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MESSAGE FROM THE ORGANIZERS

This is the first time we organize Academy of Sciences and Arts International Conference
in Bulgaria, a major event that brings together many of the worlds’ architects, environmental
architects and structural engineers to Sofia, Bulgaria. The motivation behind organizing the
Conference is based on the Bulgarian architectural and structural engineering traditions, on our
longstanding links to UNESCO and ICOMOS — as we keep history of architectural and structural
engineering education going back more than one-hundred years, our famous orthodox cathedrals
in Sofia, our research activities and other successfully organized international conferences.

Our success in being able to organize such an event is representative of the intensive architectural
and structural engineering activity which has been ongoing over the last twenty five years in along with
and also because of changes in the Bulgarian political system and its recent membership in the Europian
Union. As a result, Bulgarian architects, environmental architects and structural engineering are facing
new challenges that are typical not only of Bulgaria but are characteristic of our rapidly changing world,
too. To respond to these challenges it requires a joint effort, regardless of the geographical location and
geometrical size of the different hystorical types of structures.

This is why we are offering the architects, environmental architects and structural engineers a
platform to discuss a wide range of topics related to: Social and economic integration of culture heritage;
Culture heritage being part of the local and regional, social and economic stability; Culture heritage in
urban areas; Vulnerability of culture heritage to hazards, and preventive measures; Documentation,
interpretation, presentation and publication of culture heritage; Degradation of culture heritage in
surrounding environment, Indoor climate and tourism effects; Biodegradation of culture heritage, Historic
materials and their diagnostics; New materials for safeguarding culture heritage; Historic structures and
their monitoring; New technologies for safeguarding culture heritage; Restoration of historical masonry,
timber and steel structures-criteria - innovative solutions and case studies; Seismic rehabilitation of
historical masonry, timber and steel structures, Conservation and preservation of historical masonry,
timber and steel structures; Consolidation, rebuilding and strengthening of historic structures; Culture
heritage under catastrophic events: fire, flood and blast loading.

To date, definite interest has been expressed in the themes selected from 14 contries, confirmed
by the receiving of more than 60 abstracts. Based on selected papers we are well ascertain that the
technical programme will provide for an interesting global view for all participant.

We also wish to use this opportunity to introduce all Conference participants to the
cultural aspects of Sofia and Bulgaria. Both during and after the Conference the participants may
relaxingly submerge into Sofia unique atmosphere while enjoying Bulgarian music and dance
and some traditional meals and wines during the welcome party, conference dinner and tours.
Participants and accompanying people will visit the Sofia National Opera (near the Conference
venue). In addition we have organized post-conference technical tours to some of our most
interesting heritage sites, and other sightseeing places. We will do our best to ensure that
participants enjoy our reknowned Bulgarian hospitality during the Conference.

We look forward to receiving you in Sofia, in November 2016!

Prof. Arch. Nikolay Tuleshkov,PhD Prof. Eng. Doncho Partov, PhD
Vice-chairman of the Organizing Committee Chairman of the Organizing Committee

— o rzov <7)






MESSAGE FROM THE PRESIDENT OF BASA

For the first time in the history of the Bulgarian Academy of Sciences and Arts (BASA), the
Scientific Institute for Architecture, Construction and Urban Planning is going to host the
International Conference on: Preservation of Culture Heritage.

It is my pleasure to invite you to attend this Conference in Sofia, to meet with international
experts and discuss number of important topics. This year, the focus of the Conference will
clearly be on the future of preservation of the culture heritage in Bulgaria and across the world.
This is expressed in the selection of the conference topics such as: Comservation and
preservation of historical masonry, timber and steel structures; Consolidation, rebuilding and
strengthening of historic structures;, Degradation of culture heritage in surrounding
environment; Vulnerability of culture heritage to hazards and preventive measures. In particular,
attractive subject areas will be on the programme, like: Culture heritage under catastrophic
seismic loading; Seismic rehabilitation of historical masonry, timber and steel structures, New
technologies for safeguarding culture heritage; Restoration of historical masonry, timber and
steel structures-criteria - innovative solutions and case studies,

Information on these topics will be shared among designers, contractors, operators, suppliers,
government agencies and researchers to the benefit of the profession and society at large. In
addition, this conference will serve as a valuable opportunity for international networking.

It is also my particular wish, once again, to encourage young architects and engineers to attend
the forum and meet with experienced colleagues from around the world, while at the same time
take advantage of the best presentations under the “Young Researcher” award prepared by the
organizers and BASA fellows. The organizers will offer reduced registration fees and shall make
special effort to facilitate contact between young architects and engineers and experienced
colleagues on the other hand. Also, a Young-engineer Meeting Point will be set up. The
traditional prize for the three most outstanding contributions by young authors born in 1983 or
later will again be awarded, constituting a great deal of honour to the awardees.

Sofia, the city of 7000-year-history, possesses a rich and fascinating history, as well as a vibrant
culture heritage. It is a perfect setting for this conference, for in addition to its important historic
background the future is also happening in Bulgaria. This progress was founded on a recognized
architectural and structural engineering tradition and illustrated by a number of world famous
cathedrals, monasteries, basilicas and churches. The final technical and social event of the
Conference will be held in Kustendil - a technical excursion on Friday.

BASA is grateful to its Scientific Institute for Architecture, Construction and Urban Planning, in
co-operation with the sponsors for organizing this promising Conference to be held in November
2016.

I look forward to meeting you in Sofia.

Prof. DSc Grigor Velev, Academician of BASA
President of BASA






HATINPABJIEHUE 1

CouunanHa u NKOHOMUYECKa UHTerpaunAa Ha KyntTypHoO-Uctopuye-

CKOTO HaclneancTtTBoO, KyﬂTypHO-MCTOpM‘-IeCKOTO HacneacTBoO KaTo

MHCTPYMEHT 3a MeCTHa U pernoHariHa, counasiHa 1 MKOHOMU4e-

CKa yCTOﬁHMBOCT; KyﬂTypHO-VICTOpVI‘-IeCKOTO HacneacTBoO B rpaa-

CKUTEe U CeJiICKHn paﬁOHM; YA3BUMOCT Ha KynTtypHO-UCTOPUYECKOTO

HacneacTtsBo cpewy npupoaHun dencTBua n npeBaHTUBHU MEPKU
3a HEroBoTo CbXpaHsABaHe.

TOPIC 1

Social and economic integration of culture heritage; Culture her-

itage for local and regional social and economic stability; Culture

heritage in urban areas; Vulnerability of culture heritage to haz-
ards and preventive measures.
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NHAOKTPUHALMA ITPU OITA3BBAHETO HA ITPOMHUIINJIEHATA
APXUTEKTYPA U JIAHAIA®T B BbJII'APUSA

1 2
Credan AcnapyxoB', Becesiun Panresnio”, Beceqiun IaxbHoB

Yuueepcumem no apxumexmypa cmpoumencmeo u ceooeszus — ep. Coghus /
Jlecomexnuuecku ynusepcumem — 2p. Cogus

THE INDOCTRINATED PRESERVATION OF THE INDUSTRIAL
HERITAGE OF ARCHITECTURE AND LANDSCAPE IN BULGARIA

Stefan Asparuhov, Veselin Rangelov, Veselin Shahanov

University of Architecture, Civil Engineering and Geodesy — Sofia / University of
Forestry - Sofia

Abstract: After the serial demolitions of the industrial heritage in Plovdiv city (2016)
the Bulgarian society put precise questions to the governing bodies once again.
Unfortunately the answers are still blurred. The main purpose of this article is to
make approach to our national values and actions in the context of the negative
effects during the controversial stages of Bulgarian development. The tasks of
preserving the few industrial remainings from the period until the First World War
and preserving the built later acquire compulsory nature. In this sense if we do not
learn from our mistakes in the past and do not use the good foreign practices and
experience (adapted to national identity), the doctrine "sustainable development"
will irreparably remain a utopia for the Bulgarian society.

Key words: architecture, industrial buildings, heritage, sustainable development

1. YBox
Omna3BaHeTo Ha MPOMUIIICHATa APXHUTEKTypa, B T.4. U JaHAmadTa, ONnpeaeieH OT

HelHUTEe 00EKTH U CYOEKTH, € 3HaAUMM IMPOIIeC 32 YCTOMYMBOTO Pa3BUTHE Ha OOIIECTBOTO.
[Ipe3 rogmnamte crnen Ctokxonmckara KoHdepeHmus oT 1972 r. g0 nHeC JOKTpUHATA
,,yCTOﬁ‘IHBOTO paSBI/ITI/Ie“ HaTpymna JOCTATbYHO KOJIMYCCTBCHU W KaUCCTBCHU HW3MCHCHMHA,
Yype3 KOUTO CE€ CleBa HOB I'bT 3a pPa3BUTHUE, C TPACKTOPHUS, MPOTHUBONOCTABAIIA CE Ha
HETaTUBHHSI MYJITUIUTHIHpAI epeKT OT HempeKkbcHaTaTa 6opba Mexay OeHu U 6oratu —

TpaeKTopus, KOSATO MpeJrnoyiara OalaHCHUPAaHOCT MEXAY HKOHOMHUKATa, EKOJIOTHUSTa U
COIIMATHOTO Pa3BUTHE B KOHTEKCTA HA KYJATYPHHUTE pa3iINuusl Ha JOKaJIeH U ri1o0aieH (oH.

