of the wooden pagoda had a very
high resistance to the effects of earthquakes, firstly because of the rigid wooden core, secondly
because of the support system of wooden roof consoles that dissipate seismic energy by relative
movement, and thirdly, just as importantly, the characteristic period of pagoda oscillation does
not coincide with the dominant periods of earthquakes in that Asian region. Also, the woodwork
of the structural elements and supports of the wooden materials are done in such a way that
ventilation and conditions of constant low humidity are enabled, so that there is almost no
occurrence of rot, drying or other diseases.

San Francisco earthquake 17™ October 1985

The 1985 San Francisco Earthquake on October 17%, shortly after 5 p.m., the San
Andreas Fault was triggered. An overpass has collapsed in Oakland. On the bridge in San
Francisco, one span collapsed at the pier. The mobility of the bottom of the bay was higher than
(long ago) assumed. One of the main causes of extensive damage are the consequences of the
1906 earthquake. Namely, during the earthquake of 1906, on April 18", a fire broke out in San
Francisco, which lasted for days. Due to the poor living conditions, a large number of residents
moved out. In order to revive the city, the city officials filled in the surrounding ponds and
swamps, which gave them new development land for the construction of housing and related
facilities. These were good sites for low wooden houses, but not for the tall reinforced concrete
or steel structures that would later rise on those sites, or for the city harbor as shown in the figure
below. According to Meymand [18], the filling up of San Francisco's harbor began in 1850, so
the biggest damages then were on the land reclaimed parts of the harbor. Let us remember that in
the 19" century, the "gold fever" raged in California, so the tailings from excavations were used
to backfill the port, as well as sand, stone, etc. More detailed investigation revealed 20 (about 23)
different ways of backfilling the port of San Francisco.
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Figure S - Regions Most Intensively Damaged During the 1906 San Francisco Earthquake, and
the Historic Shoreline (after [18] Meymand, 1998)

Los Angeles, Northridge 1994

At 4,30 in the morning of 17™7 anuary 1994, the valley of San Fernando, near city of Los
Angeles was hit the Northridge earthquake, with a magnitude of 6.7 on a Richter. On high-rise
buildings, the steel welded joints of beams and columns have shown their weaknesses during
earthquakes. This type of joint was widely used in California from 1964 to 1989. Due to the
1985 earthquake, San Francisco was also inspected, and only 6 damaged towers were found.
These inspections followed after it was established that during welding the workers were sitting
on the beams, and that due to their awkward position, they had a much higher number of breaks
during welding, thus also interrupting the welding. The joint would not be continuous and of
high quality as in controlled conditions. In places where the welding seam is continued, and if it
is not done properly, cracks may occur.
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Loma Prieta Earthquake 1989 October 7™

During the Loma Prieta Earthquake, magnitude 7, in 1989, there was also collapse and
damage to a number of structures, such as damaged batter piles at Port of Oakland and Port of
San Francisco. The picture below shows the collapse of the crossing in the valley, the alluvial
deposit. Alluvial soil deposits usually have poor resistance to lateral earthquake action. The static
resistance was satisfactory, but due to large displacements, the piles in contact with the bridge
failed, and the road slab was punched through by the tops of such piles. (Meymand, [18])

» 7 I “f/'i“ . S .‘—
Fig. 6 Horizontal displacement of pile tops due to earthquakes and loss of contact with the soil in
the upper layers. Highway 1 Crossing Struve Slough near Watsonville Collapsed during the 1989
Loma Prieta Earthquake. (after [11], [18]).

Showa Bridge Niigata 1964
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Fig. 7. Elevation or the figure represent horizontal displacement of the ground at each pier, after
Yoshida, et al.[26])

Showa bridge collapsed during the Niigata 1964 earthquake in Japan, but the collapse
started only around 60 (Meymand 1998, [18]) to 70 seconds (Yasuda 2007, [26]) after the main
shock, and lasted around 17 seconds. Niigata Earthquake was the magnitude 7.3. Most likely, the
collapse was due to the horizontal soil expansion, but let us see what is the account of Yoshida et
all, i.e. JSCE, after [26]: 1) Horizontal movement of the left bank side ground of about 3 m
towards the center of the river, 2) liquefaction of the ground, 3) horizontal external force worked
on the bridge girder resulting from horizontal movement of the abutment on left bank side, 4)
large horizontal displacement of the foundation resulting from round displacement, 5) reduction
in lateral ground resistance due to liquefaction, and 6) loss of bearing capacity due to poorly
welded pile joints. In this paper [26] a number of detailed explanations were provided about the
collapse mechanism and the impact that the Showa Bridge in the course of the Shinano River
was exposed to during the earthquake. Among other things, the method of determining the delay
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of the collapse in relation to the main impact was explained, according to the statements of
eyewitnesses, who were crossing the bridge at the time, or were in the immediate vicinity.

/

Figure 8. The failure of the 303,9 m long Showa Bridge in Shinano River was a direct
consequence of liquefaction of the upper loose sand layer, which in turn laterally flowed against
and displaced the 60 cm diameter steel pipe pile-supported bents, unsupported and dropping
several spans. Niigata 1964. (after [11], [18]).

Response spectra

Response spectra are usually given for acceleration, or in combination with velocity and
displacement, and "tell" us how much acceleration amplification is possible due to an earthquake
at a specific location.

In relation to standard response spectra, Mylonakis and Gazetas 2000 [19], provide
response spectra for very specific locations and earthquakes, such as Vrancea-Bucharest
Romania 1977 [10], Kobe Fukiai 1995, Kobe Takatori 1995 and Mexico City 1985 [18]. Fukiai
and Takatori are the same earthquake and the city, but two locations of measuring stations,
which have a significant difference in the response spectrum. Earthquake directions are marked
EW east-west and NS north-south. The same authors considered the interaction of structure-
foundation-soil-interaction SFSI [13], as well as Gerolymos and Gazetas [14].
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Figure 9 Comparison of a typical seismic code design spectrum to actual spectra from
catastrophic earthquakes with strong long-period components; B = 5%, after Mylonakis and
Gazetas 2000, [19].

6. Concluding remarks
When considering seismic effects on capital buildings, it is necessary to include in the

concept of robustness the related adverse events as possible cases of loading, such as fires,
floods, weather events, torrential rains, volcanoes, tornadoes, hurricanes and the like. Of course,
one should take into account what specific phenomena can occur at the given location where the
structure is located. However, integral design requires additional determination and provision of
critical roads in the event of a disaster.
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As far as the residential and office buildings are concerned, it is preferable, for the sake
of evacuation, to make a rigid staircase core, which should be protected or surrounded by RC
bearing walls. Regardless of whether pressurized air is pumped into the staircase or not.

What is noticeable is that due to climate change, all positions of equipment that regulate
the movement of water or supply energy should be revised. In this case, those are pumps and
power generators.

Regarding the interaction structures-piles-soil, it is interesting to note the lecture of Prof.
Trifunac [25], where for the building of the famous hotel in Los Angeles, VN7SH, which was
equipped with a suite of instruments for many years, he gives the example that after one strong
earthquake, torsional tone appeared in the foundation at the ground level (for ambient soil-piles
vibrations).

In the paper Foli¢ et al. BASA 2022, various damages and their causes, as well as the
rehabilitation of buildings were considered. In this paper, adverse phenomena that accompany
earthquakes are discussed in more detail, such as: direct effects, ground failure, surface faulting
or fault rupture, ground lurching, differential settlement, lateral spreading - flow failures,
tsunamis, landslides, collapses, liquefaction, and other adverse events. Also, in BASA 2022, a
very important article by McDonald, R., Introduction to Natural and Man-made Disasters and
their Effects on Buildings, AP, Amsterdam, 2003, was presented, with a description of some
specific damages, so they are not repeated here.
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Abstract: Information about the European bridges on the stamps within the project
Europa stamps in 2018. Bridges as a part of European architectural scene. Modern
bridges and very old or ancient bridges. Many of them are national cultural heritage of
given country.

Key words: national cultural heritage, European bridges, stamps

1. Introduction

The bridges were theme for EUROPA stamps in 2018 and there were many great
looking designs from the many participating countries. The countries have chosen
everything from the large modern bridges to the small older timber bridges. They are really
worth a closer look. Bridges are a powerful element of the European architectural scene,
which can reflect the cultural diversity present across the continent. Bridge symbolises the
spirit of unity between nations. During writing this paper the names and locations of all
bridges on the stamps were carefully identified by the authors. The photos of all bridges
given on the stamps may be easily found in the Internet thanks to information given below
stamp pictures. This fact enables to see also many bridges which are not on the stamps.

2. EUROPA stamps in 2018, theme bridges

Results of the voting for the most beautiful postage stamp EUROPA 2018 with
bridge: a) Turkish Post PTT (Turkey - Gold), Fig. 31, bottom left; Poczta Polska S.A.
(Poland - Silver), Fig. 30, left and Georgian Post (Georgia - Bronze), Fig. 15, top left, were
winners of the 2018 EUROPA Stamps online competition through public voting; b)
winners of the EUROPA Stamps Jury prize competition, selected by group of Philatelic
experts were: bpost (Belgium - Gold), Fig. 8 left; Magyar Posta & Posti Group (Hungary
& Finland - Silver), Figs. 17, top left and Hrvatska Posta d.d. (Croatia - Bronze), Fig. 11,
bottom left. There was a tie for the second-place, which went both to Magyar
Posta (Hungary), Fig. 17, top left and Posti Group (Finland), Fig. 14, top center.
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Fig. 1. Bomarsund B;iﬁge; Aland, rised region of Finland.

Fig. 2. Souvenir sheet. Center: Mesi Bridge over Kir river in Mes; top left: Kasabashit

Bridge over Vlosh river in Corovodg; top right: Hoshtevés bridge; bottom left: Tanners'

Bridge over Lané stream in Tirana; bottom right: Kamares Bridge over Skumbin river in
Miraké; Albania.
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a)
Fig. 3. a) Gorica Bridge over Osum river in Berat; Albania; b) Tsakkar natural bridge in
Tsakkar; Armenia.
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Fig. 4. a) Bridge of la Tosca; b) Pont d'Engordany; both bridges in Escaldes-Engordany
Parish: Andorra; c) Josef von Schemerl Bridge over Danube Canal in Vienna; Austria.
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Fig. 5. a) Sultan Bridge from 1751 over Akhynjy river in Tovuz; b) Qanli Bridge from
XIX. century, Gadabay; c) Lekedakh Bridge from XVI.-XVII. century, Julfa District;
Azerbaijan.

a)
Fig. 6. Bridges on Sao Miguel island: a) Despe-te que suas Bridge; b) Bridge of 8 Arcs,
Ribeira Grande; Azores, an autonomous region of Portugal.

)
N’

a)ke bl
Fig. 7. a) Disna Bridge over river Disna, Vitebsk region; b) and c) Brldge over SV1slach
river in Minsk; Belarus.
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Fig. 8. Left: Souvenir sheet. Pont des Tous over Scheldt river in Tourna1 Belglum top
right: Roman Bridge over Bosna river near IlidZza; Bosnia and Herzegovina; bottom
right: Seher-Cehaja Bridge over Miljacka river near Sarajevo; Bosnia and Herzegovina.
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Fig. 9. Top left: Roman Bridge over Sujica river; Bosnia and Herzegovina; bottom left:
Roman Bridge over Bosna river near IlidZza; Bosnia and Herzegovina; top center:
Arslanagi¢ Bridge over TrebiSnjica river; Bosnia and Herzegovina; bottom center:
Mehmed Pasa Sokolovi¢ Bridge over Drina river; Bosnia and Herzegovina; top right:
Kadin Bridge over Struma river at Nevestino; Bulgaria; bottom right: Covered Bridge
over Osam river in Lovech; Bulgaria.
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Flg 11. top left: Stone Bridge, Nov1grad na Dobri; Croatia; bottom left: Dr. Franjo

Tudman Bridge, Dubrovnik; Croatia; top center: Old Venetian bridge of Kelefos (or

"Tzielefos"), Troodos mountain; Cyprus; bottom center: Akapnou Venetian Bridge,

district of Limassol; Cyprus; top right: Degirmenlik (Kythera), Lefkosa District; North
Cyprus; bottom right: Ortakoy, Lefkosa District; North Cyprus.
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Fig. 12 a) Podolsko Bridge and Chain Bridge both over Vltava river near Podolsko in
Czech Republic; b) Arch bridge; ¢) Stone bridge, both in Tartu; Estonia.
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Fig. 13. Souvenir sheet. Great Belt Bridge crossing the Great Belt strait between
the Danish islands of Zealand and Funen; Denmark.
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Flg 14 top left: Streymin Bridge conects Streymoy and Eysturoy islands; Faroe Islands;
bottom left: Bridge over Sanda river between Torshavn and Argir, island Stroymoy;
Faroe Islands; top center: Finland; bottom center: Finland; top right: Passerelle

Mimram over Rhine river, bridge of two banks between Strasbourg and Kehl; France;
bottom right: Kniebriicke over Rhine river, Diissledorf; Germany.
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Fig. 15. top left: Besleti Brldge (Queen Tamar's Brldge) at Sukhum1 Georgia; bottom
left: Bridge of Peace over Kura river, Tbilisi; Georgia; top center: Montagu Bridge;
Gibraltar; bottom center: Windsor Bridge; Gibraltar; top right: Corral Bridge;
Gibraltar; bottom right: Lanport Bridge; Gibraltar, British Overseas Territory.
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Fig. 16. top left: Plaka Brldge over Arachthos river, at the borders of Arta and
Ioannina prefectures; Greece; bottom left: Rio—Antirrio Bridge (Charilaos Trikoupis
Bridge) crosses Gulf of Corinth near Patras; Greece; top center: Renovated bridge over
the river in Qaqortorq; Greenland; bottom center: Glacier bridge; Greenland,
autonomous territory of the Kingdom of Denmark; top right: Bridge over St. Saviours
Reservoir; Guernsey; bottom right: Castle Cornet Bridge; Guernsey, channel island,
a self-governing dependency of the British Crown.
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Fig. 17. Souvenlr sheet Top left: Megyeri Brldge over Danube river, Szentendre island;
top right: Kéroshegy Valley Bridge; In the selvedge of the miniature sheet: the detail of
Mora Ferenc Bridge over the river Tisza to the north of Szeged; Hungary.
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Fig. 18. Left: Footbrldge over Ellidad estuary, Reykjavik; rlght suspension bridge over
Jokulsa river on Breidamerkursandur; Iceland.
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Fig. 19. Top left: Mizen Head Footbridge, Cork Ireland; bottom left: Boyne Viaduct
over Boyne river, Drogheda; Ireland; top center: Medieval bridge over Metauro river,
Fermignano; Italy; bottom center: Roman Stone Bridge (Ponte Pietra in Italian) over
Adige river, Verona; Italy; top right: Havre Des Pas Pool Bridge, Saint Helier; Jersey;
bottom right: Bridge over Queen's Valley Reservoir; Jersey, a self-governing
British Crown Dependency.
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Fig. 20. Top left: Stone Bridge over Bistrica river, Prizren; Kosovo; bottom left: Bridge over
Jugla river between Avoti and Upeslejas; Latvija; top center: Pedestrian Atyrau Bridge over
Ishim river, Astana (Nur-Sultan); Kazakhstan; bottom center: Ballure Bridge; Isle of Man
(Mann), a self-governing British Crown Dependency; top right: Stone Bridge over Pe¢
Bistrica river in Rugova Canyon; Kosovo; bottom right: Bridge over Gauja river; Latvija.

Fig. 21. Left: Old Rhine Brldgé Vaduz Llechtensteln, center: Salnte Devote Brldge
Monaco; right: Balzers Footbridge; Liechtenstein.
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F ig. 22. Top left: Traka1 Island Castle Brldge thhuanla, bottom left: Bascule Castle
Bridge (Charles® Bridge), Klaipeda; Lithuania; top center: Grand Harbour Breakwater
Bridge (St. ElImo Bridge); Malta; bottom center: Madliena Bridge; Malta; top right:
Bridge of Jarvanes over Tumi river, near Tumi; Republic of Artsakh (Nagorno
Karabakh); bottom right: Bridge of Karavaz (Khudaperin) over Arax river; Republic of
Artsakh (Nagorno Karabkh)
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Flg 23 Top and bottom left: Bridge over Babuna river, Veles top center: Deer Jump
Bridge, Mogorche; bottom center: Gorenica Bridge, Debar; top and bottom right:
Brldge over Gradeska River, Mariovo; Macedoma (North Macedonla)

Moldova ”l : Moldova ] ] |
Fig. 24. Left: E1ffel Bridge over Prut river, Ungheni; Moldova, center: Gorenica Bridge,
Debar; Macedonia (North Macedonia); right: Flying wooden bridge over Raut river at

Pohorniceni, Orhei district; Moldova.

142



MEXIAYHAPOJIHA HAYYHA KOH®EPEHIIUA BAHW 2023
INTERNATIONAL SCIENTIFIC CONFERENCE BASA'2023

.-..0...I.Ql'l"..u---------: AW}’,’WW

: 0,95€ o8« S
. & Mostovi g
' B Most na Mos‘tmuu

.......‘.."
e 2\

o CENA GORA - MO

[ R AR L LA L LA LEL L L AL L AL LSS A

s BEUROPA

SN IRIRSTIRNTFES
.41

...‘.I..I....m...ll......l

Fig. 25. Top left: Bridge over Socorridos river, Camara de Lobos; Madeira, an
autonomous regions of Portugal; bottom left: Bridge over Ribeira da Metade valley, Faial;
Madeira, an autonomous regions of Portugal; top and bottom center: Roman Bridge
over former, today dried Mostanica river in Niksi¢; Montenegro; top right: swing
Draaibrug Bridge over canal in Dedemsvaart; the Netherland; bottom right: wooden
drawbridge Kwakelbrug in Edam; the Netherland.
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Fig. 26. Left: SNP Bridge over Danube river in Bratlslava the Slovak Republlc, -
Right: The Hardanger Bridge across the Eidfjorden branch of the main Hardangerfjorden
in Vestland county; Norway.
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Fig. 27. Left: Soaring Brldge over Moscow river, Zaryadye Park, Moscow Russia;
Right: Maza bridge in San Vicente de la Barquera, Cantabria; Spain.
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Fig. 28. Top left: Vasco da Gama Bridge over Tagus Rlver in Parque das Nagoes in
Lisbon; Portugal; bottom left: Trajan's Bridge over Tamega river in parish of Santa
Maria Maior, Chaves; Portugal; top center: Anghel Saligny Bridge (King Carol I Bridge),
is a complex of two railroad truss bridges over Danube River, Cernavoda; Romania;
bottom center: Bridge of Lies in Sibiu, Transylvania; Romania; top right: Gazela Bridge
over Sava river in Belgrade; Serbia; bottom right: Zezelj Bridge over Danube river in
Novi Sad, Vojvodina, Serbia.

Cevijarski most, Ljubljana

FORMAB, 2018
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Fig. 29. Top and bottom left Fontevecchia Viaduct (Valdragone railway bridge), Borgo
Maggiore; San Marino; top center: The Cobblers' Bridge or the Shoemakers' Bridge over
Ljubljanica river in Ljubljana; Slovenia; bottom center: Puch Bridge over Drava river
near lake Ptuj; Slovenia; top right: Spreuer Bridge over Reuss river in Lucerne,
Switzerland; bottom right: ZeZelj Bridge over Danube river in Novi Sad, Vojvodina,
Serbia.
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Fi. 30. Left: Bridge over Vistula river in Tczew; Poland; right: Oresund or Oresund
Bridge across @resund strait between Denmark and Sweden; Sweden.
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Fig. 31. Top left: Double Br1dge (lete Brldge) is the name for two small adjacent historic

bridges in Artvin Province. They span two small rivers, Kamilat and Sogucak, just above
their confluence; Turkey; bottom left: Long Bridge (Uzunko6prii, formerly Cisr-i Ergene),
over the Ergene river in Edirne Province; Turkey; top center: Viaduct Plebanivka village
near Terebovlya; Ukraine; bottom center: Bridge of Four Evangelists in Shenborna Park,
Voivodeship; Ukraine; top right: St. Peter and St. Angelo Bridge or Ponte Sant'Angelo
(originally Aelian Bridge or Pons Aelius) over Tiber river in Roma, Italy; Vatican City;
bottom right: St. John Nepomuk and Charles Bridge over Vltava river, Prague, Czech
Republic; Vatican City.

Conclusion

Bridges are structures built to span physical obstacles without closing the way
underneath such as a body of water, valley, or road, for the purpose of providing passage
over the obstacle. There are many different designs that each serve a particular purpose and
apply to different situations. Designs of bridges vary depending on the function of the
bridge, the nature of the terrain where the bridge is constructed and the material used to
make it [1].

Terminology based on several ISO standards (e.g. on [2]) related to buildings and
civil engineering structures including bridges and their parts, may be found in [3], where
there are many photographs and schemes as well.

The present contribution creates perfect supplement of [3] for Slovak and foreign
students at Department of Languages, Faculty of Civil Engineering, Slovak University of
Technology in Bratislava. Students may try to identify type of bridges, their age shown on
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the stamps. In addition, students will become familiar with the countries where the bridges
are located. Some of these places and countries are practically unknown. Purpose of the
paper is to help students and to inform designers in practice and students about admirable
civil engineering structures built in the different eras.

During the lessons, some students showed to their classmates the bridges from their
countries. Some students are thinking about collecting civil engineering structures on the
stamps.
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HIGH RISE STRUCTURE AND TALL BUILDINGS IN BRATISLAVA
SLOVAKIA

Daniel Bukov !,

Daniel Bukov OK TEM s.r.o., The Slovak Republic

Abstract: This paper deals with the development of high-rise buildings on the
territory of the Slovak Republic. Examples of high-rise buildings from the past and
present are briefly documented. In the case of current high-rise buildings, the load-
bearing system and brief results from the verification of mechanical resistance are
documented.

Key words: High-rise buildings, Load-bearing system, Structural assessment

1. History of the construction of high-rise buildings in Bratislava

The first high-rise building in Bratislava is Manderla, built in 1935-1936. The building was
designed by architects Christian Ludwig, Emerich Spitzer,
Augustin Danielis. It has 11 floors and a height of 45 m.
The building was ordered by the Bratislava businessman
and butcher Rudolf Manderla, who was inspired by the
slaughterhouses in Chicago. In addition to its location in
the city centre, the residential building is also historically
important for housing leading figures of cultural and social
life. The load-bearing structure of the building consists of a
reinforced concrete skeleton, eight rows of columns up to
the fifth floor and four from the fifth floor.

The tallest building in the territory of Bratislava is
the Television Tower on Kamzik with a height of 194 m,
built in 1975. The tower was built according to the design
of a collective of authors, Ing. Stanislav M3gjek (chief
engineer), Ing. arch. Jakub Tomasak (architect), Ing. Milan
Jurica, Dr. Ing. Juraj Kozék (chief structural engineer) a
Ing. Jan Privitzer. The load-bearing structure is monolithic |
reinforced concrete up to a height of 13.7 m, from a height
of 13.7 m to a height of 90.0 m is formed by a monolithic
reinforced concrete core of square cross-section with plan
view dimensions 7.0 x 7.0 m with a wall thickness of 400
mm [1].

Fig. 1. Period photography

! Daniel Bukov, Ing., Structural designer, Daniel Bukov OK TEAM s.r.0., Bohrova 1, 851 01 Bratislava, The
Slovak Republic, d.bukov@okteam.sk
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The core interacts for horizontal effects with sloping steel columns anchored by massive
cross steel beams at 131.5 m level. The beams are anchored into the reinforced concrete
core. From the level of 131.5 m to 169.5 m, a steel structure with a tubular cross-section is
designed. The last part is realized as a fiberglass extension. The tower platforms are
designed as composite systems, supported on inclined beams, founded on inclined steel
columns and a reinforced concrete core. The largest plan dimension of the tower is at
+45.5 m level with a size of 20.5 x 20.5 m. The tower is founded on a massive footing. The
total weight of the steel structures is 1250 tons [2]. At a height of 70 m there is a restaurant
with a revolving floor.
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Fig. 2. The Television Tower on Kamzik: a) floor plan at +45.50 m; b) section,;
¢) photo

In 1973, the construction of the Hotel Kyjev was realized. The building has three
expansion units A,B, C. The load-bearing system of the building in parts A and C consists
of a reinforced concrete monolithic skeleton with 500 mm diameter columns in a 9.0 x 9.0
m modular framework with 3.6 m cantilever spans.
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Fig. 3. Building layout - expansion units: a) floor plan; b) 3D view; c) longitudinal section
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Ceiling load-bearing structures are realized as locally supported floor slabs with
shallow column capital of dimensions 4.0 x 4.0 m with a height at the column location of
700 mm, including the slab thickness of 200 mm. The skeleton concrete is B250, which
currently corresponds to C16/20 grade.

The foundations of parts A and C are formed by a thin slab 200 mm thick with a
conical run-up in place of the columns with dimensions of 2.25 x 2.25 m with a thickness
at the column location of 900 mm including the slab thickness. The foundation joint is at
-6.500 m level in part A and at -5.400 m level in part C.

The load-bearing system of the high-rise building B is formed up to the ceiling level
of the 4th floor (ceiling on the 3rd floor upper edge of reinforced concrete +14.900 m) by a
reinforced concrete core and from the level of 14.900 m the load-bearing structure is
formed by a steel structure with multi-story steel frames. The steel load-bearing structure is
embedded in a 1,400 mm thick reinforced concrete slab with the upper edge at +14,900 m.

Ceiling load-bearing structures are on the floors below the level -14.400 m formed
by monolithic reinforced concrete slabs 200 mm thick. The floor slab at the level of 14.900
m (3rd floor) is in the direction perpendicular to the longitudinal axis cantilevered 1.75 m
on each side. In the direction of the longitudinal axis, the slab is cantilevered 3.0 m on each
side. The 1,400 mm thick slab is made of B330 concrete, which corresponds to C25/30
concrete in the current marking. The slab is reinforced with steel rebars 10 426 with yield
strength fyx= 420 MPa.

The floor slabs of the typical floors are made of 110 mm thick reinforced concrete
slabs made of B250 (C16/20) concrete, partially interlocked with steel ceiling beams. The
ceiling beams are realized as trusses for a span of 6.9 m with the top flange interlocked
with the reinforced concrete floor slab.

The high-rise building (part B) is based on a 1250 mm thick reinforced concrete slab
made of B330 (C25/30) concrete reinforced with reinforcement 10 426. The foundation
joint is at the level of -6.500 m.

The horizontal stiffness of the building is ensured by the stiffness of the reinforced
concrete core. The reinforced concrete core is formed by 12 columns with a cross-section
of 1000 x 1000 mm, which are connected by 500 mm thick reinforced concrete walls. The
core supports a 1,400 m thick reinforced concrete slab with a upper edge of +14.900 m.
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Fig. 4. Load-bearing structure part B: a) cross section; b) cross section at frame location;
¢) longitudinal frame series C, D
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Fig. 5. Load-bearing structure part B: a) reinforced concrete core; b) floor plan of a typical
floor

The objects were designed according to the theory of allowable stresses, the original
static calculation from 1966 has 222 pages, the frame calculations were performed on a
MINSK 22 computer with 10,000 operations/second. Seismic loads were not considered in
the design of the building. As part of the reconstruction, a structural assessment of the
building was carried out in accordance with the currently valid EUROCODES standards.
Part B (the high-rise building) met the limit state of load-bearing capacity and
serviceability, which is rare in the assessments of existing buildings. Seismic load was
specified by a linear response spectrum. Based on the geological survey, according to STN
EN 1998-1/NA/Z2, the reference peak acceleration of an=0.63 m/s*> and a Category B
bedrock with 5% attenuation spectrum Type 2, behaviour coefficient g=1.5 is determined.
The response to seismic load was solved by the method of linear response spectra. The
internal forces in the low-floor parts were solved in the original project by analytical
methods based on the works of prof. Hruban. When assessed according to EUROCODES,
the columns and parts of the floor slabs did not meet the reliability conditions.

a) b) ¢)
Fig. 6. Modal shapes - frequencies: a) fi= 0.254 Hz; b) £,=0.283 Hz; c) f3= 0.347Hz
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2. New high-rise buildings in Bratislava

There are more than 54 buildings with more than 20 storeys and thirteen buildings
higher than 100 m in Bratislava. The main development of construction of high-rise
buildings has taken place in the period since 2002. Examples of the design of the load-
bearing systems of several high-rise buildings are used to highlight the key issues and their
possible solutions in verifying the reliability of the load-bearing system of a high-rise
building. Three residential high-rise buildings built between 2018 and 2023 document the
development of construction on the right bank of the Danube River. In this area, 10
buildings ranging from 33 to 46 storeys have been constructed. The tallest building is the
Eurovea Tower with 46 floors above ground. The common denominator for the Panorama
City, Klingerka and Eurovea 2 residential buildings presented in the article is the support
reinforced concrete structure and the use of higher strength concretes.

2.1. From intention to implementation

The investor's intention to build on a plot of land in the wider city centre, adjacent to
the National Theatre building and the large multifunctional EUROVEA 1 complex, was
established as early as 2008. First high-rise buildings in this were Panorama City. The
architectural design was entrusted by the investor to the renowned Spanish architect
Ricardo Boffil, (Ricardo Bofill Taller de Arquitectura RBTA
(http://www.ricardobofill.com/). Local architectural support was commissioned by the
investor from P-T, spol. s.r.o. under the leadership of the prominent Slovak architect Juraj
Hermann, http://www.projekt-team.sk/. RBTA designed a complex dominated by two
towers of triangular plan with fifty-four (54) floors above ground and four floors below
ground. High-rise buildings with a height of 180 m above ground level had mixed use (up
to 11 storeys administration, higher flats). In addition to the landmark buildings, the
complex included a shopping arcade and a hotel. The high-rise buildings were tested for
wind effects in the CPP wind tunnel, Fort Collins, Colorado, USA
https://www.cppwind.com/. The test of high-rise buildings in a wind tunnel was carried out
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for the first time in Slovakia. Monolithic concretes of higher strength class than C40/50
were designed for the columns and walls of the building for the first time in Slovakia on a
larger scale, which allowed to reduce the cross-sections of the walls and columns and
saved about 200 m? of usable area on each building. Prof. Ysrael Seinuk (1931-2010) of
the USA, the renowned author of several extremely slender high-rise buildings (e.g. Trump
World Tower, NY) and winner of the prestigious Fazlur Khan Prize (2010), was a
consultant on the structural design of the buildings. http://yaseinuk.com/. The experience
he passed on to the authors of the structural design of the buildings during the design
process helped in many ways to convince the stakeholders of the progressiveness of the
design and the correctness of the approach, whether it was the use of higher grades of
concrete or the concept of addressing the response of the building to the horizontal effects
of wind and seismicity. A geological survey was carried out for buildings with a height of
180 m. Under the core of each building, boreholes were drilled to a depth of 65 m,
equipped with inclinometers to measure the deformation of the subsoil. The design of the
buildings has been developed to the level of a design for a building permit. The change in
market conditions also initiated a change in the investor's original intention. First the
height of the buildings was reduced to 140 m with an extension of the floor plan, but even
this proposal was not final.

2.2. High-rise buildings Panorama City

The implemented solution was selected in 2013, where two high-rise apartment
buildings with thirty-four (34) floors above ground and one underground floor were
proposed with a building height of 112.60 m from the ground floor level.
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Fig. 8. High-rise buildings Panorama City : a) division into expansion units, layout;
b) floor plan of a typical floor; ¢) photo
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The vertical load-bearing structures are formed by columns of rectangular cross-section
with dimensions from 1400 x 500 mm C60/75 in the lower floors to 1000 x 350 mm
C30/37 in the upper floors. The maximum design vertical force in the column is 24.0 MN.
Walls are designed in the lower part of the core of 300 mm thickness and in the corners of
the core of 400 mm thickness in concrete of C60/75 class, from the 21st floor onwards
walls of 200 mm thickness are designed. The design of the relatively slender walls and the
location of the openings for the ventilation at some of the lintels led to the need to use
composite beams. The limiting factor for the design of the lintels was shear resistance. The
foundation of the building is implemented on a combined slab-and-pile foundation above
the water table. The foundation structures are designed watertight concrete system. The
thickness of the foundation slab under the core of the high-rise building is 2000 mm,
outside the core of the high-rise building 1500 mm. Under the garage building and the
commercial passage (low-rise part from 1st floor to 4th floor), the thickness of the
foundation slab is proposed to be 600 mm and the pile heads 900 mm. The slab is designed
in C30/37 waterproof concrete, C40/50 at the columns and core. The deep part of the
foundation is formed by drilled piles of 900 mm and 600 mm diameters. The lengths of the
piles under the high-rise buildings range from 12.0 to 25.0 m. The design of the deep
foundation was prepared by SPAI (http://www.spai.sk/).

2.3 High-rise building Klingerka

The residential high-rise building Klingerka is located in the wider centre of Bratislava
as part of the Administrative—Residential Complex Klingerka 1. The administrative
building has 11 above-ground floors and the upper edge of attic reaches 49.80 m in height.
The residential building has 36 above-ground floors with the upper edge of attic reaching
the height of 115.000m and the height of the last residential floor being +110.195m,
making it the tallest residential building in the Slovak Republic at the moment. In terms of
layout, the objects are connected through a four-storey car park. The characteristic feature
of both objects is the elliptical plan view.
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Fig. 9. High-rise building Klingerka: a) division into expansion units; b) floor plan
of a typical floor
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Fig. 10. High-rise building Klingerka: reinforced concrete core

The load-bearing structure of the Klingerka object is comprised of a reinforced
concrete skeleton with shear walls and core. The core wall thickness ranges from 600 mm
up to 220 mm with a concrete class of C30/37 to C60/75. The walls in the lower part of the
core reach a thickness up to 600 mm and are made of C60/75 concrete due to the
significant weakening by the openings. The shear walls also form the partitions between
apartments, ensuring the acoustic requirements for the partitioning of the apartments. Other
partitioning structures are made of plasterboard partitions. The walls of the lift shafts are
prefabricated and separated from the walls of the core by dilatation. The ceiling load-
bearing structures are made of locally supported reinforced concrete slabs with a thickness
of 150, 200, and 250 mm from C30/37 concrete. The floor slab inside the core is separated
from the walls of the core for acoustic reasons. At the location of the columns and walls
designed from C60/75 concrete there is a designed section with a width equal to 2x the
thickness of the slab from C40/50 class concrete. The resistance of the floor slabs against
punching shear is designed with the use of shear studs. The building is based on pile-raft
foundation. The 1500 mm thick foundation slab from C30/37 concrete is supported by
bored piles with diameters of 900 mm and lengths ranging from 11.5 to 19.5 m. The
underground floors are designed as a watertight reinforced concrete structure. The
thickness of the walls and cross-sections of the columns are designed from high-strength
concrete, which, in addition to the more efficient use of the plan view area, also reduces
the amount of reinforcement.

The design of the load-bearing systems of these high-rise buildings was determined
by the architectural solutions and requirements for the technical equipment of the object.
The load-bearing system of the Klingerka object consists of a core and shear walls which
also serve as partitioning walls between the apartments. The location of the vertical load-
bearing structures was determined by the solution of apartment layouts. In the plan view, a
rather varied support for the ceiling load-bearing structures was created, which led to the
design of floor slabs with various thicknesses. The graduation of the thicknesses of the
floor slabs is designed at the location of the partitioning structures so as to avoid
disturbances to the ceilings in the rooms. The disadvantage of the natural strength
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distribution is compensated by the higher number of shear walls in the direction
perpendicular to the longitudinal axis of the object.

The response of the Klingerka object to the wind load was designed in accordance with
STN EN 1991 1-4 taking into consideration the results of the calculation of wind effects on
the building facades, which was carried out using the computational fluid dynamics (CFD)
method by the company SIMULACIE BUDOV s.r.o. http://www.simulaciebudov.sk/. The
results of the study included the wind pressure coefficients as local winds on the surfaces,
not as integral resultants on the floors. The use of such results is practically impossible for
the calculation of the wind forces. However, they were useful for estimating of the pressure
and suction coefficient. The mechanical resistance of the load-bearing system of the
building was verified using a static and dynamic calculation on the basis of a 3D
computational model in the ETABS 2016 and Scia Engineer 2016 programs. The first
frequency of the flexural vibration of the building has a period of 4.28 s (0.233 Hz) in the
direction perpendicular to the main axis of the ellipse. The second frequency with a period
of 2.98 s (0.335 Hz) is a flexural vibration of the building in the direction of the main axis
of the ellipse.

a) b) ©)

Fig. 11. High-rise building Klingerka: a) analytical model b) first frequency f1=0.233
Hz; c¢) second frequency £=0.335Hz

155



MEXAYHAPOJHA HAYUHA KOH®EPEHIINUSA BAHWN’2024
INTERNATIONAL SCIENTIFIC CONFERENCE BASA'2024

P 4
-
— > if
- !é
.

o -

oy 4 = » -~
P ..
y 4P

Fig. 12. High-rise building Klingerka: a) general view; b) views of the building

2.4 High-rise building Eurovea Tower

The residential tower EUROVEA 2 is part of the multi-purpose complex EUROVEA
2, which is the follow-up to the Eurovea 1 project. The entire complex is situated on the
left-hand bank of the Danube in the wider centre of the capital city. The multi-purpose
complex Eurovea 2 with the plan view dimensions of 292.7 x 116.2 m has four
underground floors mostly intended designated for parking. A prominent landmark of the
complex is the high-rise residential building with 46 above-ground floors with a total
height from the ground floor level of 168.0 m. The last residential floor reaches the height
of 155.660 m.
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Fig. 13. High-rise building Eurovea Tower: a) division into expansion units;

b) longitudinal section

Fig. 14. High-rise building Eurovea Tower: a) floor plan of a typical floor; b)
reinforced concrete core

The load-bearing structure of Eurovea Tower is comprised of a reinforced concrete
skeleton with columns and core. The core is of a triangular shape with bevelled edges. The
core wall thickness ranges from 250 to 600 mm. Up to the 9th above-ground floor, the
walls of the core are 600 to 450 mm thick and made of C60/75 concrete. A 600 mm thick
wall is only found in the upper part of the core with doors. The columns with a rectangular
cross-section with the dimensions of 900 x 1700 mm are made of C60/75 concrete. The
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dimensions of the columns on the 33rd above-ground floors are 500 x 900 mm and made
of C40/50 concrete. The corners of the building from the 1st above-ground floor are
designed with a V-shaped column which passes in the underground floors into a
trapezoidal cross-section 2300-1200 x 1200 from C60/75 concrete. The columns are
connected through a beam in the upper part. From the 3rd above-ground floor, the corners
of the building include pairs of circular composite columns (six columns) with a diameter
from 600 to 550 mm. The columns are reinforced with concreting reinforcement d=40 mm
and steel-rolled profile insert HD 320 x 245 from HISTAR material fy=460 MPa. The
reinforcing inserts are joined using bolted joints. The contact of the rolled profiles is
designed by a contact of precisely milled-off 50 mm thick face slabs. Columns are made of
C60/75 self-compacting concrete.

The area for the Eurovea 2 construction is located on the Danube riverbank. It is
comprised of Neogene and Quaternary sediments. The groundwater level is directly related
to the water level in the Danube. The surface of the area is located at an altitude of approx.
139.0 meters above sea level. The groundwater level can reach up to 135.0 meters above
sea level. The footing bottom of the high-rise building is located at 123.5 meters above sea
level, which means that it is 11.5 m below the maximum estimated groundwater level. In
order to open the foundation pit with the approximate dimensions of 293 x 117 m, it was
necessary to construct an underground diaphragm and supporting wall. Eurovea 2 is
adjacent to the previously implemented Eurovea 1 and their interconnection is watertight.

The pile-raft foundation of the entire complex is designed as a single expansion unit
watertight concrete structure. The 3m thick foundation slab (under the tower) from C30/37
and C40/50 concrete works together with the bored piles with a diameter of 900 mm and
length from 22 to 32 m. A total of 136 piles are located under the tower. Particular
attention in the designing of the foundations should have been paid to the mutual
settlement of the tower and the adjacent expansion units. Parts of the Eurovea 2 complex
near the tower have only 4 underground floors and are strained by the upward hydrostatic
pressure. These locations are designed with tension piles to secure the objects against
lifting. In order to monitor the settlement of the complex, observation boreholes with
installed sliding deformeter were established. The building is already completed. The
measured settlements, which are carried out on a continuous basis, are in compliance with
the foreseen values.

The foundation slab of the tower was executed by continuous concreting for a period of
approx. 60 hrs. The total volume of the concrete is 7,050 m?’, reinforcement of the
foundation slab is 1,880 tons. Temperatures in the slab cross-section were monitored
during the concreting. These temperatures did not exceed the limit values. The total
amount of concrete on the Eurovea Tower high-rise building is 30,400 m3, the total
consumption of BS50B concrete reinforcement is 5,420 tons.

The load-bearing system of the high-rise buildings Panorama City and Eurovea Tower
is conceptually designed as a system with a reinforcing core and columns. The shape of the
reinforcing core is determined by the architectural design. The effects of wind on the
triangle-shaped building significantly depend on its direction. Due to the fact that the
openings are unevenly distributed in the plan view (especially on the lower floors), the
load-bearing system is asymmetrical and, therefore, it was necessary to pay particular
attention to the horizontal effects taking into consideration the effects of wind in many
directions. In order to determine the effects of wind, a test in the UK RWDI wind tunnel
was executed. http://www.rwdi.com/. The test results showed the effects of wind at
individual floors for 24 directions. These values were used in the calculation.
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In order to analyse the effects of wind, an analysis of the effects was drawn up using
the computational fluid dynamics (CFD) method by the company SIMULACIE BUDOV
s.r.o. http://www.simulaciebudov.sk/. Comparing the results of the two analyses, shear
force and tipping moment, we found quite large differences.

The verification of the reliability of the load-bearing systems in terms of their
mechanical resistance (ultimate limit state (ULS) and serviceability limit state (SLS)) was
carried out using spatial calculation models with the use of two independent computational
programs, SCIA Engineer and ETABS. This procedure proved effective for the authors as
an independent control, as well as for the use of the strong points of the individual
computational programs. The SCIA Engineer program with its SOILIN module was used
to design the interaction of the construction with the subbase. The design of the reaction to
static and dynamic loads was carried out with the use of the ETABS program. The floor
slabs were designed in the SCIA Engineer and SAFE programs.

The results of wind tunnel test were used to design the response to wind effects for
Eurovea Tower. The results were also compared to the solution as per STN EN 1991 1-4.
The horizontal load-bearing system consists of a reinforced concrete core with a triangular
plan view. The mechanical resistance of the load-bearing system of the building was
verified using a static and dynamic calculation on the basis of a 3D computational model in
the ETABS 2016 and Scia Engineer 2016 programs.

The first frequency of the flexural vibration of Eurovea Tower has a period of 5.471
s (0.182 Hz). The second frequency with a period of 4.647 s (0.215 Hz) is a flexural
vibration of the building. The design of the response to seismic loads was carried out using
the linear response spectrums method with the design seismic acceleration determined by
the geological survey. The response spectrum parameters are determined by the geological
survey and according to STN EN 1998-1/NA/Z2 as the reference peak acceleration
ax—=0.0675 m/s> and subbase category D, subbase coefficient S= 1.5, threshold periods
Tb=0.125 s ,Tc=1.0 s Td=3.0 s, object importance coefficient yi=1.2 damping 2%.

Fig. 15. High-rise building Eurovea Tower: a) analytical model b) first frequency
£1=0,182 Hz; ¢) second frequency £:=0,215
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Fig. 16. High-rise building Eurovea Tower: a) overall view of the construction b) wind
shield

Fig. 17. High-rise building Eurovea Tower before completion

3. Insights from the design of high-rise buildings

A significant difference between the design of the horizontal load-bearing system of
a high-rise building compared to a low building is the transfer of significantly greater
effects from horizontal wind loads and seismicity to the foundation. For wind effects, the
wind effects increase with the height of the building, and at the same time the bending or
tipping moment at the foundation level increases with the square of the height. There is a
difference of about 36 times between a five-storey building and a thirty-storey building.
Under seismic loads, the objects have lower natural frequencies, so the accelerations are
smaller, but due to the mass can be decisive especially in areas with higher design seismic
acceleration (in Slovakia Zilina, Komarno). When assessing the load-bearing system it is
not possible to determine only with the magnitude of the shear force or tipping moment
which effect is decisive. Different combinations of loading conditions may be decisive for
different elements.

High-rise buildings are among the large-scale load-bearing structures with the
interaction of vertical and horizontal systems and foundations. The consideration of the
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construction process (elastic action, creep and shrinkage) is not linear and has a significant
influence on the internal forces in vertical structures from the dead weight of the structure
as well as the interaction with the soil. The effects of wind acting in different directions are
influenced by the shape of the building and may not be the same for two opposite
directions. To obtain the wind effects, a wind tunnel test is appropriate for buildings of
atypical floor plans with frequencies below 1.0 Hz. The effects from seismicity depend
strongly on the behaviour coefficient (ductility) q. The behaviour coefficient q
characterizes the ability of the building load-bearing system to absorb the energy generated
in an earthquake. Consideration of cross-sections according to EC2 without taking EC8
into account leads to incorrect results on the hazard side. It is often the case that a q-factor
greater than 1.5 is used and the assessment of the cross-sections is carried out without
taking ECS8 into account, leading to significant errors.

'WYGN
50.84m

Fasada +Yg | @

Fig. 18. Example of considering the effect of wind on a building with a triangular
floor pla

In high-rise buildings, the influence of the gradual construction of the building is
quite pronounced. Taking into account the progress of shrinkage and creep in vertical load-
bearing structures influences the behaviour of the load-bearing system. The shortening of
columns and vertical load-bearing structures affects the internal forces and deformations of
the structures. The response solution with the inclusion of the gradual construction of the
structure and the rheological properties of the concrete affects the redistribution of forces
from vertical loads and better represents the actual behaviour of the structure.

4. Conclusion

When assessing existing buildings, the main problem is the difference in the
standards used in the design at the time of construction and now. Buildings have to be
assessed in accordance with the currently valid standards. In terms of assessing mechanical
resistance, of the main bearing structure according to currently valid standard we usually
find out not enough reliability in mechanical resistance.
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From a technological point of view, higher strength materials are currently used in
the design of high-rise buildings. There is also a significant difference in the
implementation of concrete and steel structures. Reinforced concrete solid structures,
foundation slabs, floor slabs are concreted in one working step. Joints of steel structures
are bolted with maximum minimization of assembly welds.
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Abstract: The authors present a short biography of the life and the achievements of the
great Bulgarian civil engineer L. Raykov in the field of the concrete bridge design. The
paper briefly describes the most interesting examples of deck-stiffened arch bridges
designed by L. Raykov which are considered as a pionerring application of this type of
structure in Bulgaria. Today these bridges still attract our interest not only with the
dimensions of the structure but also with the technology used for their manufacturing and
assembling of the bridge components.

Key words: concrete bridges, deck-stiffened arch

1. Introduction

1.1. Early life

Eng. Lalo Raykov was born in 1923 in Sofia, Bulgaria(Fig.1). He completes a secondary

education level at Deutsche Schule in Sofia at 1942. L. Raykov received a civil engineering
diploma from the State Polytechnic in Sofia in 1950 with honors.

Fig.1. Lalo Raykov
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1.2. Bridge design

Since 1950, L. Raykov worked for the design department “Transproject” of the Ministry of
transport. Next nine years he takes part as a designer of many significant bridges: a 3-span,
Gerber type railway bridge near Varna (1954); a deck-stiffened arch bridge (Maillard system) at
railway Perperek- Kardjali (1957); an arch bridge at railway Sofia-Mezdra (1959) with a longest
in Bulgaria span of 80 m, placed in a horizontal curve with a radius of 250 m over a river Iskar; a
deck-stiffened arch bridge in Tarnovo over a Yantra river with a span of 60 m. Eng. Raykov is a
designer of the first prestressed RC bridge in Bulgaria by using of a prestressing system “Leoba”
placed in Pernik. Next years L. Raykov works for design companies ‘“Sofproject”,
,Kremikovtzi”, “Road constructions” and “Injstroy” as a head designer. L. Raykov takes part in
the design team of Asparuhov bridge near Varna. He works on the design of piers at a steel part
of the bridge and their pile foundations. He also works on the design of the footbridge over
Chaya river in Asenovgrad. In 1980 eng. Raykov was designed a bridge over Osam river in
Lovech placed near to the famous covered bridge of Master Kolyo Ficheto built in 1874. The
bridge is a prestressed frame structure with span of 80 m and a depth of the main girders of 1.25
m. As a head of the design department of “Sofproject” company he takes part in the design of
several bridge and overpass structures in Sofia. They include an overpass at Yavorov lane blvd.
which is a prestressed continuous beam structure in a horizontal curve; overpass near the
National Palace of Culture and the pedestrian overpass bridge at Bulgaria blvd.; overpass
structures located at Boyana-Sofia ring-highway interchange.

1.3. Other structures

L. Raykov is a pioneer into design and construction of dry ship’s dock structures in Varna.
Analysis of these structures is performed by the finite difference method with an application of
computer programs. As a head of the design department of the “Sofproject” company he works
on a design of 10 prestressed cylindrical water tanks, 40 m high, with volumes of 10 000 m* and
15 000 m>.

1.4. Patents

Eng Raykov is an author of three patents in a bridge construction. The first one considers a
new type of bridge piers called “Camerton” (1970). This patent is used in the construction of a
set of bridges at first class road Pirdop-Rozino with a maximum pier’s height of 72 m and in
construction of a road bridge near Rouse with piers 90 m high. The second patent concerns a post
tensioning of bridge girders (1976). The method uses RC elements casted on site that at next
stage are lifted into their final position by hydraulic jacks. The final stage includes a post-
tensioning of the girders which form continuous beams. This method is applied in a construction
of a city highway bridge at Sofia and in a road bridge near Sofia airport. The third patent
concerns the construction of continuous precasted RC bridges. This method is applied in
construction of two road overpass bridges on Vratsa-Boychinovtcy railway.

1.5. Scientific interests

Eng. Raykov is a author of many scientific papers which concern problems of bridge
design and construction: nonlinear problems of high bridge piers, prestressing problems of the
bridge girders, etc.
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2. Summary of the famous bridges designed from L. Raykov

2.1. “Boyana” overpass

The “Boyana” overpass is a 3-span (32 m + 38.50 m + 32 m) prestressed concrete
continuous box girder bridge (Fig.2.), which carries the Sofia ring-highway traffic. It is located at
Boyana — Sofia ring-highway interchange. The bridge was designed by “Injproject” company
with a head designer L. Raykov. The bridge builder was “Injstroy” company. The bridge owner
is the Municipality of Sofia. It was opened to traffic in 1974.

The bridge is 102.50 m long and 19.25 m wide. The superstructure is a five-cell box cross-
section with a depth of 1.30 m and two 3.60 m long overhangs. The box cells are 2.20 m wide.
The walls of the box section in a longitudinal direction are prestressed by 7 tendons for each of
them. The support zones of the superstructure are solid concrete structure which is additionally
prestressed into a transversal direction by 10 tendons. The bridge piers are single-column
hammerhead bents. Dimensions of the column are 7.20x1.25 m at the top, 4.0x0.70 m at the
bottom and 9.20 m tall. The pier’s footings are with dimensions of 11.40x2.20 m. The bridge
abutments are solid concrete structures 4.65 m high. The abutment bearings are steel rollers and
pier bearings are neoprene pads [2].

Fig.2. “Boyana” overpass.

2.2. “Camerton” viaduct

The “Camerton” viaducts are located at the Pirdop-Karlovo first class road (Fig. 3). The
designers are L. Raykov, K. Tzekov, G. Ganchev, K. Kotsev and E. Milchev. The viaducts were
built by “Road construction” company. The owner is Agency ‘“Road Infrastructure”. The
viaducts are opened to traffic in 1976. The superstructure and the piers of are standardized
system which is applied at km 219.641 and km 220.373 with spans of 33.93 m + 5x35.00 m
+33.93 m, at km 221.059 with spans of 33.93 m + 7x35.00 m +33.93 m. The main girders of the
superstructure are precast prestressed concrete I-beams, 1.80 m deep. The top flange of the
beams is 2.70 m wide and 0.15 m thick. The bottom flange is 1.00 m wide and 0.40 m thick. The
web thickness is 0.25 m. The prestressing was performed by a “Freyssinet” system. Each of the
spans has 4 main girders and 3 diaphragms beams (at the span’s ends and at the middle of the
span). The main girders are spaced at 3.10 m. The total width of the bridge structure is 12.00 m.
The bridge bearings are steel hinge supports. The expansion deck joints are placed on each of the
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piers. The bridge piers are two-column bents which height varies from 19.00 m to 70.00 m. The
columns have a box cross-section with dimensions of 3.00x3.00 m. The box walls are 0.25 m
thick. The upper 12.00 m ends of the columns with the cap beams are split by 50 mm gap. The
shape of the pier’s columns is similar with the musical tuning fork called “Camerton”. This
solution allows the upper parts of the columns to bend independently and provides a longitudinal
movement of the bridge deck without roller supports. The bridge pier footings are with
dimensions of 12.00x10.00x2.50 m. The abutments and wing-walls are monolithic reinforced
concrete elements [6]. The concrete used for a superstructure is class C45/55 and for a
substructure is class C30/37. In 2005 the viaducts was partially retrofitted and rehabilitated. The
rehabilitation includes replacement of the expansion joints, waterproofing of the superstructure,
cleaning and lubrication of the hinge bearings. The “Most XXI” was the design company of the
rehabilitation [1].

Fig. 3. “Camerton” viaduct.

2.3. “Brussels blvd” overpass

The “Brussels blvd” overpass is longest bridge structure in Bulgaria (Fig. 4). The bridge
serves as a connection between the Sofia Airport and the entrance highway of the city. The
designers are L. Raykov, M. Minev, H. Konstantinov, M. Genov, V. Yochev and A. Georgiev.
The bridge was built by “Moststroy” company and it was opened to traffic in 1983. The owner is
the Municipality of Sofia. The overpass consists of two parallel structures separated with a gap
of 1.00 m. Part of the structure is placed in a horizontal curve with a radius of 1000.00 m. The
superstructure is a 7-span prestressed concrete frame structure with a total length of 2114.00 m.
The longest span is 49.00 m, measured at the column’s toes. The bridge width is 21.75 m. The
bridge superstructure has a 9-cell box cross-section with a depth of 1.20 m and 5.64 m wide. The
box cells are 0.56 m wide with overhangs of 2.55 m long. The deck section was prestressed by
hydraulic jacks “Stobet-300”. The prestressing tendons are 1807 of steel St150/170. The
expansion joints are placed at every 98 m. The bridge piers are “V”’-shaped bents with inclined
columns. The columns have a box cross-section with varying dimensions from 5.65x1.347 m to
4.428x0.6 m. The columns height varies from 7.5 m to 10.00 m. The central part of the bridge at
the railway overpass is steel orthotropic girders. The concrete used for the bridge structure is
class C45/55 [5].
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Fig. 4. “Brussels blvd” overpass.

2.4. “Balaban dere” arch bridge

The “Balaban dere” arch bridge crosses one of the feeders of the “Studen kladenec”
reservoir and carries the railway Kardjali- Perperek at km 81.200 (Fig. 5). The bridge was
designed by L. Raykov and M. Minev. The builder and owner is the Bulgarian State Railways. It
was opened to traffic in 1959. The bridge is a deck-stiffened arch structure (“R. Maillart” bridge
system) with a total length of 106.66 m. The arches rise 7.60 m above the ground. This is the
first bridge in Bulgaria built using the Maillart bridge system. The bridge deck is a continuous
beam structure with spans of 2x5.00 m + 26.00 m +4.33 m + 26.00 m + 4.33 m + 26.00 m +
2x5.00 m (Raykov 1957). It consists of two rectangular concrete girders with dimensions of
1.30x0.50 m and a distance between them of 3.50 m. The deck slab is 0.25 m thick with a total
width of 5.79 m. The bridge arch has a rectangular cross-section with dimensions of 4.00x0.30
m. The connection walls between the deck and the arch have dimensions of 4.00x0.20 m. The
distance between them is 4.333 m. The walls are rigidly connected to the bridge deck and arch.
The expansion joints are placed over the abutments. The bearings are steel rollers. The bridge
piers outside of the arches are two column bents. The columns have a rectangular cross-section
with dimensions of 0.30x0.70 m; the cap beam is 0.65 m deep. The columns have additional
braces with dimensions of 0.50x0.30 m. The tallest pier rises 8.30 m above the ground. The
bridge abutments are frame structures. The arches have footings with dimensions of 4.50x6.80 m
and 1.70 m high bedded on solid rocks. The footings of the bridge piers have dimensions of
1.50x2.20 m and 1.50 m high. The concrete used for the bridge structure is class C20/25; the
reinforcing steel — with yield strengths of 235 MPa and 390 MPa [3, 4].
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Fig. 5. “Balaban dere” arch bridge. (Courtesy of M. Minev. With permission.)

2.5. “Opletnya” arch bridge

The “Opletnya” arch bridge as shown in Fig. 6, crosses the gorges of the Iskar River near
the Opletnya railway station and carries the railway Sofia-Mezdra at km 54.400. The bridge was
designed by L. Raykov, H. Popov, K. Tzekov, P. Chavov and A. Ganev. The bridge builder and
owner is the Bulgarian State Railways and it was opened to traffic in 1962. The bridge is a deck-
stiffened arch structure (“R. Maillart” bridge system) with a total length of 212.00 m. The bridge
is a continuous reinforced concrete box girder structure stiffened by a polygonal reinforced
concrete arch with a span of 80.00 m. The arch crown rises 14.40 m above the gorge. The bridge
is placed in a horizontal curve with a radius of 275.00 m. The magnitude of the centrifugal forces
leads to adopt the nontraditional solution of the bridge structure. The arch structure is split into
two parts at the arch base like a swallow tail. The arch is 4.50 m wide and thickness varies from
0.75 m to 0.80 m. The superstructure box cross-section has dimensions of 1.65x4.50 m. The box
walls have thicknesses of 0.60 m; the box slabs are 0.25 m thick. The total width of the deck is
6.00 m. The connection walls between the deck and the arch have dimensions of 4.50x0.20 m.
The distance between the walls is 8.00 m and they also are split at the lower ends. Outside of the
arch the box deck have additional 4 spans of 12 m. The remaining parts of the bridge (three and
four spans of 12.00 m) are continuous beams with a rectangular cross-section. The expansion
joints are placed on the abutments and at the ends of the box deck. The bridge piers are two
column bents. The tallest pier rises 16.00 m above the ground. The concrete used for the bridge
structure is class C30/37; the reinforcing steel — with yield strengths of 235 MPa and 390 MPa.
During the construction of the bridge arch the scaffolding was collapsed. The reasons of the
accident were the exceeding of the load-carrying capacity of the scaffolding elements due to the
unsymmetrical concrete laying.
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Fig. 6. “Opletnya” arch bridge. (Courtesy of D. Gocheva. With permission.)

2.6.“Vratza” overpass

The structure of this bridge was patented in 1988. The patent concerns the construction of
continuous precastedRC bridge girders. The bridge piers consist of “Lotus”-shaped columns and
cap beams with longitudinal overhangs(Fig.2.7.).

Fig. 7. “Vratza” overpass (Courtesy of D. Gocheva. With permission.)

3. Conclusion

Indeed eng. Lalo Raykov was not only a pioneer of Bulgarian bridge engineering and a
brilliant scientist but also a creative, powerful and highly motivated structural engineer. His
colleagues which are currently leading engineers in Bulgaria still remember him as an eminent
leading, dynamic and highly respected person.
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arranged chronologically and in the way showing sequences of the bridge
construction steps.
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1. Introduction

The Slovak National Uprising (SNP) Bridge is the second permanent bridge over the
Danube River in Bratislava opened 50 years ago in the 29" August 1972.

Design and details of the SNP Bridge calculation are provided in [1-3]. Loading tests
are described in [4]. Measurements and evaluation of imperfections are published in [5, 6].
Results of shear lag investigation are presented in [7]. Possible bridge shortening is
investigated in [8]. Bridge inspection, assessment and strengthening are referenced in [9-
12]. Retrospective information is presented in [13]. A lot of information about the
complete history of the SNP Bridge, its planning including political maneuvering,
discussions between architects and structural engineers, competition between several
proposals (concrete and steel one), final decision and description of the winning proposal
for the SNP Bridge may be found in [14, 15]. Popular papers about SNP Bridge were
published in the journal Eurostav [16-19]. The SNP Bridge (called New Bridge in the
period 1993-2012) is described also in [20].

! 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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The following are the main sources of the photos and drawings presented in this

paper:

a) [1]. These photographs and drawings are referred as: [1];

b) Photographs of Department of Metal and Timber Structures, Faculty of Civil
Engineering, Slovak University of Technology in Bratislava (in Slovak: Katedra kovovych
a drevenych konstrukcii, Stavebna fakulta, Slovenské technicka univerzita v Bratislave.
Abbreviation: KKDK SvF STU). These photographs are referred as: (Photo KKDK SvF
STU). Almost all of these photographs were taken by the lady photographer of KKDK SvF
STU Mrs. Milada Malcevova-Brucknerova. Only some of photos are stamped on the
reverse side with her name. Such photographs are referred as: (Photo Milada Mal'cevova —
Brucknerova, KKDK SvF STU);

c) [21]. These photographs were taken by Juraj Bonc¢o and they are referred as: (Photo
Juraj Bonco). They are very valuable because Juraj BonCo provides the date in which
photo was taken;

d) [22]. These photos were taken by Igor Scholtz (Fig. 2b) and they are referred as: (Photo
Igor Scholtz).

Photo captions contain symbols: a) BS which means that photo shows something on
Bratislava Side (on the left bank of the Danube river), and b) PS = Petrzalka Side (on the
right bank of the Danube river). Abbreviation KBKM (in Slovak: Katedra betonovych
konstrukcii a mostov) means Department of concrete structures and bridges.

Information about the teams from the Faculty of Civil Engineering, STU in
Bratislava, who participated in the design of SNP Bridge may be found in [23]. A
collection of photographs of demolished buildings during the period of the SNP Bridge
construction is presented in [24].

The SNP Bridge is the second permanent bridge over Danube River in Bratislava.
The bridge consists of a flyover on the right bank of the Danube river (on Petrzalka side)
with 3 spans (3 x 30 m), a steel cable stayed bridge with 3 spans (74,8 m + 303 m + 54 m =
431,8 m) and the flyover on the left bank of the Danube river (on Bratislava side) with 5
spans (5 x 30 m). The flyovers are built from monolithic prestressed concrete with
uniform height 3,6 m of the structure. The steel cable-stayed bridge has 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 Dome. The
restaurant UFO (previously called Bystrica; capacity 120 people) and the public
observation deck on its roof offer a nice view of Bratislava.

The SNP Bridge is the only bridge registered in the World Federation of Great
Towers, where the key criterion is to have a public observation deck. 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 early 1990s. The name “New Bridge” was applied only during
1993-2012. Before and after this period the name is SNP Bridge.

The general designer was Dopravoprojekt, Inc., Bratislava; the general contractor was
Doprastav Bratislava; the complete design solution was by Project-construction office
VZKG n.p. (Vitkovice Iron Works Klement Gottwald, national enterprise), branch
Bratislava in cooperation with the Department of Metal and Timber Structures, Faculty of
Civil Engineering, Slovak University of Technology in Bratislava, Slovakia; fabrication of
the steel structure was by Vitkovice Iron Works; the bridge was erected by Hutni Montaze,
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Ostrava n.p.; CSPD (Czechoslovak Danube River Navigation company in Bratislava) was
in charge of the floating; and loading tests were performed by TSUS (Building Testing and
Research Institute) in Bratislava in cooperation with FCE STU, VUIS Bratislava (Research
Institute of Civil Engineering Works in Bratislava) and Geodetic Institute Bratislava.

Three cables support the 4,6 m high steel orthotropic box girder, dividing the main
span into four segments of 51,5 m + 70,2 m + 82,6 m + 98,7 m = 303 m. The main span is
80.2% of the total length of two stayed spans (74,8 m + 303 m). The reason for the major
span being longer than usual is that the bridge has a single back stay anchored to the
abutment rather than several back stays distributed along the side span. The navigation
opening was prescribed to be 10 m % 180 m. The original design of the bridge support
system was improved by using a triangular steel structure located between two tower legs
to support the girder. This arrangement produced only vertical loading (165 MN) on the
ground foundation because the sum of the horizontal reaction of the girder and the
horizontal reactions of the tower legs became zero inside of the concrete foundation block.

The bridge superstructure consists of a steel orthotropic two-cell box girder supported
by a single plane fan cable system. Nevertheless, along the length 86 m + 54 m = 140 m,
the cross section was originally a single-cell box steel girder because the middle web of the
box girder was omitted from the point of the last, most-inclined cable anchorage. In 1991
the bridge was strengthened by adding a Warren-type truss as a middle web to make a two-
cell box girder along the whole length of the bridge [9-12]. The six-meter spacing of the
“nodes’’ and the diagonal area of 120 cm? provide fictitious wall shear thickness ¢, = 2,73
mm. Adding a truss middle web along the length 140 m has a positive influence by
increasing the effective breadth when taking into account shear lag phenomenon caused by
variable loading at the support in the form of a framed pendulum wall on the Bratislava
side. Cables in one vertical plane along the bridge middle axis are used. The bridge has
four traffic lanes. There are two pedestrian walkways of 3 m on both sides of the bottom
flange. The steel box girder has a width of 21 m. The orthotropic deck plate is mainly 12
mm thick and increased to 16 mm, 20 mm, 25 mm, and 30 mm at the cable anchorages.
The bottom flange plate thickness varies between 12 mm, 14 mm, 16 mm, 18 mm, 20 mm,
and 22 mm, and the three vertical web plates are 12 mm thick. Cross frames are spaced at 3
m. The system of longitudinal stiffeners is as follows: closed trapezoidal ribs with 600 mm
spacing made of 6 mm and 8 mm thick plates are used in the bridge deck, while the three
vertical web plates (spacing 6,3 m, height 4,6 m) and the bottom flange of the box girder
are stiffened by L-profiles.