YoBeuecTBOTO 3amoyHa Ja IMposdaBsABa CHUJIHA 3arpUKCHOCT 34 CBOCTO OLCJIIBAHC,

MpeYyNBaiiku CBOMTE IIEHHOCTH Tpe3 MpHU3Mara Ha ,,ycTOMYMBOCTTa. B MHOTO 00MacTh Ha

' Credan AcrapyxoB, JOKTOp, apXHTEKT, r1aBeH acucteHT B YACT, 1046 Codus, 6y:1. XpucTo
Cwmuprencku Nel, xab. 716A, asparuhov_stefan@abv.bg

? Becenun PanresnoB, 1oKkTop, TaHamadTen apxutekT, riasex acucrent B JITY veskorangelov@abv.bg
3 Becenun 11laxbH0B, T0OKTOp, MaHmadTen apxutekt, acuctent B JITY, veshaha@abv.bg
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MMO3HAHUETO O0ade TOBa ,,lIpeUylBaHe’ MPHIO0M KOMEPCHUAHH M3PKEHUS IT0J] HATHCKa
Ha epus KanmuTal. HeypaBHOBECEHOTO MPUTETJISHE HAa WKOHOMHYECKHTE AaclEeKTH Ha
Pa3BUTHUETO — 32 CMETKA Ha €KOJOTUYHHUTE M COLIMATHUTE aCIEeKTH, IPeBbpHA JOKTPHUHATA
,yYCTOMYMBO pa3BUTHE B CPEACTBO 3a Iiedasnba, MOBUIIABAINO HUBaTa Ha (pUHAHCOBA
HEPaBHOIIOCTABEHOCT. B Kpas Ha MHHaIMs BEK MHOTO OT YCHJIMSTa Ha YYEHUTE U
EKCIIePTUTE OT MEXAYHAPOIHHUTE OpTaHU3alUU OsXxa KOHIICHTPUPAHU B THPCEHE Ha
auncBamusg (CBbp3BallMsl) €JIEeMEHT B TpoUIaTa KOMIIOHEHTH Ha YCTOWYMBOCTTA
(MKOHOMHUYECKHU-COLMATHU-EKOJIOTMYHN): KynTypHUIT acnekT. Ilpes 1995 r. FOHECKO
nyOnuKyBa qedUHUIUS Ha KYITypaTta KaTto ‘“‘yenus KoOMNieKc om omaudyumennu OyXO6HU,
Mamepuaniu, UHMeNeKmyaiHu U eMOYUOHAIHU Yepmu, KOUmo Xapaxkmepusupam 0aoeHo
obwecmeo unu coyuanHa epyna. Ta exnousa He camo usKycmeama u iumepamypama, HO
COWO  paziuyHume  MOOYCU HA  HCUBOM,  (DYHOAMEHMAIHUMe 4Y08ewlKu Npasd,
YeHHOCmHUme cucmemu, mpaouyuume u eapeanuama’.

Enus oT mbpBUTE TOMIPHKHUIM Ha KYJITYPHHUS acTeKT HA YCTOHYMBOTO Pa3BUTHE —
Jlxon Xoykc mpennara 3aabpli00ueH Moriea Bepxy noHstuero. Crnopen Hero Kyiurypara
BKJItouBa: (1) HamIMTE LEHHOCTU U CTPEMEXH; (2) HAYMHUTE, 10 KOUTO CE pa3BUBaMe,
nojlyyaBaMe U MpeaaBaMe Te3H IIEHHOCTH U (3) CTHUIIOBETE Ha )KHBOT, KOUTO TE€3H MPOIECH
npou3BexaaT [9].

B nmombnnenune Xoykc mocouBa: ,, Hawama Kyaimypa bnibdéa CMUCHId, KOUMoO
npuoasame Ha JHCUBOMA Cu, ms ce Kpenu 6bpXy YeHHoCmume, KOUMO cnooensime u
Ha4uHume, nNO KOUmMO Hue npuemame pasiuduama cu, ms e c6bp3aHd ¢ moed, KOemo
HaucmuHa uma 3HadeHue 3a Xxopama u oOwHOcmume: 63aUMOOMHOUIEHUs, namem,
ONUMHOCMU, UOEHMUYHOCMU, NPOU3XO00, HAOEHCOU U MeUMmU 8 YAIOMO UM MHO2000pasue.
A maii-eeue, nawama Kyamypa uspazsea eusuama Hu 3a 0voewjemo: KaKeo uckame oda
npeoadem Ha Ovoewume nokonenus. Hawama kynmypa cevpsea nawiemo nacmoswe c
Hawiemo MUHANO0, KaKkmo u ¢ Ovoewemo, Koemo cu npeocmagsame. Ypes kyamypama
ocvujecmesnsame 6pvb3Kume, Mpedcume Om 3HAYEHUs U YEHHOCmU, KAKMo U me3u Om
npuUsAMeNcmea u uHmepecu, KOumo Hu cvboupam 3aeoHo 8b8 8pemeno, NpoCmpaHCcmeomo u
oowecmseomo. *“ (npesoA: aoiu. JI. Cazonosa).

Opraam3anusara TIICIH (The International Committee For The Conservation Of
Industrial Heritage) maBa ciegHOTO OINpeneieHUEe 3a WHAYCTPUATHO HACIEICTBO:
,, Mnoycmpuannomo nacieocmeo ce cvcmou om ocmaukume om UHOYCMPUAIHA Kyaimypa,
KOUmo mozam 0a 6v0am ¢ UCMOPUYECcKU, MEXHOI02UYEH, COYUANEH, apXUMeKMypeH Uil
nHayuen xapaxmep... . FOHECKO Beue pasmo3HaBa Te€3u OOCKTH KaTO Ba)X€H KOMIIOHEHT
Ha JoBemkara uctopus. Ot nexiaapupanute 690 o6ekTa Ha CBETOBHOTO HACIEICTBO 28 ca
TaKMBa Ha WHyCTPUATTHOTO HACIECTBO, a 22 OT TAX ce Hamupat B EBpomna. Tosa ca 5,3 %
OT BCUYKHU KYITYpHU 00EKTH U 5 % OT BCUUKH OOEKTH Ha KYJITYPHOTO HaciencTso [1].

Bucokara ponst Ha KyJATypHHMs AaclekT B JOKTpUHATra ,,yCTOMYHMBO pa3BUTHE
nopaxnaa HeoOXOIUMOCT OT CHIIOCTaBsSHE HA CTENEHTa M HayMHA Ha MpUIaraHe Ha
MIPOKJIAMUPAHOTO, KATO CE U3CJIC/IBA KAKBO € pa30UpaHeTo 3a MHAYCTPUATHOTO HACIEICTBO
B 4y)KOMHA U KakBO € TO y Hac. OTuuraiiku crienupukuTe Ha OBITAPCKUTE IIEHHOCTH,
OTTOBOPBHT HA TTOCTABEHUS BBHIIPOC OM HU J1aJl OTHOCUTEIHA SCHOTA 32 OBJICIIOTO PAa3BUTHE
Ha HAIIeTo OOIIeCTBO M OM HH J1aj HACOKa 3a PEBU3UATA, KOSTO TPsiOBa Ja HAMPABUM IO
0BT KbM ycToWumBocTTa. KOpekimu ca HeoOXoAauMu, 0COOCHO MpeaBUJl CHOUTHATA B
TIOTIOHEeBHUTE ckiagoBe B [lmoBauB (2016 r.), mpeacraBisiBaliy IO CHIIECTBO ocmpa
dopma na unookmpunayus, 9pe3 KoaTo OE3CIMOPHO CE OMIETABAT OBACIIUTE TTOKOJICHHS.
OtuntaMe pa3pyliaBaHeTO Ha TIOTIOHEBUTE CKJIaloBe B [LIOBAMB KaTo CBETOBEH
npeneaeHT. Huma enna eBpomneiicka cTonuIa Ha KyJATypara € Bb3MOXKHO Jia ce cOoryBa ¢
BHYIIIUTETHH [IEHHOCTHU HA HHIYCTPUAITHOTO HACJIEICTBO?

W3BecTHO e, ue undokmpuHayuama € Npoliec Ha HaCUJICTBEHO BHEJPSIBAaHE Ha HJIEH,
HArJIacy, TO3HABATEeIIHU CTPATETHH WM MPOGECHOHATHH METOIU 4pe3 MPUHYA, KOSATO
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MNpeaAcCTaBIsABa IMpPaKTHKaA 3a y6e>1<z1aBaHe " CKIIOHSIBAHC KbM U3BBLPIIBAHC HA }IGI\/’ICTBI/ISI oT
CAHO JIMIC WJIM Tpylla JMia 49pe3 Cujia UJIN 3aruiaxa. OH_IG MoBCYC, MHAOKTPUHUPAHUTC
OuBaT yOexJaBaHM B KOHKPETHH €JIEMEHTHM Ha JaJieHa o0JacT Ha Io3HaHue, 0e3 aa
pa3dupar MUPOKHUS CMHCHI HA TeMara, BIDKIANKM Tpe3 MPEeABAPUTEIHO MOJETHpaHa
npu3Ma — B YCJIOBHS Ha ITbJIHA HECTIOCOOHOCT 3a KPUTHUEH aHANU3 HAa MHIOKTPUHHUPAHUS
CyOeKT BbpXY COOCTBEHHUTE IIECHHOCTH.

C men ycraHOBsiBAaHE Ha CYOCKTHTE ,,MHIOKTPUHUPAH W ,,MHIOKTPHUHHpAIL B
o0nacTTa Ha Oma3BaHETO Ha MHAYCTpUATHATA apXUTEKTypa B beiarapus, Ha IBPBO MSCTO €
HEOoOXOUM TPOLECYaTHO-aJallTUBEH W CPaBHUTENEH aHalli3, 3amo4yBallld C KpaTbK
HUCTOPUYECKH MPETICI.

2. O6ma xpoHoaorus

Ot 3apaxaaHeTo Ha IMpPOMUIJIEHATa apxXuUTeKTypa B kpas Ha XVIII B. 10
CHBPEMEHHHUTE TEHACHIIUH 3a TJI00aIn3alus Ha MPOU3BOJCTBEHUTE MPOIECH B YCIOBHITA
Ha JUTUTAIHATA PEBOJIOHUS ce HAO01aBa JJOTHYHO U3MEHEHUE Ha apXUTEKTYPHUS OOJIHK
Ha NPOMHUIUIEHUTE crpaad. Te3u TpaHcpopmaluu ca CJIEACTBUE TMPEAMMHO Ha
TEXHOJIOTUYHOTO  HOBAaTOPCTBO, OKAa3Balll0 MpPSKO BIMSHUE BBPXY CrPagHOTO
CTPOUTEJICTBO, YCIIOBUSITA HAa TPYA W NPOU3BOAMTETHOCTTAa Ha mnpenmpustusra. Upes
XPOHOJIOTHYEH MpEryie]] Ha Pa3BUTHETO HA TEXHOJOTHMHUTE U HETOBOTO OTPAXKEHUE BBPXY
apXUTEKTypaTa Ha MPOMUIJICHUTE CIpagd U CHbOPBKEHUS, MOCPEACTBOM IPUMEPU OT
CBETOBHATa IpaKTHKa, C€ YCTAHOBSBA, Y€ IPOM3BOJCTBEHUTE Crpaju, MOJ00HO Ha
KWIALIIHUTE U OOILECTBEHUTE Crpagd, HMaT CBOETO HWCTOPUYECKO PA3BUTHE U
aApXUTEKTYPHU CTUJIOBE [2].

JluHamukaTa Ha TEXHOJIOTMYHUTE TpaHCc(opMaluy MOCTaBsl BCe MO-TpyAHATa 3a/1a4a
3a Ch3JaBaHE Ha KpUTEpHUAJICH amapar, 4ype3 KOWTO Ja ObJe ompeneisHa CTOMHOCTTa Ha
MHIYCTPUATHOTO HACIEACTBO.

®@ur. 1. Pa3pymasanio ce u pa3pylnieHo HHIYCTPUATHO apXUTEKTYPHO HACIEACTBO OT Kpas
Ha XIX B.: a) 3axapHata ¢abpuka B Codus (1898 r.); 6) CniuptHara habpuka B Kasikeo,
Coous (1882 1.)

B®B BpeMeTo 3a HaTpynBaHe Ha HayajleH Kanurtail, cies OcBOOOXKIECHUETO 10 Kpas
Ha XIX B., B beirapus dyaknuonupat Han 160 npennpusrusi, ot kouto 40 ca mo-roiemu,
a MPOEKTHUTE UM ca pa3paboTeHu B uyxOuHa. JIbpkaBHara neuatHuna B Codus (1887 r.),
3axapuata ¢abpuka B Codus (1898 r.) (Pwur.l. a), [luBoBapaute ¢adbpuku B lllymen
(1892 r.) u BpB Bemuko TvpHOBO (1892 r.), CriuptHata ¢adbpuxa B KuspkeBo, Codus
(1882 r.) (®wur.1. 6), pabpukara 3a BeIHEHU U3Aenus ,,EBmoru 'eoprues B KapmoBo
(1891 r.) ca enHu ot 1OOpHUTE MPUMEPH C BUCOKA apXUTEKTYpHA CTOMHOCT. 3a ChiKajeHue
IpU HUTO €JWH OT TIX He HaOiroJaBamMe Ola3BaHe KaKTO Ha (Qu3WdYecKkuTe OOEKTH Ha
apxXUTeKTypaTa — CrpajuTe, ChOPBKEHHUATA W OOKpBKaBallara I'M cpela, Taka U Ha
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HEMaTepUaIHUTEe IEHHOCTU — IPOU3BOJCTBEHU TEXHOJOTWH, COIMAIHU OTHOLICHUS W
Ou3HEC OTHOIIEHUS Ha padoTemmTe, MPOU3BOJACTBEHA cpeAa U mp. Te3u oOekTHn oTaaBHA
HE CBIIIECTBYBAT, a HAKOHU OT TAX ca pa3pyLIeHU A0 HEY3HaBaeMOCT.

[Ipe3 1905 r. e npuer 3akoHa 3a HacChbpuyaBaHE Ha MECTHATa UHAYCTPUS U ThPrOBUS,
noJroMaranl HMHAYCTpUAIHUS Kanurtan. Upe3 Hero ce HpoabKaBaT U J0pa3BUBAT
TEHJCHUIMUTE U MPUHIUIUTE, 3ajierTHAIM B 3akoHa oT 1895 r. B3umaiiku moj BHUMaHHUE
B€YE MPOMEHEHUTE MOJUTUYECKH, MUKPO- U MaKpO-UKOHOMUYECKH YCJIOBUs, B 3aKOHA ce
HOPEIBUKAAT ,, CHEYUATHU HACHPYEHUS 34 eOpama UHOYCMPUs, KAmo ce NpusHasam musl
obnazu 3a MHOJCECmEo owe UHOYCMPUU, KOUmo Cmapusm 3aKOH He obemauie u Koumo
NpAaKmuKama nokasa, ue ce Hyxcoasm om nokpogumencmeo’ [3].

3a conuaaTHO-MKOHOMHYECKHUsST €eKT OT HachpueHuaTa (oTMeHeHW mpe3 1933r.) u
pa3BUTHETO Ha OBJITapcKaTa MKOHOMHMKA Mpe3 nepuoja 10 BropaTta cBeToBHA BOWHA MOXe
Ja ce chaW mo ToBa, 4ye mpe3 1911 r. Oposar Ha npeanpusTusta € 345, a OposT Ha
ciayxurenute B TIX — 16 000, mpe3 1922 r. — 1 538 npennpustust u 55 300 ciyxureny,
npe3 1939 r. — 3 500 npennpustusa u 104 000 ciryxurenu [4].

Jo 1920 r. aBe-TpeTH OT MNpeANpHUATHATa ca 4YacT OT XpaHutenHata (42%) u
TekcTHIHATa (24%) NPOMUIIIEHOCT, a 13 roguHM MO-KbCHO TEXHUSAT JSU1 € TPU-YETBBPTH
— 60% oT XxpaHUTENIHATa MPOMHILIEHOCT W CHOTBETHO 16% OT TEeKCTWUIHATA. 3a TO3M
NepuoJl OTIMYUTENIHA apXUTEKTypa ce HaOirofaBa MpH mbpBata GabpukaTa 3a XapTus H
MyKaBa ,,Kaurara* B benoBo mo npoekt Ha apx. JlanuoB (1900 r.) (®wur.2. a), TekctuaHaTta
¢dabpuka BpB Bapna (1905 r.), Texcrunnara ¢abpuka ,,JJoOpu Kapranos“ B I'abpoBo
(1900 r.), IluBoBapHaTta (abpuka Ha Opars IIpomex B Codus (1906 r.) (Pur.2. 0),
dabpukara 3a kepamuka Ha rapa baranoBuu (1914 r.), Ilevarnunata B Codust - 1HEC
My3er ,,3emsara u xopara“ (1915 r.), Knanunara B Codus mo mpoekr Ha apx. Il
Mapxkoscku u apx. C. bo6ues (1928-19321.) [5].

gabrovica.otblizo.com

@ur. 2. Pa3pymeHo nHAyCTPHAIHO HACIEACTBO OT HavyanoTo Ha XIX B.: a) dabpukara 3a
MykaBa u xaptus B benoso (1905r.); 6) [TuBoBapHara abpuka Ha Opats [Iporek B

Codus (1906 1.)

JoGpust npuMep 3a KOHBEpCUSI HAa HMHIYCTpHAlHA apXUTEKTypa € crpajara Ha
apceHana, mpeBbpHaTa B My3el “3emsTa u xopaTa”, KOSITO € He caMo J100pe MpUrojieHa 3a
HOBUTE CH (PYHKLUMH, HO C€ H3MOJ3Ba MHOIO pAIMOHAJHO 3a pa3jMYHU KYITYpPHH
JeHoCTH [6].

Ho Huma ToBa € 1octaThbuHO — Ha (OHA HA U3TYOEHUTE CTOTULIN MIPENPUITUS?

[Ipe3 ronuHuTe Ha MUIaHOBa MKOHOMHUKA ciell 1944 r. u ocobeHo mpe3 yckopeHara
nHaycrpuammzanuss ot 70-te m 80-te rommHM Ha XX B. y HAac ce Mmpuiarar
MHJOKTPUHAIIMOHHN NPUMOMH 32 MKOHOMHMYECKU PACTEX, Pa3IU4YHU OT TE€3M B Ma3apHara
WKOHOMMKA. Ho BBIOpeKH pa3nuuusaTa B MOJIUTHYECKUTE PEKUMU HA CTPAaHUTE OT
3anaaHus CBAT M CTpaHUTE OT ,,M3TOouHMsA Onok* mpenu 1989 r. e Hamuue egna oOuia

20



MEXAYHAPOJHA HAYUYHA KOH®EPEHILIUA BAHW’2016
INTERNATIONAL SCIENTIFIC CONFERENCE BASA'2016

TEHJICHIIMS, KOSITO 3a ChKaJeHue ce HabJo1aBa 10 JHEC: MTPH WHTEH3UBEH NKOHOMHYECKH
pacTexx paspyllaBaHETO Ha MHAYCTPUAIHOTO apXUTEKTYpHO HACJIEJCTBO CE YCKOpsBAa U
PECIIEKTUBHO — B TOJMHM Ha (PUHAHCOBO-MKOHOMHUYECKH KpHU3H, CBHIBTCTBAHU OT
MIPEOCMHUCIISIHE HA MUHAJIOTO, TO3H HETaTUBEH MPOIEC YTUXBA.