The tower has two hollow legs. There is a lift (delivered by the Austrian company
Sowitsch) in the left leg when looking from the Bratislava side and there is an emergency
staircase with 430 steps in the right leg. St 52 steel with yield stress 360 MPa and ultimate
tensile strength 510 MPa was used for all structures. The total steel used for the
superstructure was 6 500 tons, including 1 600 tons for the tower and 620 tons for the
cables. The tower legs are inclined 17° from the vertical plane and fixed to the concrete
block foundation. The fixed support of the box girder is located between the tower legs and
attached to the concrete block foundation 7 m % 20,5 m x 40,5 m. The concrete block is
supported by 56 piles. The load-carrying capacity of the piles is between 10,2 MN and 12,5
MN. The anchoring block was constructed in an open pit protected against water
infiltration by steel sheet piling, which reached the clay layer. It is built of 12 000 m’
concrete transmitting a tension force of 129 MN by its own weight. The foundation slab of
the pylon has dimensions 20 m x 40,5 m x 7 m. It rests on piles and transfers the vertical
component of the reaction equal to 169,4 kN. The underground walls and piles were
realised by Vodni stavby, n.p., Praha (Water structures, Prague).

The steel superstructure was fully welded and fabricated in the factory into seven
sections. The first tower section was erected from 6 m length parts with the help of slanting
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temporary supports. Next a 133,2 m portion of the box girder was completed on the
scaffolding in the first field on the right bank and pushed over the river with a 53 m
cantilever. Then this part of the box girder was laid down on bearings and stayed by cables
I and II. Sections 4, 5, and 6 (lengths from 72 m to 78 m), with weights approximately 800
kN, were mounted on the right river bank 300 m downwards. They were floated to the axis
of bridge, lifted, supported by a temporary pier, welded to the previous piece of the girder,
and stayed by cables. During the box girder erection 3 intermediate temporary piers (A, B,
and C) were used. The seventh section (the last part of box girder) was completed on the
left river bank on scaffolding. Consequent vertical movements caused by removing the
temporary piers and controlled by telescopic lifting jacks located on permanent supports
achieved the desired level of stresses in the cables and box girder to be achieved.

The bridge box-girder segments were 72 m - 78 m long with weight approximately
800 tons. Field-welding segment No.6 and obtaining the vertical deformation 836 mm of
the temporary support C, produced negative bending moments at the anchorage cable VI,
which influenced positively the bridge box-girder against positive bending moments
caused by variable loading. The bridge box-girder segment No.7 was assembled on the
scaffold on the left bank of the Danube river (on Bratislava side). The intentional gap was
finally closed by the special bridge box-girder segment approximately 12 m long (so called
adaptor, Passstiick in German). After closing, the box girder segment was dropped 537 mm
on the support located on Bratislava bank. As a result of this very sophisticated and
complicated erection procedure, the thickness of the box-girder flanges changes little
although the box-girder height is constant.

Static and dynamic loading tests by moving vehicles and jet motors impulses were
performed during July and August 1972 and achieved 78% of the total loading specified by
the design codes. Good agreement between theoretical and test results was found [4]. See
also Balaz, Chladny [9-12].

The bridge has been inspected and maintained in accordance with code ON 73 62221,
once every three years. The shape of the bridge is verified twice a year by surveying. The
owner of the bridge is the city of Bratislava.

Construction costs were estimated at 344 millions K¢s.

2. Collection of photographs and drawings.
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a)
Fig. 1 SNP Bridge: a) Model; b) Location.
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Fig. 2. PS. a) Ceremonial opening of SNP Bridge construction. Ing. FrantiSek Barbirek (on
the right), Deputy chairman of the SNR (Slovak National Council) and Ing. arch. Milan
Hladky, CSc. (on the left), Chairman of MsNV. Inserting the charter into the foundation

stone of the structure. 6.12.1967. (Photo Igor Scholtz); b) TV broadcasting. 29.7.1969.
From the left: Ing. Igor Scholtz (1928-2013), Head of the investor department for the
construction of the Danube bridge, MSK; Prof. Ing. arch. Jozef Lacko, (1917-1978); Dipl.
technician Imrich Sladkovi€, chief construction manager, Doprastav; TV reporter PhDr. J.
Kosco (1929-2010). (Photo: Juraj Bonco).
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Fig. 3. BS. Information table: General contractor: DOPRASTAYV, n.p., Bratislava; Supplier
of steel structures and erection: VZKG, n.p., Ostrava, Hutni montaze, n.p. Ostrava;
Realization of structure: DOPRASTAYV, n.p., Bratislava; Head of construction, main site
manager: Dipl. Technician: Imrich Sladkovi¢; Begin of construction: November 1967; End
of construction: August 1972; General designer: DOPRAVOPROJEKT Bratislava, Ing.
Ludovit Mego; Designer of main structure: Slovenskd vysoka skola technicka (Slovak
University of Technology) in Bratislava: Prof. Dr. Arpad Tesar, DrSc., Prof. Ing. arch.
Jozef Lacko; Central investor: ZS — KNV Bratislava; Direct investor: Mestska sprava
komunikécii v Bratislave, Ing. Karol Strba. 6.4.1969. (Photo Juraj Bon&o).

Fig. 4. SNP Bridge over the Danube river in Bratislava. (Photo Ivan Balaz).
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Fig. 5. Charter of SNP Bridge over the Danube river in Bratislava. 1967. [15].
Prof. Trokan is on Fig. 137b, Prof. Tesar on Fig. 77, 96a, 98a, 137a, Assoc. Prof. Zvara on
Fig. 137b, Prof. Lacko and Ing. Scholtz are on Fig. 2b, Ing. arch. Hladky is on Fig. 2a.
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Longitudinal section — Deck structure — Bottom flange structure
Fig. 6. SNP Bridge in Bratislava over the Danube river. Spans: 74,8 m + 303 m + 54 m.
(Elaborated by Ing. Zoltan Agocs, KKDK SvF STU).

177



MEXIAYHAPOJIHA HAYYHA KOH®EPEHIIUA BAHN 2023
INTERNATIONAL SCIENTIFIC CONFERENCE BASA'2023

a)
Fig. 7. PS. a) and b) Some of vehicles used during construction of SNP Bridge.
(Photo Igor Scholtz).
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Fig. 8. PS. a), b) and c): Armature in the pit for the anchorage block.
(Photo Igor Scholtz).

Fig. 9. PS. a) Armature in the pit for the anchorage block. (Photo Igor Scholtz);
b) and ¢): Pit, enclosure (¢ 34 m) and foundation for anchorage block.
(Photo Milada Mal'cevové — Brucknerova, KKDK SvF STU).

Fig. 10. PS. a) Foundation for the anchorage chamber. (Photo Igor Scholtz);
b) Pit for anchorage block. (Photo Milada Mal'cevova — Brucknerovd, KKDK SvF STU).
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b)
Fig. 11. PS. View from Petrzalka on the: a) tunnel leading inside anchorage chamber and
on anchorage chamber shafts for lines of engineering networks, b) anchorage block.
4.12.1968. (Photo Igor Scholtz).

Fig. 12 PS. a) Armature to the guide walls of grab (0,6 m x 3m). (Photo Igor Scholtz);
b) Measuring of pilot pit. (Photo Milada Malcevova — Brucknerova, KKDK SvF STU);
c¢) Excavation of the pits for pilots.

(Photo Milada Mal’cevova — Brucknerova, KKDK SvF STU).

a) b)
Fig. 13. PS. a) Excavation of the pits for pilots. (Photo Milada Mal'cevova — Brucknerova,
KKDK SvF STU); b) Loading circle for measurement of depth and verticality of pilot.
(Photo Igor Scholtz); c) Test pilot No.25 preparation. (Photo Milada Mal'cevova —
Brucknerova, KKDK SvF STU).
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Fig. 14. PS. Proposal for pylon foundation on pilots.
(Elaborated by Assoc. Prof. Jozef Zvara, KBKM SvF STU).
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Fig. 15. PS. Proposal for pylon foundation on pilots.
(Elaborated by Ing. Stefan Bad’ura, KBKM SvF STU).
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Fig. 17. PS. a) and b): Armature of test pilot No.25; c¢) Electrical cables for test pilot
No.25. (Photo Milada Mal’cevova — Brucknerova, KKDK SvF STU).

a)
Fig. 18 PS. a) Electrical cables for test pilot No.25. Assoc. Prof. Ing. Dusan Majduch,
CSc., (KBKM), is third from the right. (Photo Milada Mal'cevova — Brucknerova, KKDK
SvF STU); b) and c): Installation of the part of the fixed support of the bridge box-girder.
(Photo Igor Scholtz).

b
Fig. 19. PS. a) Pit for anchorage block in the foreground and pit for pylon foundation in the
background; b) Armature for pylon foundation. (Photo Igor Scholtz).
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Fig. 20. PS. Steel structure of the fixed support of the bridge box-girder.
(Elaborated by Assoc. Prof. Pavel Dutko, CSc., KKDK SvF STU). [1].
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b)

Fig. 21. PS. a) Part of the fixed support of the bridge box-girder between armatures of the

foundations of the left and right leg of pylon; b) Foundation slab of pylon and armature of
pylon foundation. (Photo Igor Scholtz).

b)
Fig. 22. PS. a) and b): Foundation slab of pylon, armature of pylon foundation and part of
the fixed support of the bridge box-girder. (Photo KKDK SvF).
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Fig. 23. PS. a) Armature of pylon foundation; b) Parts of fixed support of the bridge box-
girder; c) Base of temporary support of pylon. (Photo Igor Scholtz).

—
Fig. 25. BS. a) Water pipe protectors; PS b) Foundation of temporary support of pylon;
(Photo Igor Scholtz).

Fig. 26. PS. a) Armature of pylon foundation;
b) Flyover on the right bank of Danube river. 6.4.1969. (Photo Juraj Bonco).
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Fig. 27. Cables I, 111, V and cables II, IV, VI. Chronological numbering of construction

bridge segments: segment No.l (pylon section), segments No.2-7 (bridge box-girder
segments).
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Fig. 28. PS. PS. a) Pylon sections; b) Pylon legs Pylon cross-sections: ¢) IV-1V; b) III-11I;
d) II-1I. (Elaborated by Assoc. Prof. Ing. Pavel Dutko, CSc., KKDK SvF STU). [1].
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Fig. 29. PS. Pylon cross-sections I-I.
(Elaborated by Assoc. Prof. Ing. Pavel Dutko, CSc., KKDK SvF STU). [1].
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Fig. 32. PS. Constructlon of pylon (segment No.1): a) Phase a; b) Phase b.
(KKDK SvF STU). [1].
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c)
Fig. 33. PS. a) and b) Foundation of pylon. 29.7.1969. (Photo Juraj Bon¢o);
c¢) Construction of pylon. Phase a. (Photo KKDK SvF STU).

Q) )
Fig. 34. a) Checking of pylon legs in production hall; b) Construction of pylon. Phase a.
(Photo KKDK SvF STU).

<

> b
Fig. 35. PS. a) Grinding the cracks in transverse beam of pylon; b) Transverse beam of
pylon with cracks. Legs of temporary support of pylon. (Photo Igor Scholtz).

a)
Fig. 36. PS. Phase a. a) Construction of pylon. Crane BK 1000. (Photo Igor Scholtz);
b) Construction of pylon. (Photo Dnes 24).
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Fig. 37. PS. a) and b): Construction of pylon. Crane BK 1000; c¢) Upper parts of the pylon
for entrance in the restaurant. (Photo Igor Scholtz).

Fig. 38. PS. a) Old Red Army Bridge where parts of the bridge were unloaded from
wagons (Photo Igor Scholtz); b) Site near Red Army Bridge where the parts of bridge box-
girder were prepared for launching onto pontoons. (Photo KKDK SvF STU).

b)
Fig. 39. PS. a) Site near Red Army Bridge. Parts of bridge girder;
b) Transverse beam of pylon at pylon leg. (Photo Igor Scholtz).

Fig. 40. PS. Site near Red Army Bridge: a) Elements of cable saddle; b) Cranes.
(Photo Igor Scholtz).
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a) b) c)
Fig. 41. PS. Construction of pylon: a) and b). (Photo Igor Scholtz);
¢) 12.4.1970. (Photo Juraj Bonco).

a) b)
Fig. 42. PS. a) Construction of pylon. 19.4.1970. (Photo Juraj Bonco); 2
b) Cables saddle. (Photo Igor Scholtz).

Fig. 43. PS. Construction of pylon: a) 14.6.1970. (Photo Juraj Bonco);
b) (Photo KKDK, SvF).
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a)
Fig. 44. PS. Anchorage block. a) (Photo KKDK SvF STU); b) Later in phase d. (Fig. 64).
(Photo Igor Scholtz).

a0 )
a)
Fig. 45. a) BS. Construction of flyover on the left bank of Danube. (Photo Igor Scholtz);

b) Site near Red Army Bridge. Store of bridge components and assembling of bridge box-
girder segments. (Photo KKDK SvF STU).

Fig. 46. BS. Construction of flyover on the left bank of Danube:
a) 14.6.1970; b) 21.3.1971. (Photo Juraj Bonco).

Fig. 47. BS. Construction of flyover on the left bank of Danube:
a) 21.3.1971. (Photo Juraj Bonc¢o); b) (Photo KKDK SvF STU).
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a)
Fig. 49. PS. a) and b). Bridge box-girder assembling. (Photo KKDK SvF STU).
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Fig. 50. PS. a) Construction of bridge. Phase c. Assembling and launching of the bridge
box-girder segments No.2 and 3. Placing them on temporary supports O and D. The weight
of segments No.2 and 3 was approximately 1400 tons and cantilever parts of the bridge
box-girder was 53 m. (KKDK SvF [1]); b) Head of the pylon (Photo KKDK SvF STU).

a) b)
Fig. 51. PS. a) and b) Preparation for bridge box-girder launching in phase c.
(Photo Igor Scholtz).
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Fig. 52. PS. a) Welding of bridge box-girder; b) Bridge box-girder assembling.
(Photo Igor Scholtz).

Fig. 53. PS. Site near Red Army Bridge: a) Cables. (Photo Igor Scholtz); b) Bridge
construction. Phase c. (Photo KKDK SvF STU).

Fig. 54. PS. a) Site near Red Army Bridge. Store of bridge components and assembling of
bridge box-girder segments. Cables; b) Preparation of bridge box-girder for launching in
phase c. (Photo Igor Scholtz); c¢) (Photo KKDK SvF STU).

a)
Fig. 55. PS. a) and b) Construction of bridge in phase ¢ (Fig. 50). (Photo Igor Scholtz).
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Fig. 56. PS. a) and b). Anchorage block. Installation of anchorage element into anchorage
chamber. (Photo Igor Scholtz); c¢) Bridge box-girder construction. (Photo KKDK SvF

STU).
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Fig. 57. Arrangement of cables [ — VL. [1].

a) b)
Fig. 58. PS. Construction of bridge: a) Phase d; b) Phase e. [1].
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Fig. 59. PS. Bridge construction. Phase d. Preparation of installation of:
a) Cable II; b) Cable I and II; ¢) Cable I. (Photo KKDK SvF).

Fig. 60. PS. Phase d. In the foreground preparation of installation of:
a) Cable II; b) Preparation of installation of cable I and cable II,
c¢) Preparation of installation of cable I and installation of cable II. (Photo Igor Scholtz).

Fig. 61. PS. a) Temporary bridge girder support A (phase f on Fig. 92). 10.4.1971.
(Photo Juraj Bonco); b) Temporary support A. (Photo Igor Scholtz).
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Fig. 62. PS. Phase d. Preparation of installation of:
a) cable II; b) cable II. Temporary support A. (Photo KKDK SvF STU).

Fig. 63. PS. a) and b) Bridge construction. Phase d. Preparation of installation of cable II.
(Photo KKDK SvF STU).

Fig. 64. PS. a) Beam carrying cables saddle. b) Installation of cable I in phase d.
(Photo KKDK SvF STU).
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b)
Fig. 65. PS. a) Cables saddle (KKDK SvF STU);
b) Transverse beam of pylon carrying cables saddle.
(Elaborated by Ing. Robert Fodor, KKDK SvF STU). [1].

Fig. 66. PS. a) and b). Beam carrying cables saddle. Installation of cable I in phase d
(see Fig. 58a). (Photo KKDK SvF STU).

Fig. 67. PS. a) and b) Bridge construction. Phase d. Installation of cable 1.
(Photo KKDK SvF STU).
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Fig. 68. PS. a) and b) Bridge construction. Phase d. Installation of cable 1.
(Photo KKDK SvF STU).

Fig. 69. PS. a) and b) Bridge construction. Phase d. Installation of cable I.
(Photo KKDK SvF STU).

Fig. 70. PS. Bridge construction. Phase d. Installation of:
a) cable I (Photo Igor Scholtz); b) cable II. (Photo KKDK SvF STU).
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b)
Fig. 71. PS. a) and b) Bridge construction. Phase d. Installation of cable I.
(Photo Igor Scholtz).
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Fig. 72. PS. a) and b) Anchorage block; c) Anchorage of the cables in anchorage chamber
and end support of bridge box-girder. (Elaborated by Ing. Jozef Lapos and Ing. Juraj
Viréik, KKDK SvF STU).
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b) B
Fig. 73. PS. a) Detail of bridge box-girder end support. (Photo KKDK SvF STU);
b) Anchorage of cables inside of anchorage chamber. (Photo Igor Scholtz);
¢) Installation of cable I. (Photo KKDK SvF STU).

Fig. 74. PS. a) End support of bridge box-girder. (Photo KKDK SvF STU).
b) Anchorage of cables inside of anchorage chamber. (Photo Igor Scholtz).

Fig. 75. PS. a) and b). Phase d. Installation of cable II. The temporary support A;
¢) Installation of cable I. (Photo Igor Scholtz).
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a) ‘ )
Fig. 76. PS. Site near Red Army Bridge: a) (Photo KKDK SvF STU); b) Structure for
lifting and launching of bridge box-girder segments. (Photo Igor Scholtz).

b)
Fig. 77. First launching of bridge box-girder segment by Prof. Dr. Ing. Arpad Tesar, DrSc.
(Photo KKDK SvF STU).

b)
Fig. 78. PS. Site near Red Army Bridge: a) Assembling of bridge box-girder segments;
¢) Preparation for bridge box-girder launching. (Photo Igor Scholtz).

Fig. 79. PS. a) and b). Site near Red Army Bridge. Mechanisms for bridge box-girder
launching. (Photo Igor Scholtz).

202



MEXIAYHAPOJIHA HAYYHA KOH®EPEHIIUA BAHW 2023
INTERNATIONAL SCIENTIFIC CONFERENCE BASA'2023

Fig. 80. PS. a) and b). Site near Red Army Bridge. Mechanisms for bridge box-girder
launching. (Photo Igor Scholtz).

. é e £ - b
Fig. 81. PS. a) and b). Site near Red Army Bridge. Preparation for lifting of bridge box-
girder. (Photo Igor Scholtz).

Fig. 82. PS. a) and b). Site near Red Army Bridge. Lifted bridge box-girder segment
prepared for launching. (Photo Igor Scholtz).
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Fig. 83. PS. Site near Red Army Bridge. Lifted bridge box-girder segment prepared for
launching: a) (Photo Igor Scholtz); b) (Photo KKDK SvF STU).

a)
Fig. 84. PS. a) and b). Site near Red Army Bridge. Launching of bridge box-girder
segment (title VITKOVICE). (Photo Igor Scholtz).

YLIAUYILE

Fig. 85. PS. a) and b). Site near Red Army Bridge. Launching of bridge box-girder
segment (title VITKOVICE). (Photo Igor Scholtz).

Fig. 86. PS. a) and b). Site near Red Army Bridge. Bridge box-girder segment (title
VITKOVICE) put on pontoons after launching. (Photo KKDK SvF STU).
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b)
Fig. 87. a) and b). Transport of bridge box-girder segment (title VITKOVICE) on
pontoons. (Photo KKDK SvF).

Fig. 88. Transport of bridge box-girder segment (title VITKOVICE) on
(Photo Igor Scholtz).

Fig. 89. a) and b) Transport of temporary support B on pontoons. Accident with temporary
support B. Winter 1970. (Photo Igor Scholtz).

Fig. 90. PS. Preparation of the bridge box-girder segment No.4 (title VITKOVICE) for its
attachment to the segment No.2: a) (Photo KKDK SvF STU); (Photo Igor Scholtz).
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a)
Fig. 91. a) and b). Transport of temporary support B on pontoons. Accident with temporary
support B. Winter 1970. (Photo Igor Scholtz).
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Fig. 92. PS. Construction of bridge. Bridge box-girder segment No.4 (title VITKOVICE)
attached to the segment No.2 and supported by temporary support A. Phase f. [1].

Fig. 93. PS. Pretion of the bridge box-girder segment No.4 (title VITKOVICE) for its
attachment to the segment No.2: (Photo Igor Scholtz).
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a)
_ Fig. 94. PS. a) and b). Preparation of the bridge box-girder segment No.4(title
VITKOVICE) for its attachment to the segment No.2. Cable II. (Photo Igor Scholtz).

Fig. 95. PS. Preparation of the bridge box-girder segment No.4 (title VITKOVICE) for its
attachment to the segment No.2. Members of KKDK SvF STU: a) Mr. Karol Droxel,
craftsman; b) Designers of SNP Bridge, from the left: Ing. Ferdinand Draskovic,
Assoc. Prof. Ing. Pavel Dutko, CSc., Mr. Karol Droxel, Ing. Eugen Chladny, CSc.
(Photo KKDK SvF STU).

Fig. 96. PS. Preparation of the bridge box-girder segment No.4 (title VITKOVICE) for its
attachment to the segment No.2. Members of KKDK SvF STU, designers of SNP Bridge:
a) 2™ from the left Assoc. Prof. Ing. Vladimir Voiisek, CSc., Ing. Eugen Chladny, CSc.,
Prof. Dr. Arpad Tesar, DrSc.; b) 3™ from the left: Assoc. Prof. Ing. Vladimir Vofisek, CSc.
(Photo KKDK SvF STU).
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Fig. 97. PS. Preparation of the bridge box-girder segment No.4 (title VITKOVICE) for its
attachment to the segment No.2. Members of KKDK SvF STU, designers of SNP Bridge:
a) Ing. Jozef Lapos, Ing. Jozef Vajda; b) Mr. Alexander Salga, electrical technician.

Fig. 98. PS. Preparation of the bridge box-girder segment No.4 (title VITKOVICE) for its
attachment to the segment No.2. Member of KKDK SvF STU:
a) Prof. Dr. Ing. Arpad Tesar, DrSc.; b) Unknown people. (Photo KKDK SvF STU).

a) b)
Fig. 99. PS. a) and b) The bridge box-girder segment No.4 (title VITKOVICE) attached to
the first segment No.2 and supported by temporary support A. Cable II.
(Photo Igor Scholtz).
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Fig. 100. PS. The bridge box-girder segment No.4 (title VITKOVICE) attached to the first
segment No.2 and supported by temporary support A. Cable I1.:
a) 6.6.1971. (Photo Juraj Bonco); b) (Photo KKDK SvF STU).
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Fig. 101. Construction of bridge. The bridge box-girder segment No.5 (title HUTNI
MONTAZE) attached to the segment No.4 (title VITKOVIC) and supported by temporary
support B. Phase g. [1].

a) b)
Fig. 102. PS. The bridge box-girder segment No.4 (title VITKOVICE) attached to the
segment No.2 and supported by temporary support A. Temporary support B. Cables II and
IV: a) (Photo Igor Scholtz); b) 10.6.1971. (Phtoto Juraj Bonco).

Fig. 103 PS The bridge box- glrder segment No 5 (tltle HUTNI MONTAZE) prepared for
launching. (Photo Igor Scholtz).
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Fig. 104. a) Catamaran type vessel was designed by FrantiSek PaleS (source: FrantiSek
Pales [30]; b) PS. Connection of the bridge box-girder segment No.5 on vessel (title
HUTNI MONTAZE) to the segment No. 4 (title VITKOVICE). (Photo Igor Scholtz).

a) b)

Fig. 105. Connection of the bridge box-girder segment No.5 (title HUTNI MONTAZE)
and segment No.4 (title VITKOVICE): a) (Photo KKDK SvF STU);

b) (Photo Igor Scholtz).

a) b)
Fig. 106. PS. a) and b) End of cable II. (Photo Igor Scholtz).
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Fig. 107. Attachment of cable IV to the bridge box-girder segment No.5.
(KKDK SvF STU).

b)
Fig. 109. PS. a) Lead (plumbum) elements for installation inside cables;
b) Installation of cable IV. (Photo Igor Scholtz).
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Fig. 110. PS. a) Installation of cable VI. (Photo Igor Scholtz); b) Bridge box-girder
segment No.5 (title HUTNI MONTAZE) attached to the segment No.4 (title VITKOVICE)
and supported by temporary support B. All three cables (II, IV and VI) are attached to the
bridge box-girder. 29.8.1971. (Photo Juraj Bonco).

/unb

2) | b)
Fig. 111. a) and b). Building of temporary support C. (Photo Igor Scholtz).

) | b)
Fig. 113. PS. a) Asphalt surface of the road; b) Construction of structure of the restaurant
on the top of pylon. Cables II, IV and VI in the left. (Photo Igor Scholtz).
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Fig. 114. Steel structure carrying restaurant. Architectural design: Prof. Ing. arch. Jozef
Lacko, CSc. (*19.1.1907 — +15.V1.1989), Ing. arch. Ladislav Kusnir, PhD. (*16.VII.1929 —
125.X11.2010), Ing. arch. Ivan Slamei (*8.VI.1932 — +5.VIIL1.2006). Design of final steel
structure: VZKG n.p., branch Bratislava.

Original drawing: Ing. Ivar Plasil, KKDK SvF STU.

b)
Fig. 115. PS. Construction of structure of the restaurant on the top of pylon. a) Cables I, III
and V on the left, cables II, IV and VI on the right; b) Cables II, IV and VI on the left.

(Photo Igor Scholtz).
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Fig. 116. Construction of bridge. Phase h. [1].
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a)
Fig. 117. BS. a) Cable VI; b) Transport of the bridge box-girder segment No.6 on

pontoons. a) (Photo KKDK SvF STU); b) (Photo Igor Scholtz).

a)
Fig. 118. BS. a) and b). Preparation of the bridge box-girder segment No.6 to the segment

No.5 (title HUTNI MONTAZE). (Photo KKDK SvF STU).

,". ll ""?5 : ;:l;' ‘-
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- a) b)
Fig. 119. BS. a) and b). Preparation of foundation for steel pendel piers wall (Fig. 122).

Fig. 120. BS. Construction of flyover on the left bank of the Danube river; b) Bridge box-
girder segment No.7 over the left bank of the Danube river. (Photo Igor Scholtz).
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a)
Fig. 121. BS. a) and b) Foundation of steel pendulum piers wall (Fig. 122) on the left bank
of the Danube river. (Photo Igor Scholtz).

a)
Fig. 122. BS. a) SNP Bridge after completion (Photo Ivan Baldz);
b) Steel pendulum piers wall. (Photo Igor Scholtz).

Fig. 123. Bridge box-girder segment No.7 over the left bank of the Danube river:
a) (Photo KKDK SvF STU); b) (Photo Igor Scholtz).
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b)
Fig. 125. BS. a) and b). Bridge box-girder segment No.6 attached to the segment No. 5
(title HUTNI MONTAZE) and supported by temporary support C.
(Photo KKDK SvF STU).

a) © b
Fig. 127. a) Cables II, IV and VI. a) (Photo Igor Scholtz); b) (Photo KKDK SvF STU).
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Fig. 129. Bridge box-girder segment No.6 (left) and the segment No. 7 (right).
(Photo Ing. Ladislav Baca).

217



MEXIAYHAPOJHA HAYYHA KOH®EPEHIIUA BAHN 2023
INTERNATIONAL SCIENTIFIC CONFERENCE BASA'2023

b)
Fig. 130. a) Installation of tree — symbol of the bridge box-girder completion;
a) Ing. Eugen Chladny, CSc. on the left, member of KKDK SvF. (Photo KKDK SvF STU).

Fig. 131. a) and b). Loading test of SNP Bridge. July — August 1972. [7]. Maximum
deflection was 744 mm (92,7 % of calculated value).
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Fig. 132. a) Loading test of the flyover on the right bank of the Danube river. (Photo Dnes
24); b) SNP Bridge is complete except restaurant on the top of pylon.
(Photo KKDK SvF STU).
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b)
Fig. 134. Staromestska street next. View towards city center: a) 29.8.1971; b) 20.6.2007.
(Photo Juraj Bonco).

b)
Fig. 135. Staromestska street. View towards SNP Bridge: a) 29.8.1971; b) 24.6.2007.
(Photo Juraj Bonco).

b)
Fig. 136. Staromestska street. View towards SNP Bridge: a) 13.5.1973; b) 29.4.2005.
(Photo Juraj Bonco).
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72
Fig. 137. a) Staromestska street beside St. Martin's Cathedral (left), 6.4.1973;
b) View towards city center, 21.6.2007. (Photo Juraj Bonco).

Fig. 138. Three young engineers who also took part in design of SNP Bridge. From the left
Jozef Lapos, Zoltan Agdcs and Ivar Plasil. First two became later Professors at STU in
Bratislava. Ivar Plasil emigrated in 1968 in Germany and worked some time at University
of Stuttgart. (Rare photo from 1966, courtesy of Jozef Lapos).

-

Fig. 139. From the left: Ing. Zoltan Agdcs, CSc. (*24.1V.1938 — 1 14.11.2018), Prof. Dr.
Arpad Tesar, DrSc. (*1.11.1919 — § 15.V1.1989), Ing. Jarmila Mesiarikova, CSc., members
of KKDK, in discussion with future engineers after defending their master diploma thesis
about importance of so called “Sitzfleisch” (in German, it means perseverance in work of
designer); 1973.
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Fig. 140. Conference about SNP Bridge. No.1 Prof. Ing. Eugen Chladny, CSc. (*1. VIIL.
1928 — +7.VI1.2020) and No.2 Ing. Jan Bustin, CSc. (*17.11.1926 — 111.11.2017);

The branch of VZKG in Bratislava worked out the final project of the steel construction
and workshop drawings. For example the large amount of workshop drawings of the bridge
box-girder in 15 thick volumes were prepared by the design staff of construction branch
VZKG in Bratislava. These drawings were signed by Ing. Jozef Subr, Head of designers
and Ing. Jan Bustin, CSc., doyen of Slovak designers and recognized by everyone as top

expert.
(=
% ‘

Fig. 141. From the left: Ing. Ivan Balaz, CSc., (KKDK), Assoc. Prof. Ing. Jozef Zvara
(*17.VIL.1925 — § 29.11.2004), (KBKM), Prof. Dr. techn. Jozef Trokan (3.VL.1919 — 1 28.
V.2002), (KBKM), former Chancellor of STU and Minister for Civil Engineering of
Czechoslovak government in 1968, Ing. Ferdinand Draskovic¢, CSc., (KKDK), in
discussion about SNP Bridge at conference in Kocovce mansion. 1982.

The names Tesar, Zvara and Trokan are given in the document on Fig. 5.
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Fig. 142. SNP Bridge in Bratislava over the Danube river. (Photo Ivan Balaz).

3. Authors

Authors are teachers of Slovak and foreign students at Faculty of Civil Engineering
STU in Bratislava and they inform students about important historical structures and their
designers. Students are interested also in other actual topics like those treated in [25-29].
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> Y
Fig. 143. SNP Bridge in Bratislava over the Danube river. (Photo Ivan Balaz).

4. Conclusions
The paper presents collection of 300 photograph and drawings done in the period of SNP
Bridge construction (1967-1972). Photographs and drawings are arranged chronologically
in the way which enables to follow construction steps of SNP Bridge in detail.
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BRIEF OVERVIEW OF THE BULGARIAN EXPERIENCE IN STRENGTHENING
AND RESTORATION OF HISTORICAL BUILDINGS IN BULGARIA

Dobromir Dinev', Milen Petkovz, Antoaneta Dimitrova’

University of architecture, civil engineering and geodesy
University of Structural Engineering and Architecture “L. Karavelov”

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

Key words: reinforcement, restoration, brickwork, anchors, shotcrete, reconstruction,
reinforced concrete, reinforced anti-seismic brick zone

1. Strengthening the structure of the Central Military Club in Sofia[1]

1.1. Introduction

A contemporary approach to the structural strengthening of a building considered
cultural heritage (one that had suffered local damage caused by modern urbanization) was
applied by an experienced team of specialists [1]. By tensioning the brick walls by insetting steel
anchors and filling-and-sealing cracks with chemical solutions, the imposing edifice of the
Central Military Club in Sofia (a loadbearing brick-masonry construction at all sides) was
entirely strengthened, whereby the existing cracks were filled-and-sealed. The purpose of such a
development was to improve the performance of the supporting structure of the Military Club
(Fig. 1a, b), significantly deteriorated after digging a tunnel for the subway line right underneath
by using TBM heavy machinery [1]. As a result of this big-scale operation cracks were formed in
the loadbearing supporting brick structure of the building - from 1 to 5-6 cm (Fig.2a, b).

Upon analysis made by the designers of the project concerning the strengthening of the
building structure, one of the many conclusions but rather in favour of the subway contractor —
the Japanese company "TAISEI", was that the seismic securing of this building (which under
any other circumstances would have been done properly) would be rather labor-intensive and
may involve quite a serious structural intervention, which would turn extremely expensive —
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nearly comparable to the cost of a new building. For this very reason, for buildings that are
listed immovable cultural heritage, some loop-holes from the regulatory requirements
regarding seismic safety are sought after, as in this paper they are solely embodied and presented
through the constructive measures undertaken with the only purpose of just filling-and-sealing
the cracks in the masonry work, thence improving the overall behavior of the structure.

Fig. 1a, 1b. Location of anchor plates on the facade - view from la "Tsar Osvoboditel" Blvd.,
General view of the building-1b).

Fig. 2a, 2b, 2¢. General view of portico and main entrance to CMC-2a, Crack across the vault-
2b, Crack in the facade of the building-2c

1.2. General overview

The foundations of the building are made of load-bearing stone masonry using lime mortar,
and the vertical supporting structure is of brick-courses tied with lime-mortar mixture. From the
discoveries made when studying the interfloor structures, it was seen that floor-slabs were made
of wooden beams with dimensions of 30(32)/34cm. The aim was to create pressure across the
plane of the interfloor horizontal structural members (the joists), so that when horizontal
earthquake forces occur, that may potentially separate the walls from the horizontal structural
members, the latter is counterbalanced, and the whole building works as one common element.
The strengthening of the building was achieved by installing and tensioning 51 pieces of anchors
of the MINOVA company, inserted/placed as follows: In the floor structure of the 2nd floor -
x20, x3 of which ®32mm and x17 - ®25. In 3rd floor — 20 pieces, of which 6 are ®32 and 14 are
@25. In the roof slab — 11 anchors, of which 4 are ®32 and 7 are @25 (Fig. 3).

1.3. The way the strengthening was performed

1.3.1. Inserting/placing anchors in single floor level

In the premises above the western tower and those facing Rakovski Str., on the timber
beam structure planks are nailed, OSB wooden boards are layered, and finally finished with
parquet, as thickness reaches 9cm. Within such thickness, anchors are placed on the upper
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surface of the supporting beams: 2.1 and 2.2 in the floor structure of the second floor, and 3.1
and 3.2 in the floor structure of the third floor (Fig.3).
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Fig. 3. Location/plotting of anchors across the floor plan of level 3

Anchors get installed first, indicated as follows: - I row, a diameter of ¢32mm type
SAS500. Onto them, in a perpendicular direction, 2.15 and 2.16 (on 2nd floor slab) get inset;
anchors 3.14 and 3.15 are inset in 3rd floor, within the same thickness specified above. Anchors
3.16, 3.17, 3.18 are fixed at 3rd floor-area, anchors 2.3, 2.4, 2.5, 2.6, 2.7, 2.8, 2.9, and 2.10 of
2nd floor are installed on 1st row (of ¢p25mm diameter, type SAS500). Anchors 3.3, 3.4, 3.5,
3.6, 3.7, 3.8, 3.9 and 3.10 are inset across the third floor, and anchors 2.17, 2.18 and 2.19 of the
second floor area are installed on 2nd row (of ¢p25mm diameter, type SAS500) (Fig.3a, 3b)).

1
Fig. 3a, 3b. Detail for placement of I and II row anchors at elevation +11.04-3a); Detail for
insetting anchors in I and II rows, at elevation +11,16-3b)

1.3.2. Anchoring the anchors

The anchors are fixed by using two types of anchor plates in the brick walls: first type - steel
plates of 10 mm thickness - type Ber.3cn4 (old BG codes) of 350/350mm for anchors with a
diameter @32, and 300/300mm for anchors of ¢25 diameter. Plates from the SAS500 system are
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placed in front of them, measuring 120/120mm and 20mm thickness for @32 anchors, and
70/70mm with 10mm thickness for anchors of 25mm diameter. When splicing the anchors, a
single muff and two counter nuts are used (Fig. 4a, b).

B A

T 3003-632
SAS500-632 N SAS 500-632
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Fig. 4a, b. Detail for splicing different diameter anchors - ¢ 25mm and ¢ 32mm

T 2139-325

1.3.3. Working about anchor holes and anchor heads

The cavity made upon drilling the brick-wall between the hole and the anchor gets
injected after the anchor has been fixed/tightened with a cement-sand solution 1:1, from the
inside of the building to the outside. All anchor heads, anchor plates and anchor nuts are pre-hot
galvanized and after tensioning get coated with two coats of paint compatible with the
galvanized finishing. In addition to the anchor plates of MINOVA, steel plates of 350/350/10mm
are installed for anchor types SAS 500 ¢32mm, and 300/300/10 for anchors of ¢25mm
dimension. The contact plane between these plates and the brick wall gets leveled/finished with a
thin layer of cement-sand solution 1:1.

1.3.4. Stress process - sequence

Tensioning of anchors is carried out in a strict sequence, as tensioning force is not
applied all at once, but in separate stages. In each stage, the anchors in/at all floor levels are
successively tensioned by applying force of about 10kN. The tension executed is repeated in
a series of four single stages, so that an end-tension force of 40kN for each anchor type is
achieved. Of utmost importance is a mandatory control over the tensioning process.

1.4. Seismic study

Pursuant to Art. 23 of Ordinance 2/23.07.2007 for the design of buildings and facilities in
earthquake regions, it is necessary to check the effect of a horizontal computational seismic
impact acting perpendicular to their plane and equal to 0,6.C.Kc.Q (local seismic standards of
1987). In the study, only a checkout was made as to whether the emerging earthquake force
would cause the brick wall to fail holding the main goal to determine the dimensions of the
anchoring plate.

1.5. Repairing/fixing the cracks in the walls
All cracks in the brick-walls were treated and filled with materials/compounds/solutions
from the MINOVA company - BEVEDOL VF-BEVEDAN system, observing the system's
recipes and the details indicated below (Fig. 5).
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Fig. 5. Stages of an internal wall crack-treatment and recovery

Processing sequence is as follows:
- a crack of width > 10 mm; removal of plaster and lining in an area with a width of 50 cm; crack
processing; packer; reinforcing mesh 10/10 c¢m; reinforcement - anchoring net - N8 (N10) of
steel AIII (B420); injected solution; shotcrete or plastering.

2. Strengthening of the load-bearing brick-walls of "Crystal" building — Sofia;
process of reinforcement and applying shotcrete[2]

2.1. Description of the built building and
reconstruction

Reconstruction of buildings of load-bearing brickwork structure that have
exhausted/weakened their loadbearing capacity appears a persisting issue. Cracks that develop
over time threaten the safety of such buildings, thence of the inhabitants. Reinforcement of the
load-bearing walls and applying concrete by spraying high-strength shotcrete mixture allows for
additional loadbearing not only of new vertical loads, but also of other horizontal loads caused
by an earthquake. In this case, the supporting structure of the building consists of three parts:
northern, southern and central [2].

2.1.1. Southern Part

The loadbearing supporting RC structure of the building in its southern part was errected
a monolithic one - a column-and-beam structure over three-story rise: basement, ground floor,
and first floor. The new part is separated from the old one by a construction joint of 2cm, as it
rests on reinforced concrete columns that run alongside the edge of the structure joint, as well as
on the eastern and southern facades, and on the inside. At basement level, the southern enclosing
wall is laid entirely underground, as it appears a monolithic RC unit. RC follows up the height of
the ground floor in the form of an under-window-sill frame. RC slab above ground floor, in 2nd
and 3rd interior zones opposite the interior staircase, is observed in poor condition. There were
many holes, whereat concrete had eroded, and for the lack of concrete finishing, reinforcement
had got heavily corroded. During the process of pouring concrete over zone 3, the upper
reinforcement above the beams was damaged, resulting in continuous cracks formed along the
contour/edge of the slab with its surrounding beams. Such condition necessitated for concrete to
be removed in these spots while preserving the upper and lower reinforcement inside the area, at
a distance of at least 120cm from the inner edges of the beams. Such reinforcement is needed as
a top reinforcement for the new fields/areas, and the bottom one for splicing between the old and
new bars across the particular zone. The thickness of the new plate is to be 12cm as it may rest
on 10cm slits onto the beams following the contour of the area. Considering designing a
"Japanese" garden on the first floor, an opening of the roof area in the fourth zone located at the
western end of the building is to be developed. The upper and lower reinforcement elements
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must also be kept at a minimum of 100cm adjacent to the opening, so that they get inset and
concreted in the reinforced concrete boards (as a rim around the new opening) of 25/40cm,
completed above the slab. These boards and the inset reinforcement, including the one preserved
in the area, may create a way to absorb the negative moments above the contour beams of the
field, which had created the loads of the destroyed zone. Condition of vertical and other
horizontal structural elements is good. There are no visible deformations or damages in them.
The degree of importance of the building is not overrated following Ordinance N2of 23/07/2007
that covers Structural Design of Buildings and Facilities in Earthquake Areas, Art. 6 (2) — the
seismic safety assessment is positive. The mass of the structure does not change either.

Nevertheless, on the southern facade within first and third zones, at the ground floor and
on the first floor, the existing brick walls were torn down, as they were built anew of single solid
bricks using lime-cement mixture brand M 2.5m, thus creating reinforced anti-seismic brick
zone, encompassed with reinforced concrete beams and columns. When laying the brick-courses
of the new masonry, both the horizontal and vertical joints in-between every single brick, and the
bricks, as well as the contour RC elements had to be filled with that mixture. In every 2 rows, in
the horizontal mortar joints, reinforcing bars of 2N10 of steel class A-III were inset. The
reinforcing bars are to be anchored horizontally - 15 cm inside the columns encompassing the
reinforced anti-seismic brick zone. The brick masonry should run transversely along the length
of the wall, without a longitudinal vertical mortar-joint. Thus, the loadbearing capacity of the
brick wall increases by 20%. The compressive strength of the single solid bricks should be
10MPa. The last horizontal row shall be wedged/anchored to the RC beam above it, by using oak
(wooden) wedges placed on the outside and inside of the wall, at 100cm maximum. The brick
wall fencing the inner courtyard on the east side of the new restrooms would be rebuilt. The
western outer wall would be strengthened with a reinforcement mesh and shotcreted with class
B30 shotcrete. (Fig. 6).

Fig. 6. Western outer wall

K28 and K29 columns at the height of the first floor get enhanced with angular steel-profiles
of 100/100/10mm following the structural details, as all the edges get plastered beforehand with
cement-lime mortar mixture for a tight fitting of the metal profile to the reinforced concrete
columns.

2.1.2. Northern Part

The northern part is also built in a monolithic way, but as a skeletal-non-beam structure
in two levels; Ground floor is a colonnade of 15 columns and floor-level one. The slab above the
first floor is a beamless one, yet pierced by 6 monolithic RC domes. As the clear structural
height in the floor is 240 cm, which is insufficient and in many places the slab is cracked by
diagonal cracks running toward the middle row of columns, the same alongside the domes gets
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demolished and replaced by a new smooth reinforced concrete slab, raised by 50 cm, and the
clear structural height of the floor becomes 290 cm. In order to absorb seismic forces aided and
supported by the columns only, it is necessary to strengthen the colonnade in the ground floor
with a 15 cm thick reinforced concrete jacket(layer), on all three sides of the columns, as in the
first floor the old columns are destroyed and in their place new ones with dimensions equal to
those reinforced with a jacket are built. The roof plate between K7, K8 and K12, K13 columns is
cut to shape a glass atrium.

2.1.3. Central (old) part

The construction in this part of the building is built in 6 floors of supporting brick walls
with a thickness of 44 cm - 1 and 1/2 brick units. The bricks are a single-unit, solid, hand -
pressed. The brick masonry withstands both the vertical and horizontal loads exerted. In many
places, the walls were pierced with openings through which the air conditioning of the
reconstructed building in the 1970s run. In this part, two staircases connecting the ground floor
with the first floor were built. Concerning the future functions of the building, part of the door
openings on the first floor and ground floor would be sealed following the design project,
whereas in other places it will be necessary to cut-open new doors and openings for ventilation
that require reinforcement of these openings following the details of the structural design. The
basement of the building does not change. The foundations of the building remain unchanged as
they have served their function efficiently (Fig. 7).

Fig. 7. Plan of the walls and openings of elevation -0,10

Inter-storey floor structures are made of metal beams, perpendicular to which are
mounted metal bracing elements that act as reinforcement. The bracing is placed on the top of
the beams, but between the beams - at their bottom part. Space between beams is filled with
material imitating concrete with very low strength, consisting of cinders, sand and quicklime.
Condition of the metal beams is good, but surface corrosion has developed on the lower belts
when revealed, thence be cleaned with wire brushes. Beams surface is to be primed and then
coated with two layers of paint to prevent future corrosion. Condition of parts of the vertical
structural elements is good, but due to the drilling of air-conditioning and heating openings, their
load-bearing capacity declined. Some of the walls got cracked by vertical and diagonal cracks
within the height of 1st floor. Reinforcing all openings of the walls and the walls is a must. They
are welded with each other, as the horizontal and vertical bars of the enhanced skeleton of the
walls get welded onto them. In wall 2, a new door opening is cut out, as the same is reinforced
with metal corner profiles specified in the wall reinforcement 2 (Fig. 8).
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Fig. 8. Wall enhancement 2 - bilateral

All reinforced vertical walls are shotcreted unilaterally or bilaterally with shotcrete class
B30, following the technical drawings.

2.2. Conclusions

This paper shows a rational and economical way of strengthening tall buildings of stone or
brick masonry loadbearing walls. By strengthening the walls on the ground floor and first floor
higher reliability has been achieved, both in terms of absorbing vertical and horizontal winds and

seismic impacts. The reinforced structure of the building withstood the earthquake of
22/05/2012, without any problems.

3. The Museum of Contemporary Art in Sofia - modern view on reconstruction of
buildings listed our cultural and historical heritage[3]

3.1. Introduction

In a cultural monument building built of load-bearing masonry walls and inter-storey
structures made of wooden beams, new reinforced concrete structure was implanted addressing
the contemporary structural requirements [3]. The stairwell built outside the contour of the
building is attached to the new reinforced concrete structure by tensed anchors. The existing
building was completed in the first quarter of 20th century as a three-storey rise, (Fig.9). It is part
of our cultural and historical heritage. The foundation is stone masonry following strip
foundations type. The construction of the building is done by encompassing load-bearing
masonry of single-unit hand-pressed solid-brick course, as each brick is of the following
dimension - 29/13/7cm. Along the longitudinal facades, at a distance of about 400cm, brick
pilasters with dimensions of 59/43cm - (2 bricks)/(1 and 1/2 bricks) are completed. The function
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of pilasters but from a constructive point of view is to perform the role of masonry columns with
greater rigidity and to give stability to the building. On the transverse facades, such same
pilasters are placed but at a greater distance. The pilasters are completed along the entire height
of the building across the three floor levels. The external longitudinal facade brick-walls are
load-bearing, and the transverse facade walls are self-supporting ones. The internal longitudinal
brick-masonry walls of single brick thickness are load-bearing, and the transverse ones of the
same thickness are self-supporting. Internal brick walls with thickness of 1/2 brick are
partitioning.

Fig. 9. Museum facade

In the interior, two longitudinal brick-walls with thickness of a single-unit brick, and
transverse walls with thickness of 1 and 1/2 brick are completed. Within the height of the
building, the facade walls continue in the second and third floors following the same course; as
the internal longitudinal and transverse walls have a partial change, illustrated when
photographing the building. In the northern part of the building there is a stairwell with a flight
of cantilevered stone steps and landings, as the surrounding walls are erected a load-bearing
brickwork. The bearing, self-supporting and partition brick-walls are in very good condition, of
no cracks or defects. This shows that the structure would normally tolerate the vertical loads, as
well as the horizontal impacts that have occurred, so far. It lacks the necessary RC elements,
columns, vertical and horizontal reinforced masonry zones that may possibly absorb the stress
caused by 9-degree earthquake on the scale of the MSC, under Ordinance 2 for the design of
buildings and facilities in earthquake areas.

3.2. Determining the compressive and tensile strength by subjecting the bricks with
which the existing masonry structure of the building was built to a bending test

To study the strength qualities of the bricks, 8 bricks were removed from the building.
They were tested in laboratory conditions to determine their tensile strength in bending and their
compressive strength.

From the experimental studies conducted, it was found that the compressive strength is
not particularly high: Rt = 3.3 MPa, and the tensile strength in bending is Rt,t = 1.23 MPa.
Therefore, bricks cannot be included in the calculations of load-bearing brick walls absorbing
seismic forces, because according to Ordinance 2 the minimum strength of bricks must be 10
MPa. Such matter prompts at the need of new reinforced concrete elements, columns,
walls/bands and slabs to be implemented when reconstructing the building to absorb the seismic
efforts.
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3.3. Establishing a method of building the inter-storey floor structure and the type of
material to be used
Upon uncovering the inter-storey floor structure, it was discovered that floor was made of a
series of timber beams laid, of about 20/38cm, placed/embedded at about 59 cm distance, resting
on one end on the facade walls and on the opposite end on the internal longitudinal loadbearing
bricks-walls. From the sections exposed, it was found out that the condition of the wood is good,
but the new reconstruction would create a greater load that such timber-beam floor is not able to
bear. This fact necessitates the implementation of a reinforced concrete slab in a future
reconstruction, which will also play the role of a horizontal diaphragm, distributing the efforts
between the new vertical reinforced concrete diaphragms.

3.4. Assessment of the condition of the supporting structure

The above-stated suggests that the condition of the structure is very good, but it is not
able to bear new, additional loads caused by the new function of the building, thus the strength of
the masonry bricks does not meet the minimum requirements to withstand compression under
Ordinance 2 covering the Design of Buildings and Facilities in Earthquake Areas. Thus, it
necessitates (in future reconstruction) to switch to the implementing of new reinforced concrete
slabs, which will also act as horizontal diaphragms, distributing the efforts between the new,
vertical reinforced concrete diaphragms and columns.

3.5. In-building a new supporting structure

Inside the existing building, a new supporting reinforced concrete structure is built, which
consists of 18 reinforced concrete columns, 6 reinforced concrete diaphragms, of which 2 in the
longitudinal direction and 4 in the transverse direction of the building (Fig.10).

In the middle and alongside the contour/edges of the building, 5 continuous beams are
built, stepping on the columns and diaphragms. A new reinforced concrete slab rests on top of
the beams and diaphragms. All wooden beams and the timber floor structure are preserved as
part of the future interior. The reinforcement of the slab rests on the facade/elevation beams,
whereas in the middle of the building onto the center beam. The longitudinal wall is pierced as
dowels are formed for the lower and upper reinforcement to run through them, upon considering
a continuously reinforced slab to be laid. The existing timber-beam floor of 38cm is inlaid into
the new reinforced concrete beams, so that a continuous reinforced concrete part of 50 cm
remains underneath; total height reaches 114cm (Fig.11).
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Fig. 10. Formwork plan of floor plate at elevation +4.65 Fig. 11. Details
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Their width along the outer contours of the building is 30 cm, and in the middle of the
building - 25 cm. Their transverse reinforcement-stirrups follow the height of the entire beam,
encasing the horizontal wooden floor beams on either side. The same inter-storey floor structure
is repeated above the slab on 2nd floor. Above floor 3, a grid of beams is made onto which the
new reinforced concrete slab rests and following the slope of the roof, 2 reverse longitudinal
beams (Gr 19 and Gr 20) in the middle third of the opening; 2 transverse beams (Gr 21 and Gr
22). An aluminum structure with overhead lighting is implemented over the four beams. The new
columns and brackets are inlaid in the strip foundations, executed on the facade elevations at the
inside of the building, and in the middle, on both sides of the existing stone strip foundations, as
embedded to 10 cm width and a depth of 30 cm.

Fig.12. Cross-sections of roof structure Fig. 13. Cuts through foundations

Widthwise, the middle two-sided foundations are symmetrically located relative to the
axis of the reinforced brick-wall and columns. At certain distances, around the columns and at
both ends of the longitudinal diaphragms in their upper part, the two-sided foundations are
united/tied with a reinforced concrete transverse flat beam to enable distributing loads
symmetrically across the common foundation. In the northern part of the building, beyond its
edges, there is a three-arms staircase. Its structural attachment to the earthquake-proof building is
completed by 3 pairs of metal anchors per floor of ®25 size (in the floor of 1st floor, in the floor
of 2nd floor and in the floor of 3rd floor), as the two pairs run parallel to the short side of the
building, and the third pair follows the free, northern facade of the staircase.

Heads of the anchors are anchored externally in 4 vertically placed U-profiles, whereas
inside the building in the facade longitudinal beams, by anchor plates. A panoramic elevator is to
operate in the central part of the staircase, for an accessible environment. Due to the public
functions of the building, it must also have a second emergency staircase. The same is fixed on
the exterior of the building by an independent metal structure, as its floor and sides are entirely
made of glass. Each of the floors (1, 2 and 3) is accessed by the staircase through doors located
opposite the landings. In the project development, a classic way of embedding a modern
reinforced concrete structure is realized, which may absorb any new stress-and-strain that may

ensue due to its new function — a structure secured/strengthened by observing the Building
Code(s) of the day.

4. The Cross-shaped Barracks in the town of Vidin[4]
The Cross-shaped Barracks was built at the beginning of the 19th century. It is a two-story
building of an equal-arms cross in its plan (Fig. 14), thence the name. In the past, the building

served as barracks for the Turkish troops across that area. Today it is the building that houses the
Ethnographic Museum of Vidin hosting a large collection of artifacts from the region. The
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construction of the building is combined: stone and brick masonry (Fig. 15). The foundations
are of dry stone masonry, whereas the roof and floor structures are wooden.

Long-term use and lack of maintenance, as well as subsidence of the southern corner of the
building due to systematic wetting of the soil underneath the foundation have led to the
appearance of very serious cracks in the wall of the southern facade, as well as in a large part of
the interior walls. Moisture in the brickwork was found at a level of about 1 m above the ground
level, and this has led to the destruction of the wall plaster over a very large area. Preservation of
the authentic appearance of the building necessitated the search for a solution that would not
change the original facades. The reinforcement of the existing masonry was solved by applying
sprayed concrete (shotcrete) (Fig. 16 and Fig.17).
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Fig.16. Shotcrete execution detail Fig.17. Shotcrete execution detail

An additional air channel was filled in alongside the contour of the building (below the
ground level) from reinforced concrete for the purpose of ventilation and insulation of the
foundations, as well as additional strengthening of the stone masonry foundations (Fig. 18).
When construction began and the furniture was removed, new additional serious cracks were
found in parts of the brick walls. In order to preserve the facade, an additional new reinforced
concrete wall with new reinforced concrete base was designed. The new wall is built on the
inside and subsequently formed out a unique interior space (Fig. 19). This project was entirely
developed with the aim to preserve the architectural authenticity, as well as to restore its
structure in a way that it may withstand vertical impacts. No additional seismic safety measures
have been designed because they are not compatible with the idea of preserving the original
structure. The new reinforced concrete wall does not oppose the concept of preservation because
it aims only to restore the original integrity of the structure.
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Fig.18. Channel filled alongside edge Fig.19. The new wall

The Cross-Shaped Barracks building is a cultural monument and one of the 100 National
tourist attractions in Bulgaria[4]. It is situated in Vidin - a city in Bulgaria on the Danube River.
The building is famous for its equal-arms cross plan (Fig. 14).

The building was constructed in 1801 by local ruler Osman Pazvantoglu for the deployment
of the Ottoman troops (Fig. 15). After the liberation of Bulgaria from the Ottoman Empire, the
building was used as a court and barracks of Bulgarian troops.

5. Static analysis and retrofitting of the old timber roof structures for the storage
heritage building in Kustendil[5,6]

The building is a model of industrial architecture in the thirties of the twentieth century,
which still dominates with its volume in the modern urban structure in the town of Kyustendil. It
was designed as a tobacco warchouse by the Austrian architect Rudolf Fischer, who lived in
Kyustendil in the period 1909-1934. The building was built in the period 1924-1925. The facades
of the building are flat and treated equally on all four sides(Fig.20). The windows are in pairs
alternating with flesh. The height of the windows in the different floors is different with a certain
gradation. The attic space is illuminated with dormers along the long axis and with windows
along the narrow fronts (Fig. 20.1).

Fig.20.1¢,d South elevation-c) West elavation-d)
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The height of the building consists of a semi-dug basement, three main floors, a mezzanine
and attics. The presence of a high brick superstructure favors the use of the attic space. The
building is designed as one main volume, with a rectangular base and five main floors, basement
and attic floor: Basement, elevation -2.92, with: Hyen= 2.75 m; First floor, elevation -0.00, with:
Hiight =3.96 m; Second floor, elevation: +4.13, with: Hyp =3.88 m; Third floor, elevation +8.26,
with: Hjigne =3,50 m; Fourth floor, elevation +12.01, with Hygne = 1.95 m( installation ); Fifth
floor, elevation +14.21, with: Hy;gn = 2.68 m; Sixth and seventh attic floor: elevation: +17.14 and
elevation: +19.73 are from wooden structure(Fig.20.2.).
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Fig.20.2. Cross section 20.3. Horiz. section: over -1 floor Fig.20.4 Horiz. section: over 4- floor

The building in plan has rectangular dimensions with a width of 18.1 m and a length of 59.79
m and a built-up area of approximately 1082m?. In the transverse direction, the columns of the
building are located in three wheel bases with dimensions: 4.60 + 4.00 + 4.00 + 4.60 = 17.200m,
which is the light spans of the building. In the longitudinal direction, in the ground floor the
columns are arranged as follows: 5.00 + 4.40 + 4.40
+4.40 +4.10(Fig. 20.2; Fig.20.3; Fig.20.4 and Fig.20.5).

Fig.20.5a,b General view of the building and the south-east facade

2. Description of the Constructive System of Building

The construction of the building is massive with external load-bearing brick walls 80 cm
thick in the basement, 60cm on the first and second floor, 45c¢m on the third and fourth floor,
40cm on the fifth, sixth and seventh floors. The columns are from reinforce concrete with
dimensions 78/78cm in the basement, and from brick with dimensions 64/64 cm on the first and
second floor, 50/50 cm on the third and fourth floor (Fig. 2.1a). In the transverse direction, the
columns of the building are located in three wheelbases with dimensions: 4.60 + 4.00 + 4.00 +
4.60 = 17,200m, which is the light spans of the building. In the longitudinal direction, in the first
section the columns are arranged as follows: 5.00 + 4.40 + 4.40 + 4.40 + 4.10 m. The mezzanine
structures at elevation: +(-) 0.00 (slab above the basement) and at elevation: +4.13 m (slab above
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the first floor) are a beam system with monolithic reinforced concrete slabs and beams, which lie
on brick (respectively) RC columns (Fig.21.1).

Fig.21.1a,b Distribution of the columns in the basement of the building-a), View on the floor
and column in the first level of building-b)

At elevation 8.26 m (slab above the second floor), as well as at elevations +12.01 (slab
above the third floor) and + 14.21 m (slab above the fourth floor) the structures are made of
wooden beams with a caratavan ceiling. The wooden beams are oriented in the longitudinal
direction of the building and are supported in the transverse axes of the building on steel double
T-beams, which in turn lie on the columns of the building (Fig. 22.1a,b,c). The wooden beams
have different sizes varying in the range: 16/18, 18/20, 17/17, 20/20, 17/18, 18/18. The 7 timber
beams are located in the end and 5 in the intermediate axes of the building. The steel beams on
the second floor are Ne30 and on the third and fourth are Ne22 and Ne24. The floors are made of
wooden sheets, placed on a joist structure of the ridge (Fig.22.1).

a)

Fig.22.1a,b,c Supporting of the wooden beams on steel double T- beams; Supporting of the
steel beams on the columns of the building.

3. Description of the Constructive System of Timber Roof of Building

The roof structure of the museum in Kyustendil is a gable roof with alpine type and height to
the ridge: H = 10.10 m from the level of the ceiling slab. The base of the isosceles configuration
of the gable roof is light in size between the enclosing walls: 17,220 m. The supporting structure
of the roof is made entirely of wood (Fig. 23.1). The roof structure is made entirely of wood -
made of shaped wood. The roof is gabled with a steep slope covered with marseille tiles on a
wooden cladding.
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Fig. 23.1a, b The drawing of the the roof truss structure- and View on the timber roof
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The main load carrying elements are: binder, columns-with capitals(from diagonal supporting
struts), or slopes to each columns, purlins in the longitudinal direction of the building(Fig.24.1)
of the three-storey roof structure and also the presence of kings on the third level of the structure
(Fig.24.1).

a) b)

c)
Fig.24.1a,b,c Binder columns(kings) anchored on a binder beam-a);capitals in the longitudinal
direction, slopes to each column-b) Pliers and kings at each level of the three-storey structure of
the roof-c)

4. Computational 3D model of the truss construction of the building

4.1 Load model

Loads are adopted pursuant to Ordinance Ne 3/2004 years. "Basics of designing the structure
of the buildings and the impacts on them" for the region of Kyustendil as follows: snow region
11T with value 130 daN/m? and wind to area II with value 32 daN/m”. Computing values of these
values are achieved by multiplying the normative values of the two impacts with load
factor:=1.50. Studied are all occurring in wooden frames species components. Static analysis of
the various structural elements of the roof done according to the methods of structural mechanics
and verified with FEM program "SAP2000". Static schemes of frames and roof are modeled as
plane joint-rod systems. All fixtures in the wooden structure of the roof are filled with bolt-
screws. Dimensions of the different components of the roof frame of strength, stability and
deformability are carried out according to EC5, 2007. The quality of the wood, when testing the
structural elements of the roof frame is adopted as a second category (SI-II). On the Fig.4.1is
demonstrated the Computational 3D model of the truss construction of the museums building.
The drawings of the main truss construction is on the Fig. 4.2 Cross sections of the constructive
element of the timber truss system is the Tab. 1. As additional information is important to know
that: length of the truss is: 17200mm, and high: 10010mm. The length of the roof is: 59,79m,
width: 18,10m and high: 10,10m.

Fig. 25.1 Computational 3D model Fig. 25.2 Thedrawings of the truss
of the truss construction of the roof construction of the roof
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5. Calculation of the Construction according to the Theory of the Second Order

In order to be able to comment on the reserves of the truss supporting structure, we
performed a full calculation links with SAP2000 software, according to theory I. and II. order.
The combinations of loads and values are given in next text as follows:

5.1 Load combinations (according: ECS, 2007)
1.35 DL + 1.5 SL; 1.35DL + 1.5SL+ 0.75WL; 1.35DL+ 1.5WL (pressure) + 0.75SL; 1.0DL +
1.5WL (suction); 1.35DL + 0.75WL.

5.2 Load values

a) Covering:0.70 (kN/m?); b) Snow: 1.30(kN/m?); ¢) Wind (pressure): 0,32/-0.32(kN/m?); d)-
Wind (suction): -1.00/-1.00(kN/m?).

Due to the age of the construction were created extraordinary load values, which in this case can
count on a 100-year return Scheme of external load: dead load, snow and wind load and are
given in Fig.26.1.

C) “Fesanenn d) -
Fig.26.a,b,c,d Scheme of external load are given

6. Some remark about articles in [5,6]

The calculation verified that if there is no further significant damage to the timber
construction by biotic influences, there is no danger of the collapse of the truss of the building in
Kustendil. If we think about the constructional feeling of the arch. R.Fischer, we must state that
this was considerably advanced. Although they had no modern computing resources, they did
comprehensively combine various requirements for the functionality of the work, including some
protection against biotic influences. From today's point of view, the building withstood all the
effects of a load with a 100-year return and still despite some damage to the truss does not
threaten its immediate collapse.
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PRESTRESED STRUCTURES
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Abstract: The need to cover large spans forced designers to use saddle-shaped
geometric forms as the ideal form for the application of cable suspended systems.
The expansion of suspended systems arose in the 50s of the 20th century, with the
improvement of simpler numerical methods for solving complex systems of
differential equations of the fourth degree. Maciej Nowitski (USA) and David Jawert
(Denmark) created their analytical solutions that have brought these systems to a
rational application. With his rich theoretical knowledge and practical skills,
Edmund Balgac (Yugoslavia) improved existing analytical models and applied them
to the construction of several halls. With the uniqueness of his solutions, by the
application of suspended structures, prof. Balgac managed to establish a symbiosis
between aesthetics and the constructive requirements of covering large areas. Today,
we can testify to the fact that a large number of buildings built in the above-
mentioned structural system continue to impress with their form and function
decades after their construction. For this reason, as part of this research, an analysis
was made of the Great Hall of the Textile Fair in Leskovac, the Fair and Sports Hall
in Subotica and the Sports and Cultural Center "Pinki" in Zemun. When analyzing
the mentioned buildings, the emphasis will be on the architectural heritage of
buildings built in the constructive system of pre-stressed suspended cables. The aim
of this paper is to review the creativity of prof. Balgac, as well as emphasizing the
importance of the existing suspended structures in the form of cultural and
architectural heritage of an era.

Key words: Architectural heritage, spatial structures, cable suspended systems,
Edmund Balgac

1. Introduction
Suspended structures represent a characteristic category in civile engineering,

characterized by an elegant form and the ability to cover large areas. In the field of
structural engineering, suspended structures represent the pinnacle of the combination of
theoretical excellence and practical application, often defining modern urban landscapes

! full professor, PhD, Faculty of Civil Engineering and Architecture, University of Nis,
dragan.kostic@gaf.ni.ac.rs

2 student, Faculty of Technical Sciences, Univesity of Novi Sad, ped_ja94@hotmail.com

3 associate professor, PhD, Faculty of Civil Engineering and Architecture, University of Nig,
vukamer@yahoo.com

245



MEXAYHAPOJHA HAYYHA KOH®EPEHIIUA BAHW’2023
INTERNATIONAL SCIENTIFIC CONFERENCE BASA'2023

with their graceful appearance and extraordinary engineering challenges. The engineering
challenges posed by suspended structures often require innovative solutions. Design
consideration, material selection and construction methodology are carefully examined in
order to achieve a combination of aesthetics and functionality of the object. When it comes
to suspended cable structures, the central part is an understanding of the principles of
prestressed concrete combined with the unique challenges posed by suspended cable
systems. A comprehensive understanding of the benefits and challenges associated with
suspended cable structures is critical to design and construction decisions. Increased
structural efficiency, large spans and material savings stand as advantages, while in
contrast, challenges such as cable maintenance, dynamic behavior and construction costs
arise.