3. CneuM(UYHN acCNEKTH OT MPAKTUKATA 10 CBETa U y HAC

[IpenBua KOMIUIEKCHOCTTa Ha IpoOjemaTuhkara, cielBa Ja ce OT4YeTe CHellHa
HE00X0AMMOCT OT MHULIMATHBA 32 Ch3/aBaHe U (pruHAHCHpaHE HA MHTETpHpaHa 0a3a TaHHH,
Yype3 KOATO Jla Ce YIpaBisiBa MHAYCTPHAIHOTO HACIEACTBO Ha bwarapus mo yctoiuus
HaunH. Karo mokasarencTBo 3a Ta3u HEOOXOIUMOCT MOraT Ja ce€ MpHUBENaT pPeIula
opuLmaNHN JOKYMEHTHM OILIe OT Kpas Ha MHHAJIMS BEK, HACOYEHU IMPSIKO KbM
eBponeiickure crpanu. IIpe3 1985 r. Ha mnpoBeneHo B JIMOH pa3zuckBaHE MEXIy
npeactaButen Ha CbBera Ha EBpoma, ¢penckara cexkumss Ha MKOMOC u dpeHckn
MUHHUCTEPCTBA € M3pabOTEeH JOKYMEHT, 3aJaBalll HAKOM >KaJIOHU 3a IOJUTUKHUTE II0
Ola3BaHe HAa MHAYCTPUATHOTO HacieacTBo [7]. Omie ToraBa, Hmpeau HACTBIIBAHETO Ha
IUTUTAITHATA PEBOJIONS, CE OTIPABAT aKTyaJHH M JHEC MPETOPHKUA KbM YIIPaBIISIBAIIUTE
BHUCIIIM €BPOMNEWCKHU OPraHu, KaTo 3a MPUIIOKEHHETO Ha MEPKUTE, CIIE/Ba:

e [lonuTukuTe Ja ce OCHOBAaBaT HAa MYJITHAMCHUIUIMHApHATA KOHLENUHUS 3a
MHAYCTPHAITHOTO HACIIEICTBO, 3a KOSTO HE € JOCTaThYHO J1a Ce Pas3riIexkaaT camo
00CKTUTE Ha apXUTEKTypaTa W OOKpHXkKaBaliaTa r'a (pu3nuecka cCpeia, a 3aeIHO C
TAX Ja ObJgaT wu3cIeOBAaHM CBBKYMHOCTTa OT TIIO3HaHMA 3a O00€KTa,
MIPOU3BOJICTBEHUTE TEXHOJIOTMH M HAYMHA HA XUBOT Ha MIEPCOHAJA;

e [lonutukuTe 2 CH3/1aBAT YCIOBHS 32 M0-100pO CHOJESHE U MO-TOJIsIMa OJIKpeTa,
3a: (1) mpeBeHUUs OT pa3pyllaBaHe HAa KOMIIOHEHTH Ha TEXHUYECKOTO U
UHIYCTPUAJIHO HACJIEJICTBO, KaTo 3aeJHO C TOBa C€ HaIpaBsAT H3MEHEHHUS Ha
(buCKaIHUTE MOJIUTUKU U (PUHAHCOBU 3aKOHH; (2) CENEKTUBHO ona3BaHe Ha Ou3Hec
apXuBHU, KOUTO pa3KpUBaT KOJIGKTUBHATA MaMeT Ha (pupmure; (3) moamnomarane Ha
bupMuTe uYpe3 JaHbYHM OOJIEKUYEHHMs M CTHMYJIM 3a HachbpyaBaHe Ha
yIOpaBlIeHCKUTE Tpaguiuu; (4) CTUMyJIUpaHe U COIHMAIHU MPHUAOOMBKH Ha
NepcoHaa, HaBbPIINJ WM HAaBBPIIBAIL NEHCHOHHA BB3PACT, KOWTO J]a y4acTBa B
Ch3JaBaHe, aHAIM3MpaHe M ChXpaHEHHE Ha apXUBUTE Ha MpeanpusTuero; (5)
HAChpUEHHS 3a MOMYJspU3NpaHe Ha WHAYCTPHUATIHOTO HACIIEACTBO CpeJl IIMpOKaTa
0OIIECTBEHOCT, MOJIUTULIUTE, MPOPECUOHATUCTUTE U 00yJaBaIlUTE CE;

e Jla ce mommoMara HAy4YHHMS TOJXOA 3a HWHAYCTPHATHOTO HACIEACTBO Ha
eBporeiicko paBHumle, upe3: (1) HacbpyaBaHe HA HAYYHUTE W3CIICIBAHUS
MOCPEACTBOM MPOrPaMH, HACOUYEHHW KbM HALMOHAIHUTE YHHUBEPCUTETH U
€BPOMCICKU HAYYHO-U3CJICIOBATEIICKM HMHCTUTYTH; (2) Ch3JaBaHe Ha €JIWHHA
WHBEHTapU3allMOHHA CHUCTEMa 3a YCTAaHOBSIBAHE Ha 3acerHaTUTEe MNPOMUIILICHU
CEKTOPH U KOHKPETHH 00EKTH, MOIJIe)KAIIN Ha MEPKH T10 OIIa3BAaHETO;

CrnenBaiiku mpernopbKUTe B UyKOMHAa ca peaju3upaHd M INpOIbJDKaBaT Ja ce
peanu3upar peaniia MpoeKTH IO Ola3BaHe Ha MPOMUILICHATA ApXUTEKTypa B KOHTEKCTA Ha
MHIYCTPHAIHOTO HacleACTBO. B obnacTra Ha TIOTIOHEBaTa MHIYCTPUS HAlpuUMep TaKUBa
peanu3anuu ca: dadbpukara Tabakalera B Can Cebactman, Ucmanms (1913-2003 r.) —
KOHBEpCUS B CMeceHM (GYHKIMM — TyOonuuHu W oxwmmHu (¢ur.3, a); ¢dabpukarta
Tabakfabrik B Jlunan, I'epmanus (1935-2009 r.), 3a KOSATO € MPUIIOKEHA KOHBEPCHUS C
npoMmsiHa Ha mpousBojcTBeHuTe (yHkiuu (ur.3, 6); dadbpukara Tabacka B Kommue,
CrnoBeHuss — TmpeBbpHaTa B IIEHTBHP 3a CHBPEMEHHU HM3KYCTBa M KyiaTypa (¢wur.3, B);
¢dabpukara B JlrobnsHa, CrnoBenus (1885 r.), K0oATO € mpeBbpHATa B KYJITYPEH IEHTBHD
Tobacna 001 (pur.3, 1) [8].
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®ur. 3. Perenepanus Ha TroTioHeBU (pabpuku: a) Tabakalera B Can Cebactuan, cnanus;
0) Tabakfabrik B Jlunn, I'epmanus; B) Tabacka B Komuue, Cnosenus; r) Tobacna 001 B
JIro6mana, ClioBeHus.

OO0pa31oB npuMep 3a MHTEPAaKTUBHO M AJANTHUBHO ONa3BaHE HAa HMHAYCTPUAIHOTO
HACIIEICTBO Upe3 OTBOpPEeHA 0a3a JaHHM € JBITOCPOYHHST HAy4YeH MPOEKT ,, THoycmpuanta
monoepaghuss na Penyonuxa Yexus“, paspaboreH oT HM3cimemoBaTelcKus IEHTBD 3a
nnaycrpuanso Hacienctso (FA CTU) B [Ipara npes nepuona 2011-2015r. [10].

Y Hac BB3HHMKBA BBIPOCHT ,,3aujo He Modxcem u Hue Owvieapume 0a Cb30adem
noodobua 6aza oannu? “, otuntaiiku, uye: (1) Be3moxkHoctu 3a ¢unaHcupane uma; (2)
Pasznosnarame ¢ 6oraro apXMBHO HAcJE€ICTBO OT INPOEKTAHTCKUTE OpraHU3aluud OT
o6muszkoto MuHAN0; (3) Pasmomarame ¢ HayyHa WHQpAacTpyKTypa H CHEIHAJHCTH,
KOHLIEHTPUPAHU B CHELHATU3UPaHU KaTeJpu KbM BHUCIIM YYMJIMIIA U MHCTUTYTH KbM
Hay4yHU opranusanui; (4) YoBelwKUsT KanuTadl U HETOBUS CIIOMEH € BCE OIlE JOCTBIIEH,
Makap U B KPUTHYHO CBHCTOSHUE, MOPaJM €CTEeCTBEHaTa MOAMSIHA Ha MOKoJeHuATa; (5)
@OYHKIMOHUpPA CHEHUATU3UpAaH HHCTUTYT 3a HEABMXKMMO KYITYpHO HacieacTso; (6)
PasnmosaraMe ¢ OTIMYHA ONTHYHA CBBP3aHOCT U CHELMAINCTH B oOjacTta Ha
UH(POPMALMOHHNTE TEXHOJIOTHH.

Bba3upaiiku ce Ha TO3M MOTEHLIMAI, CIE/IBA CIIEUIHO J1a c€ KOOPAWHUPAT JeHCcTBUATA
Ha 3aMHTEPECOBAHNUTE CTPAHM HA BHUCOKO PABHHUIIE C e 0OOraTsABaHE Ha TMO3HAHUETO 3a
OTa3BaHETO Ha MHAYCTPHAIHOTO HACIEICTBO, BOJEIIO N0 MHUHMMHU3MpaHe Ha edeKTa OT
WHAOKTPHHAIMATA B Ta3HM 00JIACT, a OTTaM M pa3KpUBaHE HA HalIaTa CaMOUIACHTU(DUKAIS
— JIMYHOCTHA, HAPOJAHOCTHA M HAI[MOHAIIHA.

[Momxomsm perep Ha HUCKO paBHUINE HampuMmep OW OWIIO M3CIIEeIBAHETO HA apX.
Urop Xpucros, KoiTo moJ ppKOBOJICTBOTO Ha mpod. A. ITucapcku, B AMCEPTALMOHHUS CH
TPYA Ch3JaBa KOMNIEKCHA MeMOOUKA 34 OYeHsA8aHe HA apXUMmeKmypHus nOmeHyuan npu
KOH8epcus Ha uUHOycmpuainu cepaou. IIpuiioxHuTe MPUHOCH HA KOJIeraTa, KOUTO Cle[
JOII'BJIHUTENTHU U3CIIEIBAHNUS, MOTaT J]a C€ MHTErpUpar B LSUIOCTHUS MOJIEI 32 yIIpaBJICHUE
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Ha UHIYCTPUAITHOTO HACJIEICTBO, 0OXBamart: (1) TUMOJIOTHS Ha MOAXOAUTE 32 CHKUBSIBAHE
Ha TPOMHUIIUICHUTE CTPajad, OTpassiBalla CTEleHTa Ha HaMmeca B crpagHus (oHA U
e(EeKTUBHOCTTAa Ha BB3JCHCTBHE CIPSAMO NPHUHIMIHUTE 32 YCTOWYMBO pa3ButThe; (2)
cucTeMaru3amnus Ha OOOOIIEHW THUIIOJIOTUMHU MOJAEIU Ha WHIYCTPUAIIHA CTPajy,
MOKa3Ballld MOTEHIIMAA Ha pa3jIMuyHuTe BUI0Be KoHBepcus; [1oaXoasT € ¢ Bb3MOXKHOCT 32
ompesieNisHe Ha HACOKHUTE 3a M300p Ha moaxoismm (YyHKIUH W OOCKTH B mpolleca Ha
nIaHupaHe u npoektupane; (3) dbopma 3a rpaduuecko M300pa3siBaHEe Ha aPXUTCKTYPHUS
MOTEHLIMAJ 3a KOHBEPCUS, U3pa3eHa upe3 Crelaiiy auarpamu [1].