Today's impressive presence of suspended structures in the urban landscape testifies
to their long-lasting influence. One of the key protagonists in this field, whose name is
inextricably linked to the theoretical understanding and outstanding application of
suspended chain structures, is Professor Edmund Balga¢. This paper aims to research and
analyze the contribution of Professor Edmund Balga¢ to the theoretical solution and
application of suspended cable structures, looking at how his work shaped the modern
understanding and practical application of these architectural and engineering
masterpieces. For this reason, this paper will focus on the analysis of the theoretical
contribution, as well as the analysis of three key objects - the Great Hall of the Textile Fair
in Leskovac, the Fair and Sports Hall in Subotica and the Sports and Cultural Center
"Pinki" in Zemun. The theoretical contribution of Prof. Balga¢ is based on the work of
Jawerth (Sweden) and Nowicki (USA), whose work prof. Balga¢ continued and then led to
the improvement of the existing methods. Then the emphasis of the analysis will be on the
construction heritage of the mentioned buildings, built in the constructive system of pre-
stressed roof cables. Through this analysis, the goal of the paper is not only to look at the
creativity of Professor Balga¢, but also to emphasize the importance of the existing
hanging structures as the cultural and constructional heritage of an entire era. This work
represents an attempt to deeply understand and valorize the contribution of Professor
Balgac¢ in the architectural heritage, shed light on the various applications of suspended
structures, and emphasize their undeniable role in shaping cultural identity and
architectural landscape.

2. Biography

Edmund Balga¢ was born on May 24, 1913 in Belgrade, Kingdom of Serbia. During
his rich career, he was a professor at the Higher Technical Construction School in Subotica
and an engineer at GP "Rad" in Belgrade. He left behind a great contribution, both with his
research and teaching work, and with a large number of realized objects that still impress
with their function and form.

As a professor, he left a significant opus of research work in the field of suspended
cables structures. With his theoretical contribution, he earned the epithet of one of the
pioneers and originators of suspended systems, both in the area of the former Yugoslavia,
as well as in Europe and the world. One of the most significant contributions to science is
reflected in the introduction of numericals into the analytical method of calculating
suspended structures, which continued and improved the work of Prof. Nowicki. With his
research work in the field of suspended systems, Prof. Balga¢ laid the foundations for
future expansion in the construction of these structures. As a researcher, he made a great
contribution to a number of scientific works, as well as the textbook "Engineering
structures: reinforced concrete structures" completed at the Higher Technical Construction
School in Subotica in 1966. It is important to mention the translation work of Prof. Balgag,
who enabled better education of future generations at construction schools and faculties.
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Under the translation work, it is important to mention the books: "Spatial roof
constructions, their details, their implementation" by Rile Herman and "Prestressed
concrete in practice" by Leonhardt Fritz.

Apart from the theoretical work, the practical work of prof. Balgac¢ as one of the most
outstanding civil engineers of that era. As an engineer at GP "Rad" from Belgrade, Balga¢
left many buildings that even today have the role of a landmark in the urban silhouette of
the public space on which they were built. Among the more significant projects that have
been carried out, we can mention: the Great Hall of the Textile Fair in Leskovac, the Fair
and Sports Hall in Subotica and the Sports and Cultural Center "Pinki" in Zemun.

Prof. Edmund Balga¢ died at the age of 77 on December 9, 1990 in Belgrade, leaving
behind an indelible contribution, with theoretical work and constructed objects that still
remain a reminder of his greatness and importance.

3. Theoretical contribution of prof. Balga¢

3.1.A historical overview of the works that contributed to the elaboration of the

analytical solution

When it comes to the theoretical work of Prof. Balgac¢ in the field of suspended cable
structures, it is necessary to mention names like David Jawerth and Maciej Nowicki, who
laid the foundations for further improvement of the calculation of suspended structures.
Prof. Balga¢ continued his work on the improvement of analytical methods for the
calculation of suspended structures set by Jawerth and Nowicki. The first major step
forward in the creation of suspended structures was the optimization of the analytical
calculation in which the stabilization of chainrings by weight was replaced by prestressing,
which introduced a revolutionary concept in this field [5].

Swedish architect David Jawerth has developed an innovative system to overcome
unpleasant occurrences of swaying in building structures. The cable truss system, often
referred to as the Jawerth system, suppresses unforeseen deformations, especially in the
horizontal direction, providing structural rigidity. The system consists of grids or beams
that make up two cables and an anchor structure that ensures the load-bearing capacity of
the cable structure. Suspended structures in the vertical axis are adapted to standardized
modules, which achieves standardization in spans from 25 to 60 and more meters.
According to Jawerth's recommendation, the ratio of the added load (v) and the total
gravity load (¢) should be taken as v/g<0.6 for the calculation. The theoretical solution was
applied in the design of the Ice skating Arena in Johanneshov near Stockholm (Fig. 1), for
which the project was also designed by Jawerth. The Ice skating Arena in Johanneshov,
Sweden, is the first facility built with a cable truss system. It was built in 1956 with a
capacity of 16,000 spectators. The construction of the arena includes cable grids of the
span 73 m to 83 m, with sloping infill rods. The supporting cable has a diameter of ®58
mm, the stabilizing cable is ®48 mm, the boom of the supporting cable is 5 m, and the
boom of the stabilizing cable is 3.6 m. Cable grids are placed at a distance of 5.28 m, and
bundles of ®26 mm steel bars are used to receive horizontal forces. Ground anchoring
relies on prefabricated reinforced concrete blocks. The support structure is made of steel
profiles, and part of the hall is buried with a reinforced concrete structure. The roof
structure, adapted to various climatic conditions, includes cassettes of cold-formed steel
sheets, corrugated sheet, impregnated wood fiber boards and layers of roofing paper [5][9].
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Fig. 1 Ice skating Arena in Johaneshov, Sweden, 1956 (David Jawerth)

Maciej Nowicki (1910-1950.), architect and professor, was a faculty member of the
architecture department at the newly formed North Carolina State College School of
Design from 1948 to 1950. As a professor, designer and urbanist of international repute,
his legacy is mainly reflected in the inspirational influence he exerted in the School of
Design, the lost potential to change the course of contemporary architectural and planning
thinking and practice, and in the radical design of the only completed project in North
Carolina, the famous Dorton Arena, completed after his death. Nowicki produced a series
of studies for the development of various facilities at the Raleigh State Fairgrounds,
including a bike lane, a running track, and an elevated median (an unrealized project). The
city was able to secure 1.5 million dollars for a new livestock auction pavilion, and
Nowicki was entrusted with the project. This became the only completed building in North
Carolina designed by Nowicki. Encouraged by Dorton and in collaboration with engineer
Fred Severud, Nowicki drew up a plan for the Raleigh arena (Dorton Arena) (Fig. 2)
whose shape is defined by two inclined parabolic arches of reinforced concrete that meet
near the ground, and the arches are connected below ground level. at both ends and
prestressed above by numerous cables running from arch to arch. The cable structure
would additionally serve as a support for the roof covering. Dorton Arena has gained wide
and lasting admiration in the state and beyond, becoming one of the few North Carolina
facilities to be internationally recognized. The extraordinary hyperbolic-paraboloid
structure was echoed in a series of later "saddle dome" designs produced by architects
around the world in the 1950s and 1960s. For North Carolina in the mid-20th century, it
was a bold symbol of modernity and progress, and became a celebrated icon of modern
architectural design from the day it was built. Professor Nowicki also made a significant
theoretical contribution to the development of cable constructions, unfortunately his
untimely death led to the analytical method, the originator of which, remains unfinished.
After Nowicki's death, Prof. Balga¢ continued work on improving the analytical method
and managed to improve and complete it, which will contribute to the additional
development of suspended constructions in the coming decades [9][12][13].
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3.2. Basic principles of analytical solution

After the sudden death of Professor Nowicki, his theoretical work on solving the
stability problem of suspended cable structures remains unfinished. For this reason, Prof.
Balgac builds on Nowicki's work and succeeds in improving the method. The main feature
of the theoretical work of Prof. Balgac is reflected in the introduction of numericals into
the analytical method started by Nowicki. Professor Balga¢ based the calculations for
achieving roof stability on his original method, which, for pre-stressed networks, implied
an additional load on the supporting cables. The establishment of balance is obtained by
additional load of the supporting cables in direct contact with the prestressing cables, thus
transferring the reactive load which in the unloaded phase causes tension in the stabilizing
cables. In the supporting cable, the highest forces will occur in the phase of the highest
gravity load, and the least in the phase of prestress, on the contrary, in the stabilizing cable,
the highest forces will occur in the phase of prestress, and the least in the phase of full
load. For the input data of the calculation, the determination of the arrow of the supporting
and connecting cable in all load phases and the determination of the loads acting on the
cables, taking into account the correctly calculated values of k& and kI, were applied.
According to the professor's method, the additional load (v) should have an intensity of
0.15 kN/m? to 0.20 kN/m? [5][6].

4. Selected advanced constructions of prof. Balga¢

Conventional structural systems were not sufficient to meet the requirements of
creating aesthetically attractive, functional and economical buildings of medium and large
spans. The modern approach requires optimization of construction with minimal use of
materials and faster construction, which led to the development of suspended roof systems.
These systems allow elegant covering of large spans without the need for internal supports,
using high tensile strength materials. Architecture later embraced hanging systems,
resulting in diverse variations. Steel tensioners, ropes and cables have become standard
materials, manufactured to high steel standards. Research has improved the efficiency of
building structures, encouraging further research.

The use of suspended roof systems to cover large areas brings innovative, bold and
economical solutions. These systems are integrally tensioned structures, the result of the
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geometric characteristics of load-bearing roof elements, i.e. cables. The cables do not
transmit pressure forces, but only tension forces, and they are extremely long and have
small cross-sections, which means that their bending stiffness is zero. Their carrying
capacity is maximally used, making them economical structural systems. Fast preparation
through CAD and CAM technology, cheap transportation, simple connection of elements
with less qualified labor represent the advantages of suspended systems compared to other
constructions for covering large spans. However, suspended roofs are subject to
aerodynamic challenges due to loads such as self-weight, snow, wind, earthquakes and
other vibrations. The stability of the structure becomes a key task in order to prevent
negative effects, such as swaying of the roof, cracking of the ceiling and damage to the
installations. Modern double layer cable systems are used for stabilization, applying weight
loading, prestressing and combination with bending elements. A modern approach involves
prestressing by introducing tensile forces into the roof cables during construction. These
cables, when pre-tensioned, exert pressure on the structural elements, and stabilization is
achieved by using elements of high compressive strength and cables of opposite curvature
in different spatial arrangements [5][6].

The many advantages that characterize hanging chain systems led to their massive
application in the middle of the 20th century, both in the world and in the territory of the
former Yugoslavia. Among the engineers who created halls in this system, the name of
prof. Edmund Balgac, who left behind several halls built in the hanging chain system. As
part of this work, a case study will be conducted on the facilities - the Great Hall of the
Textile Fair in Leskovac, the Fair and Sports Hall in Subotica and the Sports and Cultural
Center "Pinki" in Zemun. The unique form of the mentioned halls led to the fact that even
after 6 - 7 decades of existence, the mentioned halls captivate with their aesthetic value and
represent rappers in the cities where they are located. Years of service, adaptable
functionality and indisputable aesthetic value have contributed to the fact that we look at
the mentioned objects through the prism of cultural monuments, as well as the architectural
heritage of an era.

4.1.The Great Hall of the Textile Fair in Leskovac

The Great Hall of the Leskovac Textile Fair, also known as the Round Pavilion or
"Sajkaca" (traditional Serbian hat), was designed by Prof. Edmund Balga¢ and architect
Cveti¢ Milorad. The pavilion is the second facility in the world and the first in Europe built
according to the revolutionary design and construction principles pioneered by the famous
"Dorton Arena" in the United States of America. The building was built in 1959 in the
eastern part of the Fair complex and has a characteristic circular shape (Fig. 3). The
constructive system of the roof is provided in the form of a pre-stressed network of steel
cables, in the shape of a hyperbolic paraboloid and cross section 85 mm (carrying cables)
and 3®5 mm (auxiliary cables). The steel ropes are stretched on two supports with a
section of 70/300 cm, inclined outwards in the form of pinched arches, thus forming an
approximately circular base with a diameter of 60 m. The perimeter supports are supported
by slender columns with a section of 40/90 cm and variable height. The facade consists of
parapets with a height of 180 cm from brick and glass to the supports. The gallery, in the
form of an inner ring, separated from the main structure, has a width of 8 meters and
staircases on the north and south sides. Although it was originally planned to be covered
with copper, the pavilion is actually covered with galvanized sheet metal. The ceiling is
made of lightweight volcanic tuff concrete with an average thickness of 6 cm. The total
usable area of the building is 3440 m?, where the ground floor covers 2375 m?, and the
gallery 1065 m? [3][4][9].
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Fig. 3 Basis and facades of the Large hall of the Textile fair in Leskovac, Serbia, 1959

The building represents a cultural and historical place in Leskovac, which derives its
importance from a deep-rooted connection with the city's identity as a center of free market
exchange. Throughout history, it has been of great importance to the local community that
is rising towards a sustainable presence in the global market by specializing in the free
exchange of economic goods. The construction of the Round Pavilion as a fair destination
was a logical consequence of this development process, given the vitality and strength that
the city displayed, despite the anti-market approaches that had come into force by then.
Today, places like the Round Pavilion, which base their lives on the universal principles of
private property, freedom of contract and responsibility, are global symbols of human
progress. Its historical value is emphasized by the fact that it is an expression of the
persistence of the spirit of enterprising people who preserve their heritage in a way that
relates to the future. The construction of the Round Pavilion at the end of the 1950s
represents a kind of testament to cultural freedom, which, from a historical perspective, is
inevitable and without an alternative.

By the act of the "Institute for the Protection of Cultural Monuments Nis" from 2004,
the Fair complex, and thus the Round Pavilion itself, was included in the category of
Immovable cultural property. However, in 2010, the Municipality of Leskovac initiates the
privatization of the building and it is removed from the list of Immovable cultural assets of
the city of Leskovac, thereby losing legal protection and creating the opportunity for new
owners to demolish it. The new owners submit a plan for the demolition of the buildings
and the construction of a new residential complex, to which there is opposition from the
citizens. After many petitions from citizens and then the initiative of the Municipality of
Leskovac, under public pressure, the demolition of the Round Pavilion is abandoned. The
revitalization of the building was partially started in 2017, while in 2021 the building will
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wear a new outfit and restore its shine. The pavilion was reopened in 2021, now in a new
role as a shopping center (Fig. 4). The inner ring of the gallery space was unfortunately
permanently removed from the building due to the lack of compatibility with the new
function of the building. In the process of renovation, the roof structure made of concrete
elements and the covering were renewed, while the ropes remained preserved and thus the
unique geometric form of the roof structure [4][10].

Fig. 4 After renovation works - The Large hall of the Textile fair in Leskovac, Sebié,
2011

4.2.Sports and Fair Hall in Subotica

According to the project of prof. Balga¢ Edmund and architect Ivan Anti¢, in 1969,
the Sports and Fair Hall in Subotica was realized (Fig. 5). The location of “Dudova Suma”
is planned for the construction of the new hall. The building is characterized by a square
base, sides 57,6 m, dominated by an attractive roof structure with a geometric shape of a
hyperbolic paraboloid. The new facility was intended for multifunctional use with simple
adaptation, both for fair exhibitions and numerous sports and cultural and artistic events.
The attractive construction of the hyperbolic paraboloid was realized in the form of a
suspended structure of a pre-tensioned cable network, like the hall in Leskovac. Steel
cables of section 605 mm placed at a certain distance form the supporting cable structure,
while the auxiliary cables are of section 3®5 mm. A network of prestressed cables is
tensioned on a reinforced concrete frame. The frame construction consists of two clamped
triangular concrete elements. The triangular structure has different slopes which results in
the opposite ends having different roof heights. The edge construction of the concrete
frame is supported by columns placed at a distance of 7.2 m. Edge posts are of variable
height and cross-section. The tallest column has a cross section of 50/120 cm [1][9].
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Fig. 5 Sports and Fair Hall in Subotica, Serbia, 1969

The major problem of the hall from the very beginning was the leaking roof and the
large volume of the space, which created difficulties for heating the space. For this reason,
after the construction of the hall, it goes through two reconstruction processes. The first
reconstruction of the building was carried out in 1988. Prefab stands were built into the
hall space, after which the facility acquired a purely sporting character. The hall becomes
divided into two parts after the reconstruction, i.e. two separate courts and a larger
spectator capacity were obtained. During 2011, the stands were again reconstructed
(Fig. 6). Although there was a reduction in the capacity of the spectator seats, the
reconstruction of the stands was carried out due to the discomfort of the existing space for
spectators. The problem of the existing bleachers was reflected in the non-standard
dimensioning of the seating area, which is why such works were necessary. After 2011, the
space of the hall remains unchanged, with the hope that in the future there will be a
solution that will improve the possibilities of using the space [11].

Fig. 6 Reconstruction of the stands - Sports and fair hall in Subotica, Serbia, 2011
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The Fair and Sports Hall in Subotica is an exceptional example of architecture and
cultural heritage that testifies to the rich history and development of the city. This
imposing sports hall bears the stamp of an impressive architectural style, recognizable by
its elegant roof structure and adaptive function. In addition to serving as a venue for
sporting events, the Hall was the central gathering place for citizens during various cultural
events and manifestations, making it an indispensable point in the cultural life of Subotica.
Its architectural value is reflected in the careful balancing between aesthetics and
functionality, which contributed to its status as a cultural monument. In January 2022, the
Fair and Sports Hall in Subotica was considered by the Institute for the Protection of
Cultural Monuments, but after assessing the historical, artistic and cultural value of the
building, it was not included in the list of Immovable Cultural Properties.

4.3.Sports and Cultural Center “Pinki” in Zemun

The "Pinki" Hall was built in Zemun in 1973 as the "Pinki" House of Sports, Youth
and Pioneers. It was named after the national hero of Yugoslavia Bosko Palkovljevi¢ Pinki.
Responsibility for the design of the new hall fell to prof. Balga¢ Edmund and architect Ivan
Anti¢. For the design of the Sports and Cultural Center, the designers were set strict
requirements by the Institute for Urban Planning of the City of Bograd, such as strict
compliance with regulatory lines and heights. The requirements were skilfully met and a
building was designed that fits perfectly into the urban structure. Rectangular in shape, the
building is 68 m wide and 54 m long. Structural elements and design were subordinated to
the smooth functioning of the building. The roof construction of concave shape gives
character to the building (Fig. 7). The main facade of the building clearly represents the
function and structure of the building, acting as a precise mechanical system that serves
sports. The material chosen for the facade perfectly places the building in the old core of
the municipality of Zemun, at the same time showing the beauty of the modern buildings
of that time. This construction project, simple at first glance, radiates elegance, especially
thanks to the ease of reading. The cubic shape softens the shape of the concave roof, which
appears on the facade as a thin paraboloid above a large wall of glass. The slope of the roof
follows the slopes of the stands and stairs, allowing for easy tracking of movement inside
the building. Side approaches to the building contribute to its monumentality [7][8].

Fig. 7 Main facade - Sports and cultural center "Pinki" in Zemun, Serbia, 1973

Roof structure, according to the project of prof. Balgac is solved in the form of a
unidirectional curved suspended cable roof. The original proposal was to make a roof
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structure out of wood with cables running through it, but this was rejected. In the final
design, wood was replaced with concrete. The flexible cables are composed of
prefabricated reinforced concrete elements "pearls" that are filled at the joints, and after
that they take the form of a monolithic structure by prestressing. Ropes with a section of
6@7 mm are attached to the frame structure at a distance of 7.2 m. The continuous frame
construction is additionally reinforced with crossbars. The pillars of the frame structure are
placed at a distance of 14.4 m. In order to allow the acceptance of vertical and horizontal
components of the roof, additional elements were introduced, which formed a lattice
support. A trapezoidal steel sheet with a thickness of 1.5 mm and a fold height of 3 cm was
placed over the pre-stressed roof cables, which was then filled with perlite concrete. The
specific solution of this object was also represented by the construction of its foundations.
Due to the high level of underground water caused by the proximity of the Danube river, in
addition to the transfer of cargo, it was necessary to protect the underground premises from
water penetration. The contractor used new machinery and special waterproofing to make
this possible. The rib base plate was chosen for the construction because of the heavy loads
it had to carry. The structure of the pool is recessed in relation to the rest of the building
and is connected to the foundations via a neoprene pad. The pool is deeper on the side
under the diving board, so this difference in height is used to accommodate the equipment
needed for the pool, but which does not require full floor height. On this small segment of
the building (Fig. 8), one can see the skill of the designer who simultaneously thinks about
function and structure [2][8][9].

This type of construction is special because its horizontal forces form a closed
system. Horizontal forces from the roof are transmitted through horizontal and vertical
trusses, which transmit vertical forces to the foundations. At the bottom of the side column,
the forces change from tension to load as they are used as a support for the slabs. In the
structural analysis of the building shown by the master plan, it is possible to see the
relationship between the reinforcement and the prestressed cables in these columns.
Prestressed bars are used to transfer the stress, while the reinforcement is calculated for the
load [5].

Hall "Pinki" in Zemun is a sports and cultural center that has a long history and is an
important part of the local community. It was built to serve the various needs of the
community, including sporting events, cultural events and other activities. The Sports and
Cultural Center facility houses an arena for small sports with a grandstand for 3,000
spectators, a 25 x 12.5 m swimming pool with a diving board, as well as other supporting
services. In addition to its basic function, the hall also plays a significant role in the
silhouette of Zemun, where it represents one of the symbols of the old part of Belgrade
with its recognizable form of roof structure. At the beginning of the 21st century, the first
and so far the only reconstruction was carried out. The reconstruction project included the
restoration of the roof, which began to leak due to the wear and tear of the roof covering.
The largest decline of the hall is experienced in 2021, when there is an initiative for its
demolition. Fortunately, there is an agreement between the administration and the
authorities and the hall remains in its place. The city of Belgrade is launching a renovation
initiative with the aim of sustainability, and as a first step in 2023, the construction of an
underground garage under the plateau of the "Pinki" hall was initiated. The Municipality of
Zemun, in the Secretariat for Investments, also launched an initiative to create a
reconstruction plan for the building itself in order to improve its functionality and adapt it
to modern needs [12].
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Fig. 8 Section - Sports and cultural center "Pinki" in Zemun, Serbia, 1973

4. Conclusion

Within this paper, the importance of the architectural heritage of Professor Edmund
Balga¢ was investigated, focusing on the analysis of suspended structures and their
application in buildings such as the Great Hall of the Textile Fair in Leskovac, the Fair and
Sports Hall in Subotica and the Sports and Cultural Center "Pinki" in Zemun. Realized
projects are conditioned by the theoretical solutions of prof. Balga¢, which represent the
continuation of world trends in architectural design and construction.

The theoretical contribution of Prof. Balga¢ arises from the improvement of
analytical methods for the calculation of suspended cable structures, continuing the work
of pioneers such as David Jawerth and Maciej Nowicki. With his theoretical contribution,
prof. Balgac laid the foundations for the practical application of suspended structures.

The analysis of the selected objects testifies to the uniqueness of form, functionality
and aesthetics of hanging constructions. These buildings, even decades after their
construction, retain their cultural and architectural significance, representing benchmarks
in urban landscapes.

The aforementioned works also pointed out the challenges that accompany
suspended structures, including aerodynamic factors and the need for stabilization to
preserve structural integrity. The changes that some of the buildings experienced through
the reconstruction process were also shown, highlighting the need for maintenance and
adaptation of structures over time.

Finally, the paper emphasized the importance of suspended structures as a cultural
and construction heritage, investigating their influence on the architectural landscape and
contribution to the creativity of prof. Balga¢ in this domain.
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Abstract: There are more than 17 000 monuments in Slovakia including many
national cultural monuments of different kinds. 717 of immovable national cultural
monuments are in the list created by responsible ministries, which defines
monuments with priority for protection and restoration. It is obvious that the help of
private individuals and volunteers is essential in the restoration of many monuments.
Examples of reconstructions of historical buildings that were not financed by the
state are described in the paper: Water Castle in Hronsek, Ruffinyi's villa in
Dobsina, Manor house in Tajnd, Manor house in Zaborské, extramural settlment of
former Sklabina Castle and Hrusov Castle.

Key words: reconstruction, castles and mansions, education of structural engineers

1. Introduction

The list of national cultural monuments with priority for protection and restoration in
Slovakia contains [1]: A) immovable national cultural monuments, B) movable national
cultural monuments. The list of immovable national cultural monuments consists of: a) 13
archaeological monuments, b) 64 castles, chateaux and fortifications, ¢) 88 mansions and
manor-houses, d) 144 churches, monasteries, calvaries, bell towers, synagogues (sacral
architecture), e) 33 wooden churches (sacral architecture), f) 36 medieval wall paintings in
churches (sacral architecture), g) 44 town halls, schools, theaters, redoubts, museums, spa
houses, hotels, etc. (public buildings), h) 6 city palaces, 1) 31 monuments of history, j) 47
technical monuments, k) 33 architecture of the 20th century, 1) 19 parks and gardens, m) 23
other (statues, towers, stud farm, barracks, etc.), n) 136 monument reserves. The list of
movable national cultural monuments consists of enormous number of items.

In March 2023, the Ministry of Culture of the Slovak Republic identified 24 priority
national cultural monuments owned by the state, for the restoration of which it wants to use
220 950 000 euros from European funds, available within the new program period 2021 -
2027.

In the proposed list there is also a proposal for a specific amount intended for
restoration of the first building of Matica slovenskd in Martin, Galéria L. Fullu in

! Balazova Pavla, Mgr. (UK), Bc. (STU), 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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Ruzomberok, the Museum of the Slovak National Councils in Myjava, the house of Master
Pavel in Levoca, the mansion in Svidnik - Dezider Milly Gallery, the birthplace of
Vladimir Clementis in Tisovec, the mansion in Dolna Strehova, the Museum of Czech
Culture in Slovakia, the Carthusian monastery in the Cerveny Klastor and Penov house in
Banskd Bystrica. Also the Strazky manor, the Betliar manor, the Museum of Ukrainian
Culture in Svidnik, the Doln4 Krupd manor and also the Blue Stone manor and castle. The
list also includes Spi§ Castle, Zvolensky and Bojnicky castles and the Ethnographic
Museum in Martin.

Among the four monuments that are under the administration of other ministries, the
SNP Museum - the monument in Bansk4 Bystrica and the exhibition in Kaliste (founded
by the Ministry of Defense of the Slovak Republic), the manor house in Svity Anton
(administered by the Ministry of Agriculture and Rural Development of the Slovak
Republic) and The Jozef Kollar Gallery in Banska Stiavnica, which is managed by the
Ministry of the Environment of the Slovak Republic, were included in the list.

The individual amounts and the total allocation of 220 950 000 euros are based on
estimates based on prices in 2022.

The ministry reminds that of the more than 17 000 monuments in Slovakia, 25
percent are in a damaged state, of which five percent are in a desolate state and points out
that as a result of long-term underfunding of the restoration of the monument fund,
investment debt at the level of 5.4 billion euros has accumulated in this area during
previous periods.

It is obvious that the help of private individuals and volunteers is essential in the
restoration of monuments. Examples of reconstructions of historical buildings that were
not financed by the state are described in the next part of the paper.

2. Water Castle in Hronsek near city Slia¢ [2, 3, 4, 5]

There was once a moat around the historical building, therefore it is known as a
water castle. The moat served as a defense element against the enemies. In the past, various
wastes ended up in the moat, especially excrement from the toilets, leftovers from the
kitchen, etc.

Who knows what fate would have awaited the iconic building in a small central
Slovakian village Hronsek, if it had not been acquired after long years of waiting by Mr.
Stanislav Rajnoha, the person who knows exactly how to deal with dilapidated historical
buildings [2].

The castle, which avoided nationalization in 1948, was bought in 1961 by the state
from the then owners. Although state planned to improve castle condition, it never
happened. In the 1980s, the castle was managed by the Banska Bystrica Regional
Monument Office. At that time, Stanislav Rajnoha was working in the State Restoration
Studios as an art historian.

In 1983, a research on wall paintings was performed in the castle. These wall
paintings are works by amateur painters and trained artists based on Italian designs. They
are all from the 16th century. The object immediately caught Rajnohas eye. Six years
passed and the project preparation was already underway and it was supposed to move in
the castle as a state-owned company. However, after the fall of the former regime in 1989,
there were changes, so Rajnoha said to himself that what we missed as a state-owned
company, [ will try to catch up," recalls the ambitious businessman.

Stanislav Rajnoha applied for the purchase of the building in 1990. It took 12 years
before he got the castle. Stanislav Rajnoha became the owner of a 1.7-hectare plot of land
with a dilapidated castle

The Water Castle in Hronsek from the 14th century, which was rebuilt to its current
form at the end of the 16th century, was in a truly deplorable state in 1990. Leaky roofs,
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broken windows, deep cracks in the walls, a disappeared tower, and especially the
gradually disappearing unique items that can be seen only in a few places. The castle is
unique especially with its rich fresco decoration.

Stanislav Rajnoha rebuilt the castle out of his own pocket, he only paid for the
reconstruction of the roof from a contribution from the Let's Renovate Your House
program. Finally, he decided to make it available to the public.

For the first time 40 years ago, Rajnohas steps were directed to the devastated
building, inextricably linked with the families of Géczy, S8, Battik, Schmideg, Roth and
Teleky. At that time, he had no idea that later the ruin would employ him for more than 20
years and he would invest 5 million euros in the castle.

At that time, probably few could have imagined what form the castle would
gradually take. Today, it attracts attention, there are more and more curious people who
want to see the once noble residence. It also caught the attention of filmmakers who filmed
the fairy tale Johanka's secret there.

Rajnoha pointed out that renovating such an object teaches patience. It would be naive to
think that somebody will live in the castle or use it two to three years after its purchase.

Rajnoha claims that the restoration took place comfortably, because nobody was
chasing him, they were not pushing for specific deadlines for subsidized projects, on which
more than one municipality has already burned out. Rajnoha was able to examine the
building in peace. The first four years were strictly a rescue phase, focused on cleaning, the
roof and statics. Only when everything was cleaned and stabilized did he start working on
the murals. Rajnoha knew that the work would take years. The technology of procedures
cannot be accelerated. In addition, his priority was to give the building its original form.

b)
Fig. 1. a) Historian Stanislav Rajnoha, owner of the Water Castle in Hronsek; b) castle in
the year 2016. Source: Jan Kroslak/Petit Press, [3].

a) b)
Fig. 2. Water Castle in Hronsek in the year 2016. Source: Jan Kroslak/Petit Press, [3].

Figures 3-7 show situation in the year 2023 [2], figures 8-10 show the progress of the
reconstruction and figures 11-13 show the frescoes from the 16th century.
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b)
Fig. 3. a) Water Castle in Hronsek in the year 2023. b) Stanislav Rajnoha, owner of the
castle. Source: Marcela Ballova, [2].

Fig. 4. Water Castle in Hronsek in the year 2023. Source: Marcela Ballova, [2].

Fig. 5. Water Castle in Hronsek in the year 2023. Source: Marcela Ballov4, [2].
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Fig. 6. Water Castle in Hronsek in the year 2023. Source: Marcela Ballova, [2].

b)
Fig. 7. Water Castle in Hronsek in the year 2023. Source: Marcela Ballova, [2].

foundation of dissapeared tower d) new tower
Fig. 8. The progress of the reconstruction. Source: Vodny hrad [4].
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e)
Fig. 9. The progress of the reconstruction. Source: Vodny hrad [4].
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Fig. 11. The frescoes from the 16th century. Source: Marcela Ballova [5].
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Fig. 12. The frescoes from the 16th century. Source: Marcela Ballova [5].
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b)
Fig. 13. The frescoes from the 16th century. Source: Marcela Ballova [5].

3. Ruffinyi's villa in DobSina [6]

The villa was built by Eugen Ruffinyi (*1.3.1846 — 113.1.1924). He was a mining
engineer, caver, co-discoverer of the Dobsinska Ice Cave.

When Ladislav Vagner, as the owner, wanted to restore Ruffinyi's dilapidated villa in
Dobsina in the past, he ran into a problem that is common in similar cases - lack of funds.

At the same time, he developed two projects for the restoration of cultural
monuments. First, there was supposed to be a home for seniors, later he wanted to build a
training workplace for youth. Students would go there on field trips. It would be the center
of speleology in Slovakia, as the villa was built by one of the discoverers of the Dobsinska
Ice Cave. He already had a building permit issued for these plans. Vagner made an
enormous effort to save the villa, but it was not possible without subsidies from the state.
The state in the past twice rejected his request for financial support to restore the villa.

The city Dobsina wanted to buy the villa, but they did not agree with the owner, as
he already had plans to renovate it. However, his plans fell through due to lack of money.
After negotiations with Mayor of Dobsina Mr. Jan Slovak, Vagner agreed that the city
would receive the villa as a gift. But the Dobsina city did not have money in the budget not
only for the restoration of the dilapidated monument, but also for basic maintenance, so the
deputies rejected Vagner's offer. It already looked like the historic building was simply
condemned to a gradual demise. It would not be the only monument that would end up like
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this in Slovakia. However, the mayor and deputies finally came to an agreement and the
villa now belongs to the city. Since it is a cultural monument, by law they have to keep it
in good condition. Vagner handed over the villa to the city together with his two projects.

bsina. Source: Cierne diey.[6].

Fig. 14. Ruffinyi's villa in Do

4. Manor house in Tajna near Vrable [7]

The state is again looking for a buyer for the manor house in Tajna, which is a
national cultural monument. There was an orphanage in it. Last year, the minimum price
was set at 1 010 000 euros, based on an assessment from November 2020. The new price
this time is 955 000 euros. It is based on a new assessment that was prepared in April 2023.

Fig. 15. Manor house in Tajnd. Source: Miriam Hoj¢uSova [7].
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5. Manor house in Zaborské near PreSov [8]

Originally a Renaissance mansion, also called the Zaturecky's mansion, it was built
in 1614 in the central part of the village. In 1741, it was rebuilt in the Baroque style.
Further structural modifications to the mansion were made in the middle of the 19th
century. Since 1963, it has been registered in the Central List of Monument Fund, but the
building has been unused for a long time and is falling into disrepair. There are 20 rooms
in it. The state sold the monument to a private person, then to another, and it is for sale
again. Much more expensive.
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Fig. 17. Manor house in Zaborské near Presov. Source: Pamiatky na Slovensku [8].

6. Extramural settlement of former Sklabina castle near Martin [9]

Extramural settlement of former Sklabina castle was burned down by the Hussites
and, at the end of the Second World War, also by German troops. Sklabina Castle turned
into a ruin. Extramural settlement of former Sklabina castle have been restored by
volunteers for years without state support. In the past, the building served as an artillery
fortification, and in other parts there was a carriage house and a castle brewery. In the first
week of November, a fire broke out in the castle grounds, and the rest of the biggest castle
in Turiec was once again engulfed in flames after decades. The fire affected the farm
building in front of the entrance gate. The attic, which was used for housing volunteers
working on the restoration of the castle, caught fire. A castle museum was established right
under them. During the fire, three attic rooms and part of the roof burned down. And where
the flames did not reach, there the water left its consequences. During the extinguishing,
the water flooded both rooms of the museum exhibition, and seeped into the basement. The
exhibits are soaked, some of them were moved out and are now being dried.

The amount of damage was estimated at approximately 60 000 euros. But something
that cannot be quantified was also burned, namely the long-term work and efforts of people
who work daily without state support to restore the rest of the castle. After the fire at
extramural settlement of former Sklabina castle, volunteers are repairing the damage.
People supporting their work announced a public money collection.

Fig. 18. Extramural settlment of former Sklabinia Castle near Martin. Source: archiv
Michal Valko [9].

7. Civic associations of volunteers reconstruct castles [10, 11]

On the territory of Slovakia, we register around 180 known castle sites. The term
castle refers to building complexes built in the high to late Middle Ages, i.e. roughly in the
12th to 15th centuries, which are divided into at least two parts, the so-called castle core
and forecourt. This set does not include small one-piece castles, fortified mansions,
watchtowers, fortified churches, courtyards, etc., which would multiply the mentioned
number. Around 90 percent of the castle ruins were subject to decay almost unnoticed.
Today, we have only about 25 usable and maintained covered castles in Slovakia, which is
roughly 14% of their total number. Approximately half of the castles were preserved only
in the state of castle ruins, and another third only in the form of small relics, after which
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only unevenness remained in the terrain. We cannot even locate the remaining 10% of the
castles exactly. We know them only from written sources. In the future, however, they may
be located on the basis of archival or field research [10].

Civic associations have a large participation in the renovation of castles. Just one
example. The more than 750-year-old HruSov Castle, located between villages Hostie and
Skycov, stretches over an area of approximately half a hectare on a quartzite rock. For less
than twenty years, the civic association (OZ — Obcianske zdruZenie in Slovak) Laustach
has been restoring castle using original technologies. Restoration of the castle using
original technologies is very difficult, but it prolongs life of the castle.
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Conclusion

Information about reconstruction of cultural monuments in Slovakia by state, cities,
civic associations, and individuals.

Examples of reconstructions of historical buildings that were not financed by the
state are described in the paper: Water Castle in Hronsek, Ruffinyi's villa in Dobsin4,
Manor house in Tajna, Manor house in Zaborské, extramural settlment o the former
Sklabina Castle and HruSov Castle.

The Slovak and foreign students are informed by members of the Department of
Languages at Faculty of Civil Engineering, Slovak University of Technology in Bratislava
about current problems related to the architecture and civil engineering. The topic related
to the reconstruction of castles was very interesting to the students, and several of them
plan to work on the restoration of some important castle during the holidays.
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Abstract: The medieval town of Lyutitsa is in the Eastern Rhodopes, northwest of
Ivaylovgrad. It is an impressive medieval centre and diocese from the 9th c. It is
important to note that it is the best preserved monument in the Bulgarian lands. The
fortification walls, over 600 m long, enclose an area of 26 dca and some sections of the
walls are preserved up to 14 m in height.

Two stand-alone facilities were unearthed in 2022. Structure 1/2022 is an oval-shaped
stone cluster, a pavement, and a thick brick-lined oven base built on the pavement at a
height of 0.30 m. The stone spoil of Structure I measures NS-5.60 m and EW-5.30 m.
Numerous large timber nails and small 'upholstery' nails were found in and around the
structure. On the north side of the structure a 0.40 m high stone threshold was
unearthed, in front of which there is a south facing pavement of local material and thin
slabs varying in size from 0.10 m x 0.20 m to 0.40 m x 0.50 m. This is a building of the
"Trulla" type registered in the UNESCO World Heritage Sites. The building was
constructed and used in the 14th c.

Structure 2/2022 is a stone cluster - a fire chamber and scattered broken roof slabs. The
fire chamber opens from the north-northwest. In front of the fire chamber there is a step
0.50 m x 2.10 m. The chamber itself measures 1.50 m x 1.80 m. Structure 2/2022 is a
stand-alone cooking oven also dating to the 14th c.

Key words: Bulgarian lands, Lyutitsa, Trulla building, UNESCO, 14th century.

The medieval town of Lyutitsa is to be found on one of the last hills of the Eastern

Rhodopes. It is situated on the most southeastern point of the mountain range and has a
strategic view of southern Thrace and medieval Adrianople, present-day Edirne in Turkey.
The panorama and the strategic location make it possible to keep an eye also in the northern
direction, i.e. on the main road to the present-day Bulgarian towns of Krumovgrad and
Kardzhali. Lyutitsa was localized northwest, 6 km away from Ivaylovgrad and 45 km away
from Adrianople. It was an impressive medieval centre and diocese as early as the 9th c. The
medieval town is the best preserved monument on Bulgarian land, with fortification walls
over 600 m long enclosing an area of 26 dca and in some places rising up to 14 m in height.

1. Correspondence address: Filip Petrunov, MA Bulgarian Academy of Science, National Archacological
Institute with Museum, Department of Medieval Archaeology, 1000 Sofia, 2 Saborna Str.
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Structures 1 and 2 were found near the entrance to the fortified area in 2022 (Fig. 1). They
are heating facilities for cooking. Structure 1/2022 is closed with a timber frame, roofed with
slabs, no bonding material and has an entrance from the northeast. Structure 1 is an oval-
shaped structure with a pavement and oven, made of single-faced dressed stones bonded with
mud. The heating facility survived at a height of 0.30 m and is lined with thick bricks. Parts of
Structure 1 were localised in four squares B2, B3, D2, D3, revealing an oval plan which is no
longer quite regular in shape at present. This is a perfectly natural process given the toll of
time and the drastically destroyed structure. Three layers of slabs were removed during the
excavations (Fig. 2). Many of them have fallen apart as a result of a fire in which the building
collapsed. The facility had a massive stone oven measuring 2.44 m by 1.82 m, whose fire
chamber was lined with bricks and slabs. The bricks are over 8 cm thick. The remains of the
clay chimney that was above the oven were on the pavement of the building (Fig. 3). The
chimney was erected on the south side of the facility and pieces of it fell to the north. The
stone rubble from Structure 1 measures NS-5.60 m and EW-5.30 m. After a two-year
excavations and clearing of the fallen slabs, the dimensions of the structure were identified as
follows: NS-5.48 m and EW-5.20 m (Fig. 4). Around the pavement of the facility, where no
footings or stake pits were found due to the soil structure, a solid amount of nails from the
timbers and charcoal were found, giving us clues to the structure of the walls. Small
‘upholstery’ nails were also found holding textile or leather sheets that lined the walls (Fig. 5).
One of the structures excavated during 2018-2020, next to the fortification wall, had the same
dating from the late 13th and early 14th c. and contained similar supporting elements
(ITerpynosa, IlerpynoB, KupsikoBa 2019, 533-535). The threshold stone was uncovered in
situ also on the north; it is 0.40 m high. There is a pavement of local material extending
southwards from it, fashioned into thin slabs of varying sizes from 0.10 m x 0.20 m to 0.40 m
x 0.50 m. The threshold stone itself, remains partly outside the scope of the facility. The
localized animal bones and the point that no iron slags and loose lumps of softened sponge
iron were found, give reason to presume that the facility was used for food processing and to
identify it as a 'Trullo' type building with a cooking oven. The animal bones that were
unearthed during the course of the excavations were of the domesticated and wild animal
species typical of the medieval period and commonly used for food. These included: sheep-
goat, pig, cattle, deer, horse, wildfowl and tortoise (Fig. 6). The DIGITAL ELEVATION
MODEL (DEM) is presented here, made in 2023, after year 2 of the excavations of Structure
1. The threshold stone is at 559.83 m above sea level (Fig. 7). Fortunately, through it, the
contours of the facilities are most clearly visible.

Structure 2/2022, is a stone oven that was roofed with slabs and had a combustion chamber
open from the north-northwest. A step, measuring 0.50 m x 2.10 m was formed in front of the
combustion chamber (Fig. 8). The chamber itself measures 1.50 m x 1.80 m. A number of
studies have been published on the kitchen and the dining table, which we shall not go into
here. The main source where this is mentioned is the Typikon of Gregory Pakourianos, a
Georgian by origin, adviser to Alexius I Comnenus (I'IBU, 48-50). There are a number of
publications on the Trullo type of buildings. Naturally, those originating in Italy stand out
among them, but there is also plenty of research by professionals in the field of architecture
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from England. For instance, the work of Edward Allen, first published in the 1960s. In his
book “Stone Shelters”, he discusses in detail the layout, the architectural parameters and the
types of trulli from individual Italian regions. The trulli themselves appeared in Italy as early
as prehistory, as cattle shelters, and their structure, although it needs no bonding material, is
virtually everlasting (Rinaldi, Sterlacci, 251). At the beginning emerging as tombs known as
Tolosi, the Trulli used after the 2nd c. AD already had an economic and residential function
(Rinaldi, Sterlacci, 252). Their structure, entirely of stone or of stone and timber, does not
change the type of architecture. Similarly, there are different trulli in plan, rectangular and
round in shape. The meaning of the term Trullo originates from the domed conical roof,
which actually gives the name to this type of buildings. Today, they are the pride of the Italian
city of Alberobello in the province of Bari, in the region of Puglia, in southern Italy. They
were registered as World Heritage Sites in 1996, and ever since they have been under the
auspices of UNESCO. The process of protecting them as cultural heritage began in the early
20th c. A number of similar buildings, both single and terraced, can now be visited in the
tourist village. Thanks to a change in the 18th c. that brought about the use of building bonds
and mortar, visitors to Alberobello at present can spend the night, shop and eat in these
whimsical architectural masterpieces. (Fig. 9).

The trullo from Lyutitsa, quite as may be expected, appeared at a time when the influence
of the Western barons in the Balkans was at its best. Although the Byzantine emperors
restored power in Constantinople, western principalities developed independently in the
Peloponnese. After 1275 and after signing the Union between Rome and Constantinople,
quite a few Italian crusaders were sent to the Balkans to spread and impose the new canonical
norms adopted by the Patriarch of Constantinople. On the other hand, the point that the
Bulgarian Kingdom was weakened and was no longer ruled by the Asenevs dynasty at the end
of the 13th c., made it possible to impose a foreign and fundamentally unfamiliar cultural and,
as is the case, architectural model in this medieval town. The stratigraphic position of these
buildings, structures 1 and 2, implies precisely that. They are founded on a burnt layer of late
13th c. materials, sealing not only material traces of the money circulation in the period, but
also a rich assortment of arrowheads, as well as other monuments not typical of Eastern
European culture. The coins found in the unearthed area of the town, indicate exactly these
processes and exactly the period when the buildings were in use, from 1285-90 to the 1350s
and 1360s (Fig. 10), (Ilerpynos 2023, 105-116).
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Fig. 6
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Fig. 9

Fig. 10
Section, view from the south of structures 1 and 2
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EARTHQUAKE IN THE SLOVAK REPUBLIC IN THE EDUCTION OF
CIVIL ENGINEERING STUDENTS

BalaZova Pavla!

Department of Languages, Faculty of Civil Engineering, Slovak University of
Technology (STU) in Bratislava and Department of Romance Languages, Faculty of
Arts, Comenius University (UK) in Bratislava, Slovak Republic

Abstract: Past and future earthquakes in Slovakia. Map of earthquake epicentres in
Slovakia. Territorial extent and result of the earthquake on October 9, 2023. Overview of
locations with observation of earthquake effects based on macroseismic questionnaires
received by 11/10/2023 8:08 a.m. (1824 questionnaires from 447 locations). Main findings
from macroseismic questionnaires. Earthquake relation to nuclear power plant locations.
Photographs of damaged mansions, churches, temples and family houses after earthquake
in 9.10.2023. Monitoring of earthquakes in Slovakia. What should be done in Slovakia.
Map of influenced areas and map of earthquake epicentres in Slovakia.

Key words: earthquakes in Slovakia, education of structural engineers

1. Introduction

Contemporaries in Slovakia have never experienced anything like this. After the
earthquake of October 9, 2023 with an epicenter in the cadastre of the village of Dapalovce
in Vranov nad Toplou district near Humenné (Fig. 2 and 22). The earthquake occurred on
09.10.2023 at 20:23:10, had a local magnitude of 4.9, epicenter coordinates
+49.076,+21.759 and a hypocenter depth of 17.8 km. There were also 13 aftershocks. Two
aftershocks could also be localized. The first of them was on 09.10.2023 at 20:39:49, it had
a local magnitude of 1.3, epicenter coordinates +49.025,+21.759 and a hypocenter depth of
3.2 km. The second was 11.10.2023 at 04:15:36, had a local magnitude of 1.5, epicenter
coordinates +49.053,+21.791 and a hypocenter depth of 1.9 km. Eleven aftershocks were
unlocalizable because they were so small that they were not recorded by a sufficient
number of seismic stations.

Seismologists delivered the first data about the earthquake on express basis already
an hour after the earthquake. Experts from the Faculty of Mathematics, Physics and
Informatics of the Comenius University (FMFI UK) and the Institute of Earth Sciences of
the Slovak Academy of Sciences (UVZ SAV) and other employees of the UVZ SAV have
also been intensively working in the affected area since October 10.

However, as Peter Moczo, a seismologist at Comenius University in Bratislava,
Faculty of Mathematics, Physics and Informatics, said at press conference, that seven

! Balazové Pavla, Mgr. (UK), Bc. (STU), Slovak University of Technology, Radlinského 11, 810 05
Bratislava and Comenius University, Gondova 2, 811 02 Bratislava, the Slovak Republic,
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Slovak seismologists, even full-time, do not have the chance to adequately document all
the damage and manifestations of the earthquake.

They are helped by completed questionnaires from people who felt the earthquake in
some way. "However, those most affected by the disaster have other concerns at the
moment," Moczo noted.

Information about history of earthquakes 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, FCE, STU in Bratislava.

2. Past earthquakes in Slovakia

Since 1034, a total of 804 earthquakes with macroseismic effects have been
documented in Slovakia. The low number of recorded earthquakes is the result of very
sparse and insufficient documentation until the period of the local government reform
introduced by Maria Theresa (Maria Theresia Walburga Amalia Christina; 13 May 1717 —
29 November 1780).

The earthquake of June 5, 1443, with an epicenter in central Slovakia, destroyed
Banska Stiavnica and seriously damaged Kremnica. Its intensity was 8 degrees EMS-98.
The effects of this earthquake are still known only for the most important cities of the
period, for example Vienna, Krakow and Brno. A recent archaeological survey also
documented the destruction of a large part of the Cupca castle.

The earthquake of November 16, 1613 near Zilina, which was supposed to cause
damage as far away as in Bratislava, is little explored. The epicentral intensity could reach
up to 8 degrees EMS-98.

Since 1643, 31 earthquakes have been documented in western Slovakia, whose
macroseismic intensity in the epicentral area reached 5 to 8 degrees of the 12-degree
European macroseismic scale (EMS-98).

The earthquake of June 28, 1763 with an epicentral intensity of 9 degrees EMS-98
destroyed seven churches and 279 houses in Komarno alone. The town hall was also
heavily damaged. It is the largest documented earthquake with an epicenter on the territory
of Slovakia. 63 residents died and 102 were injured. According to more recent research,
there were at least twice as many dead. According to the latest serious estimate by
Hungarian seismologists, the earthquake in Komérno could reach a magnitude of up to 6.3.
Such an earthquake releases approximately 126 times more energy than a magnitude 4.9
earthquake. Twenty years later, on April 22, 1783, to be more precise, Komarno was hit by
another devastating earthquake with an epicentral intensity of 7 to 8 degrees EMS-98.
Approximately 500 houses were damaged, including the Komarno fortress.

In the 20th century, more than 300 earthquakes with macroseismic effects were
detected in Slovakia.

On January 9, 1906, the largest earthquake with an epicenter on the territory of
Slovakia in the 20th century occurred near the village of Dobra Voda in western
Slovakia. Its epicentral intensity was 8 degrees EMS-98. It is the first earthquake with an
epicenter on the territory of Slovakia, for which an instrument record has also been
preserved. The calculated magnitude of the earthquake is 5.7.

There were also four earthquakes with macroseismic effects near Bratislava (two in
the Modra-Pernek source zone and two in the Dobra Voda source zone). The strongest
was on December 3, 1967 and had an epicentral intensity of 6 to 7 degrees EMS-98 and a
local magnitude of 4.3.

However, historical earthquakes in the territory of Slovakia are still not sufficiently
researched. Slovak seismologists have been unable to convince historians to cooperate with
them for a long time, and it is impossible to study historical earthquakes without them.
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3. Future earthquakes in Slovakia

According to experts, there is no single objective reason to believe that similar
earthquakes will not occur in the future. "We have been emphasizing for several decades
that even if an earthquake comparable to those that occurred in the past were to occur
tomorrow, it would not contradict seismological knowledge and experience," said Peter
Moczo.

Earthquakes in the future may occur mainly in one of the focal zones, in which
earthquakes occurred in the past. Pernek, Dobra Voda, Zilina, central Slovakia, Komarno,
Vihorlatské vrchy (Vihorlat mountains) and eastern Slovakia are particularly at risk.

However, an earthquake in a place where it has not yet occurred is not ruled out.
Slovakia is located inside the lithospheric plate.

4. Territorial extent and result of the earthquake on October 9, 2023

In this case, the cooperation of heads of district offices, mayors of municipalities and
local residents is necessary for sufficient documentation.

Heads of district offices, mayors of municipalities and local residents cooperated
very well with the seismologists. They deserve a big thank you in this situation.

UVZ SAS has so far received 2485 completed macroseismic questionnaires from 515
locations. This is the largest number of macroseismic reports in Slovakia.

Damage to buildings was reported in 196 questionnaires. Many houses and buildings
are in a very serious condition. In the most affected municipalities, they had more worries
after the earthquake than in other locations, and therefore it is likely that the number of
questionnaires reporting damage to buildings is not representative. However, summary
reports will already be sent from some municipalities based on an agreement between
seismologists and mayors.

Main findings from macroseismic questionnaires:

Perception/sensation of movements: rocking, swaying, shaking, tremors, vibrating,
twitching, moving or bending the wall in a horizontal direction, "swimming" of the house
and things; passing something big around the house; crash into the house.

Perceiving/feeling sounds: whirlwind, rumbling, humming, banging, explosion.
Feelings: lightheadedness, dizziness, feeling of falling off, balance problem; stress, fear,
panic from the unknown. Feeling of duration: from a few seconds to 30 (seismologist's
note: over 10 seconds it can be assumed that it was an oscillatory movement of the
buildings).

Earthquake relation to nuclear power plant locations.

This earthquake could not in any way limit or threaten the operation of the Bohunice
and Mochovce nuclear power plants. The power plants are secured for greater values of
seismic movement than were recorded in the case of earthquake on October9. Due to the
safety of the operation of nuclear power plants, an algorithm based on the sensing of
seismic movement at the site of the power plant works in nuclear power plants, which
enables early intervention in the operation of the power plant.

Earthquakes are continuously monitored and automatic earthquake localization is
also continuous. However, there is no continuous seismological service. Interpretive
supervision of automatic localizations is normally carried out in weekday mode. An
extraordinary situation always requires the ad hoc intervention of seismologists outside of
working hours. In the case of the 9/10/2023 earthquake, the seismologists of UVZ SAS
managed to expertly interpret the available seismometric data already an hour after the
earthquake.
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Fig. 1. Map of earthquake epicenters in Slovakia.
Source: Institute of Earth Sciences, SAS (SAYV in Slovak).
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5. Monitoring of earthquakes in Slovakia.

The National Seismic Station Network (NSSS) is built in such a way as to enable the
localization and quantification of earthquakes with an epicenter on the territory of
Slovakia, which have macroseismic effects on the territory of Slovakia. Fifteen stations:
Kolonicé sedlo, Cervenica, Stebnicka Huta, Ke&ovo, Skalnaté pleso, Izabela, Liptovska
Anna, Vyhne, Zbyinov, Moca, Srobarova, Iza, Hurbanovo, Modra, Zelezna studnicka.
Thirteen stations belong to UVZ SAS, two stations have devices provided by the Czech
Republic.

The Local Seismic Network of Eastern Slovakia (LSSVS) belongs to the CU in
Bratislava and is managed by FMFI CU. It was built in response to the earthquake on May
20, 2003, which had a magnitude of 4.2 and an epicentral intensity of 6 degrees EMS-98.
Six stations: Podhorod’, Blatné Remety, Maskovce, Lesné, Velka Tria, Piskorovce.

The local seismic network in the vicinity of the Bohunice nuclear power plant
belongs to Slovak Power Plants and consists of eleven stations. The local seismic network
in the vicinity of the Mochovce nuclear power plant belongs to Slovak Power Plants and
consists of eleven stations.

Local seismic networks in the vicinity of nuclear power plants make it possible to
locate even microearthquakes and monitor the seismic activity of a small area around the
power plants, while the Dobra Voda focal zone is also partially covered.

Slovak seismologists do not have the equipment to monitor other focus areas. Even if
there was an increase in nanoseismic and microseismic activity — a possible indication of
zone activation — it is not possible to capture this increased activity. Slovak seismologists
do not have a sufficient number of portable seismometers to adequately cover any shaken
area. All over the world, after an earthquake, a network of seismometers is installed in the
epicentral area. Every piece of data is important as an input to the seismic risk analysis.

6. What should be done in Slovakia

Start sufficiently financially ensuring earthquake monitoring. With sufficient funds,
update the NSSS and LSSVS to the level of the European standard. Purchase seismometers
for focal zone research. Start the process of revising the seismic hazard analysis of
Slovakia in accordance with the European Union Eurocode 8 standard in cooperation with
the CO and the relevant ministries. The last update of the seismic hazard map is more than
10 years old.

After calculating the hazard map, proceed with the regionalization of the territory of
the Slovak Republic for the needs of planning, design and construction and possible anti-
seismic measures.

It is necessary to examine historical earthquakes in cooperation with historians so
that the data on historical earthquakes can be used in the calculation of the seismic hazard
of the territory of Slovakia, especially the locations of nuclear power plants.

It is necessary to have people for all this. If trained PhD experts continue to leave
seismology and geophysics because of salaries, it will not be possible to implement the
morally necessary care of the state for the seismic safety of the people in the state.

The NSSS modernization project was completed in 2003. The LSSVS was built in
2007. Since then, investment funds have been missing for a long time.

Both NSSS and LSSVS seismic stations need a one-time injection of investment
funds in order to function properly. It is necessary to introduce sufficient funding for NSSS
and LSSVS. Otherwise, their degradation and degree of non-functionality will continue.
Not to mention lagging behind the European standard.

FMFI UK and UVZ SAS cooperate very closely and on a daily basis. Together, they
ensure the operation of NSSS and LSSVS, data collection and interpretation, analysis of
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the seismic hazard of the territory of Slovakia and the locations of nuclear power plants,
teaching of seismology and geophysics, basic and applied seismological research.

Over the last 14 years, 6 completed doctoral students and several masters of
geophysics/earth physics left for financial reasons to various companies and companies
where they were offered higher salaries. The other three work abroad.

If seismologists could predict the time, size, and location of the next earthquake's
hypocenter at least 24 hours in advance, it would be possible to evacuate residents, halt
critical operations, and shut down utilities—completely or at least partially. Shorter-ahead
forecasting would allow people to get out of buildings and gather in places that would not
be threatened by falling buildings and objects.

Today's seismology cannot predict the time, size and location of a future earthquake.
This is mainly due to the inaccessibility of the interior of the Earth in the depths where
earthquakes are being prepared due to the high financial demands of adequate research.

Whether the forecast is possible or not, after the earthquake, people should return to
residential houses and buildings, power plants and factories should continue to operate.
This means that houses, buildings, factories and power plants should not be disabled by an
earthquake and there should not be any ecological disaster. Therefore, the main task of
seismologists is to sufficiently accurately estimate the maximum values of important
characteristics of seismic movement at a given location during future earthquakes.
Designers should design buildings accordingly, and builders should build them honestly
according to the projects.

In order for seismologists to be able to estimate the seismic movement during future
earthquakes as accurately as possible, they need to know everything possible and adequate
about the given territory and focal zones. And this is not possible without monitoring
earthquakes, researching focal zones and regionalizing the territory according to the degree
of seismic risk.

7. Mansions, churches, temples and houses after earthquake in 9.10.2023

Fig. 2 The earthquake hit the east of Slovakia near Humenné. See also Figs. 22 and 23

The earthquake damaged 27 churches and temples, 2 mansions (all are listed
buildings) and several family houses. It is supposed that 2 churches will be demolished.

One of the most affected is the village of Dapalovce, where the epicenter of the
evening earthquake with a magnitude of 4.9 was located. In Dapalovce, 44 residents were
evacuated from 15 houses. They also declared an emergency situation in the village. Due
to damage to houses during the earthquake, a state of emergency was declared in two other
villages. These are Hol¢ikovce in the district of Vranov nad Topl'ou and Kolbovce in the
district of Stropkov.
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Fig. 5 Dapalovce (Source: TASR)

287



MEKIYHAPOJHA HAYUHA KOH®EPEHIIMS BAHI 2023
INTERNATIONAL SCIENTIFIC CONFERENCE BASA'2023

Fig. 6 Pakostov (Source: TASR)
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Fig. 7 Pakostov(Source: TASR)
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Fig. 8 Pakostov (Source: TASR) Fig. 9 Baskovce (Source: TASR)
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Fig. 11 Baskovce (Source: TASR)
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Fig. 1'2~Ba§kovce (Source: TASR)

Fig. 14 Baskovce (Source: TASR)

Fig. 15 Jankovce (Source: TASR)
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Fig. 16 Jankovce (Source: TASR)  Fig. 17 Nizna Sitnica (Source: TASR)
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Fig. 18 NiZna Sitnica (Source: TASR)

Fig. 19 NizZna Sitnica (Source: TASR)
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Fig. 21 Hol¢ikovce (Source: TASR)

The earthquake damaged almost all the houses in Dapalovce to a greater or lesser
extent, with the exception of three or four. Statics went through the entire village, they
were repeatedly in problem houses.

According to the processed static assessments, eight houses and one detached
garage are slated for demolition. Seven houses should be partially demolished, either the
floor, or the rear part or the roof. Reconstruction work is underway in five houses due to
cracked walls. Of the houses condemned for demolition, at least three were permanently
inhabited.

In Dapalovce, approximately half of the houses are insured, the rest are not. Many
people are disappointed, confused and angry. For many years, they lived in the assumption
that they had the house insured and paid the policies, and now they received a decision that
the payment will not take place, beacuse earthquake damegaes are not covered. Only a tiny
percentage of people received money from the insurance companies.
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Fig. 22 Location of villages Dapalovce, NiZna Sitnica, Jankovce Pakostov, Baskovce
and Hol¢ikovce near Humenné city. (Source: Google Earth).
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Fig. 23 Overview of locations with observation of earthquake effects based on
macroseismic questionnaires received by 11/10/2023 8:08 a.m. (1824 questionnaires
from 447 locations). (Source: the Institute of Earth Sciences of the Slovak Academy of
Sciences, Ustav vied o Zemi Slovenskej Akadémie vied, in Slovak)

Conclusion

Information about earthquake of October 9, 2023 with an epicenter in the cadastre of
the village of Dapalovce, district Vranov nad Toplou, in east of Slovakia is presented in
details, together with tasks and problems of Slovak seismologists.

Information about actual events together with explanation of Slovak experts are very
interesting for regular and PhD students as well. Moreover, our foreign students in this way
learn more about the problems, successes and failures of Slovakia and about its geography.

Together with appropriate terminology of civil engineering and architecture [2] such
information is very important part in the education of structural engineers. This fact was
clearly confirmed by experience of members of Department of Languages at Faculty of
Civil Engineering, Slovak University of Technology in Bratislava, Slovakia.

Acknowledgement
This paper did not receive any specific grant.

REFERENCES

[1] Moczo, P., Kristek, J., Galis, M., Kristekova, M., Kysel, R., Csicsay, K., Fojtikova, L.,
Cipciar, A.: Podceniované: minulé a buduce zemetrasenia na Slovensku
(Underestimated: past and future earthquakes in Slovakia).
https://www.aktuality.sk/clanok/O9Vs76j/podcenovane-minule-a-buduce-
zemetrasenia-na-slovensku/

[2] Balaz, 1., Balazova, P. , Kolekova, Y., 2017. InZinierske stavitel'stvo. Svet terminov v
obrazoch 1. Civil Engineering. Terms Orbis Pictus 1 - TOP 1. Prvé vyd. Bratislava:
Eurostav, 93 s. ISBN 978-80-89228-52-2.

294



VII MEXAYHAPOJHA HAYYHA KOH®EPEHIIUA BAHW’ 2023
7th INTERNATIONAL SCIENTIFIC CONFERENCE BASA' 2023

ABOUT THE FATHER OF THE CZECHOSLOVAK SCHOOL OF ROPE ROOFS
ENGINEER JOZEF POSTULKA

Jan Kysel”
Founder and President of Society of Structural Designers of Slovakia,

Abstract: Jozef Postulka's life story is full of extraordinary moments in which moments of
exceptional appreciation alternated with painful moments. His engineering intuition,
sense for capturing the behavior of the structure, courage, uncompromisingness and
directness in pursuing his designs made him a personality that stood out among civil
engineers, especially structural engineers. He was very popular with many of his peers,
but also with considerably younger colleagues, because everywhere he tried to give away
not only professional experience but also good mood.

Key words: parabolic arches, rope roofs, inventions, wood-concrete beam

1. Introduction

1.1. Early life

After his studies at Professor Kurt Kloppel in Darmstadt (together with Jifi (Juraj) Kozak,
later Ing. Dr. CSc. in Bratislava and Josef Riha, later Prof. Ing. DrSc. in Brno), Jozef Postulka
completed his studies in Bratislava at the Faculty of Civil Engineering of SVST in 1950. His
classmates were: top designers Ing. Behul Vojtech, CS., Ing. Bustin Jan, CSc. and renowned
scientists of the Slovak Academy of Sciences Ing. Gustdv Martin¢ek, DrSc., and Ing. Rudolf
Skracany, DrSc., from USTRACH SAV in Bratislava. From that year he worked as a designer of
load-bearing structures in Stavoprojekt in Bratislava — first in the Design Centre for the Design
of Industrial Buildings and worked his way up to the position of a top expert and became a
household name in Stavoprojekt (Fig.1).

Fig. 1. Jozef PoStulka (6.1.1923-5.3.2009)

1.2. Rope Roofs Design

Jozef Postulka is generally considered the father of the Czechoslovak school of rope roofs.
He was a true pioneer and implemented more than 110 of them — at home and abroad. The most
important is the roof of the Sports Hall in Pasienky in Bratislava — often called the "Postulkova
hall"(Fig.2 and Fig.3).

!'Ing. Jan Kysel’, Design office Realstav, Frantiskanska street 27, 917 01 Trnava, the Slovak Republic, email:
kysel@nextra.sk
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Fig. 2. Hall in Bratislava Fig. 3. “Postulka’s hall".

The mass-spatial scheme of the hall is defined clearly and definitely. This fact ranks this
undoubtedly attractive architecture among the better realizations that were carried out in
Slovakia in the 20th century. The great advantage is that the concept of the hall is clearly legible.
It is obvious from the first glance what kind of object, with what volume and function it is.
Nothing is masked or covered.

Since in this type of construction the shape is primarily determined by the static action of the
structure and not vice versa, we can also rank it among the top works of Slovak civil engineering
of the 20th century. Two compositional axes are perceptible here. Main and minor. The course of
the main axis is defined by the center of the playing field, which it divides into two equal parts.
The Paraboleum hall is designed more elegantly - two parabolic arches intersect above the center
plane in the shape of a reclining letter X.

The dominant load-bearing structure of the hall consists of two expressively unambiguous
and aesthetically appealing parabolic arches with a span on which the progressive rope structure
of the roof shell in the shape of a hyperbolic paraboloid is suspended. This whole system, which
is still unique in Slovakia, is stored on a subtle and elegant reinforced concrete skeleton, which is
filled with glazing and stretches along the entire perimeter of the building.

1.3. Other structures

He also actively participated in the design and construction of the suspension roofing of the
Olympic Stadium in Munich — he was physically present during the project work. The design of
the stadium and the entire complex is by a German couple, architect Giinter Behnisch, designer
and structural engineer Frei Otto. The project of forty-five-year-old Behnisch became a symbol
of the transformation processes of West Germany in the 60s years of the 20th century, which, in
addition to jury chairman Egon Eiermann, was supported by several influential politicians(Fig.4).

Fig. 4. Olympic Stadium in Munich
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The project was timeless for its time and was soon associated not only with Munich, but
with the whole of West Germany. The concept of large tent roof structures, consisting of
plexiglass and steel ropes, covered not only the stadium auditorium, but also passed over
adjacent buildings and access roads.

It was the first time such a structure had been carried out on such a large scale, albeit on a
smaller scale, in 1967 by Rolf Gutbrod at Expo '67 in Montreal. However, authorship cannot be
denied precisely to Frei Otto, whose tent structures were the pride of Germany at that time of
engineering feats in architecture.

The whole complex is connected by a steel-perspex roof, above which rises a 290 m high
TV tower. The roof structure itself consists of 410 km of steel ropes. The net is filled with 7
centimeters thick plexiglass plates that protect spectators from rain and wind, while not changing
the spectrum of penetrating sun rays. This allowed even color television to achieve an image
with a balance of light and shadow(Fig.5).

Fig. 5. Roof structure of Olympic Stadium in Munich

1.4. Patents

Postulka was the author of seven inventions, which were widely applied and were also
mentioned in practice by the author's name. The most famous is the invention of the circular rope
roof — implemented on dozens of buildings at home and abroad. Furthermore, it is a method of
strengthening historical wooden ceilings, applied to many buildings at home and abroad and its
type series of lightweight steel trusses — called "PoStulkove beams". He pioneered the design of
composite wood-concrete ceiling structures.

1.5. Another Practical interests

Ing. Postulka did not have only rope structures in his activity. He was a versatile designer
and designed structures made of steel and concrete. Of the steel structures, the most important
are the production hall in Snina, a large garage for 600 cars in Bratislava and Zilina. His circular
garages in Bratislava and Ostrava are also known(Fig.6).

Concrete structures are mainly residential buildings — in total more than 1,000 apartments.
Important are the tower panel houses near the tunnel in Bratislava, in Karlova Ves, the
experimental tower house in Krastiany, on Mileticova Street, in Partizanske.
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Fig. 6. Large garage for 600 cars

Jozef PoStulka's work is remarkable for a large number of projects and realizations
(representing more than a thousand) from various fields. He was always able to choose the
optimal solution from various structural-material options and solve buildings comprehensively —
whether the part is steel, wood or concrete, lower or upper structure. He had the courage to solve
structures innovatively with a natural preoccupation with economy, namely in new buildings,
breakdowns or reconstructions of building objects.The construction of a music pavilion in the
spa park in PieStany with an 11 m cantilevered roof from the end of the 70s of the 20th century
is originally designed

The Church of Christ the King and St. Andrew in Ko§ In the 90s of the last century, due to
the coal seams under the church and the danger arising from the undermined terrain and
disturbed statics, its demolition began to be considered. In the end, the preservationists managed
to promote at least the preservation of the Gothic presbytery, which, however, could not remain
in its original place.

Therefore, in December 2000, a unique transfer of this almost 400-tonne shrine took place in
Slovakia. After separating from the church, it was transported by road about two kilometers
further to the newly built church. The remaining part of the church - a building from 1940,
together with the original tower, was blown up in March 2001. in 2000, when a Gothic sanctuary
from 1410 was separated from it and transported in its entirety several kilometers to the center of
the village to the newly built church(Fig. 7).

Fig. 7. The Church of Christ the King and St. Andrew in Ko§
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2. Summary of the famous rope structures designed by Jozef PoStulka

With its characteristic structures, mainly rope structures, it penetrated far abroad, and very
far. Its structures can be seen in Pyongyang (Korea), the roof of the power plant in Nanjing
(China), the roofing of the hall in Kabul (Afghanistan), the roofing of the theatre in Gydr
(Hungary), the exhibition hall in Welsi (Austria), also the circular exhibition hall in Augsburg
(Germany) in 1981 and later in Békés Caba (Hungary)(Fig. 8).

i

B —— ]

Fig. 8. Rope structures in abroad

3. Conclusion

Postulka worked at Stavoprojekt from 1950 to 1966. In the relaxed times, he was the head
of the Expert project cooperative and the SVTS Expert Corps. But his initiative did not pay off.
At the time of normalization, he was charged with illegal business and was held in custody from
1971 to 1974. But even this time he was a useful designer for the Interior.

After his release, he worked at the Project Institute of Culture in Bratislava. Many
constructions are realized from this period (theatre in Nitra, cooperation in reconstructions and
preservation of monuments, such as Trenéin Castle, Bojnice Castle, Cerveny kamei). Even in his
old age, he was active and active, and his enthusiasm was often transferred to younger
colleagues.

He lectured on the fruits of his extraordinary activities not only at home but also at
congresses in Paris, London, Leningrad, Almaty, Mexico, Madrid, Essen, Stuttgart, Dresden and
published more than 50 professional articles in journals and anthologies. He was a member of
international organizations IASS and AICP.

The Jozef Postulka Award, awarded by the Association of Structural Engineers of Slovakia
since 2010, is intended for personalities in the field of load-bearing structures of buildings who
significantly participated in original solutions of load-bearing structures and contributed to the
development of information about the statics of buildings and their bearers - structural engineers.

Engineer Jozef Postulka died on 5.3.2009 at the age of 86.
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Fig. 10. Jozef Postulka, as 85 year old man (2008)

Acknowledgements

I would like to thank to Prof. Doncho Partov for his idea to commemorate jubileum of 100

years of Ing. Postulka birthday and for his writing this contribution in English Language based
on [1] and many other documents and publications.

REFERENCES

[1] Kysel' Jan: Statici na Slovensku. Spolok statikov Slovenska, Trnava 2015, pp.1-266. EAN
9788089655069.

300



VII MEXXAYHAPOJHA HAYYHA KOH®EPEHIIUA BAHW’ 2023
7th INTERNATIONAL SCIENTIFIC CONFERENCE BASA' 2023

OTHOCHO MTPEMECTBAHETO HA TOTHYECKA I[bPKBA OT XVII CTOJIETHE
B I'P. KOIII-CJIOBAKWSI, U3ITBJIHEHO MO MTPOEKT HA MO3E® MOIITYJIKA
(1923-2009)

Mozed Momrry.xal'

Abstract: In this paper the author described some problems, connected with: static analysis

constructive solutions and technology operations, using by translation of gotic church from
1630 in Kosh — Slovakia

Key words: static analysis, constructive solutions, technology operations, translation, gotic
church, concrete fundament

1. O0mu JaHHu

I'pan Kom B CnoBakus JeXu BbPXY SMUJIMOHA TOHA Ka(siBU BBIJIHINA, KOUTO MUHHOIOOMBHATA
koMItanus “HoBaku™ Bh3HaMepsBalle aa 3armovyde Aa pazpadorsa npe3 2001r. Cnopes 3akoHa 3a
MHUHHOTO €70 0o0ade TaM, KbJETO Ce JOOMBAT BBIJIMINA MOJ 3€MsTa, HE MOXKE Ja ChIIECTBYBa
CTpOUTENIeH O0EKT, Thil Karo paHO WIM KbCHO TOW MOXKE Ja MpomajaHe 3aeJHO C Xopara B
MUHHUS OaceifH. 3aToBa ce HAJIOXH Jia C€ U3TrPayd HOBO CeNHIE Ha 1,5Km. U3TOYHO OT cTapaTa
oOmHa. B HOBOTO cenwmie Oelie MOCTpoeHa M HOBa IIbPKBa, KaTo cTaparta IbpkBa B Ko
TpsioBame na 6vae crbopena. Ta3m “crapa” bpkBa BChIIHOCT Oe mocTpoeHa npe3 1941 rox. B
Hest obaue Oe BrpajZieHa HaMCTHHA €JHA CTapa roTUYecka I'bpKBa U TO Taka,ue OJITapbT U OCTaHa
BCBIIHOCT KaToO €/IMH CTPaHUYEH MapakiuC, U3IIbIHEH ChC CBOAECT TaBaH U AbpPBEHA ITOKPUBHA
kKoHCTpYKIusA(®Dur.1). To3m panHorormuecku onrap ot 1630 rox. mpeacTaBisBaIle €IUH
Oe3leHeH MaMEeTHUK Ha KyJITypara, KOMTo TpsOBalie na ObJie IpeMecTeH B HOBOTO CEJHILE, 3a
na ObJie 3ala3eH 3a cleBaInTe nokoneHus. GuHaHcupaHeTo TpsOBalie Ja Ob/ie U3BBPIICHO OT
MUHHOJIOOMBHOTO Mpeanpustiue. Bp3amoxkHOCTTa, 00EKTHT Aa Ob/ie pa3AesieH Ha YacTH, OT KOUTO
clen ToBa OTHOBO Ja ObAe m3rpajgeH Oemie oTxBbpieHa. OnTapHara yacT Oe OTIeleHa OT
II'bpKBaTa Ype3 HEHHOTO MPEABApUTEIHO pa3wiICHsBAHE Ha JBa 4acTH, KaTo MO-HOBaTa 4acT OT
1941 roxn. 6e B3puBena mpe3 ampui 2001 rox. CrpoutenHure paboTH OsXa HM3BBPILIEHH OT
MecTHa pupma.

' Hosed Momrynka, EXPERTA, Hnoicenepna u KOHCYIMAanmcKa 0etnocm 6 Cmpoumeicmeomo,

bpamucnasa, Cnosaxus,
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CayxOata 3a 3am1iTa Ha IAMETHULM Ha KynTyparta B bancka bucrpuna nopsua mpe3 1998r
Ha aBTOpa Ha Ta3M CTaTHsl, CTATUYECKOTO U3CJIeIBaHE Ha KOHCTPYKIIUTA Ha IIbpKBaTa

B IIpOLI€Ca HA BCUUKUTE 1 €Talll Ha IPEMECTBAHETO. ABTOPBT MMallle BEYE OIUT B
pelIaBaHeTo Ha moaooHu npobiemu oT 1983 ron, moayyeH npu TPaHCIOPTUPAHETO HA €AUH
Maibk napakiauc Ha 400 m oT HEroBOTO MECTOHAXOXKAEHHUE, U 0T 1993 rox.

MIpY TPAHCHIOPTUPAHETO HA JIBE€ CTOMAHEHU TPUOYHH U TPUETAXKEH CKEJIET Ha CTpajia C
OTrpOMEH aBTOKpAaH 10 KOHHATa nucTa Ha bpartucnasa Ha pa3crosaue Hag 300 m.

2. CtaTn4ecko u3cjieBaHe U KOHCTPYKTHBHO YKPeNBaHe HA KOHCTPYKIHUSATA
npeau MOBAUTAHETO.

[Ipu ubpkBara ot Ko craaiie BbIipoc 3a 00€KT OT KaMeHHa 3UAapusl, T.€. U3IIbJIHEHA

OT HeJsUTaHU KaMbHU, CBbP3aHu ¢ XopocaH. KoHcTpykiusTa ¢ nedenvHa Ha 3uaapusta 1 m.
€ TIOKPUTA C TOTUYECKU KPBCTAT CBO/JI, M3II'BJIHEHU C KAMEHHH CBOJIECTH IbI'H, HaJl KOUTO

€ pasoyoXKeHa IbPBEeHA MOKPUBHA pepMa, MOKPUTA C KEPEMUIH.

WBuuynuTe pyHIaMeHTH Ha IIbPKBATa ca OT ChIIUs MaTepuai KaTo BbHIIHUTE CTEHH U
nexart 1,5 m nox repena(®dur.2).
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®ur.2. [Inan u pa3pe3 Ha onTapHaTa KOHCTPYKIUS B MOMEHTA Ha TPAHCIIOPTUPAHETO

[ToapT Ha KOHCTpYKIMsTA JIexku Ha +0,25 m. Hax TepeHa. 3a Aa He ce pa3pylin o0eKTa
IIPY TIOBJIUTAHETO M TPAHCIIOPTUPAHETO MY, Oelie HeoOX0AUMO J1a ObJIaT U3ITBITHCHU
3ApaBu UBUYHU (bYHI[aMCHTPI, KOHMTO JJa moAmnupar crpagara u mo€éMaTt BCUYKH

BBHIIHYU Bb3leicTBHs. To3u uBMueH GyHaaMeHT TpsOBaliie aa ObJe U3UUCIICH 3a
Haﬁ-He@]’IaFoanHTHaTa KOM6I/IHaHI/IH OT HAaTOBAapBaHMATA, Bb3HUKBAIIH IIPU ITOBAUTAHCTO
Ha 00€KTa C MoMoIITa Ha 16 XUApaBIMYHU KPUKa, PA3OJIOKEHH Ha Pa3IHIHH

MeCTa B OCHOBHATa CXeMa Ha Crpajara.

B citydast 6eToHMpaHETO HE MOXKEIIe J]a Ce U3ITBJIHU Ha YaCTH, KAKTO TOBa OOMKHOBEHO
ce TIpaBU NPH YKpenBaHe Ha (PyH/IaMEHTH, a TPsOBAIIe 1a Ce U3ITbIHU

HenpekbcHato. [IpodinemMbT Oe Taka pelieH, ue HoBaTa uBUIA-QyHIaMEeHT, upoka 1 m.
ce 6etoHupa B cTapus GyHAAMEHT Ha 00EKTa, CJe/ pa3pylIaBaHETO HA MOJIOBUHATA OT
cTapus UBUYEH (PYHIAMEHT MOJ BhHIIHATA cTeHa. OOEKTHT OCTaHa Jla CTOU
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6e3mpobIeMHO BBPXY JIpyraTa MOJIOBUHA Ha CHIECTBYBAIUA (GYyHIAMEHT U U3IbPKa
Mpe3 IUT0TO BpeMe Ha HEMPEKbCHATOTO OETOHMpPAaHE HAa HOBaTa (hyHIaMEHTHA

MBHIIA, KOSITO M3JIM3alie Ha 0kojo 0,5 m. HaBbH OT 1IOKbJIa Ha crpajgata. Ha HoBoTO MsicToO,
TO3H (PyHIAMEHT Oerlie MpeBUIEH Ja CITY>KH 3a TbTeKa OKOJIO IbpkBaTa(dur.3a).

[Ipenu 6eToHupaneTo Ha (HyHAAMEHTHUTE UBUIIH, BHPXY TepeHa 0e MoJI0kKeHO (oo,
KOETO TpsiOBaIie Ja yJIeCHU OTJICTBAaHETO HAa (PyHIaMEHTa ITPH HETOBOTO MOB/IUTAHE.
Kononute Ha ppkBata 0sxa MOAMPEHU OTJEIHO C IIOMOIITAa HA CTOMAaHOOETOHHU
KOH30JI1, KOUTO H3Jm3axa npes GpyHaaMmeHTHaTa KOHCTPYKIusi(Dur.30).

®ur. 3a. YcunBaHe Ha KaMEHHUS (YHIAMEHT Ha IIbPKBaTa ChC CTOMaHOOETOHEH
®@ur. 36. Konzosnen cromano0eToHeH GyHAAMEHT, BPXY KOWTO IIE CTHITH
KOJIOHA Ha LIbpKBaTa

3a ocurypsiBaHe yCTOMYMBOCTTA HAa KAMEHHATAa 3UJIapysl Ha IIbpPKBaTa Cpellly pasnajiaHe
IIPU TPEHCNOPTA, chlllaTa O€ OCUTypeHa U ¢ eMH 00pbY OT KpbIJIa CTOMaHa, ChC
ceuenne YJ20MM, MOHTHPAH HAa HUBOTO Ha CTHIIBAHETO Ha CBOJIA BBPXY 3UAAPHSITA.
JIBeTe KOHCTPYKTUBHU YCUJIBaHHS U3IbJIHUXA MHOTO J100pe CBOSITa POJIsi, HE caMo MpHU
MOBJIUT'AHETO, HO U IIPU TPAHCIIOPTUPAHETO U PA3TOBAPBAHETO HA 00EKTa, KOMTO HE
[I0Ka3a HUKaKBU Jedopmaniny B epuoja Ha mpemectBanero My. He ce nossuxa

HOBM ITyKHATUHU B CTEHUTE, a IOPU U OCTATBIMTE OT cTapus (PyHIAMEHT He

I1aJ{Haxa, BBIIPEKHU Y€ TOBA CE OYaKBallE.

3. TexHOJIOTHSI HA MOBJAMIaHe HA CIPAATAa U HEHHOTO OCTABSIHETO BbPXY
TPAHCIOPTHATA IJIaT(hopmMa

[TbpBOHAaYaHO O€ MPEIBUAEHO CrpajaTa Jia ce HOBIUTHE C KpaH, KaKTo ce

npemectuxa TpuoyHute B bparucnasa. [lopagu ToBa Ha onpeneneHu Mecta B

MBUYHUSA GYHJAMEHT TpsOBallle ja ce 3aKpensaT YeTUPU MOHTaKHU XaJIKH.

Ho npu Hanmm4meTo Ha rojsiMo COOCTBEHO TETJIO Ha IIbPKBATa, KOETO BH3JIHM3AIle Ha

400 ToHa, U3MBJIHEHUETO HA TE3U MOHTAXKHH XaJIKU M TAXHOTO Opa3MepsiBaHe O€ MHOTO
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TpyIHa 3a7a4a.. Eqna xonanacka ¢pupma n3pasu roOTOBHOCT Ja IpeHece IIbPKBaTa ¢ IOMOIITa
Ha OIpOMEH KpaH, KOWTO TpsbBaile 1a Obae JoKapaH OT X0oJaH/us, KOETO IO Halla
IpereHKa Oerre TBBP/E CI0KHO U CKBIIO.

JBe pupmu ot OcTpaBa-Uexusi, KOUTO UMaxa ONMUT B TPAHCIIOPTUPAHETO HA TOJIEMHU

TOBapH, MoNy4ynxa noprukara.Te3u Gpupmu mpeioknxa aa MoBIUTHAT IIbPKBATa

C XU/IpaBIMYHU KpHKOBe 10 1,35M. BUCOuMHa, Taka 4e oTa0y noJ GyHIaMEHTUTE Ja

MoraT Ja c€ BMBKHAT JIB€ CBbP3aHU TPAHCIIOPTHH TUIAT(HOPMH, KOUTO J1a 3aKapat

o0exTa 1o ynuuute 10 otaanedeHarta Ha 1700 m uen. XuapaBiuyHUTE KpUKOBE Osxa
ocTaBeHH B 00110 15 Manku HUAIIM B ietata Ha pyHAaMeHTHHS nosic(Dur.4).

®ur.4. [lopnurane Ha ubpkBaTa ¢ 16 XuIpaBIUYHU KPUKa

[Tox Te3u HuIM o1ie mpeau OETOHUPAHETO Ha UBUYHMS (PYHIJAMEHT BbPXY 3eMsTa

Osixa nonoxkenu cromaneHu mwioun 800x1000x20 mm, 3a 1a He MOTHHAT KPUKOBETE B
3emMaTa. ToBaponoJeMHOCTTa Ha KpUKoBeTe Bh3nu3anie Ha S50 t. Thil kato bpKBaTa
TpsiOBaiie 1a ObJie MOBAUTaHa HEPABHOMEPHO B Pa3IMYHH TOYKU OT XOPU30HTAIHATA
MPOEKIIMsL, KOHCTPYKLMATA HAa UBHUHUS (QyHIaMEHT TpsOBaiie qa Obe uscieaBaHa

KaTo, CTaTUYECKU HEONPEIEINMa CUCTEMA U Opa3MepeHa J1a I0OEME PAHUYHUTE ChCTOSTHUS
Ha SKOCT U aedopMarnuu. HaunHbT Ha pa3nonoxkeHne Ha 00eKTa

BBpPXY TPAHCIIOPTHUTE TUIaT(HOPMH € TToKa3aHa Ha (¢wur.S).
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®@ur.5. Tpancnoptupane Ha oOekTa

4. HauuH Ha TPAHCIIOPTHPAHE HA CrPaJaTa HA HbPKBAaTa.

TpaceTo omnpeneneHo 3a TpaHCIOPTUPAHE HA IIbPKBATa A0 HOBOTO MSICTO Oelie HEBb3MOKHO
3a MPeoJI0JIsIBaHEe C HOPMAJTHU TPAHCIIOPTHU cpeicTBa. 3aroBa B Mramus Osixa

MOPBHYAHU CHIEIUAIIHU TPaHCIOPTHU m1aTdopmu Ha pupmarta “Damxuonu’. Te

ce TpaHCMOPTHpaxa J0 MECTOCTPOEIKa pasriIo0eH! Ha 6 OCH, C TOMOIIITA Ha TOBAPEH KAMHUOH.
Ha ompeneneHoTo oT Hac MACTO, Te Ce CrIIOOMXa, 3a J1a Ce MOTYIH

HeoOxouMaTa ToBapomnoaeMHoct. OTaenHuTe YacTu 0sxa 4, BCsika OT KOUTO ¢ 6 ocH, T.e. ¢ 12
Kosena win o0uio 48 konena(dur.S).

®Dur.6. Pa3TOBapBaHe Ha O'bPKBATa HAa HOBOTO U MECTOIIOJIOKCHUC
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CBBp3aHOTO TPAHCIIOPTHO YCTPOICTBO MPUTEKABAIIIE B €AUHUS CH Kpail JU3EJI0B
JIBUTaTeN, KOMTO 3a/IBM>KBAILIE XUAPABIUYHUA JBUraTel HA OTACIHUTE KoJiesa, TaKa ue
BCSIKO KOJIEJIO J1a MOXKE J1a ¢€ JBWXKHU B paznuyHu nocoku 10 90°. lllopropsT Ha
KOMIO3UIUATA HE Ce/Ielle B IPEBO3HOTO CPENICTBO, a Oellle M3BBH HET0 M 00CTy KBallle
1sIaTa onepanus o TpaHcopTa ¢ KOMIIOTHP. ToBaponogeMHOCTTa Ha
TPAHCIIOPTHOTO YCTPOMCTBO BB3JIM3AIIIE CrIOpe] NaHHUTE Ha (hupmata Ha 750 ToHa,
JIOKATO TETJIOTO Ha IbpkBaTa Oemie okosio 400ToHa.

Tpancnoptupaneto 6e uzBbpiieHo oe3npodiaemuo. [lomoxxkeHueTo Ha IIbpKBaTa

0e KOHTpoIMpaHa HenpeKbeHaTo. Ts nmpemuHa mbTa oT 1700 m 6e3 JOombIHUTETHI
ycrnoxkHeHus. Thil kato crpaiara Bepxy miaardgopmarta Oemie ¢ mupuHa 9,20 m., TpsOBaie 1a
ObJIaT OTCEUYCHH HSIKOM KJIOHHM OT CTPAHUYHHUTE TBPBETA, a 3apajld BUCOYMHATA OT 14 m.
Jla c€ IEMOHTHUPAT BCUYKH €IEKTPUUYECKU MPOBOJHUIIM 110 HEHHUA bT(Dur.o6).

5. U3rpa:kaaHe Ha HOBOTO MSICTO

Tbii KaTo crpasaTa UMaile COOCTBEH UBHUYEH (PyHIaMEHT, Bb3HUKHA BBIIPOCHT KaK Ja

Ce M3ITBJIHA HYJICBHS IUKBJI HA HOBOTO MSICTO. JloTHUTE pHOOBE HA HOBHS U
ChIIECTBYBAIUS (PYHIAMEHTA 110 pel TEXHOJIOTUYHYU MPUYMHU HE JIe)Kaxa B €/JHa paBHUHA.
Ha HOBOTO MsicTO TpsiOBate 1a Obe MoJICHIIEHA TOBBPXHOCTA, 32 J1a HE IOTHHE
TPaHCIIOPTHOTO YCTPOMCTBO, 3a€/IHO C L€ CU ToBap, T.e. 110+400=510r.

3aTroBa Ha HOBOTO MSICTO HE 0siXa U3rpaJieHd HOBU UBUYHH (PYHIAMEHTH, a TIOBLPXHOCTTA
Ha TepeHa Oe ykperneHa ¢ pyHaaMeHTHa CTOMaHOOETOHHA Iu1o4a, fedena 20cMm, apMupaHa
¢ mpexu(dur.6). Cnabo apMupaHnaTa CToMaHOOETOHHA TIJI0Ya CE TIPUCTIOCOON KbM
HEepaBHaTa MOBBPXHOCT Ha (hyH/IaMEHTa Ha LIbPKBATa, KaTo MOPai He3HAYUTEIHATA

CHU KOpaBHMHA CIIPSIMO OTPOMHATa KOpaBHHA Ha IIbPKBaTa U HeWHUs (PyHIaMEHT, B Iuio4aTa
ce MOsIBUXa OYaKBaHH MyKHATUHU, KOUTO MPEAU3BHKaXa B HEIIPOCBETEHUTE B Ta3U

obyact HaOMOAaTeIM HEOOOCHOBAHM peakiuu. JJoHuAT pp0 Ha crpajara Ha HOBOTO
msicto nexu 1,30 m. Hax TepeHa. 3a 1a He 3aMpbh3HE Mpe3 3uMarTa, OKOJIOo IIbpKBaTa 0e
HaIpaBeH HAKJIOHEH HACHUII U 110 TO3H Ha4MH (PyHIaMEHTHATa IJIo4a OCTaHa MOJi HUBOTO
Ha TepeHa.

6. 3akaoueHue

HenusT TpaHCHOPT 3a€JTHO C HATOBAPBAHETO U PA3TOBAPBAHETO MPOABIIKU CTHIIKA MO
CTbIIKa 0K0JI0 3 yaca. Cnel ToBa TPAHCIOPTHOTO YCTPONCTBO O€ IEMOHTHPAHO, & OTJCITHUTE
My 4acTH OsXa HaTOBapEHH C TIOMOIITA HA KPaH Ha TOBAapEH KaMHUOH U 0s1Xa BbPHATH

omie chIMAT AeH Ha 06.12.2000r. B ['epmanus.

spkBara npeacTaBisiBa €uH [IEHEH PAaHHOTOTUYECKH TAMETHUK Ha KYJITypaTa, KOUTO

Ype3 ONUCAHUAT TEXHOJOTHYEH Mpolec(om cmamuyecKkume u3uucieHus 00
MEeXHON02UYHO-MOHMa)dCHUme onepayuu) 6e1e CbXpaHeH 3a CICBAIINTE

nokosieHus1. [ maBHaTa 3acimyra 3a TOBa MMallle ciaysk0aTa 3a 3aliuTa NIaMeTHUIIUTE Ha
KynTtypara B bancka buctpuiia moa prkoBoicToTo Ha r-H apx.Cypa U HETOBUTE CHTPYIHHUIIH.
N3ka3BaM MosiTa 6J1arofapHOCT Ha HAYYHHUsT KOMUTET Ha KoH(pepenuus Ha BAHN2023

3a MPUEMAHETO Ha TO3M JIOKJIAJl U CE Ha/AsIBaM TOM J1a MOCITYKHU 32 HOBU UJIEU TIPH OIa3BaHETO
Ha 0J00OHU UCTOPHYECKU MTaMETHHIIH, C KOUTO bharapusi € u3KiIounuTe Ho borara.
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7. IlocJecjioB

(Ta3u vacm na 0ookrada e HanUCaAHa Om 41eHvM HA OP2AHUSAYUOHHUS KOMUMeEm

Ha Hayynama KoHppenyus BAHU2023: npogh. 0-p unoic. Jonuo [lapmos, kovimo

umaue npeKpacHama 8b3IMONCHOCH 0d NOOOBbPHCA OIUZKU KOHMAKMU C MO3U
HeNnosmopum, C108awKuy Kojie2d, pazoasauy be3pesepsHo u wedpo céoume YeHHu 3HAHUs,
6 obacmma Ha 8vaHcenume NOKPUSHU KOHCMPYKYUL).

JoxnansT € nocsereH Ha 100 roquniHMHATA OT POXKACHUETO HA TOJIEMMUSI CIOBAILIKU
cTpouTeseH nHxenep Moses [lomrysika, KOUTO G TOJIsM CHELUATHCT U B 00)IaCTTa Ha
BUCSIIIUTE TIOKPUBHU KOHCTPYKLIMH, KOUTO OSIXa HErOB MATEHT U CIECLUAINUTET.

Han cTo yaukaiau pazHooOpa3Hu Mo BUJ M QYKIHs OOIIECTBEHU U TPAXKITAHCKHA OOCKTH

C JIEKM Bb)KE€HU IOKPUBHU KOHCTPYKLIMHU YKpacsBar A0 JACH JHEIICH, CTPOUTENHATa MaIuTpa
Ha kpacuBa ClI0BaKkus, HAKOJIKO OT KOMTO ca MIOKa3aHU 110 JI0JTy.

Hsikonko ot Tsx ca usnbiHeHu B I'epmanus, FOxxna Kopest u Aranucran.

Unx. Mozes Tomrynka npes 1950 r. e eIuH OT IbpBHUTE JMIUIOMAHTH Ha CTpPOMTEIHHS
¢dakynrer Ha STU B bpaTtucnaBa. HeroBu chbyueHunu 0sixa: M3BETHHUTE CIIOBAIIKH HWHXEHEPU:
Behul Vojtech, Bustin Jan u u3BectHu yueHu ot CrioBamikaTta akajgeMusi Ha HAYKUTEC HHK.
I'ycra Maprunuek, 1-p u unxk. Pynond Ckpydanm, 1-p or USTRACH SAV B Bparucnasa.
uk. PosStulka mpoektupa HsAKoONKo BmkeHHM mokpuBa (¢ur. 29). Haii-uzBectHure My
IIPOM3BEACHUS BKJIIOUBAT HAIp. CHOpTHA 3ana B Pasienky B bpatucnaBa (Pur. 7) u HIKOJIKO
JIpyTH W3BECTHH CIOPTHH KOMIUIAKCa C IUTyBHM OaceiiHH, ¢ BBKEHH IOKPHUBHH
KoHCTpykuuu(ur.8.) IlpoekTnpa HAKOIKO Crpajid M 3a €K30THMYHM cTpaHM kato Kwuraii,
Adranucran un FOxna Kopes.

®ur. 7. a) Ing. Hosed IMourymnka (1923 — 2009); b) Crioptha 3a11a Ha Pasienky B Bparncnasa,
npoekT ot 1958 r.: Ing. Postulka, apxurexrypa Ing. apx. Mo3ed Xoanek, oTkpura mpes 1962
I.; C) U3TJIE] OT Trope, 3ajara uMa (hopMaTa Ha JIUIOB JINCT U € HAIMOHAJICH TAMETHUK Ha
KyJITypaTta
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@ur. 8. Hixonko BbXEeHU NOKPUBHU KOHCTPYKIMU HaJl CTPpajiu C ITyBeH OaceiH

Toii paGoTu B mpolieca Ha MPOEKTUPAHETO U yAAapH CBOSI MeyaT BbpPXY KOHCTPYKLUHUTE M Ha
Omummnuiickus ctanuod B Mionxer npe3 1958 rox. Toit e aBTop Ha cegem u3obperenus. Korato
HEroB Kojera ro OOBMHSBA B HE3aKOHEH OW3HEC M0 BpeMe Ha HOPMAIM3MpPAHETO Ha
MOoJIMTHYECKaTa cUTyanus mnpe3 1968 r., ToW wu3iekaBa 4YeTUpW TOAMHM 3aTBOpP. TaM TOM
MoJIyyaBa Clie/l pa3pelieHle OT ChJIeOHUTE BIACTH, HEOOXOIUMUTE 3a IIETUTE Ha CTPOUTETHOTO
MIPOEKTHpPaHE ChOTBETHUTE YEPTOKHU IOMaraia, 4pe3 KOUTO Jia YIpakHsBa CBOsiTa npodecus,
Ha IPOEKTAHT I10 BpEME Ha IIPECTOS CH B 3aTBOPA.

Nux. [lomynka noceniaBa bearapus 3a mepBu 0bT npe3 1986 r., koraro nocemasa rpag Benuko
TbpHOBO, 110 TOBOJ KOH(pEPEHIU IO CTOMaHEeHH KOHCTpyKIuH, oprauuzupana or HTC Codust.
Tam OGsixmMe cBUAETENN Ha YHUKaJTHATA My Cpelia ¢ Jo1l. J-p. pod. A-p urx. bopucnaB bankos,
€IMH OT TOJIEMUTE OBIrapckM MOCTOBH cTpouTend. Ha Ta3u cpemia Hayyuxme, 4ye HHXK.
[Tonrynka nma aumiIoMa 1o CTpOMTENHO HHXKeHepcTBO OT [lonuTexHukara B JlapMman, KpAeTo €
npenojaBai, Obarapckusi uHxeHep: 1-p b. bankoB B obnactta Ha CTOMaHEHUTE MOCTOBE,
JIOKAaTO € OMJI JOKTOPAHT 10 CTOMaHeHU KOHCTpyKuuu npu npodecop Kypt Knvomnen, B nepuoaa
(1939-1944). To3u KOHTAKT naBa MoBojA, Ha wHXK. llomrTynka ma npueme konerute Ha a-p b.
baHKOB, KaT0O MHOTO OJIM3KH 3a HETO XOpa.

OT Te3u roauHU TOM € pEeJOBEH TIOCT B HAIIMTE WHXXEHEPHU CPEAM Karo Y4YacTHUK B
koH(pepenmmu B YACI u BCVY ,,JIto6en Kapasenos”. B 3Hak Ha yBakeHHE KbM HAIIUTE yU4eOHU
3aBeJICHUs TOW HH 3aro3HaBa Hai-0E3KOPHCTHO, € HJEHTE Ha MPOYYyTHTE CH IMATeHTH 3a
OKa4Ye€HU MOKPUBH, U3MIBIHEHH C BHKEHU KOHCTPYKIUHU. B OuBmia UexocnoBakus ce roBopelie,
Yye TOW € ompaBaaj CpelcTBaTa, KOMTO JbpKaBaTa € OTAeNwIa 3a 00pa30oBaHHETO Ha CBOETO
TIOKOJIEHHe, Thif KaTO CrpajuTe My ca MpaBeHM C pa3Xoj Ha CTOMaHa He mosede oT 15 kg/m?,
JIOKaTO KOHCTPYKLUH, U3MBJIHEHU C MPHTOBU WIH I'BJIHOCTEHHHU TPEAU Ca CPABHUTEIHO IIO
TEKKH, IPU KOUTO TErJI0TO OOMKHOBEHO € He, Ho-Majiko oT 50 kg/m?.
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MONQSTOR BRIDGE - NEW ROAD BRIDGE OVER DANUBE RIVER IN
KOMARNO

Nagy Ladislav!, Drdanko Gabriel?, Brosch Petr?

NAGY NOL Ltd., Bratislava, the Slovak Republic;
GD Projekt Ltd., Dunajska Streda, the Slovak Republic;
OKF Ltd., Brno, Czech Republic.

Abstract: The existing 131, 128 and 80 years old bridges on the 150 km long section
of the border river Danube between the Slovak Republic and Hungary do not meet
today's requirements. After sixteen years of effort, the new road Monostor Bridge
was open on September 17, 2020. The single tower cable-stayed bridge has two fan-
shaped cable planes. The bridge structure has uniquely transversely inclined L-
shaped pylon.

Key words.: cable-stayed bridge,

1. Introduction

Elizabeth Bridge over Danube River in Komarno was opened on September 1, 1892.
The technical parameters of the more than 130-year-old border bridge do not meet the
requirements for bridges in the third millennium. The load capacity of the bridge built at
the end of the 19th century in 16 months (!) is very low (20 t) and the width of the bridge is
only 5.6 m (Fig.1). The construction of a new bridge therefore became a necessity.

The name of the bridge accepted the suggestion of the Hungarian Commission for
Geographical Names: “The road connection to the bridge passes, on the right bank of the
Danube, along Fort Monostor, which is the most important part of the historical fortress
system in Komarom/Komarno, nominated to the UNESCO List of World Heritage. The
name thus would refer to the geographical location (Koppanymonostor District, where the
fort is situated) and the fortress system which has been significant in the common history
of the two banks of the Danube since the Roman fortifications in the area.” The name of
the bridge in the Slovak language is: MonoStor Most, in the Hungarian language:
Monostori Hid.

The preparation for the construction of the new bridge started already in 2004-2005
with a feasibility study for the solution of the new Danube Bridge. The selected concept
and architectural solution given in the study of proposed variants was realized after sixteen
years of effort. The survey work and the process of the impact bridge structure on the
environment were carried out in 2006-2007. The documentation of the intention of
building plan and the documentation for the zoning decision were drawn up and approved.

! Nagy Ladislav, Ing., NAGY NOL Ltd., Amurska 5, 821 06 Bratislava, Slovak Republic, nagyl@nol.sk

2 Drdanko Gabriel, Ing., GD Projekt Ltd., Cukaraboi 7378/65, 929 01 Dunajska Streda, Slovak Republic,
gabriel.drdanko@gmail.com

3 Brosch Petr, Ing., OKF Ltd., Spitalka 49/8, Trnit4, 602 00 Brno, Czech Republic, petr.brosch@okf.cz
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The project for a building permission and the realization project were developed in 2013-
2015. After the contractor was selected, construction began in 2017.

Fig. 1. Elizabeth Bridge over Danube River in Koméarno was built in 189-92. It was
reconstructed after two of its spans were destroyed in World War II. Postcard was sold
before 1919. (Courtesy of Ivan Balaz).

2. Integration of the bridge structure into the environment

The bridge is located 170 m far from the existing railway bridge (Fig. 2, upstream
towards Bratislava) and 2.8 km far from the Elizabeth Bridge over the Danube River
located in the center of Komarno. The 601.2 m long Monostor Bridge between the cities of
Komarom and Komarno is part of a new road of category C 11.5/80 with a length of 2.599
km, which connects main roads No. 1 in Hungary and No. 63 in the Slovak Republic. The
bridge object supports two-lane main road. The width of communication between barriers
is 11.50 m. There is a 1.80 m wide pedestrian path on the upstream side of the bridge and a
2.50 m wide bicycle path on the downstream side.

This new road in Hungary is an extension of the main road No. 13, which leads to the
MI highway. Among the urgent future tasks is the completion of the Komarno bypass by
extending this road to the main road No. 64 Nové Zdmky — Komarno. At the station of this
road at km 1.545 22 above the Danube River at river km 1770.6 is the state border between
the Slovak Republic and Hungary.

As part of the project, three other smaller bridges were realized in Hungary and one
footbridge for pedestrians and one for cyclists in the Slovak Republic, which connect the
bridge with the cycling route Eurovelo 6 on the left-bank of the flood dam of the Danube
River.

3. Architectural and urban solution

The local geographical conditions influenced the design of the architectural solution
of the transversely inclined single-pylon with two fan-shaped cable planes supporting
bridge structure (Fig. 2). The following facts were determining: the approx. 15 m higher
bank on the right (Hungarian) side as well as the terrain behind the approx. 8 m high flood
barrier on the Slovak side; the requirements: a) of the navigation authorities (190 m wide
and 10 m high waterway located significantly closer to the right bank of the river and b) of
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the river flow manager (protection zone of the dam, bridging of the seepage channel and
clearance profile on the dike for the passage of mechanisms during floods).

The pylon, as a basic element of the designed solution, meets the current static and
aesthetic requirements and is the dominant feature of the entire system. Its shaping has
become a prestigious issue of the entire architectural solution.

Several bridges became famous in the world having the single tower of the cable-
stayed bridges (e.g.: the Alamillo Bridge with an asymmetrical harp system in Seville,
Andalucia, Spain; the bridge over the Elbe River in Usti nad Labem under Marianska
Skala, Czech Republic). The pylon structure is placed eccentrically with respect to the axis
of the bridge on the upstream side of the middle pillar and leans over the road. The unique
system of the cable-stayed bridge with a single L-shaped pylon inclined in transverse
direction with two cable planes ranks this bridge among the world's unique ones (Fig. 2).

b S
Fig. 2. Monostor Bridge over Danube River between the Slovak Republic (left) and
Hungary (right). Road steel bridge with orthotropic deck, main span 252 m and
transversely inclined composite steel and concrete pylon 118,1 m high above base plate,
84,5 m high above the road. Open on September 17, 2020. The green Railway Bridge in
the background has spans 81,84 m + 102,90 m + 2 x 103,32 m + 102,90 m. It was built in
1910, reconstructed in 1954. (Photo: NIF Zrt.).

4. Choice of structure system

Due to the proximity of the railway bridge, navigational aspects were decisive in the
design of the bridge openings. For vessels passing through the relatively small, 100 m wide
bridge openings, an additional pillar located so close to the middle of the fairway would
present difficulties. Therefore, the largest span of the new bridge has a length of 252 m,
which enables trouble-free navigation. In addition to the aforementioned navigational
requirements, the determination of the location of the pillars was also influenced by anti-
flood aspects on the Slovak side.

The 252 meter wide opening can be bridged most economically with a cable-stayed
bridge structure. The spans from the Hungarian side are as follows: 66 m + 252 m + 120 m
+ 96 m + 66 m (Fig. 3). The width of the bed of the Danube River at this place is less than
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500 m. The inclined cables are anchored at their upper end in an asymmetric pylon, the
structure of which is made of steel in the upper part. Up to a height of +189.48 m above
sea level the pylon has a composite steel and concrete cross-section. The L-shaped pylon is
located on the upstream side of the bridge. It is connected to a pillar that is founded in the
bed of the Danube River. Despite the asymmetric design of the pylon, the bridge is
suspended in two symmetrical cable planes.

LAYOUT OF THE BRIDGE STRUCTURE
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Fig. 3. Layout of the Monostor Bridge over border Danube river between Hungary (left)
and the Slovak Republic (right). (Source: Gabriel Drdanko).
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Fig. 4. Characteristic cross-section of the Monostor bridge. (Source: Gabriel Drdanko).

5. Construction solution

The foundation of the bridge, apart from the abutment on the Slovak side, is realised
by reinforced concrete piles with a diameter of 1.5 m or 1.0 m with lengths of 12 m, 15 m
and 17.5 m, which support the base plates. The pillars have the similar appearance, but
they are significantly different in size and function. They consist of the lower massive
reinforced concrete part, which ends above the maximum flood level and is fixed into the
base plate. Both faces of the pillars in the river bed, whose shape is similar to a Gothic
vault, are lined with stone cladding. The faces are built with a slope of 6.5:1 and the slope
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of the side walls 1s 20:1. The upper slender wall of piers supporting the bridge girder has
vertical side walls. Both pillar foreheads are rounded. In the central part - between the
bearing blocks - these walls are relieved by a semi-circular opening.

The difference of pillar No. 3 (Fig. 3) lies in the fact that the steel structure of the
pylon is anchored to the substructure. With the help of a fixed bearing, this pillar transmits
to the foundations, in addition to transverse horizontal forces, considerable longitudinal
forces from seismic effects.

The difference of the pillars No. 4 and No. 5 (Fig. 3) in contrast to the pillar No. 2
are in that, that next to the bearings on each side, there is an anchor shaft for tie rods
transmitting negative reactions from the bridge. The ramps and stairs of the walkways from
the anti-flood dam are connected to the pillar No. 5 (Fig. 3).

The bridge girder consists of two beams of open section and has the steel orthotropic
plate (Fig. 4). The total structural height of the beam is 2,869 m. The axial distance of the
beams is 14.90 m. The length of the console for pedestrian sidewalk is 2.4 m and the one
for cyclists is 3.1 m.

Fig. 5. Bottom of the bridge girder. Pillar of the pylon. Three Tuned Mass Dampers
(TMD) on both sides of the bridge girder. Location of the dampers see in Fig. 3.
(Photo: NIF Zrt.).

Location of 2 x 3 Tuned Mass Dampers (TMD) of the bridge girder may be seen in
Fig. 3 and Fig. 5.

The orthotropic bridge deck under the roadway is reinforced with closed 30 cm high
and wide trapezoidal longitudinal stiffeners. Under the walkways for pedestrians and
cyclists, the stiffeners are only 20 cm high. The thickness of the deck plate is generally 14
mm, in the areas over supports16-25 mm.

The height of the two plate girders is 2.50 m and they webs have longitudinal closed
trapezoidal stiffeners. The thickness of the webs in the field is 16 mm, above the supports
20-30 mm and in the anchorage area of the stay cables 50 mm.

The width of the bottom flanges is 1.0 m and they are extended to 1.3 m at the
supports. Their thickness varies from 40 to 80 mm. The axial distance of the cross beams,
the bottom flange of which web has the shape of arc, is 3.0 m (Fig. 5).

The height of the pylon above the road is 94.5 m and above the base plate 118.1 m.
The bridge has two symmetrical cable planes with a fan-shaped arrangement of stay cables
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(Fig. 7). The spacing of the stay cable anchoring to the bridge girder is 24 m (Fig. 6) and
to the head of pylon is 2.78 m (Fig. 8). Prestressing was done in the pylon. This
significantly reduced the time for moving the stressing jacks between individual anchors.
The stay cables are made of the bundle of 7-wire strands (Fig. 10). Adjusting the
anchorage in the pylon, if necessary, also allows fine rectification of the entire cable at
once with a large stressing jack. The number of 7-wire strands in the stay cable varies from
43 to 85 pcs. The inner part of the composite steel and concrete cross-section of the pylon,
which is in compression from bending moment due to the large eccentricity, is filled with
reinforced concrete.

Vibration dampers are built into each stay cable near the bottom cable anchorage
(Fig. 6). They weigh 5 tons.

'

7 B8
Fig. 6. The spacing of the stay cable anchoring to the bridge girder is 24 m.
Cables are equipped with dampers. (Photo: NIF Zrt.).

Fig. 7. Transversely inclined pylon and two symmetrical cable planes. (Photo: NIF Zrt.).
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AL
Fig. 8. The spacing of the stay cable anchoring to the head of pylon is 2,78 m. (Photo: NIF
Zrt.).

Fig. 9. Model od the pylon head with attachments of cables. (Source: Petr Brosch).

PSS — PARALLEL STRAND SYSTEM

7-WIRESTRAND @

HDPE COATING

CABLE = BUNDLE MADE OF 43 PARALLEL (PRESTRESSING) 7-WIRE STRANDS.
ARRANGEMENT OF 43 STRAND PARALLEL WIRE CABLE

Fig. 10. The number of 7-wire strands in the stay cable varies from 43 to 85 pcs.
(Ivan Balaz: terminology according to Eurocode EN 1993-1-11 of 2" generation).
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6. Bridge construction

Load tests of piles. Non-systematic static pile load tests were performed for each
pile. The results of the tests proved the sufficient load-bearing capacity of the proposed
pile foundations.

Foundation and construction of supports outside the riverbed. The abutment on
the right bank and pillar No. 5 behind the dam outside the riverbed were built in the classic
way (piles, base plate, rising wall). The abutment on the Slovak side has spread footing.

Foundation and construction of supports in the riverbed. The establishment and
construction of three pillars No. 2 to No. 4 took place on artificial islands. The base plates
are located below the level of the bottom of the trough. During the construction of the
artificial islands, the contractor built a double sheet pile enclosure. The outer sheet pile
wall of the cofferdam is parallel to the inner rectangular cofferdam and was supplemented
on the inflow and outflow sides with a V-shaped cofferdam. This maintained acceptable
hydrotechnical conditions. The space between the sheet piles, 0.6 m apart, was filled above
the bed level with concrete ensuring the waterproofing of the construction pit. The space
for the base plate of the pylon with dimensions of 17.0 m x 41.0 m was defined by the
internal sheet pile cofferdam. Construction work was supported from boats moored along
the islands. In addition to the machines located on the boats and in the construction pit, the
work itself was supported by a floating crane with a capacity of 200 tons. The supply of
materials and machines to these vessels was carried out from the shore along a road
perpendicular to the axis of the river. It consisted of two connected boats and a small
bridge between the shore and the boats.

The inner sheet pile walls of the artificial island were supported by steel frames,
where the pylon assembly work was carried out. These were realized primarily by a tower
crane with a load capacity of 50 t anchored to the foundation block of pillar No. 3 and
attached to the pylon at two levels. The assembly of the last highest-mounted parts was
carried out with a boom at a height of approximately 135 m above the surface of the base
plate.

Islands No. 2 and No. 4 had similar technical solutions but had smaller dimensions.

The sheet pile walls were realized as being vibrated out of floating bay. However,
during the implementation, it became clear that the composition of the subsoil in the place
of the artificial islands is significantly variable. In some sections, it was not possible to
vibrate the sheet piles to the designed depth, or to drive them with a pile driver weighing
first 8 t and then even 12 t. For this reason, it was necessary to pre-drill the foundation soil
using a @ 800 mm screw drill. The guardrails were delivered from the factory as paired,
their total width is 1.2 m. The locks of the paired sheet piles of the inner walls are welded
and those of the outer walls are pressed. Sheet piles 19.3 to 22.3 m long were built.

The use of the island itself, and the associated technologies, can be characterized by
three stages.

In the first stage, the island filled with a fill made it possible to carry out piling works
and jet grouting. Jet grouting ensured practical watertightness of the pit, especially in the
second stage, when the base plate of the pillar was built. The level of the footing bottom of
the underlying concrete of the foundation is at an elevation of 95.65 m above sea level, i.e.
4.35 m below the level of the river bed. In the third stage, the support including the pylon
was built.

Erection of the bridge superstructure. The bridge girder of the MonoStor Bridge is
exceptional also in that it was produced in all V4 countries. Individual parts were produced
in the bridge factory BANIMEX, Sp. Z. o. o. in Poland and in Slovakia in SAM, Inc.
(Komarno shipyard). Subsequently, the entire cross-section was completed and welded on
the Csepel island in Budapest, and from there it was transported by boat on the Danube
River to Komérno.
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The construction of the load-bearing structure can be divided into three parts. In the
first stage, the construction took place by extension from the scaffolding located in the
stream immediately behind the pylon between support No. 3 and No. 4. The parts of the
load-bearing structure transported by ship were unloaded by a ship's crane onto the
scaffolding and subsequently moved towards the Slovak side to support No. 6. The second
part of the construction of the load-bearing structure between support No. 1 and pillar No.
2 was also carried out by extension it from the scaffolding. It also moved towards from the
Danube River towards bank. The extension from the Danube towards the banks was
justified because the parts of the load-bearing structure were transported by waterway. The
third part of the construction of the 252 m long field of the load-bearing structure between
pillar No. 2 and pillar No. 3 was constructed using cantilever method and a ship's crane. In
this way, a total of 15 assembly parts were installed in the main span of the bridge. The
length of one part was up to 18 m. During the construction using cantilever method, the
largest length of the cantilever was up to 224.4 m. By inserting the last part of the load-
bearing structure with a ship crane in December 2019, the superstructure of the bridge built
from both banks of the Danube River was connected (Fig. 11).

Fig. 11. Inserting the last part of the bridge girder. (Photo: Janos Karkus).

7. Pylon construction

For the construction of the pylon, the time limit was only one year according to the
construction schedule.

The pylon of the bridge consists of a steel closed section with a variable height. The
width of the section is 4.0 m. The compressed part of the steel pylon was filled with
C50/60 concrete up to a height of 90 m, thus utilizing the advantages of both materials.
The most stressed parts of the pylon with a thickness of 30-80 mm were designed from
S460 NL steel. The steel part of the pylon is fixed into the concrete shaft in the lower part,
in which the inclined steel strut of the pylon is also concreted. For coupling with concrete,
mandrels with a diameter of 25 mm and a length of 225 mm are welded to the steel part.
There are 8 cables located in the tension part of the pylon cross-section (Fig. 12). The cable
consists of bundle of 19 7-wire strands (Fig. 10). The cables enable minor compensation of
horizontal deformations of the pylon caused by shrinkage or creeping.

During construction using cantilever method, several conditions had to be taken into
account and all of them precisely synchronized. The following conditions were involved:
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1. installation of a part of the pylon, as well as a part of the load-bearing structure, 2.
welding of the load-bearing structure and the pylon, 3. tensioning of one pair of cables
from the left bank side to 70%, 4. tensioning of one pair of cables from the cantilever side
of the main field to 70% and subsequent tensioning up to 100%. After the cables were
tensioned in the first level, reinforcement and concreting was still in progress inside the
pylon one floor below. The assembly and related work of the individual parts took place
from a three-story movable scaffolding attached to the pylon's external stiffeners.

PYLON CROSS-SECTION WITH BY-PASS FOR PEDESTRIANS
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Fig. 12. Pylon cross-section. (Source: Gabriel Drdanko).

Fig. 13. Pylon construction. (Photo: NIF Zrt.).
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The construction of the pylon was probably logistically the most difficult part of the
construction of the entire bridge, as it involved work at height in difficult conditions, in
which several professions participated. The pylon was produced in the MCE Slany bridge
factory, Ltd., in the Czech Republic, from where the individual parts were transported to
the place of installation. Individual assembly parts were flooded directly to the pylon using
pontoons.

During the processing of the pylon documentation, today's design methods in the
BIM mode were used. The coordination of all construction professions, which were carried
out on the small floor area of the pylon, was only possible thanks to the 3D model (Fig. 9).
It was the main source of data for the creation of drawings of the production technical
documentation of the steel structure. In addition to examining the structural and shape
connections of OK, it also made it possible to assemble complicated parts from individual
components. The model also solved the assembly space for the placement and tensioning
of vertical cables, bridge deck cables, concreting, communication roads, utility networks,
drainage, preparations for crane assembly and disassembly, and others.

e _
Fig. 14. Loading test. Position No.8 with 10 + 22 loading trucks giving maximum support
bending moment. One of many different test loading positions depending on influence line
of internal force in investigation. (Photo: NIF Zrt.).

8. Bridge accessories

Railings for pedestrians with a height of 1.2 m and for cyclists with a height of 1.4 m
were installed on the bridge in a total length of almost 2500 m with a weight of close to
100 tons.

The lamellar expansion joints, installed along the entire width of the bridge girder,
enable large expansion movements of the steel load-bearing structure divided by a fixed
bearing at the place of support No. 3 into two dilatation lengths of 318 m and 282 m.

On the bridge, one-sided steel guardrails with retention level H3 are installed (Fig.4).

The bridge is supported on each of the six supports on two spherical bridge bearings.
It is located in one of the most seismically endangered areas in Slovakia (reference peak
ground acceleration agr = 1.10 m/s?). Seismic stoppers were designed on the lower flange
of the main beams.

9. Conclusion

The Monostor Bridge is the 2™ largest cable-stayed bridge in Slovakia with an
orthotropic plate deck surpassed only by the SNP Bridge opened in Bratislava (1972) over
the Danube River.
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From the point of view of the construction of bridges on the Danube River, we
experienced an exceptional period in the Slovak Republic in the years 2016-2021. In this
six-year period, three road bridges were built on a 100 km long section of the Danube
River: in 2016, the Stary Most (Old Bridge) in Bratislava was commissioned, in 2020 the
Monostor Bridge, and in 2021 the Luzny Most (Meadow Bridge) on the highway bypass
(D4) of Bratislava. With this article, the authors wanted to present the realization of a
bridge with a unique transversely inclined L-shaped pylon, which changes the landscape
around Komarno.

The bridge was awarded in Slovakia in the competition Structure of the Year 2020-
2021 the award "For an exceptional and progressive project solution" and in Hungary in
2021 the award "Exceptional quality in construction".

10. Decision-making participants of bridge realization

Investor: NIF Zrt. (Hungary) and the Slovak Road Administration.

Author: Ladislav Nagy (bridge) and Ivan Marko (territorial integration).

Designer: DOPRAVOPROIJEKT, Inc. and Pont-TERV Zrt. (Hungary),

Main contractor: H-M DUNA-HID Konzorcium (Hidepito Zrt. and Mészéaros és
Mészaros Kft.)

Construction manager: Réka Hlatky and Baldzs Varga.
Period of realization: ~ 08/2017-05/2020.
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ABOUT TWO ORTHOTROPIC STEEL DECK BRIDGES ALONG HEMUS
HIGHWAY IN BULGARIA AND ANALYSIS OF THEIR OVERALL CONDITION.

Lazar Georgiev l Stoyan Ivanov 2

University of architecture, civil engineering and geodesy

Abstract: In this paper two OSD (Orthotropic Steel Deck) bridges along Hemus highway in
Republic of Bulgaria are presented. Both of them are built at 1985 and are in operation
almost 40 years. First bridge superstructure is with closed section longitudinal ribs of the
OSD and steel plated main girders with 72,45m span. The second bridge superstructure is
with open section longitudinal ribs of the OSD and steel box main girder with 162m span.
The intensity of traffic and the weight of vehicles have considerably increased up to
present times. Present status of the bridges, based on visual inspection of accessible parts,
is evaluated and discussed. The statement in respect to fatigue behavior in accordance
with the used structural details in the OSD and the prescriptions of the present design
standards is analyzed and discussed.

Key words: Steel bridges, OSD, structural details, present condition

1. General Characteristics of OSD bridges and Realization in BG

Orthotropic steel decks (OSD) are relatively complex constructions containing steel
plate, stiffened by longitudinal ribs and cross girders. The bending stiffness is different in
the two perpendicular directions with respect to the stiffness of longitudinal ribs and the
cross girders. The OSD for bridges are officially defended by a patent in Germany in 1948
[1], nevertheless such type of decks are realized before [7]. The advantage of OSD in
comparison with reinforced concrete (RC) deck is the relatively low self-weight, which
makes them suitable for long span bridges and movable bridges. The disadvantage is the
relatively higher price of the OSD, but considering the lower self-weight for bridges with
long spans over 100-150m the OSD solution can be economic. In these cases serious
optimization of the main girders and substructure can be realized, compensating the higher
price of OSD, and the overall effect can be positive. In the long span range for girder
bridges the most popular solutions are OSD bridges and prestressed concrete cantilever
bridges. One of the main problems in the prestressed concrete cantilever bridges is to
estimate correctly the progression of deformations in time due to long term processes in
concrete — creep, shrinkage [12]. One of main problems with OSD bridges is fatigue

" Lazar Georgiev, PhD/Assoc. Prof., UACEG, 1 Smirnenski Blvd, lazar fte@uacg.bg
* Stoyan Ivanov, PhD / Asiist. Prof. UACEG, 1 Smirnenski Blvd , sdenkov fce@uacg.bg
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damage accumulation. In the OSD there is high number of complex details of crossings
between elements leading to low fatigue strength zones [7]. In accordance with the
practical experience in Netherlands fatigue cracks occur in OSD after about 20-30 years of
service [3] and adequate monitoring and preservation measures must be taken from the
relevant authorities in order to provide repair works and to restore the reliability of the
bridge. Some parameters of OSD road bridges in Republic of Bulgaria are presented in
Table 1. It can be seen that 7 of the considered 8 bridges are in service over 20 years to
2019 and taking into account the unsatisfactory fabrication and erection quality in some
cases the probability of fatigue crack occurrence in the near future is high.

Table 1. Some parameters of OSD road bridges in Bulgaria [2], [4], [6], [7], [13,14].
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Considering the mentioned above it is important for the responsible authorities to specify and
evaluate the critical details and to provide adequate monitoring and preservation measures where
relevant.

2. Description of two OSD bridges in Bulgaria

During the construction of the Hemus highway two steel viaducts with OSD were
built at km.35+144 (old km.26+884) — Viaduct 1 and km.35+760 (old km.27+500) —
Viaduct 2.

Viaduct 1 (Fig.1, Fig.2) contains of two continuous girder OSD bridge superstructures
with length 60+4x72,45+60=410m (maximal span 72,45m) in horizontal curve with radius
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850m and longitudinal slope 4,61% [4]. The steel consumption for Viaduct 1 is 400kg/m”.
In accordance with original design the bridge superstructure is composite steel and
concrete plate girder — Fig.3, but during the execution of one of the superstructures by
means of incremental launching technology in 1985 failure occur [5], [6] and in order to
decrease the repair time OSD is developed — Fig.4 [4]. After the failure due to destruction
of the temporary supports steel girders fail to the piers and displacement up to 1500mm
from the design position in cross direction is registered [5], [6].

Fig. 1. Viaduct 1 at km 35+144 Fig. 2. Viaduct 1
e 1500 ./ @_ 1100 11500 1100 L"’;
| ' Pl . 1~ = E |
g 5| (S | S | 4 2 s N \:/ T i I
: _N”;—‘o' e - 2 §200 l
Fig. 3. Original design [4] Fig. 4. OSD cross section [4]

Fig. 5. Steel bearing at abutment Fig. 6. Support zone
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During repair works damaged plates of the steel girders with deflections up to 50-
70mm are heated and set to design position by means of hydraulic jack influence, zones
with deflection over 70mm are cut and replaced. The superstructure is supported on
elastomeric bearings at internal pier supports and steel longitudinally movable bearings at
the abutments. At abutment zones under dilatation joints serious corrosion damage of
bearings and steel girders is registered — Fig.5 and Fig.6. The degree of carrying out their
function is questionable for these longitudinally movable bearings due to significant
corrosion degradation — Fig.5. Local cyclic variable deformations in steel plates and
secondary stresses are frequent reason for fatigue damage accumulation and crack
initiation in some critical locations. Mechanisms of fatigue crack initiation in steel plate
and cross girder web in OSD are presented on Fig.7 and Fig.8. In order to reduce the
influence of local load — Fig.7 in present Eurocode standards the minimal plate thickness
of OSD for road bridges is increased — Table 2 [7].

H H

Fig. 7. Influence of local load on plate [9] Fig. 8. Cross girder web deformation [9]

Fig. 9. Crack in weld at main girder Fig. 10. Crack in longitudinal rib
Support connection
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Fig. 11. Longitudinal rib to cross girder
web connection

Fig. 12. OSD at connection joint

Potential fatigue crack at weld connection between closed trapezoidal longitudinal rib
to 12mm thick steel plate at the zone of the first intermediate support of the main girder is
presented on Fig.9. The connection between longitudinal rib and cross girder web without
openings in the web is presented on Fig.11. The reduced plasticity in cold formed
trapezoidal rib in cold bended zone, combined with high tension residual stresses from
welding leads to low fatigue strength detail — fatigue category 36 [10]. This detail is not
recommended for road bridges [9].

Table 2. Minimal thickness of the steel plate in OSD for road bridges.

1
1

T Minimal thickness tpl [mm] of the srteel plate in OSD for thickness of the 1
asphaltlayer t,[mm]
“Design standard Year tasf>=70mm | tar<70mm
BDS ENY 1993-2:2001 2001 12 14
BDS EN 1993-2:2007 2007 14 16
s, = o]

Probably due to complex geometry there are considerable imperfections between
prefabricated elements, compensated by cut after measuring at the place parts of the
longitudinal trapezoidal ribs — Fig.12. Parts of the longitudinal ribs are connected by means
of steel strip welded to the connected parts by fillet weld. Potential crack in such detail is
presented on Fig.10. The overall condition of the Viaduct 1 is relatively satisfactory for 34
years of service. In near future the bearings must be repaired and due to described fatigue
problems the monitoring must be intensified and measures for registered problems must be
taken. After adequate rehabilitation and strengthening the design load bearing capacity of
the bridge can be achieved.
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Viaduct 2 (Fig.13, Fig.14) contains two continuous box girder OSD bridge
suerstructures with length 100+162+100=362m (maximal span 162m) in horizontal curve
with radius 1467,25m and longitudinal slope 4,61% [4].

Fig. 13. Viaduct 2 at km.35+760 Fig. 14. Viaduct 2 at km.35+760
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Fig. 15. Cross section of the box [4] Fig. 16. OSD in the box

The bridge superstructure is executed by means of incremental launching technology
[6]. The slenderness of the superstructure is 32,4=162/5 (relation between maximal span
and cross section height). The steel consumption for Viaduct 2 is 420kg/m>. Cross section
of the bridge is presented on Fig. 15. The OSD is constructed with open type longitudinal
ribs — Fig.16, Fig.19, passing through one sided openings in the web of the cross girders.
The transfer of vertical load between longitudinal ribs and cross girders is eccentric. In [9]
it is recommended to use symmetric openings in cross girder web and both sides of the
longitudinal rib to be welded to the web. At the abutment zones of superstructure for
“Sofia to Varna” direction two concrete blocks each with dimensions 6500x2000x3500mm
(~100ton weight) are provided to prevent negative reaction — Fig.18. When launching the
other superstructure the external bearing (with respect to center of the horizontal curve)
didn’t step on the relevant support and for compensation of this problem one sided
concrete block with dimensions 6500x4000x3500mm is realized to set this bearing in
design position — Fig.17. It must be mentioned that this decision due to eccentricity of the
concrete block leads to considerable torsion in the box section and induces additional
stress-strain state in the relevant superstructure zone.
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Fig. 18. Concrete blocks

Fig. 19. Corrosion inside the steel box Fig. 20. Corrosion inside the box

Inside the steel box there is corrosion mainly around some welds and in joints
between prefabricated elements where there are holes and due to humidity and
condensation corrosion areas occur — Fig.20. At Fig.19 significant corrosion at connection
zone between steel plate and cross girder web is presented. It must be mentioned that
corrosion destruction can serve as initiation of fatigue cracks in zones with cyclic variable
stresses and increase the fatigue crack propagation velocity. In [8] strengthening concepts
for OSD are discussed and a FEM with Shell finite elements of a simply supported test
specimen with dimensions corresponding to zones of the OSD of Viaduct 2 is developed. It
is evaluated that maximal values of normal stresses in longitudinal ribs due to
characteristic value of tandem system TS of LM1 [11] are relatively high for local bending
(bending of longitudinal rib between cross girder supports) - 268MPa (from local bending
of the longitudinal rib in the real case with continuous girder static scheme this value is
218,7MPa). These stresses must be added to global stresses of the main box girder in
relevant zones and after multiplying by partial safety factors. The overall normal stresses
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due to traffic loads in accordance with [11] in these zones can exceed the yield strength of
the steel. There is corrosion damage in zones of superstructures near dilatation joints at
abutments. The movable bearing of superstructure for “Varna to Sofia” direction is
presented on Fig.21. The bearings at abutment of superstructure for “Sofia to Varna”
direction are replaced — Fig.22, but there is corrosion in superstructure over the bearing.