4. 3ak/104eHHe

[lo amamoruss Ha MNpUHIMIA HA HEONpeneneHocTTa (u3BedeH oT BepHep d¢on
XaiizenOepr mpe3 1927r.), criopes KOUTO KOOpOUHAmMa u UMRYICA HA eOHA MUKPOYACMUYd
He Mozcam 0a 6voam uzmepeHu eOHO8peMeHHO, MOKEM JIa HallpaBUM 3aKJIFOUYEHUE, Y€ THEC
B 00JIacTTa HAa OMAa3BaHETO HA WHIYCTPUAIHOTO HACJIEICTBO B bwiarapus pazmepvm Ha
HaHecenume wemu U Ome08OpHUmMe 3d mosa cybekmu (UHOOKMPUHAMOpPU) He Moz2am 0d
Ovoam onpeoenieHu eOHOBPEMEHHO.

Bcruuko kazaHo JOTYyK SICHO UWASHTH(QHIMpA WHAOKTPUHHUPAHUS CYOeKT —
OBITapCKOTO OOMECTBO W TO HE ,,aKTHBHATa™ 4YacT OT HEro, NPEJCTaBJIIBaHA OT
HEMpPAaBUTEICTBEHN OpraHU3allid,  CIOHTAaHHO OPraHU3MpaHU COLMATHU TPyNmH U
,HEUUCTOIUTBTHU  MEIWMHM  KOMIAHMU  (ChII0O  HEOCH3HATO  TOJABEACHH  OT
WHJOKTPUHUPAIIUS CYOEKT), a OHAa3u YacT OT OOIIECTBOTO, KOATO IIe ObJe NUIIeHa OT
BB3MOXHOCTTA Jla Tpeaaje Ha OBJICIIOTO IMOKOJICHWE KIIF0Ya KBhM Bede pa3pylleHaTa
(dabpuka, HapeueHa ,,Y CTOMYHUBO pa3BUTHE .
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ECTETUKA U ®YHKIIUN HA TOPCKOJABPBECHATA
PACTUTEJIHOCT B IIPUPOJHATA CPEJA HA HEJIBUKUMH
KYJTYPHHU HEHHOCTH

Emua I'anes

Jlecomexnuuecku YHUesepcumem

Pestome: Hzcneosanemo e HACOYEHO KbM YCMAHOBA8AHe HA CheyuguuHama
ecmemuyecka u YHKYUOHAIHA POl HA 2OPCKAMA PACMUMENTHOCH 8 00X8ama Ha
3awumenume mepumopuu 3a ONA38aHe Ha KyJImypHO-UCMOPUYECKOMO HACIeOCMB0
6 NpupooHa cpeda U HACOKU 3a HelHama oyeHka. B nocreonume 2oounu
pazeumuemo Ha npoyeca HA Onda3eane HAa KyAmypHO-UCMOPULECKOMO HACIeOCMBO
Cb30a8a HeoOX00MOCM OM KOMNIAEKCHU MYPUCMUYECKU NPOOYKMU U CbUleBPEMEHHO
CbXpaHABaHe HA ecmecmeeHama 20pcKa cpeoa U 3awuma Ha - KyaimypHume
yennocmu 6 Hes. Toea mpeononaza uzeedcoane HA HACOKU 34 hopmupane Ha
00eMHO-NPOCMPAHCINEEHU CMPYKMYPU HA ObPEOCMOUME CbC CUTHO BUZVATHO
ev30eticmaue, KOUmo 0a ca U OYHKYUOHAIHO NPUCOOHU KbM OCHOBHUME BUO0GE
KyamypHo-mypucmuydecku oetinocmu. CnocooHocmma Ha 0ObpeecHume HAcaicoeHus
oa ¢opmupam u pazdensim npoOCMpaAHcmMed, 0a CHOMA2Am ULU O02PAHUYABAM
UHMEH3UBHOCMMA HA MYPUCMUYECKUs NOMOK U He HA NOCIeOHO MACmO 0d
Paskpueam u NPUKpUSam UCmopuyecKume eieMeHmu u CmpyKmypu e npuema 6
uzcieoeanemo Kamo 600ewa Npu OYeHKka HA 3HAYeHuemo U 3a OnaséaHe u
EeKCNOHUPAaHe HA YeHHOCmume 6 NPUPOOHA Cpeod.

Knwuosu oymu: 20pckoOvpeecHa  pacmumennocm, HeOSUNCUMU  KYAMYPHU
YeHHOoCmU, NPUPOOHA Cpeda, KYAmypHO-MypPpUCmMuUYecky 0euHocmu

BbBenenne

['opckopbpBecHUTe HacaXIeHHWs B O0XBaTra Ha 3allUTEHUTE TEPUTOPUU Ha
HEIBWKUMUTE KYIATYPHM LEHHOCTH B MPHUPOJHA CpelJa Ca OCHOBEH TEXEH EJIEMEHT.
Tsaxnata posss MoXe na ObJe ¢ BojelIa KyATYpHAa 3HAYMMOCT, KOTAaTO ca HOCHTEN Ha
aBTEHTUYHA MH(OpPMAaLUs 32 MUHAJIOTO, UM C BTOPOCTENICHHA, KOraTO HacaXJEHUsATa ca
Ch3JaJICHH BTOPUYHO C oryie] Ha ¢opMupaHe Ha mpupojochoOpa3zHa oOcraHoBKa. [Ipu
BCHUKM  CIlydyal TOpPCKOABPBECHaTa  PACTUTEIHOCT €  (aKTOpbT  ONpEeAesIsll
(GyHKIIMOHAIHATA 30HUpaHe U UMall] 3HaYeHHE 3a 001us 00JIUK Ha TepuTtopusta. PoKychT
Ha HACTOSILOTO M3CJe/BaHE € HACOYEH UMEHHO BBPXY (YHKLMOHAIHATA U eCTeTUYecKara
pOJIsl HAa PACTUTETHOCTTa W HEWHOTO 3HAYEHHE 33 OCHIIECTBSIBAHETO HA TYPHUCTHYECKATa
JeHoCT B cnenuduyHara cpena.

Marepuan u MeToj

boraTotro kynTypHO HacliencTBO Ha bbiarapus B MOCiaeAHUTE TOIWHU CE Pa3BHBA B
MOCOKa Ha Cbh3JaBaHE Ha IPUIOCTHU TYypUCTUYECKH mpoaykTu. (OuakBa ce upes
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MOMyYJIsIpU3MpaHe Ha IEHHOCTUTE M OCUTYpsiBaHE Ha IO-rojiiMa MIpPHUBIEKATETHOCT U
aTPaKTHBHOCT Ja C€ yBEIWYM OpOosi HA TYpUCTHUTE, a OTTaM U MKOHOMHUYecKaTa obara 3a
oOummHuTe. be3crmopHo TOBa mMOBMIIABa pOJIATA HA HACIEACTBOTO 33 YCTOHYMBOTO
pa3BHUTHE HA TEPUTOPUUTE.

Paznonoxxenute B mpupo/HA cpela HEABMKHUMH KYJITYpHU LEHHOCTH ca OCOOEHO
MIPUBJICKATENIHU 3a TYPUCTHUTE, 3a KOETO OE3CMOpPHO 3Ha4YeHHEe MMa M KOMGOPTHT Ha
npupoaHaTta oO0CTaHOBKA. 3a MaMETHUIUTE HA KyJATypaTa, HAaMUpallld ce B rOpcKa cpena,
IbpBECHATA PACTUTEIHOCT, OTKPUTUTE TOPCKH TMOJSHH WM mnepudepHuTe U
MOJTy3aKPUTHUTE MPOCTPAHCTBA, MOANOMAaraT BU3yaJlHOTO UM Bb3NpUeMaHe U (PU3NYECKUs
koMbpopt Ha Typucra [3]. TeopernyHuTe CHOOpPaKEHHsSI OTHOCHO H3CJICIBAHUTE B Ta3u
CcTaTusi MpoOJIEeMH ca MHOTOOPOWHHM W ca 3acAraHd B peauIia APYrH MyOJUKaIuu KaTo
Hanpumep [1, 2], HO MaTepusaTa C BU3yaIHOTO BB3IPUEMAHE U €CTETUYHHUTE KayecTBa €
CJIOKHA U MOJJIKH Ha MO-HATAThUIHO U3CIIE/IBAHE.

Moxe na ce 0000, 4Ye OOEMHO-NPOCTPAHCTBEHATa XapaKTEpUCTHKA Ha
HACaXJEHUATA € OMpeNesIuaT (akTop 3a MPUTOJHOCTTA HAa TEPUTOPUSATA 32 KYJITYpHO-
MIO3HABATEJIEH TYPU3bM U Kau€CTBOTO Ha OTAUXA. JIOKOJIKOTO €CTETHKAaTa Ha HAC)KIECHUATa
e cybexkmusHo ONeHsBaH (PakTop, PU3NUECKHAT KOMMOPT ce H3passBa 4pe3 0OeKmueHu
KOJIMYECTBEHN W KayeCTBEHH IIOKa3aTenu. ToBa, ¢ orieq Ha crneuddukara Ha
pasriiexaaHuTe TEPUTOPHH, JaBa BB3MOXKHOCT Ja ce HalenexaT HSIKOM KadecTBa Ha
TOPCKOJbPBECHATA PACTUTEIHOCT, UMAI 0OCOOEHO 3HAYEHHUE 32 KYITYPHO-TYPUCTUYECKHS
OTIIUX.