Fig. 22. Bearing at abutment “Sofia
to Varna”

Fig. 21. Bearing at abutment “Varna to Sofia”

The overall condition of the Viaduct 2 is relatively satisfactory for 38 years of
service. Bearings of one of the superstructures are replaced (superstructure in “Sofia-
Varna” direction). The corrosion zones must be rehabilitated in order to stop the
progression and where relevant compensate the corrosion damage. Detailed analysis for
load bearing capacity and fatigue resistance of the superstructures in accordance with
present design standards must be provided and strengthening and preservation measures to
increase the service life must be realized.

3. Conclusions

The considered in the paper two OSD bridges along Hemus highway in Republic of
Bulgaria are in operation from 38 years at present time and excluding described above
problems are in relatively satisfactory overall condition. In many zones near bearings and
dilatation joints there is serious corrosion damage. Only several small fatigue cracks in
OSD are registered in the provided partial visual inspection. It must be mentioned that for
the same service life of 38 years (only about 30% of the 100years prescribed for bridges in
EN1990) some superstructures with simply supported GT - prestressed concrete girders
along Hemus and Trakia highways achieved serious damage and near to failure condition
and were replaced. In accordance with the prescriptions of the present design standards in
the considered viaducts there are some details with low fatigue resistance and local zones
with potentially insufficient load bearing capacity. It must be mentioned that additional
internal stresses, with difficult for estimation values, due to specific operations during
execution are present is particular zones of these superstructures. Also in Viaduct 1 and
Viaduct 2 there are zones with steel plate thickness 12mm which do not correspond with
prescriptions of [9], Table 2. From this point of view the probability of fatigue crack
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occurrence in the steel plate is high. In conclusion due to their 38 year service life the
monitoring of the two steel OSD viaducts must be intensified in order to register and repair
in adequate time period possible initiated defects (fatigue cracks). For the future periods
strengthening program must be developed in order to evaluate the condition and to put the
described viaducts in correspondence with the requirements of the present design
standards. Combination between the described above adequate evaluation of condition,
repair and preservation can significantly extend the service life of the considered two OSD
viaducts.
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CONCERNING A BRIDGE BUILT IN THE BEGINNING OF THE 2ND
CENTURY, OVER THE RIVER STRYMON (STRUMA), TO ULPIA
PAUTALIA (KYUSTENDIL), ON THE ROMAN ROAD STARTING ON THE
EASTERN SIDE OF THE PASS OF SUCCI (PASS OF TRAJAN) TO THE
ADRIATIC AND ROME

Nikolay Tuleshkov"

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

Abstract: The report is a scientific study of an unknown Roman bridge from the beginning
of the 2nd century, from the infrastructure of the main imperial road directly connecting
"Via Militaris" (today also called "Via Diagonalis") with the military port near the city of
Lissus (Italian: Alessio, modern: Leza, Albania) on the Dalmatian coast of the Adriatic
Sea and from there through the port of the city of Brindizium (modern-day Brindisi) to
Rome. Several of the great Roman bridges along this route are also indicated.

The bridge was located next to Ulpia Pautalia (now Kyustendil) and crossed the river
Strymon (present-day Struma) in close proximity to a Roman road station. Around
1900, the historian Yordan Ivanov studied and measured the remains of the abutments
of this bridge, and published the results in 1906 in one of his books.

According to this photographing, it is the five-arch construction typical of Roman
bridges with two bank and four river abutments, with roadways that descended quite
steeply to the two river banks from the top above the center of the middle arch. Its
characteristic is unique with a width of 9m, and side arches of 12m. The only other
bridge in Europe with such an anomaly is "Ponte Alconetar" over the Tegus River on
the route of Via de la Plata, today in the Extremadura region of Spain, considered the
work of the imperial architect of Trajan and Hadrian - the brilliant Syrian Apollodorus
of Damascus. Since he was building the bridge over the Danube at the time when
Emperor Trajan issued his decree declaring Pautalia a city, he most likely
commissioned his architect to build some of his structures, including the bridge.

Key words: Concrete arch bridge, arch composition, bridge preservation, main
Roman roads, Bulgaria, history of the antique architecture, Balkan peninsula, Apollodorus of
Damascus, Emperor Trajan

One of the most important Roman roads in Eastern Europe was "Via Militaris" (today also
called "Via Diagonalis"), connecting Rome to Byzantium (Constantinople). It was built as a
continuation of "Via Aemilia" from the city of Placentia (now Piacenza) in the direction of the
colony of Aquileia, with construction starting in 148 BC. by the consul Spurius Postumius
Albin Marcus (148 — 146 BC), on the new road section "Via Postumia". This entire route
actually served the connections of the important port of Genoa with the northern Adriatic coast.

* Arch. Nikolay Tuleshkov, Academician, PhD/Prof. The Bulgarian Academy of Sciences and Arts (BASA)
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Fragment of a map of the Roman Empire with the main roads in South-Eastern Europe
from the first quarter of the 2nd century

After Aquileia, in the time of Gaius Julius Caesar (49-44 BC), the road continued to be
modernized further, entering the Balkans through the new extension "Via Cykia", through
which it reached Sirmium (now Sremska Mitrovica, Serbia) in the province of Pannonia (after
Emperor Trajan's administrative reform of AD 103 - "Upper Pannonia"). Therefore, the route of
the "Via Postumia" along with its extension began to be collectively called the "Via Sirmium".

Much after the time of Caesar, in the second half of the 1st century AD, the construction of
a new extension following Sirmium began, on a very ancient pre-antique route known until
then as the "Road to Italy". Its first section runs in a direction along the Danube (and is
therefore called "Via Istrum") and passes through Singidunum (present-day Belgrade),
Gratiana (present-day village of Dobra, Golubacko) and Viminacium (present-day village of
Stari Kostolac, Pozarevacko) , where another route separates from the river which turns
towards Naissus (now Nis) and from there continues through Remesiana (now Bela Palanka),
Serdica (now Sofia), Succi Pass (now Trajanov Pass), Philipopolis (now Plovdiv),
Hadrianopolis (modern Edirne), Arcadiopolis (Thracian Bergula, modern Liileburgas),
Tzirallum (modern Chorlu), to reach the Thracian city of Byzantium (later Constantinople,
modern Istanbul) joining, near Heraclea (now Marmara Ereili village, Tekirdag province), the
route of "Via Egnatia". From the ports of the Bosphorus and Heraclea, connections were
established by sea to the Roman provinces in today's Asia Minor and the Arabian Peninsula.

The construction of this longest section of the "Via Militaris", from Sirmium to the Sea of
Marmara and the Bosphorus, began during the reign of Emperor Nero (54 — 68 AD), and was
mainly built between 29 AD (the route on the territory of present-day Serbia) and 61 AD
(most of the remaining section), but it was completed under the reign of emperor Trajan (98—
117). Subsequently, mainly in the 4th and 5th - 6th centuries AD, some road reconstructions
were carried out and new road stations, fortresses and bridges were built. The reinforcement
of the routes connected to Trajan's pass (Trac. "Succi", lat. "Succorum claustra" and
"Succorum angustiae"), which is a key point for the defense of Thrace and the lands around
the capital of the Eastern Roman Empire - Constantinople, is particularly active.

Probably at some time during the 4th century AD, here began the reconstruction, according
to Roman standards, of the most important direct main route connecting "Via Militaris" with
the Western Balkans, the Adriatic coast and Rome. It provides a direct connection between
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Map of the Roman roads from the territory of modern day Bulgaria according to
Madzharov

the newly created capital of the Eastern Roman Empire — Constantinople, the city of
Adrianople and the territory of the Western Roman Empire.

This new Roman road starts in a southerly direction, diverging perpendicularly from the

"Via Militaris" immediately after entering Trajan's pass into the Upper Thracian valley. It
descends along the southern slope of Golak to the river Maritsa and crosses it via a stone
bridge, which was located between today's town of Belovo and the village of Momina
Klisura. Here, a road junction connecting three routes was formed. The most important of
these, which is one of the main Balkan Roman roads, leads southwest.! At first it runs along

333




MEXAYHAPOAHA HAYYHA KOH®EPEHLUA BAHWU'2023
INTERNATIONAL SCIENTIFIC CONFERENCE BASA'2023

The eastern side of Trajan's Pass according to an engraving by Thomas Allom,
published in Constantinople and the scenery of the seven churches of Asia Minor, 1833

the river to the north-west, then turns left from the passage through the land of the village
of Sestrimo, where in the past there was a preserved section of its stone pavement. It is
precisely this route, further crossing the Musala section of Rila, that is the beginning of
Constantinople's most direct road connection through "Via Militaris" to the Dalmatian
coast and the rest of the southern parts of central Europe and from there with the Italian
peninsula. This road was constructed in order to avoid the serious detour through Serdica
(Sofia), from where a road connection with Via Egnatsia departs perpendicular to "Via
Militaris". It is for this reason that the second route in question took shape in its final form
much later, probably in the 5th - 6th century AD.

After the bridge over Maritsa near the present-day town of Belovo, the main road to the
southwest crosses Rila directly to descend into the Kostensko-Dolnobanska valley and
reaches the present-day town of Dolna Banya. But here a later developed backup route
appears, which from the bridge continues along the entire length of the Momino-Klissurski
pass, to the eastern end of the same valley, where it turns west towards Dolna Banya.

The junction at the bridge and the three main roads leading from it, including this one, are
not marked in ancient maps and guidebooks. Only the Podrodopski road to Filipopol (now
Plovdiv) is marked with the names of its road stations in the section after another stone bridge
crossing the Maritsa River near the village of Boshulya to the present-day town of Pazardzhik.
The main route leading west to Ulpia Pautalia (now Kyustendil), which deviates to the left
from the Momino-Klissurski pass through the village of Sestrimo, rises up into the mountain
where it passes through the area "Pomochena Polyana" and descends through today's "Vili
Kostenets" in The Kostenetsko-Dolnobanski valley near an ancient city (incorrectly identified

4
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Map of the roads and road infrastructure from the ancient period in the area of Trajan’s
Pass according to Tuleshkov

by Irecek as the one known from the springs of Kostantia) near the present-day village of
Kostenets. After that, it passes through the area of nowadays town of Dolna Banya, where there
was a Roman settlement with a mineral bath. Further on, it enters Sredna Gora along the
Gutsalska River, turns below Drenova Mogila (as a guard fortress is positioned on the height
covered by this turn) to exit into the Samokov Valley. From here the road passes below the so-
called "Shishmanovo Kale" (an ancient fortified settlement with a monastery, destroyed in the
6th - 7th centuries, which grew into a medieval town, the predecessor of Samokov), continuing
through the plain to pass over the Escus river (Latin Oescus, modern day Iskar) via a bridge,
which was reconstructed during the Ottoman era as a stone-wooden bridge. The road then
continues to the "Klisurski Pass", the eastern entrance of which is guarded by the fortress today
called "Tsari mali grad", and after passing it, continues to the west in the lowland below the
fortified Roman city of Germaneia (modern-day Separeva Banya) to reach the nearby mansion
near the modern-day village of Cherven Breg.
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Remains of the Roman road from the Pomochena Polyana area in the Musala section of
the Rila mountains, between the lands of the villages of Sestrimo and Kostenets

Remains of the section of the Roman road in the lands of the villages of Kostenets and
Dolna Banya
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The road in its section passing through the village of Dolna Banya, according to a
photo from the period 1881-1884

The bridge over the Iskar river near the town of Samokov according to a photo from
the 1880
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Somewhere here the road splits, but both of its roughly parallel routes finally merge right
before the town of Ulpia Pautalia. The first of them continues directly through the Konyavska
mountain, at first through the mountainous parts of the historical-geographical region of
Razmetanitsa, where it goes through the lands of the modern-day villages of Blatino (station
Gorno Yahinovo), Golyamo selo, Novoselyane, Korkina, Gorna Koznitsa, Tavlichevo, and in
this area merges with the secondary road coming from Serdika, through Radomir, Dolna
Rakovica and Klenovik (old Kolos). After the merger of the two roads, their generalized route
continues to the area of the present-day villages of Gorna Grastitsa and Dolna Grastitsa,
where a square-plan mansion with very thick outer walls, protected by a cylindrical tower,
was excavated on its land, and then the road crosses the river Strymon via a large granite
bridge entering the Kyustendil valley.

The second route, known to the local population as "Drachkio pat" and "Drumo", descends
after Cherven breg to the south along the left bank of the Dzherman river and crosses it via a
bridge (now Arakchiiski bridge, on the outskirts of Dupnitsa). Another, long-lost bridge over
the Bobovdolska river follows, and from there, entering the Razmetanitsa area, another of the
few mansias explored to date is reached, near the Drumo hamlet in the village of Dolna
Koznitsa. Somewhere here was a junction with the transverse secondary road from Serdika,
continuing south to Heraclea Sintika (near the modern-day village of Rupite) and "Via Egnatia".
The next larger river - Strymon (present-day Struma) is also crossed via a bridge in the area
below Nevestino in the area of present-day’s Chetirtsi village, which connected the
neighborhoods on both banks of the ancient city to reach along the coast to Ulpia Pautalia. After
the destruction of this ancient city, its bridge also seems to have ceased to exist. Only in
1469/70, due to the importance of the road as a main trade route for the Ottoman Empire, a new
facility - the stone "Kadi (Kadin) bridge" - was built a little further up the river. After this

The stone-wood "Arakchiiski Bridge" over the Dzherman River near the city of
Dupnitsa according to an archive photo
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The Ottoman "Kadi ("Kadin") Bridge" from 1469/70, over the river Strymon (modern-
day Struma) by the village of Nevestino near the town of Kyustendil

Roman city, the path of the two parallel routes, which merged into one in the Kyustendil valley,
continues to two other large Roman cities in the territory of modern-day North Macedonia -
along a detour to the south to Stobi (Stobis, at the mouth of the Erion River (now Tsrna river))
in the river Achios (modern Vardar) and another westward to Skupi (now Skopje), from which
respectively it continues from Stobi along Achios to Thessaloniki and Via Egnatia, and through
it to the port of the city of Dyrachium (modern Dra¢), and from Skopje directly to the Adriatic
military port south of the city of Lissus (Italian Alessio, modern LeZa, Albania). From here
there was also a continuation along the Dalmatian coast to the main city of the province of
Dalmatia - Salona (Colonia Martia Julia Salona , now the village of Solin three kilometers from
Spalatum, now Split) to reach Aquileia, where it connects with the "Via Postumia". From these
two ports - Dyrachium and Lissus, ships crossed the Adriatic Sea to the port of Brindizium
(modern-day Brindisi) and then through the road system of the territory of the Apennine
Peninsula, a connection was made mainly to Rome.

The importance of this road from Trajan Pass, known later as Dalmatian, Bosnian or
Adriatic, is indicated by several large Roman bridge structures along its route, such as the
seven-arched Arakchiiski bridge over the river Dzherman near Dupnica, the two neighboring
bridges over the Strymon near Pautalia, the five-arched bridge with wide arches over the
Pchinya River near the village of Sredno Koinare south of Kumanovo and the large "Stone
Bridge" in Skopje over the Aksii (Vardar) River, crossing it shortly before reaching the
archaeological site of the ancient city of Skupi on the left bank. It seems that this part of the
road in the section near Pautalia was modernized in the Late Antiquity after its destruction
during the barbarian invasions of the 5th century, during the large-scale fortress and road
constructions of Emperor Justinian I the Great. Procopius of Caesarea mentions its fortress
system as one of those restored in the region. At that time, a
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The Roman bridge over the Pchinya River in the area "Blatiyata" near the village of
Sredno Konyare, Kumanovo, North Macedonia. Views according to photos from 1915

and modern-day

number of fortifications were rebuilt along this route, for example at Germaneia (greek
I'eppavia), along with six more fortifications along the road to Rila and to the southwest near
modern-day Dupnitsa, as well as in the direction of Pautalia, along the two parallel routes.

It is then that the road becomes a significant artery and is therefore not marked on the
Poitinger map (IV century). Only the Serdika - Pautalia road is marked on it, without its
continuation further south along the Struma River through Skaptopara (Blagoevgrad) and
Heraclea Sintika (near the village of Rupite, Petrichko), to Via Egnatia, which will appear on
the maps only after 4th — 5th century, when modernization was clearly carried out, turning

10
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this road into a first-class one, judging by its wide multi-layered profile covered with stone
slabs, of which sections have been preserved, for example in the "Stronski rid" and

"Pobuchenik" localities (about 600m in length) between Krupnik and Kresna, where the road
passed over the Kresna gorge, as well as in other places.

|- 2en 7“‘;

"Stone Bridge" over the Vardar River in Skopje, North Macedonia. Photo views from
1876 - 1890 and modern-day

About the bridge built with granite blocks over the Strymon before the road reaches Ulpia
Pautalia, Yordan Ivanov writes: "There was a 70-meter long granite bridge on the Struma, the
foundations of which are still preserved from the sides (shore banks-N.T. note) and the
supports (river beds - N.T. note), half submerged in a dry riverbed. These bridge remains of
large carved granite slabs are still called by the local population "Raklite" (i.e. bridge
abutments - N.T. note). Due to the constant and unnoticed filling of the local left river bank

from the slopes of the Konyavska mountain, the Struma moved further west, so the bridge
remained dry and its material was lifted".”

11
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It becomes clear that when, in 1530, after Cherven breg, Benedikt Kurpesi¢ passed "through
a mountain and reached a nice stone bridge near a village called Oslokostanitsa (Turk.
Oslokostija, dn. Slokostitsa-N.T. note)", he meant precisely the one that was apparently still
well preserved and maintained at the beginning of the 16th century.’ And it is after the road
descends from the mountain that it crosses the Struma river via said bridge and then before
Kyustendil it reaches the village of Slokoshtitsa, which was then positioned northeast of the
modern-day village near the present-day cemetery park, where the ruins of one of its medieval
churches - "St. Archangel Michael" are located.* Yordan Ivanov made a sketch and concrete
measurements of this undoubtedly ancient and medieval structure, which after analysis defines
it as a five, or if there were any small relief openings in the shores - six or seven arch bridge.
According to him, it is oriented in the East-West direction, but the geographically correct
direction is North-East (left bank) - South-West (right bank). Due to the changes of the river
bed and the continuous cultivation of the land, especially on the right bank, the remains of the
south-western end of the bridge had already disappeared before the end of the 19th century as a
result of the aforementioned plundering for building material. Today, there may be something
surviving of the foundations below ground level. On both banks, there are still scattered granite
blocks, several of which are quite large in length, exceeding 100-150 cm.
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Plan of the Roman bridge over the Struma river near the town of Kyustendil according
to Yordan Zahariev

This is why Ivanov photographed only the left bank embankment and four river
embankments after it. As the left-bank breakwater is shown as quite short and ending in a
vertical side-wall, and the right-bank breakwater is missing from the drawing, the actual
length of the structure and its total number of arches remain unknown. However, it can be
said with confidence that this is a typical symmetrical Roman humpback bridge where the
inclined roadways meet at the highest point above the 9m wide arch on both sides of which
there are vaults higher than 12m. And this means that after the last - south-western
embankment at a distance of another 9 m followed the opposite embankment. However, since
this bank is a little lower, it was correspondingly longer than the opposite one.

Indeed, in the most common typology of Roman humpback bridges, the largest of the
arches is placed in the center of the structure. But in the case near Kyustendil, we see a 9m
wide vault framed on both sides by larger 12m vaults. Such is, for example, the only
completely uniform solution known to me so far- that of the "Ponte Alconetar" over the Tegus
River on the route of Via de la Plata, today in the Extremadura region of Spain. It is also built
of granite and is characterized by the use of segmental vaults, and since these were used
mostly in the 1st - 2nd centuries, the bridge dates back to the time of the great builders of road
infrastructure - the emperors Marcus Ulpius Trajan (98 - 117) and Publius Aelius Trajan
Hadrian (117 — 138). Moreover, the fact that the main imperial architect of Trajan and
Hadrian was the brilliant Syrian Apollodorus of Damascus (c. 50s - ¢. 130s), in whose work
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segmental arches are often present, is the reason to assume that "Ponte Alconetar” is most
likely among his large-scale projects. It is unlikely that this happened in Hadrian's time, for as
Dio Cassius (c. 200 - ¢. 230) wrote in his History of Rome, the emperor hated him for his free
speech and therefore exiled him and subsequently ordered him killed.’ But still there are
researchers who believe that the architect worked for him not only during the first years of his
reign, but even that there was no murder at all.

(AR R R L L

The Ancient bridge over the Strymon river (present day Struma) near the village
of Dolna Grashtitsa, next to Pautalia (now Kyustendil). Reconstruction plan by
Nikolay Tuleshkov based on photographing of the abutsment by Yordan Ivanov

L | - -

—ammitt b 6 606 06 0100

The Alconetar Bridge over the Tagus River along the route of Via de la Plata in the
region of Estramadura, Spain. Plans by Fernando Rodrigues from 1797
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The Alconetar Bridge over the Tagus River along the route of Via de la Plata in the
region of Estramadura, Spain. Aerial photograph from 1956, Views from an
engraving by Marquis Alexandre de Laborde from the period 1792 - 1798,
published in: Voyage pittoresque et historique de I'Espagne. Tome I, Paris, 1811,
and in its condition before being moved to a new location
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Bust of the Syrian architect Apollodorus of Damascus from the Hypotheque in
Munich, Germany, and a plaster cast of a fragment of Trajan's Column in Rome,
depicting the consecration by Emperor Trajan of Trajan's Bridge over the Danube
River (at the back of the image), where the patrician in the background to the left of
the altar is most likely Apollodorus

In addition, it should be noted that Emperor Trajan built a significant part of the road
network on modern-day Bulgarian territory - Via Militaris, Via Istrum, Via Traiana, improved
with public buildings and fortifications the cities of Augusta Traiana (now Stara Zagora),
Nikopolis ad Istrum, Nicopolis ad Nestum, Philippopolis (now Plovdiv) and others. In this
territory, he also built his famous huge stone-wooden bridge over the Danube at Zhelezni
vrata, west of Vidin, where in the upper part of each of the embankments there are two rows
of imposts one above the other, as is the case with the "Alconetar" bridge In Spain.

Some planning similarities between the Ponte Alconetar and the Struma Bridge should be
noted. For example, the width of the narrow central arch in both facilities is the same -
respectively 8.92 m in the first and approx. 9m for the second. The pair of arches surrounding
the central arch of "Alconetar" has spans of 16.72 and 16.74m, and the widths of the next pair
are 12.03m and 11.93m, respectively.® Due to the modest length of the bridge over the
Struma, the widths of the first pair arches are about 12m each.

Ivanov photographed the abutments without showing the presence of breakwaters, but
perhaps if there were any they were very low, as is the case at Alconetar, according to
Fernando Rodriguez's architectural survey and reconstruction (1797), and therefore buried in
sediments rendering them invisible.” All the similarities, together with the unique layout
specific only to these two facilities, suggest that the authorship of the two bridges probably
belongs to the same architect of Emperor Trajan. There is a strong possibility that it was the
Syrian Apollodorus of Damascus, one of the greatest Roman architects. However, we do not
have any historical evidence that the construction itself was managed by him on the spot.

In order to justify this assumption, however, the fact that in 106 AD Emperor Trajan
declared the Thracian settlement of Pautalia as an urban center in the province of Thrace (later
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Inner Dacia) under the name "Ulpia Pautalia", which according to Yordan Ivanov translates as
"Spring city", originating from the Latin word "pauta" meaning "hot spring". Precisely
because of its healing mineral waters, it was already known for its baths. Archeologically and
documentally, it has been established that during the time of Emperor Trajan, as well as under
his successor Emperor Hadrian, the city reached its greatest prosperity. It was then, according
to an inscription found in 135, that his civil basilica was built.

Everything presented so far, and especially the significant architectural coincidences with the
unique Alconetar bridge, allows us to state the hypothesis that the bridge over the Struma river at
Ulpia Pautalia dates from the beginning of the 2nd century, when, undoubtedly due to the newly
acquired high city status, the road connections were modernized along with their infrastructure.

NOTES

1.

The text on ,The ruins of the old bridge” (Pa3BanuHWU-TbI Ha CTapUNTL MOCTb) OVer
Maritsa is written here by Zahariev, who notices them here circa the middle of the 19th
century. (Zahariev, S. Geographic, Historic and Statistical description of Tatari-
Pazardzhik Kaaza. Vienna, 1870, p-p. 25).

The travelogue of Quiclet (1657) makes it evident that this is an old, undoubtedly
Roman bridge. He describes how, together with his companions, after leaving Trajan's
Pass in Thrace, they immediately turned right towards Cuzdervent, crossed Maritsa
"through a ford in their carts at a destroyed bridge" and from there they continued to
Filipopol (modern day Plovdiv) along the Podrodopski road, through Malko Belovo
(Quiclet, M., The journey of M. Quiclet to Constantinople and back. - In: French
travelogues on the Balkans in the 15th - 18th centuries, 1975, p-p 222)

Ivanov, J., North Macedonia (Cheprna Maxkenonus), Historical research. S., 1906,
p-p 20

German and Austrian travelogues on the Balkans. S., 1979, p-p 150. This is proven by
the text, which explains how they reached the bridge by crossing "one mountain" and
not through the valley of the Struma River.

In 1530, it was the village of Slokostitsa that was the first village on the road on the
right bank of the river after the “Granite Bridge” before Kyustendil, not the "Kadin
Bridge", as some authors believe, which is more distant and, moreover, after Cherven
breg the road crossing it goes along the valley of the Struma River, and not through the
Konyavska mountain.

In some historical studies, the thesis is developed that Apollodorus was not executed,
but continued his work under the reign of Publius Aelius Trajan Hadrian, but it is
unknown exactly until when. In any case, based on architectural analysis, the Pantheon
in Rome is considered to be the work of Apollodorus, created in the period 118 - 126,
which means that he worked for the new emperor for at least nine years after his
accession to the throne.

Dimensions are by Benedikt Seidl for Wikimedia Commons based on the drawings of arch.
Fernando Rodriguez from 1797, but perhaps the photography and engravings of the bridge
made under the supervision of Marquis Alexandre de Laborde in the period 1792-1798 were
also used (See : Voyage pittoresque et historique de 1'Espagne. Tome I, Paris, 1811).

The original drawings of arch. Fernando Rodriguez from 1797 are in the archives of the
Gabinete de Dibujos de la Real Academia de Bellas Artes de San Fernando in Madrid,
Spain (signatures A-3638 and A-3639).
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SURVEY OF DIFFERENT MODELLING APPROACHES FOR HISTORIC
MASONRY ARCH BRIDGES

Petar Grekov 1, Anton Gorolomov 2, DonchoPartov ,

123 University of Structural Engineering and Architecture, VSU “L. Karavelov”, Sofia

Abstract: An attempt has been made in the report to give a brief description of the existing
state of the problem defined above, in the light of its relevance and modern scientific
research around the world. According to the authors of the report, the debate on this topic
is important for our country, due to its great importance for our cultural-historical
architectural heritage, examples of which can be seen in the centuries-old Bulgarian
examples, namely: Kadin Bridge, Svilengrad Bridge, Devil's Bridge and Koljo Ficheto
Bridge

Key words: masonry arch bridges, deteriorations, damage, failure patterns; load-bearing
capacity, MFE

1. Introduction

1.1. Description of the existing state of the problem, previous scientific research
on the topic of the project and relevance of the scientific issues

At the moment in Bulgaria, the problem has not been developed in the necessary
depth and there are no modern historical and scientific-technical studies in this area.
Currently, several stone bridges in Bulgaria have been studied on the subject and published
in: Chapter Bulgaria in "Handbook of International Bridge Engineering (HIBE2014),
published by the American publishing house "Taylor&Francis Group" in 2014 (Fig. 1a and
Fig.2b).
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Several stone bridges significant for our centuries-old history have been studied from
a constructive point of view: Kadin Bridge near Kyustendil (Fig. 2), Svilengrad Bridge
(Fig. 3), Devil's Bridge on the Arda River (Fig. 4). near the village of Ardino. The project
for the rehabilitation of the Koljo Ficheto bridge near Byala-Rusensko was studied, which
will be soon in realization (Fig. 5). The results of these studies have been published in
several conferences at home and abroad. Other similar surveys of our famous stone Roman
bridges filled with massive stonework, built in the Rhodope Mountains, at the beginning of
the Christian calendar, are forthcoming. The accumulated experience during their survey
will make it possible to form a whole direction in the methods for determining the stressed
and deformed state of historical arched bridges of massive stone masonry, under load from
their own weight and earthquake, using the finite element method.

Fig. 2. Kadin bridge Fig. 3. Svilengrad Bridge

Fig. 4. The Devil's Bridge Fig. 5. Kolyo Ficheto bridge

Papers dealing with the application of FEM for determining the stressed and deformed
state of existing structures of Stone Historical Arch Bridges(SHAB) have been analyzed.
An attempt is made to create a classification for assessing the impact of cyclic loading on
the safety of the structures of (SHAB) in a three-level scale: non-threatening and directly
threatening the safety of the structures, conditions that bring the structures to an emergency
state. A goal is purposefully formulated to create a scientific product in which: the genesis,
development and current state of the problem related to the joint behavior between
different types of stone structural elements in (SHAB) are investigated: namely: stone
abutments, stone pillars, stone bridge arch and stone parapets under self-weight and
earthquake loads using the finite element method. In order to solve the problems defined
above, the authors of the report carry out the corresponding acquaintance with the various
types of historical arched bridges in our country, filled with massive stone masonry, which
have become symbols of great historical and cultural value for our country. An
architectural and structural survey and description of these samples was undertaken. A
classification of the damage in these bridges has been done [4,5]. Modern European
normative documents related to the study of the various types of (SHAB) in our country,
filled with massive stone masonry, have been studied and analyzed. A specially designed
masonry calculation software that takes into account the characteristics of stone block
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masonry elements for historic arch bridges has been extensively studied. Such a program
was created by a collective in Genoa and is called: TREMURI. Development started after
1999 after the -catastrophic earthquake in Laquila, Italy, Greece, Turkey and
Lamatrice[4,5].

2. Results obtained from the above-mentioned actions of the author's collective

2.1. A general synthesis of the studied foreign and our experience
Masonry arch bridges are found in many European countries, most notably in Italy, the
United Kingdom, Portugal, Spain, France, Germany, Switzerland, and also quite a few in
Belgium. Not to be overlooked are the stone railway bridges in the Czech Republic,
Slovakia, Hungary, Romania, Bulgaria, Greece, Serbia and Turkey. Most of these
structures were built either in the 19th century or in the early decades of the 20th century.
The available materials and construction methods used to build these bridges are no longer
effective today. However, the legacy of this type of bridge can be functional enough and
have great cultural, even aesthetic value. The arched shape contributes to a balanced
appearance and appeals to the human spirit. Yet, as traffic loads develop and due to
structural aging and possible deterioration, the load-carrying capacity of these arches needs
to be checked accordingly.

Various methods have been developed to assess the structural features of vaulted
arches[1-17]. Some of them allow reporting defects found during monitoring. The
destruction of masonry arches is characterized by its sudden appearance. Either the inner
masonry layer peels away from the rest of the vault near the center of the arch, or a 4-joint
mechanism forms in these places with reduced cross-sections due to cracking. The latter
mechanism can be seen in highly visible cracking. Load capacity assessment can be done
in a variety of ways depending on the degree of accuracy required. Design traffic loads are
usually considered a major consideration in the event that the structure does not meet
current requirements. In these cases, analysis to define the vulnerability of stone bridges to
brittle failure, governed by the ratio of performance to demand, represents an effective
method. Vertical traffic loads can be supplemented by horizontal loads independent of
traffic or wind and generated by a sudden rise in the river level below the bridge. The latter
include wave impact and debris impact on bridge piers. However, in this report,
computational methods are the main focus of our future research. So far, the fastest
assessment has been made using the MEXE method developed in the United Kingdom[15].
Several equations give a conservative value for the load capacity. A more refined method
is hard block analysis. The mechanism of destruction is a matter of a subsequent second
stage, of the behavior of the structure, since the destruction occurs after the formation of 4
joints between the massive masonry blocks. In addition, this method also allows the
behavior of degraded areas to be accounted for. However, this method certainly gives less
conservative results.

However, the failure mechanism cannot include 3-D effects in wider arched arches.
Therefore, FE analysis can be used, provided that a non-linear material and geometric
behavior model is included. For material nonlinearity, Mohr—Coulomb or alternatively
Drucker—Prager laws are closest to real behaviors. Finally, those parts where failure occurs
can be analyzed in more detail by simulating each element of the masonry, meaning the
natural stone blocks or bricks and mortar. The characteristics of these materials are quite
different and this in-depth type of analysis leads to the analysis of more complex critical
behavior. Examples of vaulted arches will be considered to illustrate these different
methods. They also include the Kolyo Ficheto bridge near Byala-Rusensko. One of the
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main research goals for this bridge is to determine whether the effects of turbulent, water
waves are more damaging than the effects of debris. In many other cases, the latter analysis
seems more critical. A parametric study will complement this result.

2.2. Brief review of known methods for assessing the load-bearing capacity of
stone bridges

2.2.1. Historical methods

Old studies, such as those of La Hire (1695, 1712) and Couplet (1729—-1730), included
theoretical analysis and experimental work on the pressure line in the arch, especially in
arch collapse. Then Gregory (1697) deepened the shape of the arch in a chain bridge, as the
most suitable solution for taking the weight of its own form. Heyman (1982[6]) considered
this last observation in more detail, concluding that it can be interpreted as defining the
lower bound of the plasticity theorem. Navier (1833) introduced a third rule for the middle
third of the bridge cross-section, which was applied to masonry arches by Rankin (1898),
so that the line of pressure was constrained to lie in the middle third of the arch to avoid
tensile stress. Barlow (1846) and Fuller (1875) worked on graphical solutions for
determining the pressure line in an arched structure. Castigliono (1879) used the minimum
strain energy theorem to develop elastic methods, and for masonry arches he performed an
iterative analysis quite similar to modern, non-linear finite element model (FEM) analysis
(no stress/non-linear procedure, tension shear part of the arch). Further work developed by
Rankine (1898) analyzed: the role of infill in masonry arches and recorded the first
geometric/mechanical observations, including that higher infills were particularly likely for
semi-circular or elliptical arches which would probably otherwise be unstable construction
time; or to give the greatest possible security for the hydrostatic arch, the infill must be
constructed of solid masonry up to the level of the crown of the extrados and the
importance of the square lateral connections in the infill to avoid damage.

2.2.2. Modern methods

The first successive studies[1-17] on arch bridges were carried out by Pippard (1948,
1951[11]), Heyman (1969, 1972, 1976, 1980, 1982[6]), Withey (1982) and Tellet (1983):
these studies made a significant contribution to our knowledge of the use of elastic
destruction methods and mechanisms. Pippard also considers evaluation methods: the arch
is held elastically until the first joint or crack occurs. It is then destroyed by a mechanism
of four articulated devices. He sees that after the appearance of the first joint there is a
considerable reserve of strength in the arch before it collapses. The elastic method
improves the preliminary assessment of masonry arches: the basic assumption is for an
arch with two joints of horizontal forces keeping the arch in equilibrium. Alfred John
Sutton Pippard's (1948[11]) approach uses the partial derivative of the strain energy-U,
with respect to a force, which is equal to the displacement in the direction of the force
(Castigliano theorems; Castigliano 1879); the annulus is treated as a two-hinged parabolic
arch with a secant variation of Ij/I0 seca, where 10 is the moment of inertia of the area at
the crown. The axial force and shear force terms in the strain energy equation are ignored
in this theory. Therefore, the strain energy is assumed to be completely dependent on the
bending response of the arch. In this line of thought, it is necessary to introduce into the
research the Military Engineering Experimental Establishment (MEXE)[15], method in the
form of nomograms and is currently recommended by the UK Department of Transport in
its departmental standard (Department of Transport , 2001). The MEXE method is a long-
established system for assessing the load-carrying capacity of the masonry arch[15]. In
recent years, it has been the subject of testing where some shortcomings have been
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identified. There is now a growing consensus that the current version of MEXE
overestimates the load capacity of short-span bridges, but for spans over 12 m it becomes
increasingly conservative. This method was based on the two-hinged elastic analysis by
Pippard[11], which was then calibrated with both field and laboratory tests in the 1930s
(Oliveira et al., 2010[10). The method was most predominately used in World War II as a
way to quickly classify the load-carrying capacity of older masonry arch bridges. However,
since that time, the MEXE method has still been used as a way to load-rate masonry arch
bridges. The modified axle load (MAL) depends equally on the arch and backfill thickness,
although the ring thickness has significantly more influence on the arch behavior than does
the backfill. The modification factors are introduced without taking account of the arch
geometry; the backfill depth, ring thickness, and even the mortar thickness could have
differing influences on arches with different geometries.

2.2.3. Empirical rules

Over the past several decades, numerous methods have been used to evaluate the
load-carrying capacity of masonry arch bridges, using tools ranging from easy-to-use
geometric rules to the most sophisticated finite element software. The first and simplest
approach deals with empirical rules based on geometric relations coming from the
proportions in the construction of the elements of the arch (span, arrow, thickness, width
and height of the pillars, etc.). There is not always mechanical confirmation of these rules;
however, they have been widely applied in the past with real-life arches. A summary of
these methods is presented in Table 1[1].

Dhate Author Dreep arch Shallow arch
15th century Alberi 1=5/10

1714 Agurier, s> 10 cm 1=032+s/15

1777 Perronet 1=0325+0.0035 = t=0.325+0.0604p
1809 Gauthey, s < 16m 1=0.33 +s5/48 -

1809 Gauthey, 16 <5<32m 1=5/24

1509 Gauthey, 5 =32 m 1=0.37 +5/48

1800 Sganzin 1=0.325+0.3472 ¢

1845 Dejardin 1=0.30+0.45s 1=0.30+0.025 5
1854 L'Eveille 1=0.333+0.033 s t=0.33+0.033 s'?
1862 Rankine t=0.19R"= -

1870 Dupuit 1=0.20 5' =015 52

1885 Croizetie-Desnovers 1=0.15+0.20p*" =

1885 Lesquiller 1=0.10+0.20 5" t=0.10+0,20 52
1914 Sejourne 1=0.15+0.15 "7

s=span: R=radine of the circle passing through the crown and intrados springing; p=canature radius

Table 1. Empirical Rules for Crow arch thickness(MEXE,1952)

2.2.4. A classic solution
The classical solution of arched, masonry bridges is mainly based on Heyman's theory
(Heyman, 1997, 1982, 1996)[6], which simplifies the calculation of the ultimate load of the
masonry arch by making the following assumptions: (i) the masonry members have an
infinite compressive strength, (i1) the masonry units behave as a rigid body, (iii) the joints
do not transmit stress, and (iv) the masonry units do not slide at the joints. As a result of
these assumptions, the limiting plasticity theorems can be applied to determine the ultimate
load of a masonry arch. Plasticity theories include two theorems: (i) an upper limit or
mechanical solution; and (ii) a lower bound or equilibrium solution. The mechanism
method is based on upper limit plastic analysis (Heyman, 1982[6]): The failure loads of the
masonry arch can be determined by analyzing the arch as a mechanism instead of an elastic
structure. The effects of joints on the failure load of masonry arches are analyzed,
suggesting that possible locations of hinge points should be identified. The forces and
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stresses in the indeterminate structure must then be calculated. The joint locations must
then be adjusted based on the calculations and the process continues iteratively until the
joint locations are stabilized (Livesley, 1978). Compressive force analysis is based on
plastic analysis with a lower bound: Hayman[6] recommended determining the smallest
possible arch thickness that will fit the line of pressure and with the assumed joint
locations. This thickness is then compared to the actual thickness of the arch. It considers
the ratio of the two values to be a geometric safety factor for the arc. From his work he
developed a method he called: the "rapid analysis" method. It is based on an arc with
dimensionless parameter inputs and a point load P. The equation is based on failure
occurring at the joints of each of the springs that realize it under tension from a moving
load and at the crown.

2.2.5. FEM analysis

Three-dimensional (3D) nonlinear FEM analysis offers the ability to model the entire
structure by verifying the structural behavior of a well-defined and precise structure. All
loads affecting the structure can be modeled.

2.2.6. Structural modeling

Another complex subject in masonry is the selection of an appropriate model to
represent the structure. According to the homogeneous material hypothesis, the following
types of models can be applied:

2.2.6.1. With Concentrated Masses

This is a rough approximation of the geometry of the structure, but may be sufficient
to determine the structural dynamic response (if material nonlinearity and the resultant
effects of the actual geometry of the structure are included). Obviously, this type of model
cannot be used to predict local or global collapse mechanisms or failure rates of individual
structural components. With beams and columns: This defines the behavior of the system
in more detail than the previous approach. It is possible to determine the sequential
formation of the failure mechanism model in both static and dynamic aspects.

2.2.6.2. Macro elements

This approach considers the structure as a whole of wall panels, each of which is a
recognizable and complete part of the building. It may also coincide with a recognizable
part of it architecturally and functionally (for example: the facade, apse or chapels); usually
formed by several panels and horizontal elements connected to each other so that they
represent a single structural part, even if it is joined, and not independent of the whole
structure. In terms of FEM element types, the models can be distinguished according to the
following details: 2D or 3D alternatives: two-dimensional (2D) or three-dimensional
approaches are available, adopting a one-dimensional frame, two-dimensional shell or
three-dimensional brick elements, or a combination of these. Shell elements produce faster
and more controllable patterns due to the presence of fewer joints than brick elements. On
the contrary, the model with brick elements allows the visualization of the stress evolution
inside the structure. Nevertheless, the results obtained in both types of analysis are similar,
both in terms of structural deformations and stress distribution.

2.2.6.3. Mixing

By increasing the elementary elements, the reliability of the result is strongly
influenced by the solution of the approximation problem; therefore, using a dense mesh
may not be the better option. The most appropriate mesh size derives from engineering
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judgment, taking into account both the dimensions of the structure under study and the
refinement of the expected results.

2.3. Classification of damages in masonry bridges

This section presents some details on the damage classification of a stone masonry
bridge. A clear and innovative way is described in “Sustainable Bridges” (2007)[14]. In
particular, the general classification of bridge structure failures is shown in Fig. 6.
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Fig. 6. Bridge structure damage classification (Sustainable bridges, 2007[13]).

The classification according to the location of the damage is depicted also in this
book[14]: Fig.7; the fault break classification is also illustrated, in Fig 8; the classification
for the type of losses is highlighted in Fig 9; the classification according to the type of
deformation is shown also in Fig.10; the classification according to the type of
displacement is shown in Fig.11. Finally, some figures deal with the description of
common causes of failure and the type of contaminants, respectively.
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Fig.7. Classification according to the damage localization (Sustainable bridges, 2007[14])
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Fig. 8. Classification for damage discontinuity (Sustainable bridges, 2007[14])
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Fig. 9. Classification for losses type (Sustainable bridges, 2007[14])
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Fig. 10. Classification for damage deformations type (Sustainable bridges, 2007[14])
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Fig. 11. Classification according to the displacement type (Sustainable bridges, 2007[14])

2.3.1. Frequent failures in masonry arch bridges

Structural defects generally fall into the following categories: - Construction; - Long-
term load; - Transient load - Environment -A combination of all the above types of defects
can usually be found in existing masonry bridges. Modern traffic loads, heavier than those
of the past, could cause an older bridge to show serious problems, while well-maintained
masonry arches that are not subjected to heavy loads are likely to be among the most

durable structures.

2.3.2. Undermining the foundations
One of the most common reasons for the destruction of masonry arch bridges is the

undermining of foundations. However, this type of damage is hidden in the river bed, some

elements do worse damage, such as: increase in the flow speed in the river (eg for
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environmental reasons) and local disturbance of the flow due to the construction of the
pillars. Cleaning problems can be avoided by adding deep footings connected to the
existing structure.

3. Some remarks about another modelling approaches for masonry arch
bridges according [19]

3.1. Plastic Limit Analysis

Application of the plastic theory is possible for masonry bridges provided that some
assumptions have been fulfilled, as stated by Heyman [20]. The assumptions’ that needed
to be fulfilled are: no tensile strength in the arch; the masonry in the arch is
incompressible; and sliding between masonry units cannot occur. One of the benefits of
this procedure is that one needs not to know the initial stress state in the bridge, only a few
material characteristics are needed, and only the ultimate state of the bridge is elaborated.
In order to obtain the correct load factor in plastic analysis, several conditions have to be
fulfilled. First of all, equilibrium criterium has to be satisfied, meaning that internal
bending moments must be equated by the external load. Secondly, the yield conditions
have to be satisfied, meaning that no point in the arch should have a moment that is larger
than the plastic moment (M < | M, | ). Considering other internal variables this basically
means that the stresses in the material must be everywhere less than or equal to the
material strength (e.g. shear, crushing and tensile strength limits must all be respected). At
the final stage (collapse), the arch will transform into a mechanism. And finally, the energy
which is being dissipated has to be positive, which means that the work done by the forces
at the boundary at the plastic hinge has to be negative. In order to obtain the correct load
factor in plastic analysis, several conditions have to be fulfilled. First of all, equilibrium
criterion has to be satisfied, meaning that internal bending moments must be equated by
the external load. At the final stage (collapse), the arch will transform into a mechanism.
Regarding masonry arch structures it is necessary to determine the thrust line at each cross-
section. If the trust line is within the masonry arch this indicates that it is tension-free. On
the other hand, the possible location of the plastic hinges has to be determined. Several
authors developed different numerical solutions based on this method [20,21]. Numerous
researchers used this method to study stone bridges (collapse mechanism and limit
behavior) exposed to dead and live loads, and at first, only vertical loads were considered.
Clemente et al. 1995 [19] concluded that if only dead loads are acting on the bridge the
safety check is a function of the arch thickness. The work was extended to the dynamic
behavior of stone arch bridges and seismic actions [19]. Here the comparison is done
between the expected Peak Ground Acceleration (PGA) with the acceleration value
necessary to turn the structure into a mechanism. As various assumptions are considered
here (impact between the stone blocks is neglected, infinite strength of the material is
considered) this represents only a first approximation of dynamic response. Alexakis and
Makris [19] concluded that directions of the rapture in the arch once it translated into a
mechanism have a direct impact on the location of the imminent hinges and the minimum
thickness of the arch. The main advantages of this method are its simplicity and easy
application by engineers in practice, the solution is straight forward, meaning that it can be
easily checked, and it is very fast, meaning that it is economically feasible. The drawback
is connected to several assumptions. First of all, the compressive strength is always a finite
and never an infinite value. To overcome this issue the thrust line was replaced by the trust
zone [19], which is of sufficient depth to carry the load at each cross-section. This has led
to its application in practice and being adopted by the Department of Transport in the USA
as the primary means for the assessment of arch structures. The trust zone refers to a
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specific cross-section having adequate depth to withstand the applied loads. Further
developments were done by Taylor and Mallinder [19] with the introduction of the
parabolic stress-strain constitutive relationship for local crushing of masonry at locations
of hinges. Brencich and Di Francesco [19] introduced an elastoplastic iterative analysis,
with no tensile restraints. Obtaining the ultimate strain represents the collapse conditions.
This procedure lies in the conservative part due to the assumptions that have been made
and the fact that it is a 2D model. The involvement of the spandrel wall and the arch barrel-
fill interaction were not taken into account, and it is well known that they have a beneficial
effect on the behavior of masonry arch structures. The proposed method was elaborated on
several examples including a railway bridge with six spanes know as Cantalupo viaduct
(Fig. 12) and good agreement was noted [19]. This method was able to take into account
the interaction between the spans of a multi-span masonry arch bridge.

Structural arch

Skewbacks of the 1
structural arch f

\Jur

W Ja o Canov. Sala
b q':wq.:r?(\u_-;} i

Fig. 12. Cantalupo viaduct on the Genova-Ovada-Aqui Terme line at km 13.549 [19]

3.2. Finite element method

De Felice (2009) [19] for the first time employed the non-linear beam elements with
a fiber-cross section in the assessment of the load-carrying capacity of multi-span masonry
arch bridges (Fig. 13). The arch is discretized into straight-lined beams and each beam is
subdivided into longitudinal fibres, and their stress-strain behavior is defined in relation to
the material properties obtained by experiments. The non-linear constitutive relation of the
beam section is derived by integration of the stress-strain relation of the fibres [19], as well
as taking into account the effective ductility capacity of masonry under compression.

i-thBeam
element

j~th Control
i section
Discretizedinto

l + pxq fibers
N—

Control
Sections (j)

* k-th Fiber
Uniaxial

a constitutive law

Fig. 13. Fibre beam model [24]

356



VII MEXKAYHAPOJIHA HAYYHA KOH®EPEHIIUSA BAHN 2023
7th XXII INTERNATIONAL SCIENTIFIC CONFERENCE BASA'2023

This method was used for an assessment of two and three-span arch bridges and
compared with the results obtained by the limit analysis. Excellent agreement was obtained
for the obtained level of the load-bearing capacity and the failure mechanism. Taking into
account the limited ductility capacity a reduction in the maximum load was observed, once
again indicating that the limit analysis is too conservative. It has been shown that the
computational time is low, while the interaction among the spans is enabled. This method
proved to be an excellent tool for a preliminary assessment of railway structures and
showed its benefits regarding computational time and simplicity. De Santis and de Felice
(2013) [19] assessed 50 large-span railway brick masonry bridges in Italy. This method
was further applied to study its dynamic behavior [19]. The method was applied to an
existing seven-span railway masonry viaduct for determination of its seismic capacity (Fig.
14).

6.68 | | 887 ]

Fig. 14. Ronciglione viaduct [19]

It was observed that the application of this methodology was beneficial for computational
time and can be applied for preliminary assessment of the seismic capacity of multi-span
masonry arch bridges. The application of 2D and 3D elements for modeling of masonry
arch bridges enables a better description of the geometry, infill-material characteristics as
well as spandrel walls. In this respect, the number of the input parameters increases,
difficulty in the correct definition of the boundary conditions arises and the computational
time highly increases. As well, calibration is highly dependent on numerous uncertainties.
The development of 2D models was mainly connected to the adequate representation of the
in-fill material and the contribution of the spandrel walls in the load-carrying capacity and
the structural response.

4. Conclusions

The history of the bridges of Bulgaria is both rich and interesting. Engineers and
designers have always been required to solve technical and engineering problems while at
the same time producing structures that were in keeping with the every city’s architectural
context and tradition in Bulgaria. A number of assessment methods are available and are
reviewed briefly in [11,12,18,19-23]. For any method to accurately predict the load
carrying capacity, the most important factor is the allowable tensile and compressive
strengths of the masonry. From the review it is apparent that the ratio of the adopted
tensile stress to compressive stress for prediction of the load ratings as well as ultimate
carrying capacities of the bridges are differing even by same investigators. For the
assessment of an existing masonry arch bridge the procedure will be in future proposed]1-
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23]. Here is the place to note the merit of Prof. Van Bogart Philippe from Ghent, Belgium,
who did an extremely great service to the Bulgarian engineers by preparing a brilliant
solution for them on the bearing capacity of the Devil's Bridge over the Arda River in
Bulgaria[ 18](Fig.15a,b,c).

b) I T e —

Fig. 15b,c¢) General view during flood in Dec.2021, from the side of,(Photo courtesy,
Yanko Petkov); b) schemes of Devil bridge

“Devil bridge” is an arch bridge over the Arda River (Fig.15a,b,c.). It is situated in a
narrow gorge near to Ardino in the Rodopi Mountains and is a part of the ancient Roman
road connecting the lowlands of Thrace with the north Aegean Sea cost trough the Makaza
pass. The bridge was constructed in the period of 1515 — 1518 by the by the famous local
builder “Usta” Dimitar form Nedelino. The bridge was proclaimed a monument of the
culture in 1984. The structure is a close-spandrel deck-arch stone bridge with a total length
of 65.70 m and includes three main spans of 9.00 m + 18.20 m + 8.50 m. Additional four
spans help to capture the capacity of the spring high level of the river water. They have
varying spans from 1.85 to 3.52 m. The middle arch rises 8.20 m above the ground. All
arches are approximately semicircular shaped and have a total width of 3.55 m. The bridge
deck is 3.40 m wide and has symmetrical longitudinal slopes of 18%o. The stone parapet
has dimensions of 200x120 mm. The main arch piers have dimensions of 3.30x3.35 m and
3.66x3.35 m. The pier and the abutment are bedded on the solid gneiss rocks. The bridge
structure survived one of the strongest earthquakes in Bulgaria at 1909 with a magnitude of
5.9 on the Richter scale and epicentre in Yambol (HIBE 2014, W.F.Chen and L. Duan).

The basic model consists of nonlinear material and is modeled by using plate
elemenets, as in Fig.16. Also the piers were modeled with system of vertical and horizontal
intersecting plates, which have detect whether such a type of model would be able to
simulate the real behavior of the pier. Apart from this a solid non linear model was made
including 0,2x0,2m stones of f; variable values up to 8 MPa and f=0,1Mpa.
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Fig. 16. Plate model overview (left) detail pier (right)

The plated model of Fig.16 demonstrates that the horizontal failure load, due to wave
impact does not continue to increase with the compression strength (see graph of Fig. 17).
As this process continues the pear may collapse either by overturning as it rotates, or
sliding through shear.
8000
7000

Failure load (kN)

Compression strength (MPa)

0 2 4 6 8

Fig. 17. Failure Load as a function of compression strength

According [18] the plate model allows to verify these situation by manual
calculation. The external forces can be recalculated to a critical moment Mg,
corresponding to the overturning conditions, which occurs at excessive compression and
cracking. The graph of Fig. 18 exhibit both manually determined and simulated values of
the bending moment to be practically identical. Hence this type of simulation leads to the
conclusion that failure is due to excessive bending.

12000

==manual calculation
===plate model

Compression strength (MPa)

0 2 4 6 8

Fig. 18. Failure bending moment as a function of compression strength.

According [16], in addition if manual calculation of shear stress is made through the
use of the formula: 1= c- po, taking ¢c=0,2 MPa and p= 0,3. If the load reaches 3-times the
nominal values, two lines can be drawn as in the graph of Fig. 19. The upper one is found
by the model of the plate elements, whereas the lower line is calculated by hand. This
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graph demonstrates the plate model is incapable of detecting corrected failure by shear.
This is definitely due to the use of the Mohr-Coulomb criterion.

1.8
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1
0.8
0.6
0.4
0.2

0
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—tzC-UO

shear stress (MPa)

height (m)

0 1 2 3 4 5

Fig. 19. Shear stress from plate model and calculated by hand

According[18] , therefore two types of models (Fig.20), with solid 3D-models have
been assembled. Several materials laws have been implemented. The result are compared
with the outcome of the plate model. The first modification is shown in [18] as Fig. 21, by
the macro model with solid element. This gives a failure force that is 25% lower than it
was found with the firs method. A further improvement is the consideration of strain
softening. This reduces the failure force by another 28% or up 1,47 times the nominal
force. Finally, brittle failure is also taken into account and collapse horizontal force of 5,6
m wave impact, further decreases to 40% of the value found with the plate model. As a
consequences, according[ 18], this more elaborate simulations clearly indicate the failure
of the pier, subjected to lateral load is due to brittle failure by shear. Therefore the
conclusion that care should be taken to repair the masonry joints is strongly advisable.

Fig.20. 3-D macro model
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Fig. 21. Failure load factor and displacement of various models

Further refining, according [18], of the simulation went through implementing a
meso-model, including interface layers and softening , as well as brittle fracture detection.
The results are rather similar to the macro-model, although the failure load is slighted
lower, and failure occurs by brittle fracture due to shear. Fig.22  displays the last
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converged step of the numerical process, including the crack in the tensile part, the reduced
cross section and the skew pattern which leads to shear failure.

o o o o o ~ o~

Fig. 22. Cracking before shear failure at the pier base
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PROBLEMS BY RESTORING, STRENGTHENING AND REHABILITATION OF
THE SUPERSTRUCTURE OF THE STEEL BRIDGE OVER THE ISKAR RIVER
NEAR VILLAGE KUNINO

Peter Velev l, Ivan Yakimov >

Abstract: The bridge over Iskar river near the village of Kunino is built up in 1936
following the idea of an Initiative Committee, with the funds and the voluntarily work of
Kunino’s villagers. It replaced the unsafe ford across the river that often took casuallties.
The exploration before the project of rehabilitation found that the piers and the abutments
made of rectangular masonry are in good shape and the foundation did not reveal any
defects during the 75 years long exploitation. As about the supreme structure, which
consisted of hinged riveted steel trusses with lower road slab — 3 hung x 22 m and 2
double-cantilevered x 31 meters. The end pair of “hung” cantilevers on the left-bank
abutment was hardly damaged by a transport accident and “temporarily” replaced by
HEB-beams supported on a “temporary” pier. Due to the hard corrosion of the verticals
and diagonals of the truss, the rotten cover of the “temporary” supreme structure at the
left-bank abutment and most of all the due to the construction of water power plant
“Kunino” an urgent reconstruction and rehabilitation of the bridge became necessary
fully with the funds of the investor of the WPP. This paper treats the specifics of the design
and the accomplishment of the bridge reconstruction.

Key words: restoring, strengthening , rehabilitation , old steel bridge
1. Introduction
1.1. A brief history of the facility.

This bridge was built on the idea of an Initiative Committee from the village of
Kunino with the financial ones funds and with the personal labor of the people of the
village back in 1935. In two memoirs about the village of Kunino there are valuable and
curious facts about the construction of the bridge [1]. It replaced the precarious ford across
the river, which often claimed human casualties. The initiative committee has chosen the
type of bridge after looking at several ready-made facilities. Along with this, a construction
manager was hired, as well as several craftsmen who, together with local craftsmen, built
the lower construction of the bridge. The metal superstructure was delivered and installed a
few years later.

' Cuv.Eng. Roman, Kunino, Bulgaria, p_welew@mail.bg

% Assoc. Prof. UACG, Sofia, iakimov@netissat.bg
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Fig. 1. View of the bridge from the left bank

In 1984 during the construction of the new route of the Mezdra railway line - Cherven
Bryag, the superstructure in the extreme left bank opening of the bridge was destroyed
when the "Kraz" mobile crane passed by. A temporary bridging was made with the
construction of one additional pillar from old rail traverse units without a reliable
foundation. On the left bank abutment, the temporary pier and the first pier, double "T"
steel beams are arranged, on which lie wooden sleepers serving as a roadway.
Subsequently, the temporary pillar was additionally clad in a reinforced concrete shell, and
a reinforced concrete road slab was built on the traverses (Fig. 1).

1.2. Brief description of the structural scheme of the bridge before the
reconstruction.

Lower construction - the foundations were not revealed when photographing the
structure, therefore, it can only be assumed that flat foundations were completed, on which
pillars and piers of square masonry were built.

Upper building-the scheme of the top structure is gerber beam-two parallel Fifthful
vertical steel noveled farms with the road below, with  openings
21.92+22.60+22.09+22.60+21.92 (Fig. 2). The transverse axle distance between the farms
is 405cm. Two pairs of farms are more height-260 cm-and longer length-31.64m, and three
pairs of farms are 190 cm high and respectively smaller length-for the end fields 17.40m
and 13.05m for the middle field. The longitudinal farms at the lower farm connections are
connected to each other by transverse farms located below the road plate. Together with
the stability vertical brackets, they form transverse P-shaped frames (Fig. 10). The road
plate is reinforced concrete, supported by longitudinal steel beams without connection
between steel and concrete. The road plate is without drains, without waterproofing and
without curbs, with joints in the “gerbers joints* without constructive shaping. Under the
entire length of the bridge, a horizontal stability farm has has been developed with crossed
diagonals. The construction is propped up in six pairs of tangential camps, as at the survey
has not been established, which are stationary.

1.3. Issues that require recovery, reinforcement and remediation on the top
structure.

The facility is located on a municipal road IV-13411 between the village of Kunino
and Stoyanovtsi village. The bridge was mainly used by agricultural machines and animals
(cows, buffalo sheep and goats), as a result of which, along with their constructive features
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(drainage, joints, nitted constituent rods) lower - unprotected part of the metal Construction
has been subjected to the aggressive impact of stuck mud, enriched with nitrates. In the
main part, verticals and diagonals at the lower key plates were heavily corroded and even
three of them completely interrupted (Fig. 3 and Fig. 4). The characteristic of the nitly
structural elements swollen corrosion (Fig. 5 and Fig. 6) was also observed. Several of the
verticals and diagonals were severely distorted as a result of hits from agricultural
machinery (Fig. 7). Some of the pressed elements had been Dilled (Fig. 8).

PR ‘

Fig. 3. Dashed vertical Fig. 4. Interrupted section of a diagonal  Fig. 5. Swelling
corrosion in lower belt

Fig. 6. Swelling corrosion in Fig. 7. Impact marks ®@ur. 8. Deplaned upper
girdle

In connection with the construction of the "Kunino" MWPP - the facility turned out
to be the only one connection of the construction site with the on-site concrete unit, as well
as with the republican road network. It was necessary to transport over 40,000m3 of
concrete, 460t of reinforcement, formwork, technological equipment and construction
machinery (some mobile cranes weighing over 60t).

1.4. Conclusions of the prepared expertise

The investor commissioned the preparation of a technical expertise on the state of the
bridge, for the need for emergency repair of the facility and the possibilities for its
implementation, which in conclusion states:
— the condition of the two abutments of the bridge, with the exception of their sub-bearing
platforms, is good. Repair works are needed to shape the transition plates, expansion joints,
slopes and rehabilitate the camp sites;
- all pillars, including their camp sites, are in a visible lot good condition;
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— the temporary additional pillar at the left bank weir, made in violation of all building
regulations, should be completely demolished;
— renovation and strengthening of the main supports is necessary;
— it is necessary to restore the damaged superstructure in the final opening;
— the road plate is in good condition.

In conclusion, the expertise found that the bridge can be restored, strengthened and
rehabilitated on the basis of a relevant project.

2. Exposure

2.1. Establishing the mechanical and characteristics and chemical composition of
the input materials

To establish the mechanical characteristics and chemical composition of steel
Specimens were removed and tested. Determination of mechanical characteristics was
done at the Independent Construction Laboratory "Infrastructure" EOOD. The results are
as follows:
— yield strength Re=230/291 MPa;
— tensile strength Rm=371/372 MPa;
— relative elongation after destruction A=36.0/36.5%.
The results showed that the steel met the requirements of S235.
The determination of the chemical composition was done in the Testing Laboratory of
materials and calibration at the Institute of Metallurgy at the BAS.
The results are in the following:
— carbon content C 0.026%+0.005;
— silicon content Si <0.004%;
— manganese content Mn 0.260%=0.004;
— phosphorus content P 0.035%=+0.003;
— sulfur content S 0.031%=+0.003. Chemical analysis led to the conclusion that the steel
was weldable.

2.2. Selection of calculation scheme

Due to the peculiarities of the construction details, the calculations were carried out
with continuous belts with either rigid or hinged filler rods. Done there were also several
variants with the discrepancies between the system and construction axes. With separate
detailed calculation schemes, the bearing capacity (critical load) of the component pressed
diagonals, as well as of the upper and lower girders of the main girders, was determined.

2.3. Problems in determining the stress state of the structure

In broken bars, even after their restoration, there is no shearing effort from the
structure's own weight. A similar effect is observed in the rehabilitation of corroded bars
when parts of the section are removed and new ones are added in their place. When
reinforcing filler bars or upper and lower girders in the added part of the cross-section,
stresses from the weight of the structure are also not obtained. The exact static solution is
obtained after repeated calculation of the structure under different static schemes, loads
and different sections of the elements. An essential feature is that it is necessary to collect
stresses at points and not shear forces at sections. The sequence of restoration and
rehabilitation is also important, which connects the static task with the organization and
execution of the construction. Particular attention was paid to the technological order when
welding elements under mechanical tension to avoid excessive heating, so that the E
modulus of the steel would drop and, as a result, uncontrolled displacements would occur.
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2.4. Problems in drawing up the details of restoration and reinforcement of the
bars and nodes.

When restoring and strengthening the rods and nodes, the aim was to preserve them in
to the maximum degree the existing structural and nodal axes (Fig. 9). Swelling corrosion
is a problem in riveted constructions, which is why special attention was paid to the
watertightness of the composite sections. The swelling corrosion was removed by chemical
and mechanical interventions, after which the joints were filled with polyurethane paste.
Practically all the work on the restoration and strengthening of the metal structure was
carried out without stopping traffic on the bridge.
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Fig. 9. Reinforcement of a rod composed of two closely spaced corner profiles

2.5. Restoration and reconstruction of the road slab and abutments

To protect the lower parts of the longitudinal girders from atmospheric water and
aggressive mud, consoles and boards were formed, as a continuation of the road plate (Fig.
10). Reinforcement from the road plate passed through the "old new concrete" joint, which
made the connection to the board and the console. The expansion joints of the road slab,
ensuring their water tightness. To prevent the ingress of water through guard ballast walls
were made monolithic transition plates and the expansion joints were formed. The drains
are installed in the axis of the bridge in about 11m. The reinforced concrete pavement was
completed with welded meshes @5, 20/20cm.

Fig. 10. Cross-section after the reconstruction

2.6. Problems in the joint work of steel and concrete in boards
The existing road slab resting on the cross trusses worked quite independently of the
metal structure. After the reconstruction, the boards with transverse section 40/35cm
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already cover the filling rods of the longitudinal trusses on both sides, preventing their free
movement from impacts, including from temperature differences (with solar radiation, the
upper belt has a temperature of 50C°, at air temperature, on board and in the lower belt 35
C°). This effect was taken into account when sizing the metal structure. As a result of
under estimating the problem of relation to the reinforced concrete board, cracks appeared
around some diagonals.

2.7. Restoration of the structure in the damaged field

The restored superstructure consists of two end longitudinal beams - steel profiles
HEB 600 and two middle longitudinal beams — steel profiles HEB 550. Dowels from U
profiles are mounted on the upper girdle of the beams. The end longitudinal beams are
located in the structural axes of the existing two longitudinal bar structures. Above the left
bank weir, the longitudinal beams are carried by a cross beam - steel profile HEB 600,
resting on two rubber bearings. Above the end support post the reinforced longitudinal
nodal plates of the rod structure serve as longitudinal beams, and the reinforced transverse
truss serves as a support for the middle longitudinal beams. A reinforced concrete plate is
cast on the longitudinal beams, which forms a steel-reinforced concrete section in this
opening by means of dowels (Fig. 11)

Fig. 11. Connection of the end longitudinal beams with the verticals and the diagonals of
the longitudinal trusses during road slab reinforcement

3. Conclusions

Even with very serious damage, old bridges can be repaired and should be preserved,
if only for their historical value. Reconstruction and rehabilitation projects, as well as their
implementation, require high competence and responsibility. Even in very difficult
situations, such technological solutions could be found that reinforcement and
rehabilitation can be carried out without stopping traffic.
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CONCRETE TIED ARCHES FOR MEDIUM SPAN BRIDGES FROM LAST
CENTURY

Philippe Van Bogaert!

Civil Engineering Department, Faculty of Engineering and Architecture, Ghent
University, Belgiumt

Abstract: In the past century, in Belgium, concrete tied arch bridges have been built
regularly to cross small rivers or roads. This type of structure was used for crossing
spans, varying from 30 to 60 m. The examples being presented demonstrate that
these structures can no longer be built in an economical manner, but also confirm
their heritage value. The shape and characteristics of five types of such bridges are
discussed in detail. Most of these bridges are well documented, principally by
drawings. It becomes clear that none are identical. Many of them may be demolished
in future. Because of the architectural, technical and cultural value of these
structures, they should be protected and maintained, since they testify of the skills
that previous generations were able to use. Indeed, the arch shape appeals to the
human spirit through the balance and harmony it emanates.

Key words: Concrete arch bridge, arch composition, bridge preservation, concrete
hinges, rocker bearings, concrete hangers.

1. Introduction

In the past century, in Belgium, concrete tied arch bridges have been built regularly
to cross small rivers or roads. This type of structure was used for crossing spans, varying
from 30 to 60 m. Today, bridges with this span would probably use precast prestressed
concrete beams with an overlying concrete slab deck, as shown in Fig. 1. Thanks to the
wide possibilities of extensive prefabrication, this is a fast and economical alternative.
However, the superstructure of such bridges has little character and offers a rather low-
profile appearance, without much added value. Designers do try to develop alternatives
where some research is done, but these are only isolated attempts. One exception now is
the use of extradosed posttensioning as in the Bergwijk Bridge [1], located to the South of
Ghent, exhibited in Fig. 2.

But it can hardly be said that these forms can compete with the arch shape [2]. The
latter has a harmonious appearance and appeals to the human spirit through its elegance
and visibility. The classic arch is located below the roadway. This shape is not interesting
in mainly flat landscapes. For this reason, the tied arch is used, where one or two arches are
placed outside the horizontal clearance of the roadway. Traffic then drives over a bridge

! Philippe Van Bogaert, Em sr full professor PhD Civ Eng, Technologiepark 60 B 9052 Gent, Belgium,
Philippe.vanbogaert@ugent.be
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deck that is suspended from the arches and serves as a tensile element that connects the
two springs of the arches. The actual tensile elements are the edges of the bridge deck,
mostly called the lower chord. A balance exists between the required stiffness of the arches
and the lower chords. The sum of these bending stiffness values remains constant, but may
be distributed among the arch and the chord in various ways. The following 5 examples of
medium span bridges illustrate the quality and value of concrete tied arches.

Fig. 2. Extradosed posttensioned bridge

2. Albert 1% Bridge

This bridge allows to a small road, connecting the municipality of Schaerbeek to the
town of Vilvoorde, to cross important railway lines from Brussels to the North and East of
the country. It connects the ‘Rampe du Lion’ to the Zenobe Gramme lane and is located to
the North of Brussels. It was built between 1923 and 1925 to replace a metal bridge from
the beginning of the 20th century, of which it reused the abutments and the two central
double piers, in coated masonry and blue stone. The classically inspired style of these
reuses has also permeated certain new parts (piles, corbels, parapet). It is a tied arch
reinforced concrete bridge, with two sections of three spans of unequal lengths (from 26.4
to 34.4 m), whose six arches relieve the two main lateral beams of the continuous deck.
The bridge is exhibited in Fig. 3, seen from the North-West side. The whole is supported,
by a system of rollers and joints, on the old supports and on four pairs of new square piers.
The sidewalks are supported by ogee corbels and provided with a thin solid concrete
parapet. The splitting of the central piers of the previous bridge allowed the construction of
an earth ramp towards the railway tracks.

A remarkable characteristic is the cross-section of the lateral arches, which has an
octagonal shape, which is rarely found. The octagon has overall width and height of 0.70
m. The value of the arch rise to the span varies from 0.174 for the 34.4 m spans to 0.189
for the smaller 26.4 m spans. This implies the arches cannot be linked by an upper bracing
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and must have sufficient lateral stiffness to prevent any lateral buckling. The hangers,
connecting the arches to the lower chord girders are in RC as well. These hangers have
variable width from 0.5 m at the arch connection to 0.7 m, which corresponds to the 0.7 *
1.28 m high cross section of the lower chords. The hangers have lower stiffness in the
plane of the lateral arch, corresponding to a width of 0.30 m. Hence, the hangers
effectively contribute to the lateral stiffness. The runway slab is just 0.15 m thick and is
supported by crossbeams of 0.4 m width, located at each hanger and on both sides of the
solid arch springs. The static schema is rather peculiar, since each group of 2 spans is
continuous. Both group ends allow horizontal displacements, since these are supported by
roller bearings. The internal supports are plain mortar.

Fig. 3. Albert bridge

This bridge is reasonably well documented, since 4 original drawings dating from
1922 were found. Unfortunately, no calculations documents could be retrieved. The first
drawing, is a general overview with some of the main dimensions. The second drawing
combines reinforcement data and concrete dimensions of the Western group of 3 arches,
whereas the third drawing gives the same information for the East side group. Finally, the
4th drawing contains all details, including reinforcements and overall dimensions. The arch
cross section and spring are exhibited in Fig. 4.
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Fig. 4. Details of arch from original drawings
Presently, the bridge is in a poor state. Some repairs were already carried out in 2008

to prevent concrete fragments from coming loose. This poses a danger to the trains running
under the bridge. The crossbeams and deck in particular seem to suffer from the
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deterioration of the concrete. In 2013, the movement of trucks and buses was banned on
the bridge. As a result, some bus journeys had to be adjusted. Since 2021, attempts have
been made to abolish the bridge's heritage protection [3]. The owner maintains his
intention to replace the bridge with a light modern metal structure. In the opinion of many
observers, the damage and poor state of the structure is due to insufficient maintenance and
care. This is the most effective way to endanger heritage structures.

3. River Emu bridge

This bridge, completed in 1940, carries the Bass Highway across river Emu at some
2 km from the town of Burnie, state of Tasmania, Australia. This small bridge has a span
of 32.92 m, the arch rise being 6.06 m. Except near the arch springs, the lower chord
measures 0.508 m by 1.291 m. Twelve hangers of 0.305*%0.508 m connect the arches to the
lower chords, the 2 outward ones being integrated with the arch springs. The largest
stiffness of the hangers is in the out-of-plane sense. In 2010, while preparing some
refurbishments [4], the question appeared whether an upper wind bracing would have to be
added. This proved to be unnecessary, since the lateral stiffness is sufficient. Maintenance
and some strengthening of the bridge was carried out in 2019. A global picture of River
Emu Bridge is exhibited in Fig. 5.

Figure S : River Emu Bridge

Almost complete information was found about this bridge, with 8 original drawings.
The first drawing shows the location and overall view, which is depicted in Fig.6. The
lower chord continues beyond the river piers in a short 5.064 m span. This introduces an
end bending moment at the arch springs. According to this drawing, the rock bed is deeper
for one pier, whereas its counterpart required just a shallow foundation.
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Figure S : General drawing River Emu Bridge
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A particular characteristic is the apparent central hinge in the arch centre. This is
rarely found in concrete structures. What is more, it cannot be observed from outside and
probably it does not provide any additional structural value.

Drawings 2 to 4 show detailed concrete dimensions as well as reinforcements of the
arches, lower chords and hangers, of the arch springs, of the small corbelling spans.
Drawings 5 to 8 concern a central cross section and details of the cross beam
reinforcements, reinforcements of the bridge deck slab, details of the central hinge and of
the rocking bearings. Fig. 6 exhibits the detail of the hinge, whereas Fig. 7 concerns the
bearing.

Figure 6 : Arch central hinge

In reality, the central arch joint, has acted as a hinge during erection only. The
drawing clarifies the main rebars are joined after building the arch, thus making it
continuous. Probably, some uncertainty existed for closing the arch top and this temporary
device was considered helpful.

e N ¥
a ik
;l 1'MS.Plo fSce ol ill | R
Z|, 6 w6y & i i
- I ?,.:.':_-—-— —__._-::“-
| Neradi ¥
3 ’ Llgatnty
o 3 B~
W
I T e g =
"~i| P~ %Wﬁu&&
7' 2"

Figure 7 : Rocker bearing

The rocker bearing is entirely of RC, which is rarely found. Mostly these roller or
rocker bearings were made of cast steel. It is unsure how this bearing could be designed,
since the mostly used Hertz formulas for local contact apply only to steel. Yet, the contact
area itself consists of lead sheets, which proves that the contact stress is really low.
Nevertheless, this is a rather unique arrangement.
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4. Bridges across river Lys

River Lys is part of the fluvial connection between rivers Seine and Scheldt and is
being adapted to 4500 tons vessels. The final aim is to divert traffic of goods from the road
to inland shipping. Before 1960 river Lys had only a minor importance for shipping. Many
of the bridges, crossing this river date from the period between WW1 and WW2. Twelve
of these bridges are tied arches, of which 10 are of concrete. Obviously, more of these
bridges have existed. Apart from the 2 remaining ones, all steel arch bridges have been
replaced within the framework of the Seine-Scheldt project. The idea of building concrete
ties arches must have been popular during that time. Some of these bridges have a
symbolic meaning, such as the bridge in Oeselgem across the original course of the river,
which was abandoned after straightening, called four war fronts bridge [5] [6]. River Lys
had an important defence role during the early days of WW1 and WW2. This bridge was
dynamited both times and reconstructed. Fig. 8 exhibits one of the finest examples of
Kuurnebridge in Harelbeke.

Figure 8 : Kuurnebridge across River Lys

All of the concrete arch bridges have steel hangers, connecting the arches with the
lower chords. This does require regular maintenance, especially at the connection with the
concrete parts. As displayed in Fig. 9, water can ingress into the joint, corrosion is
inevitable and would require a more elaborate arrangement than the simple disposition
with fitting tubes, adopted in these bridges.

Figure 9 : Fitting tubes arrangement of hanger connections
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No original drawings of these bridges have been found. Therefore it is impossible to
comment on further details. Yet, at some of these bridges, near the springs, the arch takes
opposite curvature, compared to its normal part. This changes the sign of the outward force
due to curvature and requires additional stirrups. However, it does avoid the intersection of
the arch and lower chord to be located beyond the bearings, which results in edge moments
of the structure.

5. Bridges of railway line Brussels to Antwerp

Similar as for river crossings, the section between Mechelen and Antwerp of railway
lines is crossed by concrete arch bridges, dating from the period of 1930 to 1939. Presently
still 5 of these bridges exist, 4 of them being of concrete. However, at least one of them
may be demolished in future and replaced by a small tunnel [7]. This is the 34.10 m span
bridge Spoorweglei in Sint-Katelijne-Waver, exhibited in Fig. 10 with drawing. It is
mainly used for access to platforms and thus has become a pedestrian bridge.
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Figure 10 : Bridge at Sint-Katelijne-Waver with drawing overview

Only a few drawings of this bridge were found. The information consists of general
views as in Fig. 10 as well as some concrete dimensions steel reinforcement drawings.
These were sufficient to build this bridge.

Both the picture and the drawing show a particular development of the arches. These
do not have a rectangular cross section but are [-shaped, except for those locations where
the concrete hangers are connected. The overall width of the arch equals 0.6 m and is
reduced to 0.425 m along most of its development. Apart from some concern to save
concrete material, it does not become clear why this arrangement was made. However, it
seems to have been applied systematically in this area, since the other bridges at Kontich
and Hove also have this special arch cross section. Fig. 11 shows one arch of the bridge at
Kontich.
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Figure 11 : Bridge with I-cross section of arches at Kontich

6. Bridge at Dendermonde

The largest bridge of 60 m span of these concrete tied arches is found at the town of
Dendermonde. It allows the crossing of the road from this town in the direction of
Brussels, with the railway tracks of the local station. The bridge is exhibited in Fig. 12.

I y

Figure 12 : Bridge at Dendermonde station

A vast amount of documentation, dating from 1932, was found in the 20 drawings
concerning the whole station project, of which 7 relate to this bridge. Archives show no
design document. Similar to the bridges of section 5, the arches do not have a prismatic
cross section. The concept has been expanded by creating a double arch, connected by
small short columns, which coincide with the location of the concrete hangers. The total
height of one arch equals 1.85 m, yet both branches are 0.9 m wide and 0.55 m high.
However, a small edging of 0.20 m width exists inside the opening. This increases to some
extent the stiffness of the columns. The cross section of the separate arch branches and the
edging are exhibited in Fig. 13.

The steel bearings are of fixed and rocker type. This allows free longitudinal
displacement. The types of bearings are characteristic of almost 90 year old bridges. They
are rarely found in modern building, because of the elaborate design and craftsmanship.
Today, these bearings are highly valued. Both types are exhibited in Fig. 14.

This bridge seems to be a highlight in interwar period concrete arch building. It is
well maintained and will probably continue to serve in many years to come. All
particularities of this type of structure are coming together in this rather large bridge. It has
no disturbing upper wind bracing, since the lateral resistance of the arches and the
contribution of the concrete hangers provides sufficient lateral stiffness.
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Figure 13 : Arch cross section and edging

Figure 14 : Dendermonde bridge bearings

7. Concrete hangers

A particularly vulnerable part of these bridges are the RC-hangers. In view of their
low stiffness the principle stress is tensile, caused by the normal force. Since only 4 of the
discussed bridges are fully documented, the following quantities could be determined, as
mentioned in Table 1. Anangers i the cross-section of the reinforcement rebars in mm?,
Bhangers 18 the concrete cross-section area in m?, Ngq is the hangers force in kN for ULS,
including dead weight and the load due to LM 1, Nrq is the ULS-capacity of the hanger in
kN for ULS, o is the concrete tensile stress (MPa) in SLS and the last column indicates
whether the concrete is cracked or not.

Table 1 Hangers forces and concrete stress

Bridge Anangers Bhanger NEd Nrd e Cracked
Albert 5428 .0.15 750 651 1.557 NO
Emu 3547 0.155 741 775 1.96 YES
SK Waver 4241 0.10 750 713 2.074 YES
Dendermonde 7364 0.30 852 1031 1.123 NO

If the concrete strength today would correspond to class fox = 25 MPa, which is
probably a rather low estimate, the value of fux = 1.8 MPa. Whether the hangers have
cracked concrete is confirmed if the concrete SLS-stress exceeds 1.8 MPa.

Both the Albert bridge and the bridge at Dendermonde have uncracked concrete
hangers, whereas for Emu-bridge and the SK-Waver bridge the hangers must be cracked.
Obviously, at the time of the design and construction of these bridges the LM 1 was not in
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use. Therefore, these bridges do not comply with the conditions of EN 1991-2, which can
be easily understood. However, both bridges with cracked hangers do almost comply with
the ULS-requirements. Nevertheless, whether the hangers are steel or RC, they are a main
concern in these concrete tied arch bridges.

Conclusion

Arch bridges are now almost exclusively designed for larger spans. The examples
given show that arch bridges for moderate spans were frequently designed in the past
century. The choice of concrete as a construction material is very logical, because arches
are mainly compressed parts. It has also been shown that these arches can take different
shapes, either with rectangular cross section, or octagonal and even doubled. This shows
that designers could make different choices. It is regrettable that these structures are
gradually disappearing, due to new functions, heavier loads or a lack of maintenance. Arch
bridges remain aesthetic structures with a powerful shape that add value to the
environment.

As far as the present study was able to retrieve the relevant data, the RC-hangers
seem to be an important point of attention. Once the concrete is cracked, the deterioration
process, due to chloride ingress from de-icing salt, as well as carbonation can start.
Therefore, during maintenance, the hangers as well as the connections require special care.
In case of steel hangers, the example of section 4 clearly demonstrate the weakness of the
hanger connections.
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ABOUT THE 55 YEARS HISTORY OF ZDIAKOV BRIDGE IN CZECH REPUBLIC
Tomas Roter,
“TechnologyUniversity in Prague, Department of Steel Structures and Bridges

IIpoabixeHne HA BTOpPA YacT:

Abstract: XKAsKOBCKHAT MOCT clie[l MOBe4Ye OT 55 TOAMHU HCTOpUS MPOJbIKaBa Ja
IIpEe/CTaBIsBA €IMH OT Hail-rosemuTe MU KpacuBu MocToBe B Yexwms. Ilpes 2017 r. ce
HabpmiBaT 50 roAMHU OT MYCKAHETO MY B €KCILJIOATAlMS U ChLIEBPEMEHHO C MPUKIIOYEHA
TOYHO CJI€J TO3HW TMEPUO YCIelIHa PEKOHCTPYKIHS. JKISIKOBCKUSAT MOCT € H3IBJIHEH OT
CTOMaHa KaTo JBYCTaBHA MOJNpPSHA JbIOBA KOHCTPYKLHS M BCE OLIE CE€ KJlacupa cpel Haii-
TOJIEMUTE TbIOBH U KPACUBH MOCTOBE I10 CBETA.

Key words: arch bridge, 330m span over Zdiakov dam

6.4. IlonHoBsiIBaHe HA peBU3HOHHATA 0a3a nmpe3 1999 r

MHoro npeau mosBaTa Ha IyKHaTHHU B CTEOJOTO HA IJVIaBHATa rpeja Ha mMocrta 0e
W3BECTHO, Y€ PEBU3MOHHHUTE IIacapelKd Ha MOCTa Ca HAMbJIHO HEPYHKIMOHATHH. 3a
IIPOBEpKAa Ha OCHOBHUTE I'pelM HAa MOCTOBOTO ILIATHO € M3IOJI3BaHa MOOMJIHA IulaTdopma.
IIpe3 1999 1., ToraBamrHOTO MMHHCTEPCTBO Ha TPAHCIOPTa M CHOOIICHHUSATA OTIyCKa
CpeZCTBa 3a MPOU3BOJICTBOTO U MHCTAJIMPAHETO HA HOBO 00OpPYy/IBaHE 3a MPOBEpKa Ha MOCTA.
OO6opynBaHeTO 32 PEBU3MOHHH TPETJIEAN C€ ChCTOU OT JABE TUIAT(OPMH, KOUTO MUHABAT IO
I'bTHATa HACTUIJIKA Ha MOCTa OT OIopaTta 10 ropHaTa 4acT Ha CBOJIA U JBE MIATGOPMH, KOUTO
MUHABaT IO TOPHHS TOsC Ha TrpeauTe Ha cBona, (pur. 20 m ¢ur. 21). IlogmsHata Ha
MHCIEKIUATA MOCTOBE € n3BbpuIeHo oT Hutni montage Ostrava npe3 1999 r.

®ur.20. MHcnekoHeH NemexoAeH MOCT Mo IbTHAaTa HaCTHIIKAa Ha MOCTa
®ur.21. O603HaueHNE HA PEBU3NOHHA KOJIUYKA

! Tomas Rotter, Assoc. Prof. PhD, CVUT, FAST, Praha, rotter@fsv.cvut.bg
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7. IloaroTOBKAa HA PEKOHCTPYKUMSATA:

7.1 JIuarHoCTUYHO H3cJIeiBaAHE

[Ipe3 anpun 2008 r. [Ipoekrantckara opranusanusi, Pontex spol. s.r.0., Bb3 OCHOBa Ha
nopbukata Ha RSD, Gellle M3BBPIICHO AMATHOCTHYHO M3cleaBaHe Ha MocTa - Zd'akov [21,
23], koeTo Oelie OCHOBAaTa 3a aKTyaJIM3WPAHE M YTOYHSIBAHE HAa MPOEKTa 32 PEMOHT Ha MOCTa
or 1999 r. Pesyaratute OT peioBHHTEe HHcneKuumd Ha Zd'akov MOCT MHOTOKPaTHO
CHTHAJIM3WpPA 332 CEPHO3HU LIETH M HEQYHKIIMOHUpPAHE HA ONOPHUTE HAa MOCTA, JIerpajaius Ha
O0eToHa B TOpPHUTE YAaCTH Ha OIOPHUTE, KOPO3HMs Ha KpalHUTEe HalpeuyHu TIpe.u,
HE(YHKIMOHATHO OTBOJHSABAHE HAa MOCTAa M HayajHa JIOKaJHa KOPO3WsS Ha CTOMaHEHaTa
KOHCTpyKIus. U3BbpuienoTo npe3 2008 1., TnarHocTUYHO 00cieIBaHe BKIIIOYBA OMMCaHUE Ha
CbCTOSIHUETO W JIe()EeKTUTE Ha OTACITHUTE YaCTH HAa MOCTa W TNPENOPbKH 33 PEMOHT. 3a
CTOMaHEHUTE YaCTH Ha HOCellaTa KOHCTPYKIMS OOMKHOBEHO Cc€ IMpernopbyuBa, Ccamo
[I0JIAraHETO Ha HOBO AHTUKOPO3MOHHO MOKPUTHE, C M3KIIOYEHHUE Ha MOCTOBUTE MPEXOJHU
¢Gyru, KOUTO U3UCKBAT MOAMSIHA C HOBU JIAMEJTHM MOCTOBH 3aTBOPH. 32 OETOHHHUTE 4acTH Ha
HOcCelllaTa KOHCTPYKLHS M JOJHaTa KOHCTPYKLHS € MpPEenopbUUTENIHO Ja C€ W3BBPILIU
JOMBIHUTETHA JUAarHOCTUKA U Bb3 OCHOBA HAa HEMHMS pe3yiTar Ja ce caHupa OeTOHHATa
noBbpxHOcT. HeoOxonuma e mbiHa moaMsiHAa Ha ropHara 4yact Ha MocTta. OpUTMHATHUAT
JpeHax IbIro BpeMe He € GyHKuuoHupal. [lo-cneyuanto, HAOIb*CHUME CIMOMAHEHU 2peou
noo NbmMHAMA HACMUIKA HA MOCMA €A HANBIHO YHUuwoxcenu om koposus. ToBa 0e u
OCHOBHATa MPHUYMHA 332 KOPO3UATA HA CTOMAaHEHUTE €JIEeMEHTH, KOUTO Ce HaMHUpaT B OJIM30CT
70 Hesl. 3a eJIeMEHTH Ha MOCTOBO 000pYy/IBaHe, T.€. MapareTH U APEeHaX, Ce U3MCKBA TOMHA,
PEMOHT Ha HMHCIEKIIMOHHO OOOpy/IBaHE M BBHBEXKJAaHE B EKCIJIOATAIlUs HAa MHCIEKIIMOHHU
nacapenku. Bp3 ocHOBa Ha pe3yiTara OT U3BBHPEIHHS OTJIE]l € OCOYEHO ChCTOSHUETO Ha
KOHCTPYKILUATA, B CIEAHATa CUTHATypa: V — JOMIO, KOe(UIMEeHT Ha ChCTOSHUE Ha
koHcTpyKuusTta o = 0,6 1 ToBapoHocumocT Vn =19 t, Vr =61 t, Ve = 163 t. CbcTosiHMETO Ha
KOHCTPYKIMATA € 3aCerHaTo OT JIOIIO ChCTOSIHHE Ha 3aTBOPUTE HAa MOCTa M Omopara Ha
ropHara yact

7.1.1. IonbJIHATEIHOTO JUATHOCTUYHO U3CJIeIBaHe

To e otHOBO M3rOTBEHO OT (hupma Pontex spol. s r.0., mpe3 okTomBpu 2011 r. B 06em ot
269 crtpanumu [24]. OcHoBaTa € TEXHHYECKH JOKJIAJ, M3TOTBEH Ha 0a3aTa Ha W3BBHPEACH
oryen Ha U30paHu YacTH OT MOCTA U MPEIOKESHHE 32 PEMOHT Ha OTJEIHU YacTU OT MOCTa. 3a
CTOMaHEHUTE YacCTH Ha HOcellaTa KOHCTPYKIUS MPEII0KEHUETO 3a PEMOHT B OOIIU JIMHUH
ChBIIAJA C MPEMIOKEHUETO OT MPEIUITHOTO JAMATHOCTUYHO H3CIIEBAaHE. 3a MOAINOPUTE €
MPEJIOKEHO pa3pylllaBaHe HAa TOpPHATa yacT Ha IMOANOPUTE, a 3a MUJIOHUTE U OCHOBUTE Ha
cBoJla € J00aBeH MeToj 3a pexaOmiuranus. Bp3 ocHOBa Ha pe3ynTaTa OT MHpOBEpKa Ha
ioyaTta Ha MOCTOBaTa HACTUJIKA OTJIOJY, KbJIeTO O0€ OTKPUTO NMPOHUKBAHETO HA Bilara Ipe3
Hesl, 32 MOCTOBAaTa HACTUJIKA Oellle PeIOKEHO Ja ce MpeMaxHe HAbJIHO CTOMaHOOETOHHATA
JI04a Mo Ab/DKMHATA Ha TJIaBHUTE TPeIy Ha IIMPUHA OT OKoJIo 2,0 m.

Ocgen ToBa Oe mpeIokeH rpaduK 3a PEMOHT B TPU €Tara Ha U3MbIHEHHUE: B PAMKUTE
Ha 2 TOAWHU; B PaMKHUTE Ha 5 roguHu; U B pamkutTe Ha 10 roguuu. Jlpyra BakHa 4acT OT
JOMBTHATETHOTO JAMATHOCTUYHO H3CIIe[BaHE Oelie W3CIeABAHETO Ha CBhCTOSHHETO Ha
cpiectByBamara PKO u kopo3nonHa araka, koeto Oemie n3rorseHo ot umk. Ondiej Kugler,
ceprudunupan uncrekrop FROSIO [25, 26]. Llenta Ha KOPO3HOHHOTO H3ClieBaHe Oe 1a ce
OTpeeNu NeHCTBUTEIIHOTO ChCTOSIHME HA AaHTUKOPO3HOHHATA 3allluTa U Bb3MOKHUTE 3aryou
OT KOpO3HS HA OTHENHM eleMeHTH Ha MocTa Zd’dkov. B3 OCHOBa Ha yCTAaHOBSBAaHETO Ha
(haKTUYECKOTO ChCTOSHUE HAa CTOMAaHEHaTa KOHCTPYKILHUS ca MPEJIOKEHU MEPKU 3a PEMOHT
WJIU BH3CTAHOBSIBAHE HA aHTUKOPO3MOHHATA 3alllUTa Ha OTACNIHU eneMeHTu. [IpoBenenoro
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uscieiBaHe 0¢ BHCOKO MpodecuoHanHo. JJoKIaabT Mmpeiara MoeTamHoCT Ha PEMOHTUTE 3a
3alMTa 0T KOopo3us: 1 eram — m3mbiHeHHe 10 1 roguHa: 3aTBapsHE Ha MOCTa. 2-pH eTail -
U3MIBJIHEHUE B paMKUTe Ha 2 roauHu: peMoHT Ha [IKO Ha riaBHMTE rpeam Ha mMocToBara
KOHCTPYKLMS U HA HAIPEYHUTE IPpely, JIOKAIHU PEMOHTH B KPBbCTOBUILA HA YCUJIBATEIH C
KaMepHH rpeau 3-Tu eran — u3nbiHeHue 10 10 roaunu: mbiaHo Bb3craHoBsiBaHe Ha [IKO Ha
BCUYKHM CTOMAHEHM €JIEMEHTH Ha MOCTA.

B noxmaza He ca oT4eTeHM 3aryOM OT KOpPO3HMsl Ha CTOMAaHEHaTa KOHCTPYKIHS, C
U3KIIIOYEHNE Ha 3aTBOpUTe Ha MocTa. OOcielBaHETO Ha BBTPEIIHOCTTa Ha KaMepuTe Ha
CBOJIOBUTE T'PEIM HE € U3BBPIICHO 1su10cTHO. KbM nokinana Ha unxk.Kyrnep e usrorsena upes
eKCIIepTHa OLIEHKAa OT aBTOpa Ha Ta3M IyOJMKalMs, B KOATO TOH U3pa3siBa ChIVIACHETO CH ChC
ChIBPIKAHNUETO U U3JI0KEHUTE 3aKIIIOUEHUS. J[pyru yacTu OT AON'BJIHUTEIHOTO JUATHOCTUYHO
u3cieqBaHe Osixa TECTOBE Ha CBOMCTBaTa Ha MaTepHAIUTE, TECT 3a YCTOMUMBOCT Ha
IOBBPXHOCTTA Ha OETOHHU COHAAXKU CpElly JEHCTBUETO Ha BOJA U pa3MpassBallld areHTU U
OIpeieNIsIHE Ha CTEeNEeHTa Ha KapOOHMU3aLUs M TECT Ha KOHLEHTPALMTa Ha XJIOPUIO0BU HOHH.

7.2. IIlpoeKkTHA 1OKYMEHTAUS

7.2.1. JlokyMeHTalUsl HA 3aJaHNe 32 U3ITbJIHECHHE HA CTPOeXKa

JoxymenTanusta 3a 3aganueto 3a crpoutenctBo (JI3C) e usrorBena ot Pontex spol. s
r.0., mpe3 HoemBpu 2011 1. B3 OCHOBA Ha YacT OT OPUTHHAIIHATA MPOEKTHA JOKYMEHTaIus,
CTAaTUYECKOTO mpeusuucisgBaHe ot 1999 r., mnmarHoctuyHo mnpoyuBaHe ot 2008 1. u
JOMBIHUTENTHO AMArHOCTUYHO mpoyuBaHe oT 2011 r. B mpeambrona ce mocoyBat mpUYUHUTE
3a peMoHTa Ha MocTa-Zd'akov M JOMBIHHTENHO ce MOA4epTaBa, de MPU JUATHOCTHYHOTO
oOcreBaHe Ha CbOPBKEHUETO, HEllIaTa 1ie 0bAaT NPEerU3upPaHu, KOETO BEPOATHO IIE JOBEIe
JI0 TIPOMEHM MO BpeMe Ha CTPOUTENCTBOTO. CTPOEXBbT Ha MOCTa € pas3felieHa Ha YETUPHU
oTHOcUTEeNHO 000cobenu yactu B JI3C: - peMOHT U caHMpaHEe Ha JOJHATa KOHCTPYKLUS -
PEMOHT Ha TOpHaTa 4yacT Ha MOCTa U MOCTOBaTa HACTUJIKA, BKJIIOYUTEIHO MTOAMSIHA Ha Karauu
Ha MocTa - peMoHT Ha cBoja Ha IIKO u croiiku - MoctoBo oOopyaBane. OCBeH TOBa
ChIABPKAHUETO Ha JEHHOCTUTE IO MPEICTOosIaTa PEKOHCTPYKIUS € MU3PEIEHO MO KI0YOoBa
nyma: -PeMOHT u pexabuiuTanus Ha HHPpacTpyKTypara; - PaspyiiaBane Ha ropHaTa 4acT Ha
noamnopure; - HoBu yactu Ha onopure, - L{snocTHO 6eToHMpaHe Ha TOBBPXHOCTTa HA OIOPU
u kpuiaa ¢ aebenuna ot 100 nmo 150 mm; - LlsnoctHO OGeToHHMpaHe Ha MOBBPXHOCTTA HA
maxTtute Ha mwionute ¢ nedenuaa ot 100 go 150 mm; Pa3pymaBane Ha TaBaHa Ha HUINIATA U
HOBOTO MY M3rpakJJaHe BbPXY IJIaBUTE HA MUJIOHUTE; - PexabunuTanus Ha KaMepHu 3a ApeHax
B I[JIaBaTa U MOJIHOXKMETO Ha MUJIOHA; - [Ib1HO GeToHMpaHe Ha OCHOBUTE HA MWJIOH M KOH30JIU
noj cBojpoBara (yra c aebenuHa okoio 130 mm; - M3apprnBaHe Ha KpallHUTE 4YacTH Ha
CKOOWTE 1O/ CheIMHEHHETO Ha apKaTa ¢ BEPTHUKAJIHH MPBTH 32 NMPEIBAPUTEITHO HAIPATAHE;
PexaOunuTanys Ha OCHOBUTE 3a HaKJIOH. PEMOHT Ha ropHaTa 4acT W I’bTHAaTa HACTUJIKaTa Ha
MocTa: JleMOHTaX Ha ropHaTa yacT Ha ITbTHATa IJI0Ya Ha MOCTA, BKIFOYUTEIHO Naparera u
KOpPHM3HaTa rpena; - PaspymaBaHe Ha 4acT OT I'bTHAaTa IUIOYA BBPXY IJIaBHUTE TPENM Ha
muprHa 2,0 m Mo msUlata IhDKMHA HA  MOCTa M TIOCIIEIBAIIOTO ¥ BB3CTAHOBSIBAHE; -
WNuxekTupaHe Ha INyKHaTMHUW B IbTHaTa Iuloda, [lopabpskaHe Ha TIVIABHUTE Ipeau Ha
MOCTOBaTa KOHCTPYKIIMSI Mpej onopute. PEMOHT Ha mMpOCTPaHCTBOTO 3a]] onopaTa: M3KOI Ha
1I0YBaTa, IOCJIECJBAIIO HACHUIIBaHE, NMPEXOJEH KJIMH M HOBO NIBbTHO IaTHo. HoB mbT M
M30JIALIMOHEH CIION (XMIPOU30Jalysl Ha BT U MPOXOAMMA U30JIallis Ha TPOTOAp U JIBYCIIOEH
nbT). HoBM MOCTOBHM 1110pH (MHOT0JIAaMENIHH BOJIOYCTOWUYMBY LIOPU C HaMaJleH 1yMm). PeMoHT
Ha CTOMaHeHaTa KOHCTPYKIIMSI Ha MOCTOBaTa HacTUiIKa (yCuiIBaHe Ha MecTaTa Ha KOPO3HOHHO
orciabBaHe, NMpoOMBaHE Ha BCHUYKH 3aTBOPEHHM pedpa MO cTebI0TO Ha IJIaBHATa TIpena,
€BEHTYaJJHO pa3llMpsiBaHE Ha OTBOpA, MpeMaxBaHe Ha JyOnMpamy JHCTOBE, KpalHU
HanpeuyHu rpean). LisummoctHo Bp3cTaHoBsBaHe HA PKO cTomMaHeHaTa KOHCTPYKIIMS HA
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MOCTOBaTa HacTHJIKa (cyxo a0pa3uBHO OjacTHpaHe 1O HHMBO Ha uuctora Sa 2% u
YEeTUPUCIONHO ToKpUTHE ¢ nebennna 360 um.

Pemont Ha PKO apka u croiikn

[{snoctHO Bb3cTaHoBsABaHE Ha IIKO 1o BpHIIHATA TOBBPXHOCT HA CBOJIA, BKIKOYUTEIHO
¢dyrara oz ceona. JlokanHo Bb3cTaHoBsiBane Ha [IKO mo BpTpenHaTa moBbpXHOCT Ha CBOJIA.
IIbnHa pecraBpanus Ha croiiku PKO BKIIIOUMTENHO 11€Ta M rOpHA CTaBa.

MocTtoBo 060pyaABaHe

HoBu xopHusu u napamneru. HoB apeHax Ha MocTa (ApeHa)ku, BEpTUKAIHU U HAAJIbXHU
BOJIOCTOIIH, BOJOCTOLIM IIPU MIJIOHK). PEMOHT Ha ChIECTBYBAIIOTO HMHCIIEKLIHOHHO
o0opy/aBaHe (KOJTUYKH 3a MHCIIEKIIMS Ha apKa U MOCTOBA HAaCTUJIKA). Perynupane Ha Jr0KOBe
B MOCTOBaTa HACTUJIKA U BXOJ0BE KbM KAMEPUTE HA apKUTE.

7.2.2. JlIokyMeHTaUMsl 32 U3NbJIHEHHE HA CTPOekKA

He e wusrorBena pokymenrauus 3a wusnbiHenue (PIC) mnpean wHaganoto Ha
CTPOMTENICTBOTO, MOpagyl OrpaHHYEHHWE BBB BpeMeTo. B Xoga Ha CTPOUTENCTBOTO €
JONBJIHEHa M YTOYHEHA JOKYMEHTAlMATa IO 33JaHMETO 3a CTPOEK BbB3 OCHOBAa Ha
YCTaHOBEHOTO aKTyanHO chcTosiHME. [lo To3u HaunmH RDS Oeme mocreneHHO 3aBBpILEH MO
BpeMe Ha TeKyllaTa peKOHCTpyKuus. M3nameHu ca crenudasHd TEXHUYECKH YCIIOBUS 3a
KauecTBO [28] 3a pekoHCTpyKImaTa Ha MocTa Zd'akov, kouto mombiBar riasa 1 ,,06mm™ ot
TEXHUYECKHUTE YCJIOBUS 32 KA4eCTBO HAa IBTHUTE KOHCTPYKIIMH C pasmopenbdara, ue
JOKYMEHTAIMATa 32 U3IBJIHEHWE HA CTPOMUTEICTBOTO e OBbJ€ M3BBPIICHA Bb3 OCHOBA Ha
nokymeHTausata Ha J[3C, mombiaHeHa C KOHCTATal[MUTE OT JAPYTH MPOYyYBAHUsS, KOUTO IIIE
ObJaT W3BBPUICHH B pPaMKHUTE Ha W3MBJIHEHHETO Ha CTPOUTEICTBOTO U JONBJIBA, PECIH.
paslupsiBa pe3yiATaTUTE OT JAUArHOCTUYHOTO TMPOYYBaHE, H3BBPIICHO KaTO YacT OT
JOKYMEHTaIusATa 3a oOliecTBeHaTa MHopbuka. ChHIIEBPEMEHHO C€ M3TOTBU TEXHUYECKU
periiaMeHT 3a OTJEIHUTE CTPOUTEIHH JIEWHOCTU. B Kpas Ha PEeKOHCTPYKIMATA € M3TOTBEH
0000111eH 3aKITIOYUTENEH T0KIa/1, KOUTO C€ ChbCTOM OT 15 YaCTMYHU OKOHYATENHU AOKIaJa.

8. [Ipornuyane Ha pekoncTpykuusaTra 2015 — 2017 r.

PexoncTpykimsaTa Ha Mocta Zd’ak craptupa opummanso Ha 8 roru 2015 T. ¢ yuacTHeTo
Ha peactaBuTenn Ha RSD CR u pu rossiv uuTepec oT crpaHa Ha meauute [30]. ITpes 2015
I. € HM3MBJIHEHA CaMO YacT OT paboraTta OT mpueTus rpaduk mnopaad HeAocTaTbyHa
MOJITOTOBKA Ha MpoeKkTa. V3BBpIIEeHO € pa3pyliaBaHe Ha IMBTHOTO IJIATHO W M30JAIIMOHEH
CIIOH, pa3pylllaBaHe Ha TOpHATa YacT Ha OIopa Ha JIeBUS Opsr U MpeMaxBaHe Ha omopa Ha
MOCTa, U3TpaKJAaHe Ha HOBA rOpHA 4acT Ha OIMOpa Ha JIeBHs Opsr U mpexoaHaTa My 30Ha.B
Kpasi Ha CTPOMTENHHS CE30H BbpPXY OTKpuTaTa OETOHHA IJloya Ha MOCTa Oerie ohopMeHO
BPEMEHHO TUIATHO 32 €IHOIOCOYHO JIBIKEHHE ChC CBETJIMHHA CUTHAIHM3AINS M BPEMEHHO O¢
IPEONIONIAH MPOLENbT Ha MACTOTO Ha OBJCIIOTO 3aTBapsiHE Ha MOCTa Ha JIEBUs Opsr.
BpeMeHHOTO JIBIKEHHE 110 MocTa - Zd'akov Gemme mycHato Ha 19 nexemspu 2015 r., dur. 22.
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®ur.22. Hacrpoiika 3a BpeMeHHa paboTa ®ur.23. OrpaHuyeHo JBYIIOCOYHO
JBMIKEHHE IO MOCTA

OcBeH TrOpeu3I0KEeHOTO, Ha YacTU YCHJIEHO C€ JOIbJBallle JOKYMEHTalusATa 3a

u3nbiHeHre. OCHOBHUTE mpoOieMu Osfixa MBTHOTO IJIATHO M HM30JAIMOHHMS CJIOW Ha
MOCTOBaTa HAaCTHJIKA, MOCTOBHUTE 3aTBOPH, MOAM(HKALNS Ha HACTUIIKATA, aHTHKOPO3WOHHA
3alIUTa Ha CTOMAHEHU KOHCTPYKLMHU, MPOEKTUPAaHE HA HOBU KOPHU3HU TPEIU U IMapareTH,
pexabuiauTanus Ha OMOPH M JPEHaX Ha MPEXOJHHUTE 30HH, PeXaOWJIMTAlUs Ha THJIOHU H
JOpeHak Ha MocTa. TO3W TIpoIeC CHIIO TaKa BKIIOYBAIIE TEXHOJOTHYHU M HM3MBIHUTEITHU
pasnopen6ou (TePr), kouto Gsixa 00paboTeHu OT noau3nbIHUTENU.IIpoLechT Ha KOMEHTHpaHe
u onobpenue 3a Hikou TePi Oeme TpyneH u ciieqoBarenHo Obibr. [Ipe3 3umara Ha 2016 T.
OpOABIKU paboTara Mo JOKYMEHTALUATa 3a U3NbiIHeHue. DaKkTuTe, OTKPUTH B HAYAJIOTO HA
PEKOHCTPYKIMATA, BEYE MOTaT JAa ObJaT OTYETeHU TyK. Hali-Ba)XHOTO pelieHne Mpou3THya OT
pesyiTara OT TecTa 3a paspyllaBaHe Ha IUloyaTa Ha MOCTOBaTa HAaCTUJIKA, U3BBPIICH Ipe3
2015 r., koraTo 4yacT OT IUIoYaTa Ha MOCTOBAaTa HACTHJIKA Ha ILIOI] OT OKOJIO 2 m® Geure
cbOOpeHa U 10 BpeMe Ha KoeTo Oelle pa3pylleHa ce yCTaHOBHU, Y€ OETOHBT U apMUpPOBKaTa Ha
MOCTOBATA IJI0YA, ChEAMHUTEITHUTE €JIEMEHTH U TOpHHS (pIlaHel Ha CTOMaHEHUTE HANPEYHU
Irpeau ca B MHOTO J00pO ChCTOSIHME, 3a pa3iiiKa OT PE3YyNTaTUTE OT AONBIHUTEIHOTO
nuarHoctuuHo uicnenade ot 2011 r. [lopanu ToBa Oerie pemieHo aa He ce KbPTH CT.OeT.
moua no JI3C. BpemenHara omnepanus Genre otMeHeHa Ha 30.3.2016 r. n moctsT Zd'akov
Oemre HamBJIHO 3aTBOpEH. [Ipe3 2016 1. ca U3BBPIIEHHU MO-TOJISMATa YacT OT CTPOUTEITHUTE
pabdotu [36, 37, 41]. Pa3pymieHa e ropHara 4acT Ha JsICHaTa Onopa M BIIOCIEJICTBHUE €
U3rpajieHa HOBa JsICHa ONOpa, MOHTUPAHU ca JIBETE MOCTOBH OIOPH, M3rPajicHa € MPexoIHa
30Ha 3a]] JFICHAaTa ONopa, MOHTHPAHU ca OOPIIOPH, XUAPOU30IALUS HA MOCTOBATa HACTUIIKA.
HaIpaBeHa € Iulo4a U IbTHO IJIATHO, IEMOHTHPAaHU ca KOPHU3HMUTE I'PEIU 3ae/IHO C MaparneTa,
n3pabOTEeHN ca U ca MOHTHPAHU HOBU KOPHHU3HU TpeI M MapareTH, HalmpaBeHa € OEeTOHOBa
io4a MOJ TPOTOoapuTe, MpH KOoeTo Bbh3cTaHOBsBaHe Ha [IKO Ha rmaBHUTE Trpeaw Ha
MOCTOBATa HACTHJIKA, HA CTOWKUTE U apKUTe O€ Bede 3aloyHaTo.
Ha 20 centemBpu 2016 r. 3aTBapsiHETO MPHUKIIOYM U MOCTBHT Oelle IMycHaT B OIpPaHUYEHO
nBynocouyHo JBwkeHue(ur. 23). Ilpes 2017 r. mpoabixu paboTaTa MOJ MOCTOBaTa
HACTUJIKA U 1O JI0JIHATa KOHCTPYKLHUS, TOKaTo MOCTBT Oelle B ekcruioaTauus.M3mbiHeH e
I[IKO Ha cBomoBeTe, yKpemBaHETO Ha CBOJOBETE M CTHIOOBETE, pexaOWIMTUpaHU ca
OETOHHUTE MOBBPXHOCTU Ha MUJIOHUTE, OCHOBUTE Ha CTBJIOOBETE, MOANOPUTE M JOJIHATA
CTpaHa Ha MOCTOBaTa HACTMUJIKA, M30JIALMATA HA MPOXOJUTE Ha TPOTOAPUTE U HAINPABEHU
ylIylHd, HallpaBEHO € HOBO OTBOJHsABaHe Ha MocTa M mapanerute Ha [IKO, kouto ca
HOBpeieHU MpH padoTa o mocta.PekoHcTpykuusara e 3apbpiueHa Ha 30 centemBpu 2017 1.
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8.1. CpabpikaHHe HA PEKOHCTPYKIMATA

OcHoBHaTa 1€ Ha PEKOHCTPyKIMATa Oeme TMOJMsIHa Ha MOCTOBH 3aTBOpPH,
BB3CTAaHOBSBAaHE Ha BOJIOYCTOMYMBA M30JIallMsl HAa IbTHATAa IUIOYA, MOJAMSHA HAa KOPHU3HU
rpely U napareTH, Bb3CTaHOBsABaHE Ha cTomMaHeHaTa KoHCTpykuus PKO u pexabunuranus Ha
OcToHHM yacTu Ha MocTa [31, 32, 33, 34, 35, 42].

3aTBopuTe Ha MOCTa 0sXa B OKAsTHO ChCTOSTHUE JBJITO BPEMe, U OrpaHryYaBaxa Tpaduka
o mocra [22]. TTo Bpeme Ha ch3naBaneto Ha Mocta Zd'akov (1967 r.) He € UMAJI0 HATHYHH
Kalmayky 32 MOCT, KOMTO J1a Ca BOJOHENPONYCKIMBH MPU HEOOXOIUMOTO nedopMHUpaHe MpU
pasmupenuero. OpUrHHATHOTO 3aTBAapsiHE HA MOCTa Oelle ¢ HeTUNnu4YeH au3aiH. ToBa Oerie
CTOMaHEHO LWIMHIPUYHO TMOATBPKAHO MOCTOBO 3aTBapsiHE, KOETO IIO3BOJIsIBA 0OIIO0
M3MECTBaHE TMpu pasmupeHue oT mnpudbausutesno 300 mm(dwur.24). [IBwkeHuero Ha
KpailHusl HampedyeH eJeMEHT B HaJJIbKHA MOCOKAa OT 3aTOIUITHETO WM OXJIKIAHETO Ha
OCHOBHATa HOCeIlla KOHCTPYKIMsS ce€ MpeAaBa Ha LUIUHABD, KOHTO ce ABMXXH BBPXY
CTOMaHEHaTa TI0Ya Ha OCHOBHUsS OJIOK. [TONBIKHUST IMJIMHIABD TOIIbpKA BBHPTAIIUS CE
€JIEMEHT Ha 3aTBOpa, YUMHTO TopeH ¢uaHen uma dopMaTa Ha HUIUHAPUYHA MOBBPXHOCT.
3aTBopHAaTa IUIACTHHA CE€ JIBUKH MO IWJIMHAPUYHATA MOBBPXHOCT, KOSTO € HEMOABHIKHO
MOAIBbpKaHA B IPYrHsl Kpail Ha MSCTOTO Ha KpaifHaTa HampedyHa 4acT. Ta3u KOHCTPYKIIHUS
OCUTYpsIBa TUIABHO HMBEJHMpAHE Ha IbTEKaTa 3a JIBUKCHHE. 3aTBapsSHETO Ha MocTa He Oere
BOJIOYCTOMYMBO M TOBa Oellle MPUYMHATA 32 MBJIHOTO MY pa3pylllaBaHe cliel] MPUOIU3UTEIHO
45 rogunu excrutoatauusi(®Pur.25) EAMHCTBEHOTO pellieHUe Ha TOBA YCIOBHE € J1a CE 3aMEHST
CHILIECTBYBAILIUTE 3aTBApsIIM YCTPONCTBA HA MOCTa C HOBH BOJOYCTOWYHMBHU 3aTBapAIIU
yCTpOHCTBa ¢ HHUCBHK HIyM. ToBa chmio Oemie CBBP3aHO CHC CPABHHUTEIHO 3HAYUTEIHUS
PEMOHT Ha TIOBPEJICHUTE YacTH Ha JiBeTe onopu (dur. 26).

@ur. 24. OpuruHajieH HWIMHAPUYEH MOCTOBH 3aTBOpP Pur. 25. [IpemaxHat MOCTOBH 3aTBOP
®ur.26. Uzrnen na onopara

BopnoycroiiunBaTa n3onanus BpXy IbTHATA HACTUIIKA MTOKa3a Je(eKTH, u3pa3sBamiy ce
B TEUOBE, BUJUMHU IpH IienaHe Ha tiova otaony( dur. 27). Ha Hikou mecta mo 6eToHHaTa
iova ce 3abers3BaT MH(PUATPATH U JIOKaJTHA KOPO3Ws Ha CTOMaHEHH eleMeHTH. Hocemara
OeToHHA apMUpPOBKa HE € 3acerHaTta oT kopo3us. [Ipu peMoHTa e HampaBeHa HOBA MPbCKaHA
M30J1a1Hus.
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®@ur.27. U3rnen Ha nbTHATA [J104a 0TA0AY ®uUr.28. ChCTOsIHUETO HA MUJIOHA MPEIU
PEKOHCTPYKIUSATA

OpuruHanHuTe KOpHU3W U MapamneTd oOpa3yBaxa eqHa CTpykTypHa enuHuna.llopanu
KOpO3HMsSl Ha HSKOM CJIEMEHTH OT KOpHU3HATA rpela M IaparneTrure, Oelie pemieHo aa ce
M3BBPIIN LSUIOCTHA OAMSIHA HAa KOPHU3HUTE rpeau u napanerure.CouiectByBamusat PKO Ha
CTOMaHEHUTE YaCTH Ha MOCTa (JIbrd, BKIIOUUTEIHO YKPENBaHE HA CBOJIAa, HAIIPEUHU TPEIU U
[JIaBHU TPEAM Ha MOCTOBaTa KOHCTPYKIIHMS) Bede Oellle aerpagupaia [0 TakaBa CTENEH, ue
BEUE HE TapaHTHpaIlle IbATOCPOUYHA aHTUKOPO3UOHHA 3amuTa.l[lo Bpeme Ha peKOHCTPYKIUSITA
€ u3BbplIeHa 1snocTHa pecraBpauus Ha 1IKO, ¢ u3kimoueHrne Ha BbTPEUIHUTE TPOCTPAHCTBA
Ha apKUTE€ Ha KaMEpUTE M HANPEUYHHUTE YCUJIBATENIM HA KaMEpPUTE B CTaBUTE Ha CBOJA.
beroHHHMTE NMUIOHM, OCTAHAIUTE YAaCTU OT MOJAMNOPUTE U OCHOBUTE NOJ KOJOHUTE OT JBETE
CTpaHU TIOKa3BaT 3HAYUTEIHH JAC(PEKTH IO MOBBPXHOCTTA CH, KOWTO HE 3acTparraBaT
cTatnueckata (QyHKIUS Ha MOCTa, HO € HEOOXOAMMO Ja Cc€ U3BBPIIM I[UIOCTHA
pexabunuranus Ha MOBBPXHOCTUTE UM [38]. MalkoTO MOKPUTHE HA aPMHUPAHUTE CIIIOOSICMH
MUJIOHU € MMPUYMHA 33 TAXHATa KOPO3HsI U OTKbCBaHE Ha MOKpUBalus cioit(dur. 28).

8.2. O010 chCTOSTHHE HA MOCTA NPEeAN PEKOHCTPYKIHS

ChCTOSHHUETO HA BCHYKH HOCEIIM CTOMAHEHH M OETOHHM yacTd Ha Mocta - Zd’akov 1o
OTHOILIEHHE Ha TAXHAaTa HOCUMOCIIOCOOHOCT Oelle MHOro J00po, ¢ U3KIIOUEHHE Ha OIOpUTE
Ha Mocta.ToBa 03Ha4aBa, Y€ TOBAPOHOCHMOCTTA M EKCIUIOATAI[MOHHUSAT JKUBOT HAa MOCTa-
Zdakov (c wm3KmoYeHMe HAa nOpexogHuTe (GY'M HAa MOCTa) cileld HouTH S50 TomuHH
eKcruioaTanus ca Owuiu chIMTe Kato mnpe3 1967 r., Korato MOCTBT € IIyCHaT B
excruloarauus.Tosa e noumu yHuKaien akm u e pe3yaimam Om BUCOKOKAUEeCMBEHO
npoekmupane, 0meo80PHO NPOU3BOOCMBO U U3CPAICOAHe HA MOCMA, KAKMO U A0eK8amHa
0b120200UHA N000pPBIIcKa. TEKyIOTO CTPOUTETHO CHCTOSHUE HA IENHUS MOCT C€ OTpa3u
HEONarompusITHO CaMO Ha CTPOMTEITHOTO CHCTOSHHE Ha omoputTe Ha mocta. Ilo Bpeme Ha
PEKOHCTpYKIHATA OsiXa M3BBPILCHU JACHHOCTUTE, OMUCAHU HAKpaTKo B maparpad 8.1, Kouto
MPEyCTaHOBHXA 3aIIOYHAINTE JIETPANAIIIOHHH MTPOLECH BHPXY CTOMAHOOCTOHHUTE €IEMEHTH
HAa MOCTa W BB3CTAaHOBHMXAa MbpBOHauasHAaTa UM (QyHKIUsA. OT TJIeqHa TOYKa Ha
TEPMUHOJIOTHSITa OM MOTJIO JIa C€ TOBOPH IO-CKOPO 32 PEMOHT, OTKOJIKOTO 32 PEKOHCTPYKIIUS
Ha MOCTa.

8.3. IToapoOHO onKucaHNe HA PEKOHCTPYKIMATA

PexoHCcTpyKIMATa 3a1I09HA CHC 3aTBApsSHE Ha JBIKEHUETO TI0 MOCTA 38 BCUUKU
aBTOMOOWJIM U MeneXo1H. [[BIKeHHEeTo Ha aBTOMOOMIIM Ce HAacOYBalle 1Mo 00X0IHU
MapiipyTtu ot okojo 20 km?.IIpeau 3aTBapsiHeTO Ha MOcTa 0s1Xxa 0OOCHACHU U U3ITBIHEHU
MEpKH 3a HHXeHepuHT Ha Tpaduka (DIO).
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8.3.1. MocT 1 MbTHA HACTHJIKA

B o6xBara Ha 1enus pasnpeaenuTeieH MIaH MbPBO 0gxa pa3pylleHu IbTHATa HACTUIIKA,
OoparopuTe, MbTHATA HACTWIIKA Ha TPOTOApUTE M H3OJIALMATA HA IUI0OYaTa Ha MOCTOBOTO
matHo(®ur. 29). AcdanroBara HacTWIKa Ha IBTA ¢ jAcOenuHa okojgo 80 mm Oeme
¢dpe3oBana. [lopaau npomennuBara aedennHa Ha BT, TOH Oelle HeMPEeKbCHATO MPOBEPSBaH,
3a J1a ce u30erne (hpe3oBaHe Ha IUIOYaTa Ha MocToBaTa HacTwika. [locaegauTe okomo 10 g0
20 mm 0sxa OTCTpaHEHHM AOCTa BHHUMaTenHOo. OpUTrHHANIHATA BOJOYCTOHYMBA HW3O0JIAIHS,
KOSATO Oellle HampaBeHa OT Pa3TONeHU ac(aiTOBH JICHTH, OSIlle BHUMATEITHO OTCTPAHEHA ChC
cTpouTenHa MamuHa ¢ HOX. [IpemaxBaHero Ha acanroBuTe JeHTH Oemie JOCTa TPYIHO.
OcTtarpuuTe OT U30JIALKATA, KOUTO HE Ca OTCTPAHEHU MAIMHHO, Ca MOYUCTEHHU Ha PhKa.

Ycunuero 6emie onpaBaaHo C IIeJ 1a He Ce MOBPEIU MOBbPXHOCTTa HAa OETOHHATA MJI04a
0T MOcTOBaTa KOHCTpyKIus. [1o To3u HaunH 6eToHHATa TI04Ya O0€ OTKpUTA IO Is1aTa HpUHa
MEXJy OCHOBHHUTE I'pey Ha MOCTOBaTa KOHCTPYKIHs. OpUTrMHAIHUTE KaMEHHU OOpIIOpH
0sixa CKJIaMpaHM 3a IMOBTOpPHA YMoTpeda Ha peKOHCTpyupaHus MocT. B nBara kpas, KbleTo
OeTOoHHATa IJI0Ya HAa MOCTOBaTa KOHCTPYKIHMS T'PAaHUYM ChC CTEOJIOTO HA TJaBHATA Tpela Ha
MocTa, OeTOHHATa IIo4a Ha MocTa 6e orpanuyeHa ot ropaus ¢aanm Ha ['BII U 180, 3aBapen
KBM CTeOJIOTO Ha ri1aBHara rpefa Ha Mocta(®wur. 30 u @wur. 31).

®ur.29. beronHa miIo4a Bypxy Ha MOCTOBaTa ®ur.30. 3abpiiBaHe Ha OETOHHATA
KOHCTpPYKILIMA CJIe]] OTCTpaHsBaHE Ha IbTHATA IUI04a J10 IVIaBHATA rpeja
HaCTWJIKa H30JaIus JI0 TJIaBHATa Ipeia Ha MOCTa

[To Bpeme Ha PEKOHCTPYKIUATA OETOHBT MOJ TPOTOAPA HA TOBA MSCTO € Pa3OUT PBYHO C
JEeKH KbpPTayHM YyKOBE, ClIe[] KOETO MOBBPXHOCTTa € IOYMCTeHa C BOAOCTpyiHka. Han
KoJIoHUTe 1oj criomeHatuss U HampedeH mpodwir, OT BbTpEIIHATa CTpaHa HAa CTEHATa Ha
OCHOBHAaTa Ipefla, MMa BEPTHKANIHO pedpo oT briaoB mpodpun L 200x16(Pwur. 31). Ilpu
MIPEyCTPONCTBOTO c€ ycTaHOBsIBa, ye U HalpeyHOTO CEYEeHUE HE € 3aBapeHO KbM CTEHaTa C
HEenpeKbCcHATa 3aBapKa, MOpaad KOETO Ha MeCTa OT IOJ HapylleHaTa XUIAPOHW30Jamus MO
HACTWJIKaTa TIPOHMKBA BJlara BBB BBTPEIIHOTO IMPOCTPAHCTBO HA  TPUBI'BIHOTO
pebpo(dur.32). ToBa 6e mpuumMHaTa 3a Bh3HUKBaHE Ha cepruo3Hu nedextu mpe3 1998 r. I[lo
BpeMe Ha PEKOHCTPYKIHATa Ha MocTa — Zd’dkov, 6e 06bpHATO HEOGXOAMMOTO BHUMAHHE Ha
to3u pnertain. IlecbkoctpyeHute cromanenn yactu (dianerny ¢ U-mpodwun, crebmoTo Ha
OCHOBHATa TIpela Ha MocTa 1oj TopHus ¢uaner) Osxa o0paboTeHM ¢ MHXUOUTOp 3a
kopo3usta. CwemuHeHueTro Mexnay U-mpoduina M CTeHATa Ha TIJIaBHATa rpeaa Oerne
BHUMATEIHO 3alleyaTaHo IO LisjlaTa Ab/DKMHA Ha MOCTa ¢ emokcuieH ymrbTHuTen Sikagard
186 cwe crectuten Stellmittel T 5% ot TermoTo. 3aneuaTBaHeTo ce€ U3BBPIIBA C TIOMOIITA HA
himnaryJa.
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®ur.31. HarpeuHo ceuenue Ha rinaBHara rpena  ®ur.32. Jleraitn Ha GeToHHATa 1JI04Ya OT
'bTHATA KOHCTPYKLMS HaJ IMWIOHA IIPU INIaBHATa rpesa

B mnocneactBue mox Hactuikara ce odopms KoHTpadaal mnmojx HakioH 4% ot
ennokommonenTHata cMec REDPATCH 1 ¢ nebenuna ot 5 10 50 mm(®wur.33), BbpXy KOSTO
€ HaHeceHa NpbCcKaHa u3ojanus. M3onauusara e u3BbpIICHA 110 MPOTEKEHUE HA CTEOJI0TO 10
ropuus (uUIaHII Ha TJIaBHATa rpeaa Ha Mocta. Tasu mapka npedomepamsasa nponuxeanemo Ha
611a2a 68 6LMPEUIHOMO NPOCMPAHCINBO HA MPUBSHIAHOMO pedpo, 3aBAPEHO KbM BbTPELIHOTO
cTebJI0 Ha OCHOBHATa Tpejja Ha MOCTOBAaTa KOHCTPYKLHUS, dopu u npu Ovoewo nospeda Ha
npasonpoxoonama eoooycmouinusa uzonayus Ha nacmuikama. Ha cutyauusara ot 1998 r. ne
OuBalle 1a ¥ ce AajJe Bb3MOXKHOCT J1a Ce IIOBTOPH B ObIele.

®ur.33. Konrpadan mox Tporyapa ®ur.34. Pa3pymieHa nbTHa 104a

B J13C ce mpuema, 4e tutodara HaJl MbTHATa KOHCTPYKIIHSI MOXe Ja OBbJe OTCTpaHEeHa Ha
WBUIIM C IMHpHHA oKoyio 2,0 m OT IiIaBHATa rpega Ha MOCTa OT ABETE CTpPaHH IO Iisiara
IbIDKMHA Ha Mocta. [lpuumHara 3a TOBa paspymiaBaHe W MMOJMSHA C HOBa IUioYa ca
pe3yNTaTUTe OT IOMBIHUTEIHO IUArHOCTUYHO H3Clie[BaHe, BK Ti. 7. Korato ce riena
IioJaTa Ha MOCTa OTHONY, Ce BWKIA JIOKaTHAaTa KOPO3Ws Ha KPBCTOBHUINETO HAa OETOHHATa
mio4a ChC CTOMaHeHUTe (UaHM Ha OCHOBHATa TrpeJa Ha MOCTa M HalpPEUYHUTE
enemeHTu(®ur. 27). Te3n daktu npeausBuKaxa TPEBOTH 3a CHCTOSHUETO Ha OeTOHHATa
i04a ¥ CTOMaHeHUTe ()JIaHIM Ha HAMPEYHHWTE Tpeld. 3a Ja ce Ompeleny ACHCTBUTEIHOTO
CBCTOSIHHE, IJI0YaTa HaJl MOCTOBAaTa KOHCTPYKIIHS O¢ JIOKaJTHO pa3pyllieHa B TOpHaTa TJaBHA
rpeaa Ha MOCTOBaTa KOHCTPYKIMS OnIM30 A0 T.H.omopa ,,MuieBcka™“ ¢ IUIOm[ OT
npubmmsurenao 2,0 m?, (Pur. 34), KoeTo He MoXa ga ObJe M3BBPIICHO 1O BpEMe Ha
JTUArHOCTHYHOTO U3CJe/IBaHe. Y CTAaHOBEHO €, Ue OETOHBT € C MHOTO JOOPO KayecTBo,
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apMHUpOBKaTa HE € KOpO3Wpasia 10 HUKAKbB HAYMH, TOPHUST (UIaHII Ha HAIpedHaTa rpeja
CHIIO HE MOKa3BaT Kopo3us. KauecTBoTo Ha OeToHa € ompeneneHo upe3 conpaxute (Dur.
35). OcBeH TOBa € M3BBPIICHO MOBBPXHOCTHO CKaHMpaHE Ha TMET M30paHW 30HH, 3a Ja Ce
orpeJiesiv apMUpoBKaTa B 6eroHHara mioya(dur. 36).

®@ur. 35. OtBOp B CT. O€T. IIo4Ya ®@ur. 36. TbpceHe Ha apMUPOBKA € pajap

B monero mexay HampeyHUTE Tpead, 8§ pcs/m HaJIbKHA apMUPOBKA ca MOHTHpAHH B
JIOJIHUS CJIOW Ha OeTOHa; HajJ HAaNpPEYHUTE I'PEAN CHUIMAT Opol Ha/UThKHA apMHPOBKA ca B
ropuaus cinoit(®Pur. 37). Hanpeunara apMupoBKa Ha Cps3BaHe ce ChCTOM OT 4 pes/m [38].