3a oOHarye[sgBaHE Ha W3CIEABAHETO € aHaJIM3upaH aBTOPCKHU WIIOCTPaTHBEH
MaTepuanl OT HACKOpPO OCBHIIECTBEH M CUUTAH 3a 3aBBbPIICH KYyITYpHO-TYPUCTUYECKU
NpoayKT B mpupoana cpeaa — llapu Mamu rpan, xpait c. bemunn, obmuna CamOKOB.
CremenTa Ha 3ama3eHOCT Ha KPEMOCTHUTE CTEHH, KAKTO U LIBPKOBHHUAT aHCamMOBI,
CBCTOSIII C€ TPU HAATPAXKIAHU €IHA BHPXY ApYyra IbPKBU OT Pa3IMYHU €MOXH, TpajieHu
BBPXY JPEBHO TPAKUICKO CBETWIHINE, MpeBpbIIa 00EKTa B YHHUKAIHA KYJITYpHO-
MCTOpHUYECKA IIEHHOCT, 3HaYMMa KakTo 3a oOluHaTta, Taka u 3a bearapus u EBpomna. [4]
OOexThT ce OTIMYaBa C HACUTEHOCT Ha MpHIEXKallaTa TepUTOpUs C pa3HooOpa3Ha B
00E€MHO-TIPOCTPAHCTBEHO OTHOLIEHHE TOPCKOAbPBECHA PACTUTENHOCT, PpE3yJaTar oOT
pa3HoOOpa3HU MO BU U CTETEH TOPCKOCTONAHCKU MeporpusaTus (Dwur. 1).

4 s = il
@ur. 1. O0u1 U3ries Ha TOPCKUTE TEPUTOPUH OT XbJIMA
Cg. Cnac, BbpXy KOUTO € pa3noJIoKeHO CTapuHHOTO cenuue ,,[lapu Manu rpanx”

(pororpacgus — aBTOpa)
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Pe3yaTaTu u 1ucKycuu
B pasrnexmanus 00eKT Morar Ja ce HaOJiojaBaT M3II0 3aKPUTH TOPCKH IMPOCTPAHCTBA,
MOJTy3aKPUTH U MOYOTKPUTH C U3peieHa IbPBECHA PACTUTEIHOCT, KAKTO U HAIIBIIHO
OTKPHUTH yYaCTHIIH B PE3yJITAT HA IIBJIHO MPOYNCTBAHE HA TEPEHA OT CHIIECTBYBAIa
PACTHUTEITHOCT C IIeJT EKCITOHMPAHe Ha peCTaBpUpPaHUTE eJeMeHTH. Upe3 aHan3 Ha
MOJIOKUTETHUTE U OTPHUIIATETTHUTE Bb3ICUCTBUS HA TOPCKOIbPBECHATA PACTUTEIIHOCT Ca
MPEJICTAaBEHU M OIICHEHH HAKOU aCIEKTH Ha HelHAaTa ecTeTudecka v (PyHKIIMOHAIIHA POJISL.

3axkpumume npocmpancmea B pasriekKIaHaTa TEPUTOPHS TNpeodiagaBaT W ce
KOHIIEHTPUPAT B TOJHOKMETO M CTPAaHUYHUTE Yy4YaCThIM HA XBbJIMa. Te CHIBTCTBAT
MOCETUTESI TIPY JIBMXKEHUETO MY TIO TJIABHHTE ajieH 3a JocThil. durypa 1 sicHO mokas3Ba
IbJIHATA CKIOMEHOCT Ha CMECEHHUTE IIHPOKOJIMCTHO-UIJIONUCTHH HACAKICHUS B
MOJCTHIIUTE KBbM OMJIOTO Ha XbiIMa. be3crmopeH € KOM(OpPTHT, KOMTO OCHUTYpsBaT Ha
MOCETUTESI PU M3KauBaHE Ha BUCOYMHATA. [IpuaTHATA B €CTETHUECKO OTHOIIIEHHE TOPCKA
00CTaHOBKa € pe3yJiTaT U OT BEPTHKAIHATA CKJIONEHOCT. CMECEHUST BHJIOB CHCTaB ITbK
criomMara UeJOTOJUIIHOTO M3MOJ3BaHe Ha TEPUTOPHATA — Mpe3 JATOTO UIMPOKIMCTHUTE
HACaXKJIEHUSI OCHTYPSBAT HEOOXOIMMOTO 3aCeHYBAHE, MPE3 3UMaTa — MPOCBETIISIBAHE TIPU
00e3JIMCTBaHETO HA pacTeHHsITa. [ 'bcTOTaTa Ha HACAXKACHUETO € PaBHOMEPHA TI0 Iis1aTa My
IUTONI W 10 TO3W HAYMH MMa OIpeNessaiia poJis 3a MPOXOAUMOCTTa. HuckaTa cTeneH Ha
MIPOXOUMOCT, OOYCIIOBEHA €IHOBPEMEHHO OT TEPEHHHHS HAKJIOH W OT pPa3CTOSHUATA
MEXIy OTIEITHUTE WHIUBUAM HACOYBA TYPUCTHUECKUS IMOTOK MO MPEABUACHUTE Tpacera.
[To To3W HA4YMH TpPUPOHATA CpEJia ce MpeAra3Ba OT HEXEIIAHO HABJIM3aHe U YIUThTHSABAHE
Ha moyBaTa. SICHO ce odepTaBa poJsAiTa HA 3aKPUTOTO TOPCKO MPOCTPAHCTBO 3a
PETYIMpPaHETO HA TYPUCTHUECKHUS TTOTOK U 32 OCHTYPSIBaHE HA €MOIIMOHAJICH KOMQOPT.

Tonyzakpumume npocmpancmea ca pas3noNOKEeHU B mepudepusta Ha OCHOBHHUS
nmpeolJiagaBanl JbPBECEH MAacWB M Ch3JaBaT IUIABCH TPEXOJ]] MpH HaOMMkKaBaHE Ha
Typuctudeckara atpakius (Dur. 2). [lo-mankara rpcToTa HA HACAKACHUITA, KAKTO U TO-
MaJIKaTa CKIIOIMIEHOCT OCHTYPSBAT 10 100pa ¢usuyecka npoxoomocm M3BbH YCTAHOBEHATA
ajyieifHa Mpexa, KaKTO W YaCTHYHA 6U3YATHA NPOXOOUMOCH KbM PECTaBpUPaHUTE OOCKTH.
ToBa cw3aBa y MOCETHTENS YIOBJICTBOPEHUE OT MPHUOIMKABAHETO KBM TYPHCTHUUYCCKUS
00EKT 1 3aCHJIBA HETOBOTO JIIOOOIMUTCTBO.

@ur. 2. [Toxy3akpuTo MpocTpaHCTBO MO NepudepusaTa Ha IbPBECHHUS MaCUB
C YBEJIMYEHA, BU3yaTHa U (PU3HUECKA MPOXOJUMOCT MIPH MPUOIINKABAHE KBM
TypucTHYecKaTa arpakius (dpororpadust — aBTopa)
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B mnosysakputuTe HpoOCTpaHCTBA Ca Pa3MOJOKEHHM M MHOXKECTBO JIONBIHUTEIHU
CbOPBKEHHUS, KOUTO HSAMAT TEMaTHYHA BpPb3Ka C KYITypHUS OOEKT, HO cromaraT 3a
pa3HOOOpa3siBaHE Ha KYyIATYPHO-TypUCTHYECKaTa JEHHOCT C JpYyrd HEoO0XOAUMH
yruiutapan  aeidHoctd  (Pur. 3). CpaBHUTENTHO HHCKaTa CTENEH Ha BHU3yalHa
MIPOXOAUMOCT Ch3/JaBa BU3yalHa U30J1aLUsl OT ApXUTEKTYPHO-apXEOJIOTNYECKHSI KOMITIEKC
U 110 TO3W HAYMH pa3rpaHUyaBa YUCTO YTUIMTApHATA OT KyJATypHaTa JEHHOCT.

®@ur. 3. [Tony3akpuTuTe IpOCTPaHCTBA
ca HaCUTEHH C KbTOBE 32 OT/IHX,
JIE€TCKU ChbOPBKEHHUS U Jpyru arpakiuu (¢pororpadus — aBropa)

L > "% i
f
R i e B

®ur. 4. [Io1yoTKpUTO NPOCTPAHCTBO, OCUTYPSABAILO OTJIMYHA BUAUMOCT U
OCBETSIBaHE Ha apX€0JIOTHYECKUTE CTPYKTYpH ((hoTorpadus — aBTopa)

28



MEXIAYHAPOJIHA HAYYHA KOH®EPEHIIUSA BAHW 2016
INTERNATIONAL SCIENTIFIC CONFERENCE BASA'2016

Ilonyomxkpumume npocmpancmea B pas3TiexJaHaTa TEPUTOpPUS ce€ pasmojarat
HEIMOCPEICTBEHO CJe/l MOJIYOTKPUTUTE MPHU JOCTUTaHE Ha TYPUCTHUYECKaTa aTpaKIus.
MankaTta rpcTOTa Ha IbpBETaTa B HACAKJIEHUETO W HHUCKATa CKJIOMEHOCT OCHUTypsBaT
OTJIMYHA BUAMMOCT U OCBETSBaHE W HAcouBaT AUPEKTHO Typuctute (Dur.4). DokycsT €
U3LSUIO0 BbPXY KYATYpHUSI OOEKT M PAaCTUTENHOCTTA Ce SBsBAa JIOMBJBALIO CPEJICTBO C LE
OCHUTYpsIBaHE Ha IJIaBEH MPEXOJ] U YaCTUYHO 3aCEHYBAHE.