®ur.37. [Ipumep 3a komntoTbpHa oOpabotka  ®ur.38. [TouncrBane ¢ BogocTpyiika
Ha paJapHOTO U3MEPBaHe

3aroBa Oerre penieHo, ye MOCTOBaTa HACTHIIKA € B 1I00pO ChCTOSHHE, Y€ HE € aTaKyBaHa
OT COJl U Yye HAMa Ja ce OTcTpaHsABa. ToBa Oelle 3HauUTENHA NMPOMsSHA O BpeMe Ha
PEKOHCTPYKIIMATA, HO HAITBITHO OTPAaBAaHa M ChC CUTYPHOCT B T0J13a Ha [SJ1aTa KOHCTPYKIIHS
Ha Mocta - Zd’dkov. OcBeH ToBa Oellle H3BBLPIIEHO IAIOCTHO MOYMCTBAHE HA TOPHATA
MOBBPXHOCT Ha OETOHHATA IJI0Ya Ha MOCTOBAaTa HACTHJIKA C BOJHA CTPYS NPH HAJSATaHE OT
2100 6apa(dur. 38), koeTo Oeme onpeeneHo Ha 6a3zaTa Ha TecT 3a Onactupane. [IpemaxHatu
ca CThpUAIIUTe CTOMAHEHH €JIEeMEHTH OT OeToHa. ToBa ca HaNpPEeYHH HEHOCEI[ CTOMaHEHU
pBTH 0JIM30 /10 TOpHATa MOBBPXHOCT Ha OETOHHATA IJI0Ya, KOUTO OUYEBUIAHO ca OUIIH
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M3MOJI3BaHU 32 U3IbpPIIBaHE HA OETOHA 10 BpeMe Ha mojiaraneto My. OcraHaluTe CTOMaHECHU
OpbTU Ca MECHKOCTPYEHU 1O MeTalieH ONsIChbK W CHa0AEHM C MNacUBUPAILO IOKpUTHE
SIKAGARD 186. 30HuTe, M3IPKHAIH HAJ] OKOJIHATA TOBBPXHOCT Ha IIoyaTa, ca 00paboTeHn
ype3 nuiaidane 10 MakcuMaiHa aedenuHa oT 15 mm, kaTto ce B3eMe PeIBHI IMOKPUTHETO Ha
apmupoBkata. HepaBHocTUTE W BIUTHOHATHMHHTE TOJI HUBOTO Ha OKOJHATA MOBBPXHOCT C
nebenuHa Hall 5 mm Os1xa U3paBHEHH /10 HUBOTO Ha MOBBPXHOCTTA HA TJIOYATa C MOMOIITa Ha
enokcuaHa cmec SIKAGARD 186, HanbiiIHEHA CbC CMIIMLIMEB ISICHK. PEMOHTHTE U3BBPILIEHU
¢ nonumepOeton ce Hama3BaT cbc SIKAGARD 186 u ce mocumBaT ChC CHUIMKATEH ISICHK
¢dpaxus 0,0/0,8 mm. B octa Ha BOJAOCTOLMTE HACTHIIKATa UMa HAIBKHO KOPHTO, KOETO €
npeceyHaTa TOYKa Ha HANpe4YHUs HAKJIOH Ha MbTHOTO IJIATHO W KOHTpadaiia noj Tporyapa.
Ocra Ha KOpPUTOTO € pasloyiokeHa Ha pa3ctosHue 1,0 m OT cTeHaTa Ha riaBHaTa rpeia Ha
MocToBata Hactuika(dur. 39). Mexny nmbpBOHavYaIHUTE JpeHaXKW B OETOHHATA IJloYa Ha
MOCTOBaTa HACTUJIKA ca MPOOUTH OTBOPH 3a MO-KHCEH MOHTAX Ha APCHAXHH TPHOU Ha
uzonanuara DN 50 mm(®ur. 40). OcoBOTO pa3cTosiHHME MEXIy ApPEHAXHUTE TPHOU Ha
U30JIAlAATa TPOU3THYA OT HAMIBKHHS TPOQHUI HA KOPUTOTO. HalTbKHUSAT HAKIOH Ha
KOPUTOTO € MUHHMMAJICH B TOpHATa YacT Ha Abrara, Thid KaTo IsIaTa HACTUIIKAa HA MOCTA € B
Ibra ¢ TOJSM pajJdyc, a B TOPHATAa YacT JONMUpATEIHAaTa KbM Jbrara € XOPHU30HTAJHA.
CrnenoBaTeTHO aKCHATHOTO Pa3CTOSHHUE HA JPEHAKHUTE TPHOM ONM30 O TOpHATa YacT Ha
apkaTa e Haii-mManko. Crieq 3aBbpIIBaHE Ha 3alIMTAaTa HA WU30JIAAATA HA MBTHOTO IUIATHO,
*1e0bT ¢ mupuHa okomo 200 mm u gebGennHa OkKoJIO 35 mm € 3ambIHEH C JpPEeHaKeH
rtactiueH O0eroH(¢wur.41). Taka cp3gageHara o0paboTKa MOXKE JJa OCUTYpU OTTUYAHETO Ha
BOJIaTa OT MOBBPXHOCTTA HAa M30JIAIMATA B HAAMBKHA MOCOKA KbM JIPEHAXKU WIH TPEHAKHU
TpbOU OT HEKOPO3MOHHA cTOMaHa A4.

®ur.39. XKnebose no Pur.40. [penaxna tpnoOa B xieda @ur.41. XKnebose, mbiaHM C
0CTa Ha MOCTa C IpEHAXKEH IUTaCTOCTOH

B cpenara Ha ygacThka Ha MOCTa UMa BXOJIOBE KbM PEBU3HOHHUS MOCT Ha apKUTE OT
JIBETE CTPaHM HA MMTHOTO MJIaTHO.BXo/M0BeTe ca mokpuTu chec croManeH kamak(dur. 42 u
@ur. 43).

®ur.42. Bxoa kbM peBU3HOHHATA ®dur.43. CromMaHeH JIIOK B IBTHOTO IIJIATHO
racapenka Ha Jprara
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Bbpxy riaBHUTE rpeau Ha MOCTa ca IOCTAaBEHU JIBE CTAaBHU YCTPOWCTBA, KOUTO ca
pa3MoIOKEHN HaJ IMbpBaTa BEpTHKAIHA JTUHUS 3] MMUJIOHA Ha ,,Pfibram™ u Hanx mocnemxnara
BepTUKAIIHA JIMHHUA Tpen muioHa ,Milevsky. ChenuHeHHsATa HaMalsBaT HaINPEKEHUETO
BBpPXY IVIABHUTE TPEIU OT BEPTHKAJICH OrbBall] MOMEHT. B GeToHHaTa 1toua Ha MOCTa Mpean
PEKOHCTPYKIMATAa BbB (PyruTe ce MOsIBABaXa MaJKW U THHKM Karo KocMu mykHaTtuHu.llo
BpEME€ Ha PEKOHCTPYKLHMSATA € OTCTpaHeHa IbTHA Iuioya ¢ IbmkuHa 1100 mm W mwupuHa
oko0 200 mm. ITosy4eHOTO HMPOCTPAHCTBO € MOKPUTO C HOBA CTOMAHEHA KOHCTPYKIHS,
KOSITO € 3aBapeHa KbM TOpHHs (piaHII HA TTAaBHHUS HOCAd HAa MOCTOBaTa HacTwika(Dur. 44).
ToBa peleHue MpeIoTBpaTsBa MosiBaTa HA O'bHHHU HAIPEKEHUS B HACTHJIKATa HA IUIOYaTa B
HETMOCPEJCTBeHA ONM30CT A0 CTAaBHUTE YCPOMCTBa B TIJIaBHATa TIpeda Ha MOCTOBAara
KOHCTPYKIIHSI.

®dur.44. I[eTaﬁH B IIJI0YaTa IIpU CTaBaTa Ha I''TaBHaTa MOCTOBaA I'pcia

Bwpxy GeToHHaTa 1I04a Ha MOCTOBATa HACTHIIKA CJie]] BOJAOCTPYEHETO, U3PaBHABAHE HA
MOBBPXHOCTTA, M3TPaXKJaHe Ha KOHTpadaml U MOHTaX Ha JPESHAXHH TPHOUM € HalpaBeHa
npbckana uzonanus(gpur. 45), KOATO € W3TerJieHa MO CTeHaTa IO JBaTa Kpas /10 TOpHUS
(dnanm Ha cTe0I0TO Ha TVIaBHaTa rpeaa Ha mocrta(dur. 46). Ha MsCTOTO Ha OTBOJIHSIBAHETO,
OpUTHHAITHUTE JApPEHaXH B JONHATAa 4YacT ca 3ama3eHd U BBPXY TAX Oelle H3TeraeHa
npbCKaHaTa u3ojamus. M3onamusara 6 u3TerieHa U BbpXy MaHIeTa Ha APEHAKHUTE TPHOU.
W3non3Bana e m3onamnuoHHaTa cucrema Sikalastic ¢ ABOWHO aHKepHpall JICTIUICH CIOH U
XHUJIPOU30JIAIIIOHHA MTOJIMyPEeTaHOBa MEMOpaHa. AJXE3UBHUSAT CJIOW C€ ChCTOHM OT JIBa CIIOS
€MOKCH/IHA CMOJIa ¢ HUCHK BUcko3uTeT Sikagard 186, mopbceHa ¢ U3CYIIEH CHIIUIINEB TSCHK C
¢dpakuus 0,3-0,8 mm. JleObenuHaTa Ha IBPBUS CJIOW 3aBUCU OT aOCOpOIMATa Ha OCHOBATa, a
nebenHaTa Ha BTOpHSl CJIOW 3aBUCHM OT TPaHYJNapHOCTTA Ha TSIChUHATA IOCHUIIKA.
JIeCTBUTETHUAT W30JAIIMOHEH CJIOW € TOJIMypeTaH, HampaBeH OT marepuana Sikalastic
821/821LV ¢ HomuHanHa nebennna 2,1 mm, HO moHe 2,0 mm. Jlemmmaumst moct Sikalastic
823 e HaHeCeH BBPXY M30JAIMOHHUS CIIOM ¢ pazxoja ot okoiio 0,1 kg/mz, yuaTO nedenHa He
e u3Mmepena. [lo Bpeme Ha M3MBIHEHHETO HA M30JAIMATA € OpraHU3UPaH 3aCUJICH TOCTOSIHEH
HAJ30p Ha W3IIBJIHHUTEIS W WHBecTUTOpa. Cra3zBaxa ce IMOCIIeJOBATCTHO TEXHOJOTUIHUTE U
W3MBIHATETHN TPEANUCaHus 3a XWUIpPOW3oialnus Ha OETOHHAaTa IUIo4a HAa MOCTOBaTa
HACTHJIKA ¢ TPhCKaHA CUCTEMa Ha MOJIMypEeTaHOBA OCHOBA.
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v 4

®dur.45 Ilonarage Ha u3onanus ®ur.46. 3aBbpuIBaHe Ha IPbCKAHA U30JIAUS 10
cTe0JIOTO Ha IJIaBHUA TPErep Ha MOCTa

[IspBOHAYAIHO € M3ITBIHEHA W30JAI[MOHHA 3allUTa IMOJ HAacTWiIKaTa Ha mupuHa 1,0 m
OT CcTe0JIOTO HAa OCHOBHATA Ipe/la Ha MOCTOBAaTa KOHCTPYKIIUS, T.€. 10 OCTa Ha KOPUTOTO, KaTo
ce m3noysBar achantoBu upunM. [IprunHaTa 3a Ta3wW 3ammrTa OCIIe OCHOBHO J1a CE OCHUTYPH
JIOCTHI Ha pabOTHUIM, Taka 4Ye JBIKEHHETO Ha XOpa BbpPXY IpbCKaHATa M30JAIMs Ha
naxyOHarTa 1ioJa a Ob/ie HaIrbIHO U3KITI0YEHO. BriocieicTBre € M3mbiiHeHA 3alUTaTa Ha
M30JIaIuATa oA IbTA ¢ Moauduimpan it achantr MA 11 IV PmB 10/40-65 ¢ nmpoekTHa
nebenmnna 35 mm, MEHEMYM 25 mm, MakcumyM 73 mm. Cpennara nebenuna e 42 mm(dur.
47). 3BBbpIICHO € M M3paBHSIBaHE Ha MOBBPXHOCTTa HAa MOCTOBaTa HACTHJIKA B CJIOS JISAT
acanTt. [lomaraneTo € M3BBPIICHO PHYHO HA CEKIUMU MO IsUIaTa MIMPUHA OT OKojio 10 m
MeXIy pbOoBeTe Ha OBAEHIOTO KOpUTO. MOHTHUpaHM ca ABPBEHH paMKH Ha MecTaTa Ha
BOJIOCTOILIUTE U JpEHAXHUTE TphOU. Pasmucana e mociienoBaTeIMOCTTa 3a JBMIXKEHHUE Ha
MIPEBO3HU CPEJCTBA, TPAHCIIOPTUPAIIM ac(anToBaTa CMEC M 3a JIB)KCHHE Ha paOOTHHIM 110
M30JIaIUATa, KOETO MPEIOTBpaTsABA pa3pylllaBaHETO Ha u3oyanusTa. Ta3zu mpouenypa oOere
MO/ MOCTOSTHHOTO HAOIIOZICHUE HAa TEXHUYECKHS Ha/I30p Ha HHBECTHTOPA.
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MAJIKO 3A TOJIEMUSI MHK. JTAJIO PAKOB (1923 -1997)
Bacu [lenues’,
BHUlIpoexm

AOBCTpaKT: A6mopvm Ha 00KIAOA HU 6PbUA 8 UCMOPUSIMA HA Nepuood, npe3 Koumo 6
HAWAama O0vpicasa ce u3epanicoaxa 3HAYUMU U 3HAYUMETHU N0 PasmMepu MOCmoge Om
OOUKHOBEH U Nped8apumenHo HANpecHam CMOMHOOEMOH, HA 201AMd Ydcm Om KOUmo
npoexmaum Oeute 2oi1emuam Owba2apCKu MOCMOBU UHJCeHep a umeHnHo: Jlano Paiixos.
Hezoeama cvoba kxamo epaxcoanun na bBvreapus u 2onsim cneyuaiucm 6 ooiacmma Ha
CMoMaHobemonHume MOCmose, e MOIK08a HeOOUKHOBeHd, Ye CU 3aciyxceéa 0a Ovoe
NpepasKazana HAKpPAmKo ¢ AaKyeHm 6bpxXy HAKOIKO JHCUMENUCKU CIYYKU OM He208Usl
arcueom. Llenma na 0oxknada e 3an03HABAHEeMo HA MAAOOMO NOKOJIEHUe MOCMO8ayl ¢ eOUH
HAUCMUHA 8elUYA8 00pPA3 HA YOBEK, KABANEP U ONCEHMBIMEH OM HedaleyHama Ovieapcka
NPOEKMAHMCKA MOCMOBAUIKA UKOA.

Knrwuoeu oymu: cmomanobemon, snavumu no pasmepu mocmose ¢ Cogus
1. VBoa
Ha npbB norsien Te3u HCTOPUM MOJKE J1a HE BIIEUATIIAT HIKOM MOM YMTATeNH, HO HCKaM

BeJIHAra J1a TH YBEps, Y€ TO3H YOBEK € OCTABHJI B MEH JBJIOOKH CJIEIU B HAYMHA MH Ha
muciene (Pwur.1)

®ur. 1. JIano Paiikos

Bumnpoexr
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[To3HaHCTBOTO MM ¢ HEro Oelie Karo BTOPH YHUBEPCUTET. TOH € €IWH OT IbpPBHUTE
3aBbpIIMIM HOBOCB3AaneHus ome B napcko Bpeme MCU. Cnen 1944 roaunHa, MHXKEHEpPHO-
CTPOMTENHHUAT HHCTHTYT Om mpekpberenna MCU . Mocud Cramuu®. Equn Hamr MHOTO 100BD
unxenep, cien Jleseru (1944)uzbsran 8 CAlllu kato My BUASIU TUIUIOMAaTa, TOMUCTIIIA, Y€ €
3aBbpni ¢ ortinune Maeonornyeckn Crannacku Mucturyt! Munure te!.Jlano e yuuit 3aeHo ¢
To3u (M30sranus), HO W Mpe3 ymMa My HE € MUHABala wiaedra na Osra HsKbae.berie MHOroO
M3BECTEH MHXKEHEP, HO IIaBHO O€ CIEeNHaNUCT 1Mo MocTtoBeTe. HeroBust mateHt ,,KamepTon 6e
MIPUJIOKEH 3a MMBPBU BT HA TPU MOCTa B yuacTbka [lupmomn-Po3uno (Ha moadankaHCKus BT 3a
Byprac) m ukoHOMUYEeCKHAT €PEKTOT Te3u KamepToHu Oe ocezaem.Ho Hsamame mapu nma ro
MaTEeHTOBA B LIETHUS CBAT , a caMO B colyiarepa. ToBa pelieHre Ha U3KIIOYUTETHHUS OBITPCKU
WHXXeHep-MocToBak Jlano PaiikoB, K0eTo € maTeHTBAHO caMO B OMBIIHNS COIUATUCTUYCCKH JIarep
ce Hapuya ,,Kamepton”. CTpiaboBeTe ca pa3psi3aHu B Hail-ropHaTa CH 4acT, KaKTO € MIOKa3aHo Ha
Ha cxeMaTa . ['omeMuTe XOpU3OHTAIHU CHJIM, KOMTO CE Mpe/laBaT B rOpHATa 4acT Ha BUCOKUTE
cThiI00Be, TPEAM3BUKBAT Or'bBAIlM MOMEHTH TP OCHOBUTE. KakBa € pasnmukata MExXIy
KJIACHYECKOTO pellIeHre U IIPU KaMePTOHA € BUIHO OT clieaBainiaTta ¢urypa(dur.2a) u (dur.20).

TOBA PELWUEHWE HA MZKNHOYHTEN- KPATKA “HmGPMAu“H 3A

HWUA EBNMAPCKH MHMEHEP-MOCT- "KAMEPTOHA" HA WHK. JIAJNIO PAMKOB
OBAK NANO PAAKOB, KOETO E Ma- Ll

TEHTOBAHO CAMO B BMBLUWA COLL.
NAFEP, CE HAPWYA "HKAMEPTOH".
CTLMEOBETE CA PASPA3SAHM B HAM-
FOPHATA CH YACT, KAKTO E NOKA-
JAHO HA CXEMATA. NTONEMMWUTE X0O-
PU3OHTAMHKW CHAKW, KOWNTO CE NPE-
AABAT B NrOPHATA YACT HA BHCOK-
HTE CTbLNBEOBE, NPEAM3IBUKBAT Or-
BEALLA MOMEHTH NPHU OCHOBWTE.
ETO KAKBA E PASNMWKATA MEXWAOY
KNACHYECKOTO PELUEHHE H NPH

"KAMEPTOHA", ey ——500—— _+4443Jé-¢44-.—

4 HaMepToH

e - -

500
I

KaM EI‘.I'I'!}II-‘I.T"'I

1-1 2-2

®ur.2a. Cuna P BbB BbpXa Ha KOJIOHUTE ®@ur.20. ,,Kamepron” kosoHuTe

CaeroBHO u3BecTHUAT apX.Hopman DocThp npuiioku NpHHLHKIA HA ,,KAMEPTOHA™ HA BUAIyKTa
npu pexa TapH, 10 rpaguero Muiio B IOxna ®pannusa. To3n MOCT € €QHO apXUTEKTYpHO -
KOHCTPYKTUBHO OMKY, C OTBOpH He 1o 36 m, a o 342 merpa. Haii-BUCOKUAT My CTBHJIO He € 72
m., a 343 M. © e Ho-BUCOK OT AMi¢enoBaTa Kyna.3a Hesl 3HaeM, 4e Mpe3 JATOTO, BUCOYMHATa U
HapacTtBa c¢bC 17 cM. KonctpykropsT € mHxk. Mumen Bupnoxpeo-oT ctpoutenHara ¢upma
,»Aden, koaTo e u3nbiaHuIa Buaaykra (dur.3).
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HAUTBIKEH PA3PE3 NPE3 BUAAYKTA MPU IP. MUAO
P P P, P =

R s 4
Ah /Ah'x /’ﬂ[&"'

| 342 342 342 342 342 342
®ur.3. HannbxeH pa3pes npe3 BUagykra mpu rpax Muiio

[Tpu enno mpryBane Ha Jlano ¢ kona g0 ['JIP, chpOuTe Hay4wiu, 4e me nmpeHonysa B benrpan u
ro NoThpcuiMn B xotena. Jlano, HeOIaroHaaexaeH B OHOBA BpeMe KaTo (paOpHUKAHTCKU CHUH, C
nepexTeH HeMCKH, (PPEHCKU U aHTJIMICKHU €3HK, ABJTr0 HE IO MycKaxa HaBbH, HO cera, KakTo U
Opu JIpyru mojoOHM ciydad, ¢ Hero mbryBame H. T. - mMHOro GmaroHanexseH, reHepajeH
JUPEKTOP Ha HAKAKBB ,,T...CTPOM™, MAJIKO IPOCTOBAT, ama I10 MPUPOAA IPAKTUYEH U YECTEH.
MHoro neneme Jlano kaTto MHXkeHep U cu ro Oerle Ha3Ha4uua npu cede cu. Ta cepOute (roBops
3a U3THKHATU CPHOCKU MHXKEHEpHU- MOCTOBaIu) nmomonmin Jlano ga ro 3aBenat no bans Jlyka .
TaMm uMano exuH MOCT, 3a KOMTO ce O€3MOKOoeNd MHOTO U Ipearojiaraiy, ye mpobaemMbT € B
JarepuTe Mpu ONOpPHUTE- HE MOMHS NojapoOHocTu. Jlamo BBHOOIIE M HE MOMHUCIHI, Y€ TOBA €
BB3MOXHO, ama H.T. kateropuuHo HacTosu1 Aa oTuAatr A0 TaMm. KakBo mo- roisiMo yBa)keHHE KbM
TO3U M3BECTEHOBIrapCcKu- CHerualnucT. Mexay Apyroro, €IHO HEMCKO CIHCaHHE IO TOBa
BpeMe, Oellle Kjacupaio TpuMmara Hail- U3BeCTHH Obiarapu 3a MoMeHTa: bopuc XpuctoB(Bcuuku
3Haexa ToraBa Hwukomait ['stypoB u moBeuero He Osixa uyBajau 3a TeHHanHus Oac), JloHuo
[TanazoB (c mpTemecTBUATa CH U IaHKToHa) U Jlano PaiikoB (c ,,kamepTona“ cu)!..

OtuBar Ha Mocta, Jlamo mpaBu orjen, MpaBU HEOOXOAMMHUTE H3UMUCICHHMS W TapaHTHpa C
HOJIKCca CH, Ye MOCTBHT HAMa Ipobiemu. M pa3bupa ce, cbpOuTe UCKAT @ IIIATAT XOHOpAp 3a
cranoBuuieTo. Jlano kareropuyno orkassa. H.T. My cnoMeHaBa, 4ye TOBa € HOpMajHa MPAKTUKA
U e chraacyBai ToBa noceuieHue B bans Jlyka ¢ moconcrsoro Hu B benrpaa. Ho Jlano He ucka!
Torasa H.T. B3ema mapute u cirydasiT NpuUKJI0OYBa ¢ rojemMu 6inarogapHoctu. B xorena H.T. naBa
napure Ha Jlano u ro ycnokosiBa, ue ToBa € HopmasHo. Cymara € rojisiMa- eT XWiIsiiu JoJapa.
Ho Jlano cu e...Jlano! Beuepra Jlano mokanBa cprOCKUTE CH KoJieTH B O6apa Ha xoTena. CKbIo
YUCKH, YEpEH XalBep, AJKH, CKBIIO IIAMIAHCKO M HAKBJE CJIEJ IOJYHOI, HAIIMT IJjaa
CMETKaTa Ha TrOCTUTE CH, aMa W Ha BCHUYKHU roceTutenu Ha Oapa. [lopwpuBa omie Taka, ye na
ocranat 200—300 momnapa Gakmum 1 ...ToakoBa. CpbOCKUTE My KOJIETH 3HAENIU UCTOPHTA HA
Jlano c .. MocTa npu rapa JIakaTHUK, Ha KOMTO TON € OUJI IPOEKTaHT, KOraTo € Ha XpUCTOBAaTa
BB3pacT (1956 r). MocTbsT nmagHan npu OETOHUpaHE Ha CBOJOBETE M yOWJ TpuUMa paOOTHHKA.
Jlokazano ce kareropu4Ho, ue Jlano Hsama BuHa. [IpoekThT My € Oui nmpoBepsBaH U OT HEMCKHU
eKCIepTH- HUKakBa rpemkal Bunara e Omia Ha eIUH HEroB Bb3pacTeH Koisera (ToraBa Ha 55
TOJIMHU), KOWTO OWJI MPOEKTaHT Ha JABPBEHOTO CKele Ha MocTa. Jlano e ompaBaaH OT Chlia, HO
TOW OTKa3Ba cBOOO/aTa, €l Taka, 3alIOTO € JHKEHTBHIMEH H 3alloTo € rojsMm 4osek! ['eopru
JlaHanyioB yBeKOBEUMJI TOBA B Iuecara cH ,,KpasT ocraBa 3a Bac*. ToBa Majko xopa ro 3Hasr.
Enna Beuep, ¢ Jlano Osxme camu B aTeaneTo My Ha yi. ,,JIo0bp roHak*. A3 04X 4epTOKHHUK Ha
HEroBus ,,kaMepToH ToraBa.Toil MM pa3ka3a, Kak HE MCKaJ Ja 3aCETHE CTapHsT CH KoJiera OT
,» | PAaHCTIPOEKT M OTHBa] Ha paboTa CYyTpHH paHO, KbM 6 Yaca, OTBapsUl M3YUCICHHUAITA My Ha
Kodpaxa 3a MOCTa, IPOBEPSBAL,IIPOBEPSIBAI TaKa Mecell, HiMa U HsAMa rpeuku. [Tucuano my u
HE TIPOBEPUJT TTOCIICTHUTE HAKOJKO CTPAHUIIH, KBACTO OMIT “KITFOYBT Ha CBOJIa HA MOCTa. A TaMm
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Kojerata My cOBbpKaJll MpH CMETKUTE M JOMYCHAT HAMpeKEHUs B JAbpPBEHATa KOHCTPYKIHUS OT
1000 kr/xB.cM. ipu gomyctumu 100! Enna daranna nyna. Jlano mu criogenu Ta3u Be4ep TOBA:
3BbHAT My 10 Tenedona. Kazatr My oT o0OekTa, 4e nmpu OETOHHpPAHETO, CKeJIeTo cKbpa. Jlamo
UM PEKBbJI, Y€ IIOM HETOBHAT MOAINKC CTOU HA YEPTEKUTE, 3HAUM BCUUKO € Hapea. AMa BCUYKO €
HapeJl, HO IbPBEHOTO CKEJIE € MPOEKTUPAHO OT ApYr U Jlano ro e moamucal KaTo IpOEKTaHT Ha
CTOMaHOOETOHHATA 4acT, T.€.- chriacyBan popmanHo. Ho, koraro craBa Oensra, mpe3 HOIITA TO
B3€MaT C KOJIa U T'0 3aKapBaT (HE € BaXXKHO KbJI€), HACTAHABAT I'O Ha €JHA Maca, a CPelly HEro
MPOKEKTOPH W TOM HE BWKIA XOopaTa orcpemia. 3amodBa mpodecwonaneHn pasmurt. Komerw,
npodecopu M JOLEHTH, 3aJaBaT IHCMEHO BBIIPOCH, 3a Ja HE TM pas3lo3Hae Mo TJaca,
cienoBarenaT ru uere, Jlamo orroeapsa. Hakpas My 3asBsBat, 4e HAMa MPOMYCKU B 3HaHUATA. B
ChJla TO OIpaBJaBaT HAIbJIHO, HO TOW He mpueMa. UyBCTBa BMHA, Y€ KaToO ca My ChOOILMIN, Ue
CKEJIEeTO CKbpLa M aKO € OMJI OTUIIBJI Ha MSCTO, HE € MOXKET Jla He 3a0esiexku, Yye CeUeHUsITa Ha
rpenTe W IBbCKUTE Ha Kodpaka MpH ,,KiIoua‘“ Ha CBOJA Ca MHOTO THHKM M ONAcHU. A
MPOCKTAaHTHT Ha Kodpaxka € rienai, ama He BusI... Cpada!l

To u TecThT Ha Jlano 6w ¢ mooOHa cha0a- BiIM3a B 3aTBOPA 3apajyl €HH CTOMAHEHHU XaHTapu
B Kazannwk, kpaero umano efaHa (araiHa MPOEKTAaHTCKA IpelIka M eIUHUSAT XaHTap MajaHail.
CraBa Bbrpoc 3a jgor. uaxk. [.I"., koroto momus 100pe oT yHuUBepcurera. Jlano Gemie eHEH 3a
abiepst My . I'.- cbI10 MpeBb3X0JeH KOHCTPYKTOP - ipodecop).

Koraro Jlano u3nusa ot 3aTBOpa NpeaCcpOYHO, EAMHCTBEH, KOWTO MYy I10/1aBa pbKa U I'o B3eMa Ha
pabora, e uHx. ['eopru Artanacos, nupekrop Ha 3CK —Kpemukosiu.JIamo u He € TOMHCIISIT Aa
ce BbpHE B ,, Ipancrnpoekt. [IyckaT ro nmpeacpodHo, 3amoTo B 3aTBOPA MPaBU KOHTPANPOEKT HA
Cyxus nok BbB Bapha, npoekTtupan oT ,, [ paHCIpOeKT* U MOHWkKaBa IieHaTta My c¢bC 70 MUITMOHA
neBa. TbcTHT My BKapBa IPOEKTUTE Ha ,, I paHCIIpOEKT B 3aTBOpa. Jlasio mpaBu cMeTKH Ha pbKa
C MajKara CMeTayHa JIMHHWIIKAa U C I'bJIHATA CH TJIaBa CbC 3HaHUs. CbCTaBs €IHU ypaBHEHUS C
MHOIO HEM3BECTHH, KOUTO TBCTHT MYy YCIsiBa Ja T'M 3aHece B [lonma, KbaeTo MMa rojsm
M3YUCIUTENEH LEHThpP, MHOTO Ipeau y Hac. PemeHusita qokas3BaT MpaBOTAaTa Ha PEIICHHUETO,
koeto Jlano e HampaBui Ha pbKa M NpeAcTaBs npoekTa cu. [lo Bpeme Ha HMPOEKTUPAHETO B
3aTBOpA, MHOT'O My NOMAraT jJBe MJIAJAM HEroBH KOJNEXKH oT , Tpancrmoext™ — M.M. u B.B.
Koraro Jlano 3anouBa pabora B 3CK-KpemukoBiu, Te 0TUBaT BegHAra Ha padoTa Ipu HEro.
Cnen xaro MU CBBpPUIM PA3NPEACICHUETO 33 TPU TOJMHU B NPOEKTAHTCKATa OpraHU3alUsB
JloBeu, mocteiux B 3CK- KpemukoBum ¢ HazmexaaTa Ja moixyda cOQUHCKO KUTEICTBO. IMmax
enna nens (yuurenka no xumus -JI.LK.), koaTo ssBHO MHOTO Me € oOryana U pasmpassilie, 4e CbM
MHOTO KaabpeH u ca Me ,m3rermmwm’ B Codus. Karo Hayunx ToBa, WBamie MH J1a TIOThbHA OT
CpaMm — BbPBU pa3Ipassii, Y€ HE CbM JIbI'bJl U HE ChbM CE XBAJIUJL.

ToraBa cpemHax TO3u HeBeposiTeH 4doBek. Mmuxk.Jlamo PaiikoB Oemie riaBeH WHXKEHEp Ha
MPOEKTAHTCKOTO OIOpO KBM 3aBOJa. bbp30 HaydMx MHOTO HEIla 3a HEr0 M IO TJeAax ChC
cTpaxonouuTteHue. Tol Me Mpue CcbC CUMMATHs W BEJHAara MU JaJe Ja MPOEKTUpaM eaHa
npomunieHa crpaga. Kaza wmu:  [Ilpasuw apxumexkmypama, xoucmpykyusma, BK-mo,
sepmukannama nianuposka u camo EJI-a u OB-mo we 2u npaéam opyzu. [la, ama Toil ropoperie
TOJIKOBa OBP30 W Hepa3OpaHo, Y€ MOMOJUX rpynoBust Mu prkoBoauten [1.K, (Toit Genie ¢ MeH
IIpU TIOCTaBSHETO HA 3a/1a4ara), 3a Jla MM € Hello KaTo mpeBojad. E, 3a 1Ba Mecela CBUKHAX U
Hay4ux JiajgoBus e3uK. CUTYpHO ChM ce crpaBuil 100pe, 3amoTo Jlamo, mpeau na HamycHe 3CK-
KpemukoBuu u na otune npu H.T., kazan nHa ['eopru AtanacoB Helro MHOTO J0OpO 3a MEH.

Jlano me e XBaJIui HIAKBAE U NPEeIUd OTHUBAHETO MU B ,,I aBmpoekT™ (cien kato Toi mu Oere
BB3JIOKHUI J]a HAIPaBUM CbC criuposid noazemuute napkunru Ha HJIK). 1 unsa toit enun nex c
IPbM U TPACHK MpU MEH B ,, [ maBmpoekT™, 3a 1a Me Mo3apaBH Ha HOBaTa MU paboTa U Ja MU
MoJKeJlae ycIex, ama BoJu Cbe cebe cu U mpusarens cu apx.AceH ['opaHoB (Beue ce Mmo3HaBax ¢
HETo, Thil KaTo TOM Oerle u3BeCTeH MIaBnpoekTel]!) Mex1y MeH | TJIaBHUSI TUPEKTOp UMa eaHa
CeKpeTapKka - KpacuBa 1 MHOTO MHTEIMIeHTHa Miana skeHa (M. P.) u BpaTuTe HU Maii Osixa Bce
oTBOpeHH. Jlano roBopu HepazOupaemo, HO 3a CMETKa Ha TOBa- TPbMOIJIACHO. T03U YOBEK, KAKTO
u ['eopru Atanacos, pu MOAOOHHU Cpelly, M1exa KoHsK ,, [ lmucka® ¢ siaxu u kagde. ToBa cTaBa
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o AHJIPOTIOBOTO BpeMe — IpaBexa ce MPOBEPKH 10 KadeHeTara U pecCTOPaHTHUTE, JIOBSIXa X0Opa,
KOUTO ca M3JIe3]I B paOOTHO BpeMe M I'M Haka3Baxa, a Ja ce Mhe Ha pabOTHOTO MsICTo, Oerre
HeponycTuMo. bsax mactius, ye Jlano me e yBaXwi M CH Kazax MailHaTa My Ha IpaBujara.
Bennara M.P., ¢ koaTo MHOTO ce yBakaBaxme, pa3dpa Me C €lIHa lyMa U MUTHOBEHO KYIH U
JIOHEce KOHSK U SIJIKM, a KadeTo HampaBu camaTa Ts. [ maBHUSAT Mu aupexTop, apx. [.3., mman,
aMOMIIMO3€H, MPUHIUICH, HE3HAM BIDKIAN JIM Oelle ajJKkoXojd, OCBeH KaTo JeTe, ako ca My
Makenu paHuTe ¢ pakus. Xa cera ae! OrtuBam a3 mpu JI.3. U My BHUKaMm Ja JoijJe U Aa ro
3aro3Has ¢ eiHa rojsima JuyHocT. Toi ce 3apajBa,u Tpberea ¢ MeH. JIajo ro Tyma cBOMCKH, Ka3Ba
My Jla CelHE NpPU Hac MU My Ka3a, 4e royiiM KbCMET € M3BaJuj C MOETO Ha3zHadeHue. A3 ce
MPUTECHSBAM BHHArd OT TaKMBa HeEIlla, MPUTECHEH ChbM M OT KOHsAKa Ha Oropoto u. Tpsadsa na
IpuU3Has, Y€ TOraBa YCETHX, Y€ TO3M MIaJ PBKOBOAWUTEN HE € TACHO CKpPOeH. A Muiara
CeKpeTapKa 3aKiIiouuiia Bparata U JAOCTHI 0 Hac Himame. Ycmsx HaObp3o Aa oOsicHs Ha [1.3.
kol e Jlano PaitkoB. KoHskbT cu Bbplenie padoTaTa U o €IHO Bpeme, Jlano kasa, ue me Hu
pazkaxxe ennHa ucropus: H.T.mosT med, uaa mpu MeH NMpeAu JBE CEAMUIM U Ka3Ba, 4e
oTuBame 10 JIOHIOH M I1Ie yyacTBame B €IMH KOHTpec. 3a TakoBa I'bTyBaHe 10 JIOHIOH cbM
MeuTan oT jere. Crogenux ¢ Hero U My Kaszax, ue 1€ 3amassl JIB€ CTal B €IMH CTap U W3UCKaH
xoten 1o bur benna, 3a koliTo MU € TOBOpHII OpaT MU, KOUTO ’kKBee 0T/aBHA BbB Buena. Toii ce
cbriacu. 3ama3ux nBete crau. Ha nermmero rienam H.T., ye e mHoro Onen, usrnexnaa u
npurecHeH. [lutam ro kakBo My e, a Toil- HAMa Huulo. [Ibk He e oT camorera, JeTsi € gocra. B
camoJeTa HU XallHa, HU MUiHA. Y CMOKOsIBaM ro, a TOM mak ka3a, ue My Hsama Huiio. Ciemnoden
KallHaxXMe M HaeX €JHO YEpHO TaKCH, CIMpaMe MpeJ] XOTela, BIM3aMe BbB OrpoMHO (oaiie,
Hacpella peleniusaTa, BIsSIBO- HacsIAamu CIOKOWMHM X0pa, MUAT Yail (He yHCKH), BASICHO - Haj 20
tene@onHn kabuHu. Ha Bcsika xabuHa otrope nume abpxasata: CAlll, Kanana, Ascrpanus,
Hoga 3enangus,... bearapus g Hsama. 3a €IMH MU cIUpaMe Ha OTPOMHHUA KUIUM, 24 Ha 24 M.,
OTJIEXK/IAaM ChC 3aTacH IbX M CH Ka3BaM JaHO He € CbH. M B To3u Mur, H.T. kaTo crpena, npeceue
KUJTUMa 110 JMaroHall W Bie3e B kaOuHkara ¢ Haanuc Kanama. EctecTBeHo, ue ce 03agaunx, He
MU Ka3a HHUIIO, He 3Hae Ayma aHriuicku. Ilo egHo Bpeme enuH HM3UCKaH TOCHOIUH OT
pelenuusITa WaBa MpU MEH, HaOBp30 ce pazdpaxme, Y€ CHhbM pe3EpBHpal ABE CTa U YaKaM
KoJsierata c. ['ocmogAMHBT MU Ka3a, 4e Kojerata Mu sIBHO uMa npobseM. Hakonko MuHYTH cTOU
0e3 a mpaBHW HUIIO, 3aII0TO TpsOBa Ja BAUTHE CIyIIalKara. ToraBa kaOWHaTa CBETBa U TOM
MOKE M Jla 1oi3Ba TeneOHHHUTE yKa3aTelu, ako € 3a0paBuil HoMepa. Bunsax, ye kaOuHKHUTE
MMaT Mo €IHO MaJIKo yabkeHo mpo3opue u npu H.T. e Tbmuo. Kazax, de me Buas, na He €
u3ropsija Kpymkara. ['ocnoiuHBT MU Ka3a, ye Ha peleniusaTa MMa KOHTPOJIHO Tallo U HAMa
npobiieM ¢ Kpymikara. Mamka My, cu pekox W B To3u mur H.T. oTkpexHa nexko Bparara Ha
KaOMHKaTa U MU MPaBU C MPBCT 3HAK Ja OTHAA mpu Hero. OTUAOX ¢ Obp3U CTHIKH. ,,Jlail Mu
kydapa! Hacpax ce!“-mpombiBu TOH, Beue He ToskoBa 6men. M3rprnuax! Ho my kazax: ,,Jlo6pe,
ye craHa Tyka, a He B Codus, mpeau na ce KauyuMm Ha camolsiera. Bce mak mpuCTUTHaxMe B
Jlongon!“Ha ToBa MSCTO BCHYKH C€ 3aJMBaxMe OT CMIX, Ta c€ HajJoKH Jlago HIKOIKO NBTH A
IoBTaps KakBo My e kasan Ha H.T.

Ta To3u rojsiM 4YOBEK MM CHOJIENM, Y€ Ha AENOTO 3a MocTa Npu JlakaTHMK, Tpenu oIie
EKCIEepTUTE Ja JOKaXaT HEBUHHOCTTA MY, aJMMUHUCTPATUBHOTO, MAPTHHHOTO U MPOPCHIO3HOTO
PBKOBOJICTBO Ha ,, IpaHCIIPOEKT HE ca To 3anmuTiin. PadpUKaHTCKA CHUH, CAMOHAJIEsSH, HE3HAM
KaKBO CU. AMa NpONyCHaJIM Ja KaXkarT, ye KOraTo C€ BHMJAJO, Y€ K.II. MOCTBT Npu JlakaTHHUK
TpsiIOBa J1a € B KpuBa B IUIaH(TJIEAAHO OTrOpe) M C TPH CBOJQ, MUTAIM KOH IIe ce HaeMme Ja To
IIPOEKTHpa, BCUYKM CH 3aTpasiii U camo Jlamo kazan, ye Moxe. Hamm cu mpencrassite
3aBHCTHHUIIMTE KaK ca MOTPUBAIM phleTe ciel aBapusTa. 1 Jlamo ce 3apexbi1, ye KaTo uzjie3e oT
3aTBOpAa, e MoKaxe Ha TpaHCIpoeKT, 4ye He ca OWITU CTpaBeUIMBH KbM HETO.

Mocrosere nipu Ilupaon-Po3uHo, 1o mpoekT Ha ,, TpaHcnpoekT®, crpyBaxa mo 12 MuinoHa.
Jlano, ¢ reHuanHus cu ,,KaMepTOH' HampaBu mMocTtoBeTe 1o 4 munuoHa! Hail- BUCOKUAT CTBHIO
Oemre 72 M. cedyeHrueTo My B miaH Oemre 5,0 Ha 5,0 M. 1 cTeHuTe O0s1Xa ¢ nedenmmna 25 cm. Haii-
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rope crweiboBere Osixa paspsizaHu mo cpenarta ¢ ¢yra or 12 cm., otuBama Hagomy 12,0 m.
Uctuackn kamepToH. 36- METpPOBUTE NPEIBAPUTEITHO HANPETHATH CTOMAaHOOETOHHHU TpEau
CTBIIBaxa OT JABETE CTPAHU HAa KAMEPTOHA M HsIMaxa Bph3Ka MOMEXKAY Ch. Taka XOpU30HTATHUTE
CIJIM Ha MBTHOTO IUIATHO Kapaxa KaMepTOHa Jia TPENTH M TOBa HamallsiBalle PSA3KO Or'bBAIUTE
MOMEHTH B OCHOBUTE Ha omopute. IMEHHO TOBa BoAeIIe IO TOJIIMa HKOHOMUSI Ha MaTepHalii U
cpencta. [IpoekranT 6eme Jlamo PaitkoB, a My momaraxa MHOTO W3BeCTHUTE My Koseru Kocra
IlexoB u XKopo I'anueB. Konrpomure 6sxa mpo¢. unx. Xpucto Ilonos, npod. Xpucro II.
BovpbanoB u gom. mHk. Mapyo MwuHeB (mo-KbCHO W ToM cTaHa mpodecop). UepToKHULIHUTE
OsixMe a3 W JBeTe JIIOOMMH KOJEKKH Ha Jlano, 3a KOUTO BH CIOMEHax mo- rope Pabormxme
Bceku AeH oT 18 mo 24 wgaca, cien pabora. Crnen aa-tpu Mecena. JKopo I'aHdeB mokapa oT
N3paen kauecTBeH nayc. [IpoekThT Oerie KaTo ¢ pbKa HeMHIaH!

A3 cu Kynux Koja, IpyruTe chilo 0sxa Bb3HArpaJeHu 00raTo 3a TEKKHs U OTTOBOPEH TPy, a Ha
Jlamo My ocranaxa mapu: 3a numdep!

Mocter Ha ,llapurpagcko mioce, Ha T.H. ,,UYeTBBPTH KUJIOMETHDP®, MPOEKTHUPAH OT
,» | paHCTIPOEKT™, Oelle OT MOHOJIUTEH CTOMaHOOeTOH. JIamo 00sSBsIBa HAa EKCIIEPTEH CHBET, Ue I
ro HaIpaBH MHOTO MO- eBTUH. Bb3narar my ro. [IpaBu ro cbiio oT cToMaHOOETOH, HO HalperHar
Ha MSCTO, Clie[l KaTO CTOMaHOOETOHBT OOMBA MPOEKTHATA CH SKOCT. M ocTaBaT mapw 3a oIe
€/IMH T0- MaTbK MOCT.

JIbpkaBHATA MPOEKTAHTCKA OpraHU3alus ,, | paHCTIPOEKT™ TIOTYYH HAKOJIKO yJaapa OT OMBII CBOU
KoJjera, KbM KOHTO ce OTHece HECHpaBeIMBO IMPHU ONUCAHUS HENpUATeH WHUuAEHT. Eaun
YOBEK, ChC CBOMTE 3HAHUS U OIUT, MOXE JIa € MHOTO T0JIE3CH Ha 00IIecTBOTO U OU TpsiOBaso na
MOJIy4r HSKakBO Mpu3HaHue. He Bcuuko TpsOBa ga ompaBaaBame C ,,TakoBa Oelle BpeMeTo™.
JlomoTto e, ye cmocoOHUTE XOpa Yy HAC MHOTO HE TH JOJTIO0OBAT — MOCPEACTBEHUTECA MHOTO, 32
ChKaJeHHE.
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WROUGHT IRON CUT NAILS WITH ROSE HEADS ARE STILL IN SERVICE
Yesim Kamile Aktuglu'

Dokuz Eylul University, Faculty of Architecture, Department of Architecture, Structure-
Construction Branch

Abstract: The iron cut nails were the most important structural pieces to compose a
wooden frame in past. Still there are sacred buildings or residential buildings around, standing
more than 200 years, are having wrought wron cut nails with rose heads for their wooden frame
stabilizing masonry system with stone walls.

At a distance very close to Priene Archeological Ruin Area, there is a church building, written
that it was constructed in 1821. Its masonry structural system with stone, has a very well
constructed wooden frame on and in the stone wall at both direction, connected the wooden
pieces with rose head nails.

1t could be easily seen through the damaged parts of wooden linten beams to support the stone
walls and also the stone columns in rectangular.

For this church is very close to Priene, it could be thought that this kind of building system could
become from Priene construction culture.

In the paper, the visible wrought iron cut nails with rose heads will be presented and will be
explained how they could manage to hold the whole structural system in standing up.

Key words: The wrought iron cut nails with rose heads, wooden linten beams, Priene
Archeological Ruin Area, church building, masonry system

1. Introduction

As it is well-known that whole Tiirkiye is full with archeological ruins and still the
excavations are going on. During the several visits to this sacred building
to understand how it is still standing, lots of photos are taken, lolts of measurements are done for
building survey, and lots of minutes to watch in silence to listen the true words coming from the
whole structure, at its place.

Suddenly, these wrought iron cut nails with rose heads are become more visible over the
wooden frame, surrounding the perimeter walls in nearly 150cm in distance till to two arches. And
also on the rectangular columns, there are wooden structure as a frame, in 70-80cm in distance till
to the top of the frame together with stone.

What is interesting, these nails couldn’t be easily taken off from their places even though
half of the nails are at the outside. And these nails are a bit long nails, having less section which
goes to the end of the nail, straight from the rose head of the nail.

In the paper, some important details will be examined to understand how they support the
total structural system of the building, starting from the first meeting time with the details (Fig.1.)
[1]. And the shape of a wrought iron cut nail with rose head is very important (Fig.2.).

And also, sometimes the wooden system could be invisible under the plaster, and only the
wrought iron nail could be seen to be connected to another iron structural element, to span between
the columns, at the end of the arches (Fig.3.) [2].
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Fig.1. The connection point of two wooden structural elements at one point where both of
them are in 90 degrees position, connected with wrought iron cut nail with rose head (photo
taken by Y.K. Aktuglu, on 31% of July, 2022, at first meeting with the building)

Fig.2. The drawing of Wrought Iron Cut Nail with Rose Head ( drawn by Y.K. Aktuglu, on
12.04.2024)
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Fig.3. Wrought Cut Nail with Rose Head over the Column (taken by Y.K. Aktuglu, on
25.01.2023)

2. Wrought Iron Cut Nails with Rose Heads, together with Wooden Structure

The structural system of the church building is a masonary one with stone for the perimeter
walls and columns inside. But the vital part of this system is the wooden stabilizing structural
elements at both directions to reinforce the system with wooden sections, around 6*12cm or more.
These wooden frame is inside the wall at both sides of the wall, outside and inside at the same
level, and inside of a concrete wells or tubes. Or we could easily say that the wooden structural
elements are over concrete layers and and also there is a layer in vertical, where the opposite one
is plaster layer, and also top of the wooden structural element, there is another concrete layer.
Sometimes, this place is made ready with stones, which are good to shape. These frame goes
through the whole building to stabilize the perimeter walls and also the perimeter of the rectangular
or square columns. Here are some details(Fig.4.), (Fig.5.),[3].
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Fig.4. A detail on the wall (photo taken by Y.K. Aktuglu, on 06.06.2023)
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Fig.5. A Iron cut nail on the wooden lintel (photo taken by Y.K. Aktuglu, on 06.06.2023)

At the corners, two pieces of wooden elements are connected with wrought iron cut nails
with rose heads. Sometimes they could be easily seen from the surface, sometimes for they are
burden inside the connection points, it should be carefully looked to see the iron inside the
wood.For the end of these specially designed and forced iron cut nails, the shape of the iron bar in
square section first, immediately at the starting point, just under the rose heads, turns into just a
point at the end of the bar, and a bit curved to hold the system perfectly (Fig.6.) [3].

Fig.6. Wrought iron cut nail on the corner of the rectangular column (photo taken by Y.K.
Aktuglu, on 06.06.2023)
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After examining these nails on different parts of the wall and columns, it could be easily said
that the real reason why this old church of St.Nicholas, from 1821, near Priene, is still standing is
the strength of these nails, coming from their producing procedures and surely also from their
shapes to be knocked directly first with wooden lintels, and then with the whole masonary walls
and columns with stone[4].

The rose head is rarely on vision(Fig.7.),(Fig.8.), [5]. Mostly rose head is inside the construction
as a burden piece.

There are more secrets about how to construct with wrought iron cut nails with rose heads
in this old church building, which will be there to be understood whenever it will be ready to know
the details, to make manifests build better buildings in future.

Fig.7. The rose head of a wrought cut iron is in view (photo taken by Y.K. Aktuglu, on
19.07.2023)
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Fig.8. The rose head of a wrought iron, which is at the real corner of a perimeter wall
(photo taken by Y.K. Aktuglu, on 19.07.2023)

3. Conclusion

As a conclusion, WE HAVE TO MAKE MORE AND DEEPER RESEARCHES to
understand the situation how the wrought iron cut nails with rose heads support the masonry
structure, through wooden frame stabilizing structural elements, over the concrete surface for
wooden lintels.

While visiting archeological ruins, we have to look for these kind of nails. More samples,
more information will touch directly to our present structural systems for designing future systems
for buildings and structures better.

Just after one year later on 31% of July, 2023, when the first time was 31% of July, 2022, that
Servet Balcioglu met me meet with this beautiful wealth first time, we checked again all details,
more or less everything was same. And my friend got tired a bit(Fig.9.), [6].
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Fig.9. At the visit after one year later, everything was same, just my friend got tired a bit
(photo taken by Y.K. Aktuglu, on 31.07.2023)

Through these visits, at the same time, another research file has been opened about the
St.Nicolas churches around the world, where there is a unique one in Lido, Venice, Italy, where
there is another kind of wrought iron cut nails with rose head around St.Nicolas Church in
Lido(Fig.10), [7].

It is time to start visiting St.Nicolas again soon, sure first in Tiirkiye, then in Lido, to continue
researches about wrought iron cut nails with rose head and St. Nicholas.
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Fig.10. A wrought iron cut nail with rose head, wround St.Nicholas Church, in Lido,
Venice, Italy (photo taken by Y.K. Aktuglu, on January.2024))

Acknowledgement

[ am very thankful to my classmate from 6.Math.A in BAL, Servet Balcioglu, computer engineer,
who let me know about this beauty first time in 31.07.2022.

When I met with this church building, I felt that I am inside of a wonderful product, coming from
1812.

Later, I did several visits to this place, to hear the music of the structural elements to show me how
they could stay till my time.

Suddenly I took care of the nails, which are the main structural elements to manage to make the
church building survive till now.

Sure I have learned a lot.

Thank you very much once more, Servet Balcioglu, for this very wealthy meeting.

REFERENCES

[1] Aktuglu, Y. K., 31.07.2022, Visit to this church building first time with Servet
Balcioglu, who let her know about this beauty

[2] Aktuglu, Y. K., 25.01.2023, Visit to this church building

[3] Aktuglu, Y. K., 06.06.2023, Visit to this church building

[4] Aktuglu, Y. K., 08.07.2023, Visit to this church building

[5] Aktuglu, Y. K., 19.07.2023, Visit to this church building

[6] Aktuglu, Y. K., 31.07.2023, Visit to this church building

[7] Aktuglu, Y. K., December 2023-January 2024, Visit to St.Nicolas Church in Lido,
Venice, Italy and other St.Nicolas Churches in Venice

408



MEXIAYHAPOJIHA HAYYHA KOH®EPEHIIUA BAHW’2023
INTERNATIONAL SCIENTIFIC CONFERENCE BASA'2023

ITPOYYBAHE HA CTPOUTEJIHATA UCTOPUA HA YUTAJIMIIIHATA
CI'PAJJA C PUTYAJIHA 3AJIA HA HAPOJHO YUTAJIUILIE
"OTEIl TAUCHH - 1927 B C. U3BOP, OGIIIUHA PAJIOMUP

Panocsera Kuposa-JlenueBa', Yasnap CrosinoB?,
Bucwe cmpoumenno yuunuwe ,,Jlroben Kapasenos“
Abstract:

Chitaliste "Oter Paisiy" in the village of Izvor was founded on January 9, 1927 and
played important role in the political history of the district of Radomir during the
XXth century. The building of chilaliste "Oter Paisiy", which is located in the center
of the village, was opened in 1980. The community cultural center with a ritual hall,
which is located in a village, was designed by team of local talented local designers
and features the functional program and representative architectural post-war
modern characteristics of a significant cultural center in Pernik region.

Key words: chitaliste, community cultural center with a ritual hall, post-war
modernism, synthesis of arts

1. YBon

Uuranuimara BB3HMKBAT B cpemara Ha XIX B. kato mbpBata Objarapcka
oOl1ecTBeHa, MPOCBETHA U JapUTEICKa MHCTUTYLUS, U3pa3 Ha CBETCKUTE KYITYPHHU U
00pa30BaTeIHU HYX /AU HAa CTPEMSIOTO Ce KbM HE3aBUCHUMOCT OBJITrapCKOTO OOLIECTBO,
CPEJICTBO 32 KOHCONMAMpPAaHe Ha ObJIrapcKaTa HalMOHAIHA HAeHTHYHOCT. [1,2]

[IppBUTEe UnTanuIua npe3 Be3paxkgaHeTo Bb3HUKBAT KaTO OMOIMOTEKH U KiIyOOBe
[0 TeTpajHa CaMOJEHHOCT B 4acTHU >KWwMIIHM crpagu.4 Cuexn OcBOOOXKIECHHETO
3aroyBa M3rpa)<1aHeTO Ha IbPBUTE YUTAIMIIHU OOUIECTBEHM Crpaau — YUTAIHILIATa
BbB Benuko TwpuoBo, CBumos, Buaun u ap, a ciaen Hayanoto Ha XX B. 3amodBa
MacoBOTO M3TpaXJaHE Ha YUTaJuIIa IbPBO B MO-rojieMUTe rpajgosere, a mnpe3 30-te
roguHu Ha XX B. - B IO-MaJIKUTE I'pajioBe U cenata. OGoraTsBaHeTO HA YMTAIMILHATA
Mpexa IMpoJb/DKaBa U Ipe3 BTopaTa MoJIoBMHA Ha XX B. KaTO LI€JICHACOYCHA MTOJIUTHKA
Ha COLIMAIMCTUYECKUS PEKUM. [4]

YuranuuiHata Mpexa B paiioHa Ha [IepHUK cTapTHpa ¢ OCHOBABaHETO Ha I'bPBUTE
Tpu rpaacku yntanuma B bpesuuk (1870), Pagomup (1895) u Tpwh (1895), a npe3 1898
u 1899 ronuHa ca OCHOBaHU CHOTBETHO YMTaiMILA U B cenara JuBns u CUPULIHUK.
Yuranuiiero B ceno M3Bop € 0OCHOBaHO B MEpHO/a HA MAaCOBO Ch3/laBaHE HA YUTAJIMILA

! 1-p apx. Pagocsera Kuposa-Jlemuesa, katenpa [ TUA, BCY ,JI. Kapasenos®, yi. “Cyxomoncka 175, 1362
Cyxonoin, Codusi, rkirova@abv.bg

Zumx. Yaemap IletpoB CTOSHOB, NMPOEKTaHT - KOHCTPYKTOP M CTYIEHT crenuanHocT "Omnassade Ha
apxuTekTypHOoTO HacneactBo" BeB BCY "Jlroben Kapapemos", yn. "Cyxomoncka" 175, 1362 Cyxomomn,
Codus, ing4040@abv.bg

Ypranumero B CBUILOE € yIPEAEHO B I0Ma Ha Bh3pokaeHena Jumutsp Hauosuy.
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B Panomupcko B nepuoga 1926-28 r., koraTo € npueT U 3aKOHa 3a yuTaiuuiara. Taka B
paiioHa Ha Pajgomup ca ocHOBaHM OOLIO €AMHAAECET YUTAIMILA, UM OKOJIO €HA JeceTa
ot oOuus Opoit yntanuia B [lepaumka obnact momenta. [Ipe3 mbpBara nojJoBUHA Ha
XX Bek ca OCHOBaHM 63 yMTaIuIlA WIN [10BE€YE OT IOJIOBHHATA OT ChILECTBYBAILUTE
nHec B paifona Ha [lepnuk. IIpe3 nocnennure nBanecer rogunu B IlepHumika o0nact ca
OCHOBaHU HOBU OCEM YMTAJMUINA, JOKA3aTEJICTBO 3a XKU3HEHOCTTAa HAa YUTAJIMINHATA
MHCTUTYLUSI KaTO CpeAMIle 3a U3BBHYUMIMINHO 0Opa3oBaHUE, XyI0)KeCTBEHa
CaMOJIEHOCT, ChbXpaHsIBaHE Ha aBTEHTUYHUS QOJKiIop u 1p. [1,3]

2. Hcropus Ha yntagume ""Oren [Iancuii® B ceno U3sop.

Yuranume "Orer [laucuii B ceno M3Bop € ocHoBaHO oduimanHo Ha 9 sHyapu
1927 r., koraro ¢ TaiHO IJacyBaHe € M30paHO MBPBOTO YUTAIMIIHO PBKOBOJCTBO C
npenceaaren Merogu ['eoprues, 3amecTHUK mpencenaren Munan MaHoB, cekperap
Manon Muxaiinos, kacuep Hdumutbp bekoB, O6ubnuorekap Asnexkcu AMOCTONOB, U
nomaknH Anekcanabp Hwukonos. Ilpe3 nbpBuUTE meTneceT TOAUHU OT CBOETO
CHILIECTBYBAaHE YMTAJMINHATA KaHLeIapus U OuOIMoTeKa ce MoMeliaBaT B Pa3IMYyHU
KWINLIHU CTPagy B CEJIOTO. 3a U3HACSHE HA TeaTpaIHUTE CaMOJICHHU MpeACTaBlIeHuUs,
OCHOBHA JIEHHOCT Ha YUTAJIULIHUS CHCTAB, € M3MOJ3BaH YYMJIMUIHUAT cajioH. Cbe
CpecTBa, ChbOPAHU OT YUTAIHUILETO, Ipe3 1929 r. yunauuHuAT cajaoH € o0opyaBaH C
TeTpajiHa 3aBeca, npe3 caeasamara 1930 r. — cbe cronose 3a 3purenure. [Ipez 1938 .
YUTAIUIIETO 3aKyIyBa paauo-rpaModoH, a npe3 1952 r. — KUHO MaluHa. [5]

W3rpaxxaaHeTo Ha YuTaNUIIHATA crpaja B ceno M3Bop € OChIecTBEHO B KOHTEKCTa
Ha MacoBOTO CTPOMTEJCTBO Ha YMUTAJIMILA HAa TEPUTOpUsTa HAa oOmuHa Pagomup mnpes
nepuoja BTopara nojoBuHa Ha XX B., KOraTO OCBEH Hesl ca MOCTPOCHU YMTAJIMUINATA B
cenata Knenosuk, Credanono, [pen, Konanuma, [pyran, Jomau Pakosen, Uykogerr,
Uepsena moruia, Yrasapiu u Bepba - gaec kBaptan Ha rpaa Pagomup. [4]

[locTposiBaHETO Ha CcaMOCTOSATENHA YWTaJIMIHATa crpaga B c. HM3Bop, e
OpraHM3UpPaHO M0 MHUIMATHBATA U C AaKTUBHATA MOJKpENa Ha IBbJITOTOJAUIIHUS TbPBU
cexkperap Ha OxpbxHusa komuteT Ha BKII B Ilepuuxk mnpe3 nepuoga 1971 — 84 r. -
bopuc Manos (1922, UzBop -2009) - naptuzanun ot TpbHCKUA oTpsia, wieH Ha PMC u
BKII, renepan-maiiop ot [IbpkaBHa CUT'YpPHOCT, IOCIIEIOBATEIHO HaYaIHUK Ha Bropo,
Tpero u Illlecro ynpanenue u MHctuTyra 3a MHOpManMs M HaydyHa OopraHU3alus,
nenyrat B VI, VII u VIII Hapoano cvbpanue (1971 — 86), HarpageH ¢ opaeHute ,,3a
6oeBa 3acnyra®, ,,Haponna ceobona 1941 — 1944 11 crenen, ,,YepBeno 3name™ (1957),
,,9 centemBpu 1944 (1959).

buorpadusara Ha ponenus B ceno M3Bop MecTeH mapTUeH (PYHKIHMOHEpP € TACHO
CBBbp3aHa C nojauTudeckara ucropus Ha [lepruk u Pagomup npes Bropara nojioBuHa Ha
XX B. IIpe3 1943 r. e apecryBaH IO INOJMTHUYECKU IPUYMHU KAaTO TMMHA3HUCT U
ompasJaH, npe3 ciensamara 1944 1. mpekbcBa CIEABAHETO CHU B CHELUAIHOCT
,ATPOHOMCTBO®, 3a Ja C€ BKJIIOYM B NApTU3aHCKOTO JABWKEHHE. Bemnara cruep
MOJIMTUYECKUST TpeBpaT 3amouBa pabora B JIbpkaBHa CUTYpHOCT U PBHKOBOJIU
MOCJIEABAINTE PEIPECUBHUTE CHOUTHUS M HaKa3aTeaHaTa aklMs CPelly TOpsHUTE Ha
MectHO HHBO. [Ipe3 1946 r. 3aBppmBa Boenno yuwmmmme ,,Bacun Jlecku™ B Codwus,
npe3 1956 r. cnemmanusupan xypc B CCCP, a mpe3 nepuoma 1962-67 r. karo

410



MEXIAYHAPOJIHA HAYYHA KOH®EPEHIIUA BAHN 2023
INTERNATIONAL SCIENTIFIC CONFERENCE BASA'2023

ppKOBOAMTEN Ha Bucmiara cnenumanna mkona ,,['eopru Jdumurpos‘‘ciienBa mnpaBo B
Coduiickus yHUBEpCUTET. [6]

[Ipe3 1966 rogmna B ceno M3Bop e m3aurHaT Ha [lamMeTHWK Ha 3aruHaIuTe B
OreuectBeHata BoitHa 1944-1945 romumHa, KOMTO NHpPBB MOCTaBsA OTIEYaTbKa Ha
CJIEIBOEHHUS MOJEPHU3BM B IPaJOyCTPONCTBEHATA THKAH HA CEJIOTO.

Crpanara Ha yntanuue "Oren [laucuit®, e noctpoena ot noxenenue Homep 64920
B Ilepuuk Ha I'naBHO ynpasnenue ,,CTpOUTENHHU BONCKU™ C TEXHUYECKU PBKOBOAMTEI
[lersp MnanenoB B nepuoga 1973-1980 roguna. Otkpura € opunuanHo Ha 24 mail
1980 r. xaro 4Yact OT OONIOHAMOHATHOTO dYecTBaHe “13 Beka bwarapus” mon
natpoHaxka Ha Jlrogmuna XKuskosa. [Ipe3 1984 r. KbM YUTANHUIIETO € CH3AACH IIEHTHD
"3Hame Ha Mupa" 3a XyI0XKECTBEHO OOYYEeHHE M MOJArOTOBKA Ha Jenara ot ¢. M3Bop u
pervoHa 3a y4yacTHE€ B €IHOMMEHHMS MEXIYHapoJeH JAeTcKU (opyM, ChIIO IO
nHunmaTtuBa Ha Jlronmuna JXXuskosa. [Ipe3 1987 r. ¢ momomra Ha YUTANUILHATE JEHIU
B CrpajaTa Ha OMTOBHS KOOMHAT € OTKpUTa My3eliHa cOMpKa, HOCBETEHa HA MECTHOTO
MIApTU3aHCKO JBUKCHHUE.

Ha ¢acagara Ha crpajara e mocraBeHa IUIOYa C MMEHaTa Ha MPOEKTAaHTUTE U
TEXHUYECKUS PHKOBOJIUTEI HA OOEKTa.

3. IIpoeKTAaHTCKHM KOJEKTHB.

IIpoekrsT 3a unranuiue "Oten Ilancuii B ceno M3Bop, cb3ganeH B nepuona 1973-
1976 roguna B Ilpoexkrtantcka opranusauus — [lepHHK, € NOBEpEH Ha KOJIEKTHB B
cbcraB  apxuTekT Iletsp PaneB, umxenep - koHcTpykTop Enmcasera IlaHoBa,
xynoxkuuuure Ounun CeaedueB u Acen CTapeHIINHCKU.

Apxurekt Ilersp Panes (1936 - 2014), xoiiTo cien aumoMupanero cu npes 1963
r. B Karenpa ., Kumnmuu crpagu® npu apxutekT Jumutsp LlosnoB B MHkeHepHO-
ctpoutennus UHCTUTYT Codusi, moctbiiBa Ha padora B [IpoekTanTcka opraHuzanus B
rpaxa [lepHuk. ABTOp € Ha MHOXKECTBO I'pPaJ0yCTPOMCTBEHU Pa3padOTKU U MPOEKTH 3a
0O0I1eCTBEHH, KHUJIUIIHU U IPOMUIIICHH CIpaau U UHTpepuopu. Cpea TAX ce oTiauyaBaT
[Tpodcrroznusr nom (1963-64), cbBMecTeH NPOeKT ¢ apxuTeKT MBan CuBpeB, OTIMYECH
C BTOpa IpemMus Ha Harpagara ,,30 TOAMHM COLMAJIMCTUYECKA PEBOJIOLUA OT
O6muHcku cbBeT [lepHUK, camocTosTeNHUTE peann3anuy Ha Mitagexxkust oM, 10M 3a
BECENM TIPaXJAHCKH pUTyadd M INelexonHata 30Ha B llepHuK, JOM-IaMETHHUK
,Pamomupcka penyonuka, TuryBeH OaceiiH B bmaroeBrpan, oM Ha MOKOWHHKA B
Opemiak, KakTo W Hepealu3UpaHUTe UACHHU MPOEKTH 3a IIUPOKOPOPMATHO KHUHO,
JUCKOTEUEH KOMIUIeKC u Kadene Han pekata B Ilepuuk. HecranpapthHute
(YHKLIMOHAIHU U KOHCTPYKTUBHHU PEIICHUS U TPaJOyCTPONUCTBEH MOJIXOA Ha apXUTEKT
Iletsp PaneB ce monbiBaT OT XyJOKECTBEHUSI CUHTE3 B PE3YJITAT OT JBITOrOAMIIHATA
cbBMecCTHa paboTa cbe ckyanTopa bopuc XXuskos u xynoxuunure @unun Ceneduen u
Mapus I'oposa. [7]

ABTOp Ha XyJ0’KE€CTBEHATa JIEKOpallMsl Ha pUTyajHaTa 3aja Ha YUTAJIMILETO B C.
W3BOp € 3HaUMMMAT TBOpPEL U HOCUTEN Ha opAeH ,,Kupun u Meroauit® 1 ctenen, aBTop
Ha MHOXECTBO XYJOKECTBEHO-TIPWJIOKHHM MpOeKTH B pailona Ha IlepHuk u B
HaluoHajeH Mamal npe3 BropaTta nosioBuHa Ha XX B. @unun Ceneduen. Ceneduen
(1935-2021) 3aBbpmiBa ,,)KuBonuc™ B XynokecTBeHaTa akaaemus mnpu npod. Henko

411



MEXIAYHAPOJHA HAYYHA KOH®EPEHIIUA BAHW 2023
INTERNATIONAL SCIENTIFIC CONFERENCE BASA'2023

bankancku W mpe3 ABATOrOJUIIHUA CH TBOPYECKHUS CH BT HMMa pealu3alud B
Pa3HOCTpaHHHU OO0JIACTH KAaTO M3JIOKOCHMS MU3aiiH — HallMOHalHA M3JI0K0a ,,3HaMe Ha
Mupa“, exeronHa u3noxk0a Ha TexHMYECKO W HAYYHO TBOPUECTBO Ha MIIAJIEKTA
/THTM/ B IlepHuk W np., Ha TPOCTPAHCTBEH MAHW3alH - PHUTYATHUTE 3aIH 34
Opakocbuetanus B [lepuuk u CBore, 1oMOBeTe 3a TpaypHU puTyaiu B Pamomup u ceno
Opemrak u nap., eMmOjeMeH aW3ailH - Ha ILEHTHp ,,3Hame Ha mwupa“, ,Kykepu u
cypBakapu“, THTM u np., monymeHTanHa creHonuc — B Pamomup, Opemak, Opeca,
npuiokHata Tpaduka, IbpBope3da M IabppBeHa rmuiactuka — Pamomup, KoBaueriw,
Operiak, CTHKJIONKUCH, KAMEHHA TUIACTHKA, METAJIOIJIACTUKA, YKUBOIIHUC. [8]

3a euH OT 0OEKTUTE Ha XY10’KECTBEHATa JEKOpallys B UNTAIMILETO B ceno M3Bop,
Owmmn CenedueB padotu chBMecTHO ¢ AceH CrapermuHcku (1936 - 1991), HocuTen
Ha noueTHaTta roaumHa Harpaza Ha CbX ,,Anekcanabp JKeHI0B” 3a MOCTHMXKEHMS B
npunoxkHara rpaduka (1974), opaen ,,Kupun u Meroguii” Il crenen — 1975 roauna u
3BAHUETO ,,3acHyXms1 XynoxHuk” (1982), xoiito paboTm mpeauMHO B 00JIacTTa Ha
IJlaKaTa, HO ChIIO Taka Cbh3/1aBa M MHOXKECTBO 3alla3eHU 3HAIM, ¢uiarenHa rpaduka,
JU3aiiH Ha MOHETH, OpOopMJICHUsS Ha KHUTU W wioctpamuu. Ilpes 1961 romman
CrapeiiiinHcky 3aBbpuiBa HanuoHanHata XyJOXKECTBEHA AaKaJE€MHsl, CIELHUATHOCT
,llmakat” B kimaca Ha npod. Anekcanabp llommnos. JlparorojumieH wieH Ha
PBHKOBOJICTBOTO, Ha cekius ,,IIpunoxnaa rpaduka’”; wieH Ha YTpaBUTETHHS ChBET Ha
CBbX; unen Ha Cwro3za Ha apructure B bbarapus. IlocnenoBatenHo € XymoXKHHUK B
Haponnus teatsp, BUTU3, rnaBHa nupekuus ,,bbarapcku 1upkoBe”, Abp:KaBHO
u3natencTso ,,CenremBpu’’; Tearbpa Ha bearapckara apmusi. HeroBu nmpousBeaeHus ca
Mpe/ICTaBIHN BbB BCHMUKHM 3HAYMMH HAIIMOHAIHU W3JI0KOM M KOHKYpCH B o0yacTTa Ha
miakaTa U rpaduyHUs [OW3aifiH, KakKTO M B peAMIa MEXIYHAPOJHU HU3IOXKEHUS U
MPEACTAaBUTEITHHU U3JI05K0M Ha OBJIrapCKus IJIaKar mo cBeTa. [9]

WNuxenep EnucaBera IlanoBa (1945) 3amouBa pabora B IIpoekrantckara
opranuzanuss B IlepHuk crnex cBoeTo AUIUIOMHpaHe OT Buciius WHXKEHEPHO-
cTpouTeneH HMHCTUTYT mpe3 1968 romumna. Cnen 3akpuBaneto Ha IIpoekrtanTckara
opranmzanus npe3 1992 roguna 3amoyBa paboTa KaTo MpernojaBaTesl Mo y4yeOHHUTE
mucturmua - "CtomanoOeron" u  "Crpourtennu wMarepuanu" B TeXHHKYM 1O
crpoutenctso "Apx. Mopaan Munanos" B rp. Ilepuuk. IIpenonaBa B TeXHHKyMa 10
cBoeTo neHcuoHupane. Muxenep IlanoBa mpoabikaBa na pabOTH M KbM HACTOSIIHS
MOMEHT, KaTo NpoeKTaHT 1o yacT "KoHcTpykiuu'" Ha *KuauiHu crpaau. [IpoektanT e u
Ha crpajgata Ha HapoaHo uutanuie "MBo BoiiBoga - 1928" - ceno lonna CekupHa,
obmmHa bpesnuk nipe3 1968 ronuna. Criopen umxenep [1aHoBa, YUTATUITHUTE Crpau
ca eIHM OT HAl-TPYIHUTE 3a MPOEKTUpAHE, 3apaJqd TOJIEMHUTE MOJIMOPHU Pa3CTOSHUS U
TOJIEMUTE 10JIE3HU HAaTOBAapBAHMUSI.

4. ApaneKTypHa KOHICNIINA U peajindanust

UuranuiuHuTe Crpagu OT pasjdyd IEpUOAM B CTPAaHATA ChbBMECTABAT PAa3IUYHU
(YHKIMOHATHY TMPOTPaMU KaTo HAi-roJeMHUTE TPaJCKH YATANHUIIA pasroiarat ¢ 1o0pe
00OpyIBaHM aKyCTHYHH 3aJId CHhC CTOTHLM MeCTa 3a H3IBJIHEHUS HAa MECTHHSA
YUTATHUIHHAS XOP, (POJKIOPEH aHCAMOBJI, TyXOB OPKECThP MM CUM(POHUYEH OPKECTHP
WM KAHOCAIOH. DyHKIMOHAJIHATA MPOrpaMa Ha YHTAIMILETO B ceno M3Bop, KoATo
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BKJIIOYBA JIBE PA3JIMYHU 110 TOJIEMHHA KOH(EPEHTHH 3aJlv, PUTYyalHa 3ajia U OMOInoTeKa
TO OIIpE/IeIIsi KaTo 3HaYMM KYJITYpeH LEHTHp B paiioHa Ha Pagomup.

®@ur. 1 Uzraen ot roro3anan; 2023 r. ®ur.2 wiomaakT ¢ neprojiara u
BbTpenHus ABop; 2023 T.

3a paznMka OT MO-MaJKHUTE 10 00eM, HEeMPETEHI[03HH, YeCTO THIIOBU MPOEKTH Ha
OCTaHAJIMTE [ECET CEJICKHM YMUTalulla, u3rpaneHu npes mnepuona 1945-89 roguna B
paifona Ha rpaa Pagomup, noctpoeHara 1o MHIMBUAYaJICH POEKT Crpajia Ha YUTAIHILE
C puTayanHa 3aja B ceno M3Bop ce oTiM4aBa ChC CBOMUTE pa3Mepu U MoOJepHa
apxutektypa (¢ur. 1 u ¢ur. 2) U ChIEPHUIH IO SCTETHICCKH KAUeCTBA, TEXHHUECKO
M3IBJIHEHHE M (YHKIMOHAJHA MpOrpamMa CbhC CrpaguTe Ha BOACHIUTE KYyITYPHHU
nHctuTyTH B [lepHumnka obmact ot cwims nepuos - untanumie "IIpocsemenue - 1870"
B rpaa bpesnuk (1969), Mnanexku nom "WBan CroitHeB" B rpan 3emen (1980-te),
IMuonepcku nom (1982) B rpag Ilepuuk, unranume "I'topra I[Iunmkyposa - 1895" B
rpaa TpwH (1984) u Mnanexku 1om B kBapTain Mommuno Ha [lepauk (1985).

®ur. 3 ceBeposananna acama u ®dur. 4 o011 u3rIen Ha ABETE Tejla 3a€IHO '
MPO30PLUTE HA 3pUTenHaTa 3ana; 2023 ¢ owaxaa; 2023

OT rokHaTa CTpaHa Ha IUJIOMIAAa, OTAENEH OT MpeMUHaBallara Mpe3 CeIoTo
TpaHCIIOPTHA apTepus, B TMapkKoBara cpeda Ha mapk ,,M3Bop™ e pas3mosioxkeH
[TameTHHKBT HaA 3arMHaIUTe B OopOata mWPOTUB Qamm3Ma M KanuTalu3Ma U B
OrteuectBenara BoitHa (1944-45) ¢ mpoektanTtu apxutekt ['eopru Croumnor (1929 -
2022) u ckynnropa Jlroben Jumutpos (1904 — 2000). MemopuansT pean3upa mbpBata
TpaJioyCTpOIICTBEHa HaMeca B JyXa Ha CIEJBOCHHHUS MOJEPHH3BM B ceno M3Bop.
UwnranuiiHara crpaja € pasmojiokeHa cpernry mMemopuana (¢pur. 3) ¥ HECbMHEHO €
CchOOpa3eHa ChC CHIIECTBYBAIIUS OT OKOJO JIECETUJIETHE W TMOJOBHHA MAMETHHUK KaTo
JOMBJIBA M 3aBBPIIBA T'PAJOYCTPONCTBEHUS 3aMHUCHI HAa MEMOpHala B LIEHThpa Ha
CeJoTo.
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UuranuimHara crpajaa, pasmnojiokeHa B ceBepHara vacT (dur. 4) Ha CelCcKus
TUTOIIAJ, 3aeMa JOMHUHHpAIa CIPSIMO pa3MojioKeHaTa OT M3TOK IO-MajKa Mo Marmad
crpama Ha KMmercTtBoTOo. (Crpagara € yMeno HpoeKTHpaHa KaTo ce ChoOpassiBa ChC
ChIIEeCTBYBAIllaTa ICHUBEAIMsI HAa TEpEHa B IOCOKA CEBEP-IOT U pa3Iojiara ¢ IuH eTax
M0-MAJIKO KbM IIJIOLIAA.

YuTanuuero € mocTpoeHo Ha MICTOTO Ha CeJICKaTa 4eliMa, KOsITO € U3MecTeHa Ha
okoigo 200 M B ceBepo3amaaHa Mnocoka. Karo peMuHucueHuus apxuTekT Pazes
IIPOCKTHUpPA MaJIKa 4Ye€liMa CBbCTOANIAa C€ OT TpHU HNPU3MATHYHU obema B oros3araaHus
‘bI'bJI HA UMOTA.

HactuikaTta Ha TUIOMIAAHOTO MPOCTPAHCTBO OKOJIO YUTAIHUINETO € M3ITBJIHEHA IO
HHAUBUAYAJICH IMPOCKT OT MAXMATHO HOAPCACHHM MO3aUCHHU ILIOYHM, KOHTJIOMEPAT OT
MpaMmopHH Ojokuera. (pur. 5 u 6) Okono crpagara — B mapTepuTe Ha IUIOMIAJHOTO
IPOCTPAHCTBO M BBB BBTPELIHHUA [OBp, € 3acajJeHa XpacTOBUAHA M JIbPBECTHA

HIJI0JIMCTHA PACTUTCIHOCT.

3 "é- o =S ‘_. ]
®@ur. 5 [leprosara, orpaHuyasaiia ®ur.6 [Tornen KbM YUTATUIIETO OT
BBTpelHus ABop; 2023 1orousTok; 2023

O06eMHO-ITPOCTpaHCTBEHATa KOMIIO3MLUS, ChCTaBEHA OT MPHU3MAaTUYHU 00eMH,
OpPraHU3UpPaHU OKOJIO BBTpEIIEH JBOp (aTpuyM), € MO3HaTa U OT APYrd Crpaau Ha
[lersp Pages. IlogunHenara Ha (yHKIMOHAIHOTO 30HHMPaHE OOEMHA KOMITO3UIIMS Ha
YUTAIMILIETO € pelIeHa KaTo J[Ba OTJENHU 00eMa, KOUTO Ha MPAKTUKa (QyHKIHOHHPAT
OTJeNTHO. 3armagHara 4yacT, KOsSTO BKIIFOUBA JIBE 3aJM — M3ITBJIHUTEIICKA U KOH(EepeHTHa,
a M3TOYHATA YacT € 3aeTa OT pUTyaJlHa 3alla, 3aBe/ieHHe, ONOIMOTeKa M XyI0KECTBEHH
arenuera. J[Bara oOema ca OTHENCHH KOMITO3WIIMOHHO IIOCPEACTBOM INUPOKO 4 M
CTBJIOUIIE, OCHUIECTBABANIO MPEXOJa MEXKIY IUIOMAfa Mped YATAIAIIETO W 3aTHUS
IIBOP Ha CeBep, JOCTHIIHO IIpe3 CPaBHHUTEIHO TECEH OTBOp B OOJNHIIOBaHATA C
KepaMHUYHM IJIOYKU €KCTEepUOpHA CTeHa, Urpaella posisara Ha Kynuca. OT apyra cTpaHa,
nBere (YHKIMOHAIHM 30HM HA YHUTAJIMILETO ca OOCIMHEHH 4pe3 BBTPELIHHS IBOp,
000co0eH upe3 CTOMaHOOETOHOBA Meproja Mpejx OCThKIeHaTa lorosamajasa ¢acaaa Ha
I'-00pa3HOTO HUCKO TAT0, KOWTO OCUIypsiBa M3BECTHO YEIMHEHHE Ha MPOBEKIAHUTE
CBAaTOCHU LIEPEMOHUHU.

Bucokuar obem BKJIIOYBaA pa3MoOJIOKEHU U3IBIHUTENCKA 3ana 3a 240 3putenu c
o 160 xB. M., mocThIHA TIpe3 ¢oaiie ¢ miom 90 KB.M. MpH TIABHUS BXOJl HA HUBOTO
Ha tiomaaa (¢ur. 7 u 8). OcHOBHATa M3MBJIHUTENICKA W KUHO3aJIa HA YUTAIHIIETO €
o0opy/JBaHa ¢ KHHOKaOMHA HaJ| BXOJa HA 3aJlaTa, MOBAMIHATa ClieHa C TOpHA CLIEeHUYHA
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MEXaHu3aIMsl 3a JEeKOPM M OKA4YeH TaBaH IO HWHIMWBHAYaJeH MPOEKT. 3ajara ¢
o0cimy’)kBaHa OT JIB€ TPUMBOPHH CHC CAMOCTOSITETHM CAaHUTAPHU BBH3JIM HA CHIIOTO
HUBO. Ha nosiyBKOMaHOTO JOJTHO HUBO €a Pa3MOJIOKEHU PEeNeTULIMOHHA 3aia ¢ oy 50

KB.M., KaKTO ¥ IO-MaJika 3aja 3a okosio 100 mecrta ¢ miowy 125 KB.M., CAHUTapHU BB3JIU
KbM rojisiMaTa 3aja 1 pa3iMuHy WHCTAJAllMOHHU TOMEILIECHHUS .

@®ur. 7 3puTenHara 3a1a — Morjieq KbM ®ur. 8 3putenHara 3ana - Mories ot
cuenara; 2023 cuenara; 2023

Huckoto Ts510 ce cbCTOM OT MOJYBKONAH OT 3amaj naprep, 3aeT OT TpuU
XYyJI0’)KECTBEHU aTeNueTa 3a TBopUecka padoTa C Jela, HOCelu hMeHata ,,Jlpyrapue®,
,CinaBeitue* u ,,J3Bopue*, ocBeTeHN Ha ceBep 3a CMETKa Ha JACHUBENALUATA HA TepeHa
(dwur. 9 u 10), B KOUTO ce MPOBEKAAT IIKOJIH MO HAPOIHU U KIACUIECKUA HHCTPYMEHTH,
($hoToKITy0, XyT0KECTBEHO M MPWJIOKHO H3KYCTBO. ETaXbT, MOCTHIIEH HA HUBOTO Ha
IJI0IIAa TPEJ] YUTAIMINETO € 3aeT OT 3ajJa 3a PaJOCTHU TPAKIAHCKH PUTYald ChC
3aBe/leHuEe KbM Hesl, KoOHpepeHTHa 3aia u O6ubnnoreka. PaneB mpoektupa cnenuaiHo
OTJICJICH BXOJ M M3XOJ Ha 3ajara 3a OpakoChYeTaHWs, CUMBOJIM3UPAIIU CHBMECTHHUSAT
BT HAa MIIAQJIOKEHIUTE B €IHA M ChIIa MOcOKa 0Oe3 BpblaHe Hazaa. EpkepHOTO
HaJ1aBaHe Ha oOeMa Ha puTyalHaTa 3ajia M3JIM3a HaJl MOTYBKOIMAHUS €TaX C JETCKUTE
aTenveTa € TOoJYepTaH uYpe3 LBETHUS KOHTpAacT Ha ¢dacaauTe U JBETE ILIUIOBU
CTPYKTYpHU OCTBKJIsiBaHUS. Bropara (yHKIMOHAHA 30Ha B M3TOYHOTO HHUCKO TSUIIO
pasmojiara ¢ OTACIIHM CAHUTAPHU BB3JIM HA MAapTepa U MHCTAJIAIMOHHU TTOMEIICHHS Ha

MIPU3CMHUA CTAXK.

@ur. 9 O6w n3rinen Ha ceBepousToynara  @ur.10 FOrousrouna acaga Ha HUCKOTO
dacana; 2023 Ts10; 2023
[[BeTHaTa (acamHa KOMIO3UIUS HA YATAIHILIETO B ¢. M3BOp, MO3HATa M OT APYyru

crpagu Ha Ilersp PanmeB kato Mumanexkus nom B I[lepHuk, € Oa3upaHa Ha KOHTpacTa
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MEXIy MPECHYaHEeTO Ha OOJHMIIOBAaHWTE B YEPBEHH KEPAMHUYHHU IUIOYKH, WMHUTHPAIIA
TyxJieHa 3ujapusi dacagu, (acagHUTe TOBBXHOCTH, OOJHMIIOBAaHU C OsU1 Mpamop,
Ma3HJIKa WM MO3alKa, KaKTO U CTPYKTYpHUTE ocTbKisiBaHus (ur. 11 u 12).

T R -

@ur. 11 ['maBHUIT BXO Ha BUCOKOTO ®ur.12 KOrousrouna (acana Ha
TS0 ¢ 00EMHO-IUIACTUYHOTO [aHO OT  3pUTENIHATa 3ajia, yBpeaAeHaTa 00JUIIOBKA OT
TPUBI'BIHHA TPU3MHA 0T OuiTu MpPaMOpHHU IIOYH OT TEYOBETE OT
Cenedues; 2023 BOJIOCTOUHUTE TpBOH; 2023

MacuBHUTE XOPU30OHTAJIHU NOKPUBHM OETOHOBU OopjoBe, OOJMIIOBAaHU C Osia
MoO3aifKa, TIOJCHIIBAT yCEIIaHETO 32 CTAOMIIHOCT Ha KOMITO3HIHMATA U KOHTPACTHPAT C
BEPTUKATHOTO YWICHEHUE Ha MPO30PLUTE Ha BUCOKUA 00eM oT 3amaj (ur. 3).

['maBHUST BXOJl HA YATAIIMIIIETO, PA3MOJI0KEH Ha IOTOM3TOYHUS Kpail Ha crpajuara e
oopMeH KaTo caMoCTosITeNIeH 00eM KbM BUCOKOTO TSAJIO U € MAPKUPAH C EKCTEPUOPHO
Tre€OMETPUYHO CTHIIM3HPAHO 00EMHO-TPpOCTpaHcTBeHO naHo (¢ur. 1 u 11), cberaBeHo oT
MaTpulia OT TPUBI'BJIHU MPU3MH, OOJUIIOBAHO ¢ Os1 MpaMop, KOoeTo 3aeMa ¢acaaHaTa
IUIOCKOCT B JIICHO OT TJIaBHUS BXOJI.

TbprKeCTBEHUAT BXOJ KbM PUTYyaJHATa 3ajla 3a OpauyHu LIEPEMOHHMHU € TIOJUYEpTaH ¢
TUIIMYHO MOJICPHUCTHYCH IIOXBaT Ype3 CHUJIIHO W3/aJeHaTa KOH30JHATa KO3HpPKa,
o0nuIoBaHa ¢ Osy1a Mo3aiika.

Cpen xapaktepHuTe 3a TBOpuYecTBOTO Ha apxutTekT [lersp PaneB enementu,
MO3HAaTH W OT JPYTd HETOBH Crpajd ca  TpareroBHIHATa apkKa Ha OTBOpa B
CBbp3BallaTa JBara (YHKIHMOHAIHO CAMOCTOTEIHM oOeMa CTeHa-Kyjluca, yBEHYaHa ¢
TPU JEKOPATUBHHU, OOJIMIIOBAHU B OsJI0 KOH30JIM, KAKTO U CHUJIHO M3/1aJICHUTE KOH30JIHO
KaIqyIy.

L{BeTapHHULIMTE, TPOEKTUPAHU U U3ITBIHEHU CIECHHUATHO 332 YATAIMIIHATA CIPaja B
W3Bop, CchIIO y4acTBaT aKTHBHO B I[BETOBOTO pEIICHHE KAaTO C IBeTa M (hopMaTa CH
HaNoJ00sBaT ¢ MOKPUBHUTE OOPJOBE M Ca Pa3wICHEHH OT JIEKOPAaTHUBHH ITOJYKOJIOHH,
momo0OHM Ha JIEKOPAaTHBHHUTE KOH30JHM HAJ TPAICIeTOBHIHATA apKa KbM OTKPHTOTO
CTBJIOHILIE.

5. XyaoxecTBeH CMHTE3 B MHTepUOpa

WuTepuopbT Ha crpajara, U3MBIHEH [0 WHAWBHUBHyaJleH IPOEKT, € pPEelIeH B
TUNIUYHMS 3a €roxara CTWJ IOJ CHHEpPIrusTa Ha pas3jMyHU BHJIOBE JIEKOPATUBHO-
MPWIOKHU M IUIACTUYHU W3KYCTBa. XYHOXKECTBEHAaTa yKpaca Ha crpajara BKJIIOYBa
MOJIEpHU CTHJIM3ALMU HAa TPAAULMOHHU (GOPMHU HPETUMHO C (DOJIKIIOPEH CIOXKET MOJ
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dbopMara Ha EKCTCpHOPHU JICKOPATHUBHH CTCHHHM I1aHA, HWHTEPHOPEH CTCHOIIHC,
IbpBOPE30a, JIEKOPATHBHM CTCHHH OOJHMIIOBKM W pEIIeTKH, OKA4YeHW TaBaHU,
OCBETJICHHE, MEOeTTH U JIp.

XapakTepeH Oener 3a meproja Ha BTopaTa mojoBHHAa Ha XX B. € CTPYKTypHara
JIEKOpaTMBHA Ma3WjKa BbPXY OKAueH TaBaH OT paOHWIlOBa MpeXKa, H3MbIHEHA B
Kopuaopure, bubnroTekara U OUBILIETO 3aBEICHUE B YUTANUIIETO. J[broodpasHa ¢popma
OKOJI0O KpUCTaJHUS ToNwied e odopmeHa dypes riagka Maswika BbpPXY pabHUIlOBa
MpexKa.

Jpyr xapakTepeH eJleMeHT pu oQopMsHE Ha WHTEPHOpPA MPe3 BTOpaTa IMOJIOBHHA
Ha XX B. e ymorpebaTa Ha ABPBEHH JamIepuud M pemeTkd. Puryannara 3ama e
00JIMIIOBaHA C JIbPBEHA JIAMIIEPHS B IIBSIT CBETHII b0 B KOMOWHAITMS C MOKET B MacIJICHO
3€JIeH IBST, U3IMOJ3BAaH M 332 OOJMIIOBKA HA CTCHHTE. THITWYHHWTE 3a TO3W IEPHO] Ha
CTPOUTENICTBO JIEKOPATUBHH PEIICTKH HA PaJIMaTOPUTE HA OTOILIUTEIIHATA WHCTAAIs
CBIILIO Ca UMIBIHEHH OT IHPBEHH MJIOCKOCTH.

B 3putennara 3ana € U3MBIHEH OPUTHMHAIIEH OKaueH TaBaH CHCTOAI C€ OT 3€JIeHU
YEeTUPWITBYHU 3BE3AH U O€IH KBaApaTH U MPECCUYCHU MUPAMHUAU OT JbPBEHU MJIOCKOCTH
10 IPOEKT Ha apxuTekT Panes (¢dur. 16).

(=)

[
®@ur. 15 /IlexopaTuBHa peleTKa oT ®ur.16 OxaueH TaBaH B 3pUTEIIHATA 3aJ1a
cromanenu muHu oT @unun Cenedues; 1o npoekT Ha apx. [lersp Panes; 2023
2023

OT opurMHaIHOTO 003aBeXkJAaHEe Ha YWTAIUINHATA Crpaja, OCBIIECTBEHO II0
WHAMBUYAJIEH MIPOEKT, KbM HACTOSALIMS MOMEHT ca 3ala3eHH rojsmara JbpBeHa Maca,
CHCTOSIIIIA C€ CUJIHO JIBYCTPAHHO KOH30JHO M3A3JeH IbPBEH IUIOT, MOANPSH BBPXY
OrpaHUYEHA I10 pa3Mep IIIMHAPHYHA ThpBEHA OCHOBA IO MPOEKT Ha apXHUTEKT IleThp
PaneB, MacHBHHMAT KpHCTaJICH NOJMICH BBPXY MAa3HIKOB IOCTAMEHT CBC CIOXKHA
KpHUBOJIMHEWHA TIOBbPXHUHA U ABbPBOPE300BaHUAT repd B puryanHara 3ana (dur. 13),
JICKOPATUBHUTE TaBaHHU TUIOCKOCTH, BUCAIIM OT TaBaHa 3a 0(hopMsiHE Ha OCBETIICHHETO
B OuBIIETO 3aBeleHHE (MACTO 3a IOYEprKa), KOeTo JHec (YHKIMOHUpA KaTo
XpaHuTesIeH Marasus (¢ur. 14).
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®ur. 13 [TonunesaTt u KOH30IHATA ®ur.14 JlekopaTUBHU IbPBEHU E€JIEMEHTH
I’bPBEHA Maca IO IIPOEKT Ha apx, [lerbp  Ha TaBaHa B ThPrOBCKOTO IIOMEIIEHUE, 110
Panes B puryannara; 2023 npoekT Ha apx. [lersp Panes; 2023

Ocrananara 4acT OT XyI0)KECTBEHO - IJJACTUYHA yKpaca Ha crpajara € MoBepeHa
Ha xynoxHuka ®Pummn CepedueB, KOHTO pabOTH B €KHUII MO €AMH OT EJIIEMEHTUTE
chbBMecTHO ¢ Tturakatucta AceH Crapedmuncku. Oumun CenedueB, KoOWTO €
MPEINOYUTAaHUAT OT apxuTekT [leTsp PaneB nexopaTtop u paboTu BbPXY MHOKECTBO OT
MIPOEKTUPAHUTE OT HEro Crpaju, Wrpae OCHOBHATa poJis MpH MPOEKTUPAHE U
U3IbJIHEHHUE Ha JEKOPATUBHO-IJIACTUYHUTE €JIEMEHTH Ha YUTAJIHUILETO B ceno M3Bop:

- penedHO - TUIACTHYHO MAHO CHCTOSIIO C€ OT TPUBI'BIHU NPU3MH C pPa3IUdHA

roJeMHHA U3MBIHEHO B JIICHO OT IJIaBHHSI BXOJ € pazmepu 566 x 325 cMm (dur. 11);
- JIeKOpaTHBHA pelIeTKa OT CTOMAHEHHW IIMHH, HarojaoOsBala HapojaHa IIEBUIA U

MOHTHUpPaHa B KpPbI'bJ OTBOp ¢ AuameTbp 230 cMm, MOHTHpaHa BbB (hoaiieTo mpen

3pUTENHATa 3aja M 4Ype3 OTBOPa, B KOWTO € MOHTHpPaHa KOCBEHO CE€ OCBETsBA

CTBJIOUIIETO BOJCIIO KBM JIOJIHOTO HUBO ((ur. 15);

- nmwepBope3oboBan repd Ha Hapomna PemyOnmka brirapust B putyanHara 3ana (¢ur.

13).

Owmn Ceneduen, koito mMa Hajy 40 peanusupaHu CTEHONHCa, pabOTH B
ChaBTOPCTBO BBPXY cTeHonuca ¢ pazmepu 830x240 cm, pa3nosiokeH Ha BUCOUYMHA 245
CM OT IOJa Ha IOTOM3TOYHAaTa CTeHAa Ha puTyaiHara 3aia. CrtuioBure Oene3d Ha
creHonuca Ha TeMa "YKuBot", n300pa3siBal CTUIM3UpPaHa MJIajla JBOWKaA ¢ (DOJIKIIOpEHH
€JIEMEHTH, II0JCKa3BaT, Y€ BOACIL aBTOP Ha MPOEKTA, a BEPOATHO U HA pealln3alusira , €
Acen CrapellIeHCKH KaTo TOBa € €IWHCTBEHUST WU3BECTEH CTEHOIIUC, U3IBIHEH OT
YTBBPJACHUS Tu1akatuct (dur. 17).
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®ur. 17 Crenonuc B putyanHaTa 3a1a Ha ~ ®ur.18 Bxox u u3xon Ha puryanHara 3ana,

tema "JKuBoT" TBOpOa Ha XYHOKHUILIUTE JIOT'BJIHUTEITHO MapKUPaHU C ICKOPALIHS
@umun Cenedue u Acen CtapeiieHcKy; HanoMmHsma apku; 2023
2023

6. KoHcTpyKuuM, KOHCTPYKTHBHA CHCTEMa

KoHcTpykuusata m Ha JBeTe Tela Ha crpajgara € paMKoBa, CTOMaHOOETOHHA.
OrpaxnamuTe (pacagHUTE) U BHTPEUIHUTE CTEHU Ca U3IBJIHCHH OT PEHICThYHU TYXJIU.
3a U3MBJIHEHHE HAa CTOMAaHOOETOHHATA KOHCTPYKIIMS B MPOEKTA € MPEeIBUJIEH OCTOH ¢
Mapka b150 ¢ mpu3MeHa SKocT Ha HaTUCK 65 kg/cm?2.

[To manHm ot mmkeHep [laHOBa KOHCTPYKIMATA HA CTpajaTta HE € Opa3MepsiBaHa Ha
CEM3MUYHU BB3JCHCTBHUS - TOBa OOSCHSIBA U TOJEMHUS €pKep C pUTyadHaTa 3ajia C
IbDKuHA 245 cm. 3a CEeM3MHUYHOTO OCHTypsSIBaHE Ha Crpajara ca MNpHIOKEHHU
KOHCTPYKTUBHUTE MEpPKH mpeAnucanu B [IpaBUIIHHMK 3a CTPOHUTENCTBO B 3€METPBHCHHU
paitfonu ot 1964 ronuna. Bucokure 3u0Be Ha CIIeHMYHATA Kyjla U 3pUTeNHaTa 3aja ca
JOITBJIHUTEITHO YKPENeHH ¢ XOPU3HOTATHH CTOMAaHOOCTOHHHU TOSICH.

KOHCTpYKTHBHHUTE pelIeHus CleBaT apXUTEKTypHUS 3aMHCHI. KOHCTPYKTHBHOTO
pelleHre Ha JIeKOpaTHBHATA IEprojia, Orpaxkjaamia JBopa Mped HUCKOTO TSUIO CHIIO
U3IUI0 CHOTBETCTBA M IMOJKPENS 3aMHChJIa Ha apXWUTEKTypHHs nu3aitH. Komonure c
MHOTOBI'BJIHO HAPEYHO CEUYEHHE ca OOEAMHEHU OT PUTENU U CBBP3aHH C BYTH C LIET
paMKuTe 12 HarmoA00sIBaT Ha apKHu.

JIBaTa ynTanuIHu o0emMa ca MOKPUTH C MIOCKH MOKPUBH KaTO MOKPUBHUTE ILIOYUU
HaJ 3pUTENIHATA 3alla U CIICHMYHATa KyJia ca HAKJIOHEHU C IIe]l OCUTYpsIBAaHE HA HAKIIOH
3a OTMYaHE Ha BOJIATa U OJICKOTSBaHE HAa TOBapa BbPXY TIX Upe3 U30SATBaHE MOJIAraHeTo
Ha 0ETOH 3a HaKJIOH. [10]

[Ipu mpoexTupaneTo Ha crpajgara € IpueTa peryispHa KOHCTPYKTHBHA CXeMa I10
BHCOYHMHA, TP KOSITO CTOMAaHOOETOHHHUTE EJIEMEHTH MPEMHHABAT HEMPEKBCHATO OT
dbyHnameHT 10 mokpuB. [lmounTe ca rpenoBHM KaTo TOJ BBTPEIIHUTE CTEHU ca
U3MBIHEHH HOCEIIM Tpead. 3aBeeHHETO B HHUCKOTO TSJIO € TIOKPUTO ChC
CTOMaHOOETOHHHU PAaMKH, Pa3BUTH MO KbcaTa CTpaHA Ha CrpajiaTa, pa3moJOXKEHU Mpe3
pascrostare 205 cM elHa OT Apyra, Karo cToikaTa KbM (pacagaTa € M3MBIHEHA C TO-
rOJISIMO HAIPEYHO CEYEHHUE MO ecTeTudecku chobpakenus. [lopanu TpameneroBuaHaTa
dbopma B TUIaH HA 3aBIEHUETO, CBETJIMAT OTBOP Ha paMkuTe Bapupa ot 690 cm mo 570
CM. 3pHTeNHaTa 3aJ1a ChIIO € MOKPHUTA ChC CTOMaHOOETOHHH PaMKH, Pa3BUTH IO KbcaTa
cTpana Ha 3anata npe3 pascrosinue 330 cM u cBeTba oTBOp 1170 cm. [lopanu HakiioHa B
MOKpPWBHA IIJI0Ya, PUTEIUTE ca ¢ IPOMEHJIMBO HarpeuHo cedeHue. ClieHMYHaTa KyJia €
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MOKpUTa ChC CTOMAHOOETOHHU paMKH, Pa3BUTH TMEPIEHIUKYISIPHO HA PaMKUTE B
3putenHara 3ana Ha 250 cM eqHa OT Apyra U cBeThJ 0TBOP 790 cm. Purenure chio ca ¢
MMPOMEHJIMBO CEYCHHUE TMOpaJM HAKJIOHAa Ha MOKpuBHa Iwioda. [lombT Ha 3puTenHara
3ana, pa3moJio’KeHAa BBPXY MO-MajkaTa 3aja (CalioH 3a ChOMpaHus) € U3MBIHEH C
HaKJIOH 32 OCUTypsIBAHE Ha ONTHUMalHa BHUJIMMOCT U € MOJNPSH C KOJOHU BBbB
BBTPEIIHOCTTA Ha mapTepa. Dacajgata Ha MapTepHO HUBO HA CaJlOHA 3a CHOpaHUA €
npubpana HaBbTpe ¢ 2,40 M 3a peaynupaHe Ha MOAMOPHUTE PA3CTOSHUS, CTOMKUTE Ha
HOCENIUTE MOKPUBHATA TUIoYa paMKH ocTaBaT BuauMu. C m3MecTBaHeTO Ha (hacamara
HaBbTpE W J00aBSHETO HA BUIAMMH KOJIOHM B CajloHa 3a CHOpaHHs, CTOWKHUTE Ha
paMKHUTE B 3pUTENTHATa 3ajia ce oOJieKuaBaT OT TOBapa KOWTO, HOCEH OT IuiovyaTa Ha
3puTenHara 3ana. ToBapbT OT IjloyaTa Ha 3purenHarta 3ama Ha 90% ce moema oOT
(hacagHaTa cTeHA M BUJUMUTE KOJIOHHU B CAJIOHA 32 CHOpaHUsI.

CyTepeHHUTE €TaXKM U Ha JBETE Tella ca M3MBIHEHU OT OETOH /10 HMBOTO Ha
moyaTa Ha MBPBUS Haa3eMeH eTax. DyHaupaHEeTOo € U3MBIHEHO ChOOpa3HO
TEOJIOKKUTE a/ICHOCTH Ha TepeHa. ['€o0KKUAT JOKIaa HE € 3ama3eH, HO M0 CIIOMEHHU
Ha mpoekTaHTa umHxkeHep [laHoBa, 3a Bcsika crpajga pa3pa0oTBaHa B MPOEKTAHTCKATa
OpraHu3aIys BUHATU € ChCTaBSIH T'€OJOKKH AoKian. OyHAUPaHETO € M3MBJIHEHO 4Ype3
TIJIOCKO , OT UBUYHU (TIOJI CYTEPEHHUTE CTEHU) U €IMHUYHU (PYHJIAMEHTH TIO]T CTOWKHTE
Ha paMKUTE W BBTpEmHHUTE KoJoHW. [lpm (yHmupaneTo e cma3zeHo MPaBUIIOTO 3a
¢GbyHIupaHe Ha €HO HUBO.

7. ®u3NYECKO CHCTOSTHUE M HAMECH B OPUTHHAJIHUSI HHTEPHOP H eKCTEPUOP HA
crpagara.

3a crpajara Ha yuTaIMIIEToO B ceno M3Bop, kosATo (yHkuMoHMpa Hax 40 ronuHw,
HE € NpeANpUEeMaH OCHOBEH PEMOHT.

OcHOBHHMTE HaMecu BbB BPEMETO ca MOAMSIHA U BbCTAHOBSIBAHE HAa CTAPEEILOTO U
JIMIICBALIO MOKPUTHE HA IJIOCKUS MOKPUB HA HUCKOTO TSJIO, B KOETO (DYHKIIMOHHpA
MIOCTOSIHHO XPAHUTEJIHUSAT Mara3uH B IMPOCTPAHCTBOTO Ha OMBIIETO 3aBeleHUE (MSICTO
3a [oYeprka) KbM puTyaliHa 3aia.

[Topaau HEOCTUT HA CPEJCTBA PEMOHT Ha BUCOKOTO TsUIO HE € MpaBeH. B pesynrar
Ha TOBa, OPUTMHAIHUAT UHTEPUOP B 3pUTENIHATA 3ajla € CUJIHO YBPEIEH OT TEUOBETE, HO
€ BB3MOXHO Ja Obae Bb3cTaHOBeH. CTOJOBETE B 3pUTENIHATa 3ajla, KOUTO ca
aMOPTU3MpaHU M HEroJHHU 3a yHoTpeba, ca MPOM3BEAECHU OT OBIArapcKOTO MeOETHO
npennpustiue "Toner", ocHoBaHO npe3 1926 roxnHa, KOETO CHIIECTBYBA 0 JHEC U €
BB3MOKHO J1a ObJIaT 3aMEHEHH C UJACHTUYHU Ha OPUTUHAIHUTE.

VYBpeneH or TedoBe M u30WIHM conu € creHomuchT "JKMBOT" Ha IoromsToyHaTa
(dacaga B uMHTEpUOpa Ha pHUTyalHaTa 3aja, KOHUTO Ce HYyXJae OT KOHCEepBalusl.
JlbpBeHUTE JaMIEpUd U PAAUATOPHUTE PEUIETKH C€ HYXKIAsAT OT pexaOuiauTanus,
MOKETHUTE ca aMOPTU3UPAHU U C€ HYXAJIT OT MOAMSIHA.

JlucToBuUTE HACTUIIKK B MHTEPHOpA Ca aMOPTU3HPAHU U CE€ HYXKIASAT OT MOJIMSHA —
JUHEJIEYM B 3pUTeNHaTa 3aja U KOH(EepeHTHaTra 3aja B HHUCKOTO TsUIO, MOKET B
puTyanHaTa 3aia M OMOIMOTEKaTa, ClaJKapHUIATa (3aBEJCHUETO 3a IMOodYeprKa) € ¢
TEPAKOTHU IUIOYM. TpallHUTE HACTUIKUM B MHTEpHUpa - MO3aliKara B KOpPUAOpa Ipex
pUTYyaJlHaTa 3ajla MpaMOpHaTa HaCTHJIKA IpeJ 3pUTeNIHAaTa 3ajla, KaKTO U CTBJIOHILETO
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KOETO BOJU KbM MAJIKHS CAJIOH ITOJI 3pUTeNHATa 3aja U (oaifeTo mpe MaJKHsl CaloH ca
C MpaMOpHa HACTWJIKA, KOUTO ca B CPAaBHUTEIHO JOOPO CHCTOSHUE M ClIe[Ba Ja ObIaT
pexabmINTUPAHU U 3ala3eHHU.

OpuruHanHata anlyMHUHHEBaTa JorpamMa Ha CTPYKTYpPHUTE OCTBKISBAHUS €
3ama3eHa ¢ M3KIIOUEHUE EJUHCTBEHO Ha BXOJHATa BpaTa Ha Mara3uHa (OMBIIETO
3aBe/IeHUe), HAKOJIKO €IWHUYHH TMPO30peld ChC CTOMAHEHU paMKHU Ha OuOnmoTekara,
KOH(epeHTHaTa 3aJla 1 B cyTepeHa ca nogmenenu ¢ PVC norpama.

[Ipu He3aBbpILIEH PEMOHT B MajikaTa 3a1a 3a okojio 100 yoBeka BbB BUCOKOTO TSJIO
mpe3 90-tre rogmHm Ha XX B. ¢ Iea jga OpAe mpucnoco0eHa 3a JHUCKOTEKa, ca
JNEMOHTHpAHW BCHYKH YacTH Ha HWHTEPHOpa N0 TpyOd CTPOSK - MajKaTa CIICHa,
HACTHJIKATA I10 10/1a, CTOJIOBETE, OOIMIIOBKUTE 110 CTEHUTE U OCBETUTEITHUTE TElla, TaKa
Ye B MOMEHTA 3aJlaTa € HeH3IOoIBaeMa.

OOpyuienn ca Mo3aeyHaTta OOJMIIOBKAa Ha OeToOHHMTE OOpAOBE Ha IOKpHBA,
dacagHara mMa3uika, OONMIIOBKAaTa OT KEPAMHYHU TUIOYM U MPAMOPHHU IUIOYM KaTo B
Hail-rojsiMa CTEeNeH € yBpeieHa ceBepou3TouHaTa (acajaa, 30HUTE OKOJIO BOJAOCTOUHUTE
TpbOU 10 (hacaanTe BHB BHTPEIIHMS ABOP. YUACTHK OT IIOKbJA Ha (hacajara € 3acerHar
OT KOpEHOBAaTa CUCTEMa Ha WTJIONUCTHOTO IbPBO, 3aCa/ICHO B JISICHO OT TJIABHHS BXO/I.
Masuiikara Ha OeTOHOBaTa Ieprojia € eAMHCTBEHUST MOTHOBEH (hacajieH MaTeprall Clie]
M3TPaXIAHETO HAa YUTAIUINETO. MeTanHuTe Ka3aH4yeTa Ha BOJOCTOLMTE/KAMuyluTe ca
CHITHO KOPOAMPAIIH.

®ur. 19 Cesepousrouna acana cbe @ur. 20 Ceepousrounara acazna c

CIICHUYHATA KyJia C YBpEeACHATa W3HECEeHUs 00eM Ha puTyaaHaTa 3ajia u
¢dacagHa 0OTUIIOBKA OT TEYOBETE OT yBpeneHata ¢acaaHa oOJIHIIOBKA OT
BOJOCTOYHATa TpbHOa, 2023 Teyaliara Boja ot 0apbakanure, 2023

CuiHO oOpyllleHaTa MO3€4Ha HACTHUJIKATa Ha IUIOIMIAJHOTO MPOCTPAHCTBO OKOJIO
YUTAITHIICTO MOJICKN Ha PEBH3Ms U MOAMSHA. 3acajieHaTa XpacTOBUHA U JbPBECTHA
UTJIOJMCTHA PACTUTEIHOC, KAKTO U YellIMaTa ca B J00pO TEXHUYECKO ChCTOSHUE.

Moxe na Obae 00001IeHO, Y€ MPOMEHUTE MO BpPEME Ha EKCIUIoaTalusaTa Ha
YUTAJIUIICTO Ca MUHHUMAJIHHU U HAITBJIHO O6paTI/IMI/I. 3& HO}I}I’I)p)KaHe U BB3CTAHOBABAHC
Ha OPUTHMHAIHUSA OOJWKH Ha Crpajara € HeoOXOIMMO MPHUBIMYAHETO HA CPEICTBA IO
pPa3IMYHU IIPOTPaAMHU.
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B cpuioro BpeMe B cTpaHaTa € akTyajHa Iporpama 3a (uHaHCHUpaHe Ha MPOEKTH 3a
BBBEXK/IAHE Ha MEPKHM 3a €HepruilHa e(peKTUBHOCT Ha uuTanuuiara. [lonmynspaure B
MOMEHTa, Hpe/laralmy JOCTbIIeH (UHAHCOB pecypc TMporpaMH 3a €HepruiiHa
e(eKTUBHOCT NPEACTABISIBAT CEPUO3HO NPEAU3BUKATEICTBO IpPEJ ChXpPaHSABAHETO Ha
OPUTHMHAIHUS apXUTEKTypeH OOJIMK Ha OOEKTUTE OT CJIEIBOCHHUS MOJEPHU3BM, Thi
KaTo KpUAT pHCcKa OT oOe3nuuaBaHe M 3ary0a Ha XapakTepHM CTUIOBU Oene3u B
excrepuopa. To3u CBIIECTBEH pUCK IpU IpUIaraHe Ha MEpPKUTE 3a €HEepruiiHa
e(eKTUBHOCT, KOMTO Ca TEXHOJOTMYHO HEChBMECTUMH CbC 3ala3BaHETO Ha
OpUTHMHAJIHUTE €KCTEPUOPHHU (pacagHU OOJUMIIOBKM OT BTOpara MojoBHHA Ha XX B., €
WIIOCTPUpPaH ¢ MpUMEpPUTE OT pailoHa Ha YUTAIMUIHUTE Crpagu B rpaa TpbH, rpaj
bpesnuk u ceno HoeBuu, KOUTO ca C U3ISUIO NMPOMEHEH EKCTEPUOPEH OOJMK Cliel
M3MBJIHCHNUE Ha MTPOCKTH 3a eHepruitHa eeKTuBHOCT. [11] [12]

8. 3akmmiouenue. OlleHKa, NMPENnOPBbKU U NMPEAJIOKEHUE 3a CTATYT.

OT ocHOBaBaHETO CH Ipe/u MMOYTH BeK HapoaHo uyntanuia "Oren [lancuit-1927¢ B
ceno HM3Bop wurpae Boxema KyiarypHa posisi B paiioHa Ha Pagomup u IlepHuxk.
YuranuiHara crpajaa, orpkura rnpe3 1980 roarHa u pa3nosoKeHUsT B HEITOCPEICTBEHA
6im3oct memopuan (1966) ca OCHOBHUTE €IEMEHTH Ha MOJIEPHMS I'PaJOyCTPOIICTBEH
0OJIMK Ha CEJUILHUS LEHTHP.

Yuranuiiero ¢ puryanHa 3ana ceno M3Bop ce ornmyaBa OT OCTaHAIUTE CKPOMHHU
CEJICKM YWTAIMIIHU CIrpajy, H3TPaJCHU IIpe3 enoxara Ha COLUalu3Ma, U HOCH
TUINMYHUTE CTWIOBM W (PYHKIMOHAIHM Oene3n Ha CJIEJBOCHHUS MOJEPHU3BM Ha
IIPEACTABUTEIIHUTE TPAaJCKU KYyJITYpHM LIEHTPOBE B palioHa M cTpaHaTa. Boxema
XapaKTepUCTHKA Ha crpajaTa, Jejl0 Ha OMMUTEH MPOEKTaHTCKU €KHUII, BKIIOYBAIl UMEHA
Ha BOJICUIM XYJO0KHHUIIM Ha MECTHO M HAlIMOHAJIIHO HUBO, € CUHTE3bT Ha M3KYCTBATa B
MHTEpUOPA U EKCTEPUOpa Ha Crpajara.

3HaAUUTENHATA APXUTEKTYPHO-CTPOUTENHA, KYJITYPHA U XyJO’KECTBEHA CTOMHOCT Ha
Pa3NoOJOKEHUAT W3BbH  TIPAJCKH  LEHTbP KYJITYpeH HUHCTUTYT, OOyclaBsT
IPEIUIOKEHUETO 3a MPEJOCTAaBIHE Ha 3AIIUTEH CTATyT 0 3aKOHa 3a KYJITYpHOTO
HacieAcTBO Ha uurtamuuie ,,0Oten Ilaucuit -1927“ B ceno M3Bop kKaTo eauHUYHA
apXUTEKTYPHO-CTPOUTEIHA M XYA0XKECTBEHAa HEJBWKMMA KYJITypHa LIEHHOCT C
KaTeropusi OT MECTHO 3HaYCHHE.

B chumoTo Bpeme crpajgata He € KaueCTBEHO IMOAJbp)KaHA IMOpajau JIMIcaTa Ha
CpEICTBA B HaJ YETHPHAECET TOAUIIHUS MEepuoJ]l Ha ekciuioaranus. OnpenensHeTo Ha
3alllMTEH CTATyT 3a crpajara 1o 3aKoHa 3a KYJITYpPHOTO HACJIEICTBO HAa YUTAJIMUIIETO B
cesnio M3Bop M ompeznensHe Ha aJeKBaTHU PEKUMHU 3a OIa3BaHe, LIE IOAIIOMOTHE
CbXpPaHSBAaHETO HAa ABTEHTUYHMS OOJIMK Ha Crpajara M MpeJoTBpPaTH YHHIOXKaBaHETO
Ha TO3M LIEHEH NPEICTABUTEN Ha CIEABOCHHUSA MOJEPHU3BM.

baarogapHocTu

ABTOpUTE HaA CTaTUATa HU3Ka3BaT CHEIHalHU OJaroJapHOCTH Ha XYAOXKHUKA
Credan Crnacos 3a npenocraBeHutre marepuanu 3a @umun CenedyeB U Ha apXUTEKT
Aranac Tonasos 3a cbaelicTBHETO 3a OTKpuBaHe Ha focuero Ha [lersp Panes B CAD.
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ABOUT THE HISTORY OF STAMBOLOV’S BRIDGE IN VELIKO
TARNOVO AFTER 132 YEARS OF SPANNING OVER YANTRA RIVER
AND PROJECT FOR STRENGTHENING

Radosveta Kirova-Delcheva ', Lazar Geogiev 2 Doncho Partov °, Lybcho.
Lyubenov 4 and Radoslav Nikolov >,

USEA ,, Lyuben Karavelov”
UACEG

Abstract: Stambolov’s bridge in Veliko Tarnovo, which used to serve the two-way
pedestrian, livestock and later motor traffic, between the railroad station and the
town,marked the beginning of the modern bridge construction in Bulgaria. The
research focuses on the description of the specific spatial construction of the road
facility, which corresponds the architectural idea: joint-rod system with a horizontal
upper belt, a lower belt with a curvilinear parabolic outline and a grid of verticals
and falling diagonals loaded with tensile forces.

Key words: single-span arched, iron riveted bridge, joint, rod, Veliko
Tarnovo

1. Introduction

The proficiency of the architectural and engineering solution of the 130 years old
precast wrought iron arch single-span truss bridge in Veliko Tarnovo, named after Stefan
Stambolov, which is virtuously embedded in the unique landscape of the old Bulgarian
capital, represents a profoundly instructive example for the bridge specialist over the
world. (Fig. 1a, b, ¢). Lightness and elegance of the subtle metal lattice openwork of the
bridge structure suggest to the visitors that beyond its routine function it was designed to
blend with the surrounding environment. The construction history of the road facility was
connected with the government of Stefan Stambolov, Prime Minister of the liberated
Bulgarian State (1887-1894), who was born in Veliko Tarnovo. The decision for
construction of the European styled bridge of significant size over the Yantra River for
connection with the still intended project railway station was resolved by the Minister
Council in 1889, about a decade after the Russian-Turkish war (1877-78) that resulted in
the liberation of the Bulgarian state. [1] [2].
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Fig. 1. a) General view of Stambolov’s bridge; b) View from the monument of Assenev
brothers; ¢) View from the surface of the river

2. Structural description of the bridge

The presented constructive analysis is based on the project for Rehabilitation and
Reinforcement of the Stambolov bridge from 1996, contracted by the brunch of
“"Moststroy” Ltd. in Veliko Tarnovo and designed as subcontractor by the team of
structural engineers of “Geotechnika” Ltd., Dragoman with leading engineers ass. prof.
eng. Kiril Angelov and eng. Kostadin Tsekov and under the supervision of prof. eng. Peter
Staykov. The project was approved by the Municipality of Veliko Tarnovo, but was not
executed [4]. The structural analysis of Stambolov’s bridge is part of the efforts of the
engineering specialists in Bulgaria for investigation, rehabilitation and maintenance of
metal bridges from the end of 19w and the beginning of 20w centuries [5] [6] [7] [8] [9].
The metal structure of the bridge is supported on two massive stone masonry abutments,
founded on the rocky banks of Yantra River. The main bearing structure of the bridge
features upper roadway and consists of 22 fields. The total length of the bridge is 79.20 m.
The width of the carriageway between the parapets is 7.0 m (Fig. 2.2a, 2b). The bridge
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structure consists of combination of two trusses, distanced at 6.00m axially from each
other. The overall structural height of the truss is 6.90 m at the abutments and 1.20 m at the
key. The cross-section of the upper belt is constructed of two joint T-shaped riveted
structural elements, placed axially at a distance of 350 mm from each other. They consist
of two L-profiles: 2L 90/90/10 mm for flanges and a strip wrought iron stem with
dimension 10/410 mm. (Fig.2b).
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Fig. 2. a) Technical situation of the bridge [4], b) Longitudinal structural view of the
bridge [4], ¢) Cross-section of the upper belt [4]

The upper surfaces of the truss flanges are additionally reinforced in their free arms
range: nodes 0 to 6 with cross rails with a strip steel plate with dimensions 90/8/700 mm
(Fig.3a) and nodes 6 to 12 with a strip steel plate with dimensions 10/560 mm (Fig. 3b).
The stems are additionally reinforced at their free ends with two strip steel plates with
dimensions 2 x 10/90 mm (Fig. 3a and 3b).
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Fig. 3 a) Upper Belt (nodes 0-6) [4], b) Upper Belt (nodes 6-12) [4], ¢) View of upper belt
(Photo: D. Partov, 2009), d) Upper belt detail [4]

The cross-section of the lower belt is constructed of combination of two "T"-shaped
riveted structural elements, placed 350 mm axially from each other, facing upwards. They
are executed by the combination of two corner profiles 2L x 100/100/10 for flanges and a
strip steel stem with dimensions 500/12mm (Fig. 4b). The stems are additionally reinforced
at their free ends with two strip steel plates with dimensions 2 x 12/100mm (Fig. 4a and
4b). The corner profiles of the lower belt between nodes 1 and 5 from the lower end are
mounted by four reinforcing wrought iron plates with dimensions 13/240mm. On the
corner profiles of the lower belt between nodes 6 and 12 are mounted three wrought iron
plates with dimensions 15/240mm.
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Fig. 4. a) Cross-section of the lower belt between nodes 1-5 [4], b) Cross-section of the
lower belt between nodes 6-12 [4], ¢) View of the lower belt (Photo: D. Partov, 2009), d)
Bottom waistband detail [4], ) View of the lower belt (Photo: D. Partov, 2009), f) View of
the lower belt (Photo: D. Partov, 2009)

The joint behavior of thus created "U"-shaped cross-sections of vertical load impacts
(and horizontal impacts) is realized by combination of two profiles with transverse ribs,
positioned in the middle of the truss fields and connected to the bars of the truss grid. (Fig.
4). In ddition, from the side of the flanges between the two adjacent "T"-shaped profiles (as
indicated above in the text) a winding connection of strip wrought iron of size 90/8/700
mm cross rails is developed; respectively 12 pieces per field in the upper belt of size
90/8/900mm and 5 pieces per field in the lower belt). The plates that connect the truss
diagonals (Fig. 5a, 5b) and verticals (Fig. 6a, 6b) and the upper and the lower belts are of
sufficient height for realization of the links without knot. These details are realized with
riveted joints. The open box section construction of the two belts enables the verticals (Fig.
6a, 6b and 6¢) 2L x 140/80/12 for nodes Ne 1, 2, 3; 2L x 100/80/10 for nodes Ne 4, 5, 6 and
2L x 80/60/10 for nodes Ne7-12 and the diagonals, to be executed as two-part combined
profiles with an "I" cross-section. (Fig. 5a, 5b).
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Fig. 5. a) Cross-section of the diagonals between nodes 1, 2 and 3 [4] b) Cross-section of
the diagonals between nodes 4-9 [4]
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Fig. 6. a) Cross-section of the verticals between nodes 1-3[4] b) Cross-section of the

verticals between nodes 4-6 [4] ¢) Cross-section of the verticals between nodes 7-12 [4]

The belts of these diagonals are executed by two unequal angular profiles of size 2L x
70/120/7 mm, fixed by rivets to each other and a connecting stem of 10 mm thick wrought
iron strip. The both ends of the truss diagonals, together with their flanges, enter the 300
mm joint between the stems of the upper and lower truss belts. The both ends of the truss
verticals are interrupted above the belt stems, the protruding flanges of the verticals on the
external side are riveted to the truss belts. Transversal beams of "I"-shaped cross-section,
combination of a stem of strip wrought iron of size 10/600 mm and an upper and lower
flange of paired angle profiles of 2L x 80/80/10 mm, riveted to each other, are installed
between the nodes of the truss upper belt. The transverse beams are of height 600 mm.
(Fig. 7a, b, ¢).

r—r ngw

Fig. 7. Composition of transverse and longitudinal beams: a) bottom view b) condltlon of
the girder of the roadway in 1995, ¢) Cross section of the main cross beam [4], (Photos: D.
Partov, 2009)
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Longitudinal full-wall steel beams with "I-26" shaped cross-section are designed
between the transversal beams. They are positioned on the upper belt of the transverse
beams, on distances of 1500 mm, equal to the axes openings of 3.60 m between the main
truss transverse beams. Thin prefabricated reinforced concrete panels are laid on the
longitudinal bridge beams, which are part of the road slab. Asphalt and concrete pavement
of 5 cm thickness is laid on top of the prefabricated panels. The height of the arched trusses
at the supports is 7.0 m. The upper girdle of the bridge step on the stone abutments and is
fixed by stationary wrought iron cylindrical joint bolt. The stepping of the lower girdle of
the bridge on the stone abutments is realized by joint bolts. The spatial stability of the
bridge is ensured by horizontal X-shaped wind-resistant connections located between the
upper and lower truss belts as well as by the vertical Xshaped wind-resistant connections,
installed between the verticals of the two adjacent loadbearing bar structures of the bridge.
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Fig. 8. a) Plan of the road lane of the bridge [4], b) Section of the road lane of the bridge
[4], c) Cross section of the lower belt [4] d) Details of construction of the lower and upper
belts [4], e) View on the lower belt, f) View of the lower and upper belt, (Photos: D.
Partov, 2009).

At 1996 a project for the rehabilitation of the Stambolov’s bridge is prepared [9]. Two
basic variants for replacing the deteriorated parts of the deck are investigated —
replacement with orthotropic steel deck and with reinforced concrete deck (Fig. 9) and
(Fig. 10). However up to now rehabilitation works are not performed and the deterioration
of the bridge structure due to lack of maintenance is in progress.
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Fig.9. Variant for the deck replacement with orthotropic steel deck [9]
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Fig. 10. Variant for the deck replacement with reinforced concrete deck [9]

3. A brief comment on the bridge installation technology (text by Nikolay Tuleshkov)

According prof. N. Tuleshkov,at the end of the 19th century, the first metal lattice
bridges began to be built in Bulgaria, at first for the needs of railway construction, and later
for road construction. The road bridge over the Yantra River in the medieval capital of
Bulgaria, the city of Tarnovo, is considered. Its construction is necessary due to the
specific hilly land relief cut by the deep gorge of the river, which here flows in the form of
a large meander surrounding the city on three sides. Therefore, when the first main railway
line for the region has to pass from here, the station has to be built in a more remote place,
outside the city limits. And when in 1892, in the direction of "Marno Pole" and the hill
"Sveta Gora", where the station is, the construction of a road connection between the city
center and it began, it was necessary to cross the river on a bridge rising about 37m above
the water level(Fig.11). And because of the steeply falling rocky banks, it could not rely on
intermediate river beds to strengthen its bridging structure. This is how we arrive at the
design choice of an arch truss stepping with its heels on both banks.

Fig. 11. General view of Stambolov’s bridge, 1930

The project was made by the Italian architect Giovanni Mosutti, who at that time was the
city architect of Tarnovo. Together with engineers from "Bulgarian State Railways", the
author is reworking an existing project for a railway bridge, changing the construction of
the roadway that steps onto the truss construction. The metal parts of the bridge were made
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by the famous Viennese company "Rudolf Philipp Wagner", to which the Bulgarians most
often place their orders for metal construction structures. Even in Tarnovo there is a
preserved catalog of this company from the end of the 19th century, according to which
constructions for supporting columns, beams, consoles, balconies, stairs and stair railings
and other elements were ordered. For the construction of the bridge, the city administration
concluded a contract with the famous construction entrepreneur Stoyan Tsonev Gerganov
(1865 - 1906)(Fig.12), who was trained by the local guilds and came from a village of old
hereditary builders - Kereka, Dryanovsko.

Fig. 12. Stoyan Tsonev Gerganov (1865 - 1906)

At that time, the talented Gerganov was already the most famous builder in the city,
having built many public buildings and over 70 residential buildings here in 16 years. He
independently mastered drawing design and therefore for each object he created according
to his own ideas, he made the necessary plans. At the beginning of the work on the bridge,
he appointed another famous craftsman from Dryanovo - Grozyu Enchev Tsonchev from
Djurovtsi huts in the village of Parsha - as the responsible master of the construction.

Initially, the stone abutments were built on both banks, and then master Stoyan
Gerganov designed a solid over 30m high wooden scaffolding from which the installation
of the metal structure was carried out. However, the technology for raising its components
creates a problem, which is solved based on ideas for lifting devices, which were proposed
and implemented by master Grozyu Tsonchev, who supervised the entire construction.
Installation work is carried out by a large team of Belgian, Italian and Bulgarian
craftsmen. On the wooden platforms of the scaffolding, hearths were created in which the
rivets were heated before they were installed, and here the units forming parts of the
Structure were riveted.

The poet Kiril Hristov, born in 1875 in Tarnovo, recorded his memory of a large-scale
tide on the Yantra River that carried away parts of the bridge that were carried
downstream. "The waves of victory“- he writes, “drag the iron planks several meters long
all the way to the bridge in the Turkish hamlet". This 1890s incident delayed construction.
But unfortunately, and shortly before the last fragment of one supporting arch was
installed, it was dislodged and fell into the river, from where they were unable to pull it up.
It had to be ordered for a new construction in Vienna, and therefore the bridge was
completed only in 1899-1900, when on October 8 the railway line and the Tarnovo station
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"Trapezitsa" were solemnly opened. According to some reports, some additional works
were carried out on the bridge, for example painting the metal parts, and therefore 1904 is
indicated as the final year. In 1990, the company that produced the metal structure sent a
notification to the city government of Tarnovo that the hundred-year warranty period of the
bridge expired, but that they were available for restorations and repairs. Therefore, by
order of 1992, it was forbidden for cars to pass through it, and it began to function as a
pedestrian one(Fig.13).

Fig. 13. General view of Stambolov’s bridge, 1950

4. Conclusion

The Stambolovs’ bridge over Yantra River is a part of Bulgarian structural
heritage and also it is a symbol of Veliko Tarnovo town. It was designed and executed in
1892 and served as a road bridge. Between 1970 and 1998 the bridge served for the road
traffic to the University of Veliko Tarnovo but from 1998 only pedestrian traffic is
allowed. The last rehabilitation of the bridge including corrosion painting renewal was in
1935. It must be mentioned that there is no information for the detailed original structural
documentation of the bridge in Veliko Tarnovo municipality and activities for the bridge
rehabilitation, strengthening and preservation can be estimated as unsatisfactory. The
project for reconstruction finished in 1996 is not realised up to now. As the last serious
rehabilitation was in 1935 and considering the importance of the structure as pedestrian
connection and also as a part of Bulgarian structural heritage the rehabilitation and
strengthening of the bridge is urgent in order to stop the registered degradation processes
and ensure the safety and comfort of the pedestrian traffic.
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