@ur. 5. OTKpUTO MPOCTPAHCTBO B Cpe/laTa Ha apXEOJIOTUIECKUTE CTPYKTYPHU
C €IMHUYHM BB3pacTHU JIbpBeTa ((oTorpadus — aBropa)

@ur. 6. OTKpUTO MPOCTPAHCTBO B Nepudepusra
Ha apXeOoJIOTUYECKUTE CTPYKTYPH 3a OCUTypsiBaHE Ha BU3yalHa
BpB3Ka ¢ OKOJHUTE TepuTopuu (hoTorpadus — aBTopa)
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Omxpumume npocmpancmea UTPasT BaKHA CTPYKTypooOpa3ysaia poisi B 00eMHO-
MPOCTPAHCTBEHATA KOMITO3HIIHS Ha 00EKTUTE OT KYJITYPHOTO HACIIEICTBO PA3IIOIOKECHH B
ropcka cpena.

durypa 5 WIIOCTpUPA OMKPUMO NPOCMPAHCME0 B CpelaTa Ha pa3KpUTHUTE
apXeoJIOTMYecKH CTPYKTYpH. JIumcara Ha Haca)IeHUs TI03BOJISIBA BB3IPEMAHETO B IISLIOCT
Ha KYJITYPHHUTC CIICMCHTHU. E,[[I/IHI/I‘-IHI/ITG BB3paCTHU ABPBETA NO3BOJISIBAT CHh3JaBAaHC Ha
koM(opTHO TpeOuBaBaHE Mpe3 JIETHUTE MECEIHM, KaKTO M €MOIMOHaJeH KoMQopT Ha
BB3NPUSTUETO HA HCTOpPHUYECKUS KOHTEKCT. Ha ¢ur. 6 e wumocTtpupaHa poista Ha
OMKpumume npoOCMPAncmed 3a OCUTYPSBaHE Ha BH3yallHA BpB3Ka Ha OOCKTHTE Ha
KYJITYPHO-HCTOPUUYECKOTO HACIIEJICTBO C OKOJIHUTE TEPUTOPHH.

N3Boan

EcreTnyeckata u (QyHKIMOHATHATA POJii HAa TOPCKOIBbPBECHATa PACTUTEIHOCT B
MPHUPOJIHATA CpeIa HA OOCKTUTE Ha KYJITYPHO-UCTOPUUYECKOTO HACIEACTBO € KOMILIEKCHA.
Ts cnenBa 1a ce cBeX/1a KaKTO JI0 NMPECh3/IaBaHe Ha XapaKTepHa HCTOpUYECKa OOCTaHOBKA,
Taka u 10 (OpMHUpaHe U3IbPKaHaA B €CTETUICCKO U (DYHKIIMOHAIHO OTHOIICHHE CPe/ia.

CbCTaBbT, CTPOEKBT, BB3pPACTTa, I'bCTOTATA W NPOCTPAHCTBEHATa CTPYKTypa Ha
TOPCKUTE HACAKICHHS ONpPENesIT O0O0EMHO-TIPOCTPAHCTBEHATA XapaKTEPUCTUKA Ha
pasriIeKIaHUTE TEPUTOPHH, @ OTTaM U ecTeTHYecKaTa U (PyHKIIMOHAIHATA UM ITPUTOTHOCT
3a OCBILECTBABAHE HA OTJIMXA B OTJICIHUTE YYaCThIIH.

lopckuTe HacakneHus NpuUTekKaBaT KAyeCTBOTO Jia 30HUPAT (PYHKIIMOHAIHO
pasmIeKIaHUTEe TEepUTOpHH. ToBa ce u3pa3sBa B CHOCOOHOCTTa MM Ja (opmupar
MIPOCTPAHCTBA C OINpPEIEIICHA XapaKTEPUCTHKA, MOAXOMASIA 32 €JHa WINA Apyra JAEHHOCT.
Karo OCHOBHO KauecTBO ce ouepTaBa CIIOCOOHOCTTA Jia PEryJHpar, pasnpencisT U
HACOYBAaT TYPUCTHYECKHs] TIOTOK, H3pa3eHa 4Ype3 BHU3yaldHara u (¢uU3NYecKkaTa UM
MPOXOJUMOCT.

YcTaHOBSBAaHETO HAa KOMOMHAIIMATA OT JICCOBBJICKH MPU3HAIIM HA HACAXKICHUATA,
ChOOpPa3HO KOHKPETHKATa Ha KYITYPHO-TYPUCTHYECKHS OOCKT, C e €CTeTHYeCKa H
(GyHKIIMOHATHA TPUTOJHOCT, € HEOOXOAMMO YCIIOBHME 3a Halens3BaHe Ha MPABUIHH
MEPOTIPUSTHS TI0 TAXHOTO Ch3/IaBaHE, OTIIICKIAHE U BH30OHOBSIBAHE.
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N3TOYHATA OC HA CO®OUNUCKUS IEHTHP
bopucaas bopucos !
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THE EASTERN AXIS OF SOFIA CITY CENTER
Borislav Borisov

Dean of the Faculty of Architecture
University of Structural Engineering & Architecture (VSU) "Lyuben Karavelov"-
Sofia

Abstract: Sofia has no sustainable urban development concept for the eastern axis of
its main urban center. Forgotten and abandoned is the main social function of this
part of the historic city, of its unique eastern axis and the emblematic for Bulgaria
squares, old streets and public pedestrian spaces. Revitalization, socialization and
integration of the architectural and urban memory of the heritage of all historical
periods, including from Antiquity and the period of the Third Bulgarian Country, by
creating a modern transport relieved zone is a real professional challenge for this
part of the main city center.

Key words: sustainable urban development concept, architectural-urban memory,
square spaces, socialization, integration

Codus HsIMa yCcTOWYMBA TPaJ0yCTPONCTBEHA KOHIICTIIINS 33 M3TOYHATA OC HA CBOS
TNIaBeH TPajCKUd LEHTHP. ToBa MPOBOKMpA MPEOCMUCISHETO HA TPal0yCTPOHCTBEHOTO
pelleHre Ha Ta3W M3KIIOYHMTETHO Ba)KHA YacT OT IEHTHpA, HACICASBAIAd YHHKAITHU
[IEHHOCTH B apXUTEKTypHaTa MaMeT Ha CTOJIMYHUsA rpala. 3abpaBeHa U H30CTaBeHa €
OCHOBHAaTa OOMIeCTBeHA (YHKIMS Ha Ta3d YacT OT HCTOPHYCCKHS TIpajl, Ha HEroBaTa
HEMOBTOPHMA M3TOYHA OC, HA eMOJIeMaTUYHUTE 32 bharapus miomany u crapu yauiy, Ha
MyOTMYHUTE TICIIEXOJHU MPOCTPAHCTBA. Te YakaT CBOETO BBb3paKIaHE KaTO Hail-BaKHU
€JIEMEHTH B apXUTEKTYpPHO-TPaloycTpoicTBeHaTa Kommo3unus Ha Codus U HEHHHS
1eHThp. TOoBa MOTHUBUpPA HM3CIICJIBAHETO HA BB3MOKHOCTUTE 32 OOHOBSIBAaHE HA U3TOYHATA
OC Ha TJaBHUS TPAACKH LEHTHP KaTO TPAHCIOPTHO YCIOKOEHA 30Ha C ONTHMHU3HMpaHa
OopraHu3aIys Ha JBMKEHUETO W JTOMUHUpaHe Ha memexoanara ¢ynkius. Cobus Moxe aa
MMa CBOSITa HOBA TEMIEXO0/IHA 30HA, MO-KpacuBa M Mo-0orara oT BcsKa Apyra MemexoHa
30Ha, HE CaMO B CTOJIMYHHUS TPajl, HO ¥ B MHOTO JPYTH TOJIEMH OBJITApCKH U BPOIEHCKU
rpagoBe. ToBa Oe3cmmopHo Moxke na Owpae Oyn. ,Ilap OcBoGomuten W OKOJIHHUTE

! Bopucnas Bopucos, podecop/nokTop apx., rp. Codust, yii. Cpeana ropa Ne 73, archbb@abv.bg
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MpocTpaHcTBaTa OT Iwioman ,,HesaBucumoct™ no Coduiickus ynuBepcurer. [lo cBos
IpaJoyCTPOICTBEH MOTEHIIMAT U3TOYHATA OC Ha TTIaBHUS IpajacKku HeHTHp Ha Codus HiaMa
aHaJior B cTpaHaTa Hu. [lo Ta3u oc B MpoabKeHUE Ha BEKOBE Ca C€ Pa3BUBAJIN TJIABHUTE
HCTOPUYECKH CHOUTHS OT MHUHAJIOTO Ha OBJrapckara Ibp)kKaBa Cilell HAMOHAIHOTO HU
ocBoOoxkaenue. [lornennaro abCcTpakTHO, MOXKE J1a c€ TBbPAM, Y€ Ta3H OC CBbP3Ba JBETE
Hali-Ba)XHU, HAW-OKUBEHU U HAW-IIPEICTABUTENIHU IUJIOIIATHU 30HU HA TJIABHUS T'PaICKU
LEHTBP, OT 3alaj] TOBa € UCTOPHUYECKOTO ChpIE Ha LEHTbPa, KbJAETO € Ouil Pa3moIoKeH
IPEBHUSI PUMCKH Tpaj ,,CepAauka*“ OT aHTHYHUS MEPHOJ] /cera XapaKTepeH C IJIOMAJANTe
,He3zaBucumoct®, ,,Atanac bypos“ wu ,,Anexkcannwsp [IbpBH‘‘/, a OT U3TOK TOBa ca Haii-
3a0eNIe)KUTETHUTE OOLIECTBEHU MPOCTPAHCTBA OT ChbBPEMHUETO Ha CTOJMIIATA HU, KAKBUTO
ca twomanute ,AnexkcaHasp Hescku“, ,,HapomHo cwOpanue®, ,Bacunm JleBcku®,
»Hukomaii ['ssypoB®, kakTo u mpocTpaHcTBara mpen Hapomnata OubnuoTeka u mpen
Coduiickus ynusepcuteT. [lo Tasu oc ca pasmnoyioxKeHM W MHOTO JIPYTM OOIECTBEHU
CrpaJy U MPOCTPAHCTBA, KOUTO ca eMOJeMaTUYHH M CUMBOJIM3HPAT COQUNCKUS LEHTHP.
N3Tounara oc e yHuKagHa ¢ O0raTCTBOTO CH Ha OOIIECTBEHU CTPAIH, YIUYHH U TUTOIIATHI
IIPOCTPAHCTBA, 3€JIEHU IUIOIIH, UCTOPUUECKH MECTa, MaMETHUIM Ha BUAHU JIMYHOCTU OT
HCTOpUATAa HU, APXUTEKTYPHO-TPAJOyCTPOWCTBEHO HACJEICTBO, HEABW)KUMU KYITYpHU
LEHHOCTH, 3a0eNIeKUTENIHOCTH, creruduueH pened, odpa3 u rpajacka namer. J{nec obaue
oyn. ,Ilap OcBoOoauTen™ mpeacTaBisiBa MO-CKOPO TPaH3UTHA YJIMYHA apTEPHsi, KOSTO
paszzens, a He o0eIMHABA IPOCTPAHCTBATa OT JIBETE CTPAaHU HAa aBTOMOOMIIHOTO JIBUXKEHHE,
a IJIOIAUTe ca KPhCTOBUIIA U OOMKHOBEHH MAPKUHTH.

OXuBSIBAaHETO, COLMATU3UPAHETO W UWHTEIPUPAHETO HAa APXUTEKTYPHO-IPaJo-
yCTpOMCTBEHATa MaMeT OT HACIeACTBOTO Ha BCUYKU UCTOPUUECKH €TI0XH, BKIFOUUTEIHO OT
AHTUYHOCTTAa W OT IMepuojJa Ha Tperata bbirapcka abpkaBa upe3 Cbh3JaBaHE Ha
ChbBpPEMEHHA TPAHCHOPTHO YCIOKOEHa 30HAa € HCTUHCKO MNPO(PECHOHAIHO MpEeAU3BU-
KaTeJICTBO 3a Ta3W 4acT OT IVIAaBHMS I'PaJCKU LEHTHP. Pa3cTosHMETO MEXIy ABETE crpaau
Ha HaponHoTo chOpanue /uctopudeckute crpaau Ha Ilapiamenta u Ha 6usmus [laptuen
oM/ ¢ ABaTa Tuiomiana ,,HaponHo cwrOpanue” u ,,Anexcanabp [ e okomo 600 m. /IBere
napJiaMeHTapHU Crpajyl ca pa3oyIoKeHH NMPUOIM3UTETHO B 1BaTa Kpasi Ha Bb3MOXKHO Haii-
WHTEepecHaTa M Hail-"coduiickaTta” 30Ha, chueTaBamia OOraTCTBOTO Ha Objarapckara
HCTOpUSl C ApXUTEKTYPHO-TPaJ0yCTPOWCTBEHOTO HACIEACTBO HA TIPAJCKUsS LIEHTHP. 3a
CpPaBHEHHE pa3CTOSHUETO Mexay Iil. HeszaBucumoct m nentpannus Bxox Ha HJIK e
MOBEYE OT J[Ba IIBTHU MO-ToJIsIMO /0Kk0J0 1400 m./. Jlopu nbmKMHATA HA YMCTO TEMIEXO0qHATA
30Ha 1o Oyin. ,,Buroma*, /okono 650 M./, uamepena ot Oyi. ,,Ilarpuapx EBtumuii™ no yi.,,
Anabun® e no-rongMa. OT Te3U CpaBHEHUSI MEXAY JBETE OCHU HA IJIaBHUS I'PAICKU LEHTHP
ce BIX/Ia,4€ U3TOYHATA OC B LIUTUPAHUS OTPSA3BK € JOPH MO-KbCa U HAITBIHO ChU3MEpUMa
C meuiexoiHaTa oc mo 0yi. ,,Buroma“. B mocouenus npumep Ha CpaBHEHHE U ABETE OCH Ce
KpBCTOCBAaT OT CeIeM Ha Opol HampeyHu MpecHuvanus, HO B ciaydas c¢ Oyn. "llap
OcBobOoauten" Te3Wm  MpecHYaHus BOAIT O  YHUKAIHU  ApPXUTEKTypHU U
IpajoyCcCTpOiiCTBEHN 00EKTH, 00OraTsBaIlIM ChIbPKAHUETO Ha U3TOYHATA 30Ha. BewmiHocT
JIBETE€ OCHU Ca KOPEHHO PA3JIMYHU MO CBOSI OOJIMK, CTPYKTYypa U ¢yHKuMs. Te HacnensBaT
JBeTe JpeBHH, Hai-ronemu ynuuun Ha Cepauka, ,,Kapmo-makcumyc” u ,,Jlekymanyc-
MaKCUMYC®, KbAETO € OMJI ChCPEAOTOUYEH OOIIECTBEHHUSAT KUBOT Ha Ipaja, a PUMIISHUTE
noctpousiv popymMa Ha TEXHHUS KPBCTON'BT. OKUBABAHETO U COLIMATIU3UPAHETO HA MaMeTTa
OT aHTUYHMS MEPUOJ € €IHAa M OT LIEJIUTE Ha IpoekTa 3a aHTu4yHa Cepauka, KOMTO ce
peain3upa HaCKOpPO B LIEHThpPa M OCTaBU MPOTHBOPEYMBU MHEHHUS B MpOQecHOHaTHaTa
KoJsierust. MecToInoo)KeHHEeTo Ha JHEeIIHUS 1eHThp Ha Codus e UCTOpUYECKH HEM3MEHHO
n yHukanHo. To e ompeneireHo mpeau OCeM XMISIOJETHsl KaTo IMpeceyHa TOouKa Ha
OCHOBHMTE M Hal-Ba)XKHU IMBTHUINA Ipe3 COPHUICKOTO Mojie M A0 MHUHEpaIHHUS H3BOP B
LIEHThpa Ha rpaga. ToBa ca BKIIOYUTEIHO M MOBTAT Mexay EBpoma u A3us, KONUTO
IIpeMHMHABa Npe3 balkaHCKUs NOJIyOCTpOB M IIpecHya MOJETO U APYTHUAT OT CEBEP HA IOT
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npe3 chIoTO MIACTO KbM Ereiicko Mmope. Bcuuko ToBa 1o HUKaKbB HAYMH HE O3HAYaBa, 4e
ABTOMOOWJIHHMSI TPaH3UT [HEC TpsAOBa A0 pPa3KbCBa HUCTOpUYECKAaTa TpajgcKka THhKaH B
neHTspa. HampoTus ToBa HU 3abJDKaBa J1a MPEOCMHUCITUM OpPTaHU3AIMATA HA IBUKECHUETO
¥ 1a OCBOOOIUM IEHThPA OT UIHUIIHUS TPAH3UT.

(T

0) 3ama3BaHe Ha U3TOYHATA OC C IPOEKTa OT
OTKPUTHUTE OCTaHKH OT apeBHa Cepauka  1881r. BBpXY CpeaHOB. TpafCcKa CTPYKTypa
@ur. 1. 'paduuna wirocTparus 3a UCTOpHUUEcKaTa 00yCIOBEHOCT HA H3TOYHATA OC

a) Bp’B3Ka Ha M3TO4YHAaTa OC C IlJlaHa Ha

N B MuHAIOTO M cera OOIIECTBEHUTE MPOCTPAHCTBA HMAT OCHOBOIIOJIATAIIO
3HA4YCHHUE 3a IPafoyCTPOHCTBOTO Ha BCAKO HaceneHo MscTo. ['pax Codust He camo, 4e He
MpaBy HU3KIIOYEHHE, HO HMMa OTPOMEH IOTEHIMAll Ha CBOUTE HWCTOPUYECKH VIUIH,
wiomaad M TPaJAUHU, KOUTO MY MpPHUAABAT HEMOBTOPUM, pa3lO3HABaeM M YHUKAJEH
xapakTep M o0pa3 Ha eIWH OT Hal-KpacuBHTE eBpoleicku TpagoBe. ETo 3amio
OOHOBSIBAHETO HAa M3TOYHATA OC KaTO Hail-ipeAcTaBUTENIHATa U Hali-emOieMaTHYHaTa 3a
couiicKus IIEHTHp OOIIeCTBEHA 30Ha, Bh3PaXKIAHETO Ha CHIIIECTBYBAIINTE U CH3AABAHETO
Ha HOBH OOIIIECTBEHHU MPOCTPAHCTBA B Ta3W YacT Ha IeHThpa Ha rpag Codus ce nmpeBpbIna
B aKTyajHa U OTTOBOpHa MpodecroHaNHa 3a7ada C MbPBOCTEIIEHHO 3Ha4YeHHWe. B ToBa
OTHOIIEHHE OT OCOOEHO 3HAaYEHHE € MPOYYBAHETO Ha IPaJ0yCTPOMCTBEHUS MOTEHIIMAT 3a
0OHOBsIBaHE U peabUIMTUPAaHE HA UCTOPUUYECKU M3TyOmnuTe ce PyHKIHUH, 32 Bh3pakJaHe
Ha aBTEHTUYHOTO IMpEeJHa3HAuYEHUE U 3a MPEBPBIIAHETO HAa OOLIECTBEHUTE MPOCTPAHCTBA B
[EHThPa OT MAPKUHTU, KPHCTOBUINA U TPAH3UTHU aBTOMOOWIIHU apTepPUH B Hali-yI0OHHUTE,
MPUSTHU U KPAaCHBHU MECTa.

[IspBata Meramopdo3a Ha U3TOYHATA OC HA TJIABHHS TPAACKU LIEHTHP MOXKE Ja ce
aHaJu3Wpa OT CPaBHSIBAHETO Ha IIJIaHOBETE Ha ,,aHTuyHa Cepauka” W Ha ,,rpaga OT
OoCMaHCKMs mepuop’. SIcHo nuuM Bpb3Kata Mexay bans ,bammmxkamus” u Konaka mo
ymuna ,,byneBapara” w ymuma ,,Yapmms”. ['pamckata rpaguHa Ha ceBep IOCTHTa Ji0
crpanara Ha KoHaka, kaTo 1o TO3W HauWH Bpb3KaTa Ha U3TOYHATa Oc ¢ Llapurpanckus meT
e HemocpeacTBeHa. bpuemure Hanpapienus mo O0yin. JloHnykoB u mo yi. ,,OpxaHuiicka’”
/MockoBCcKa/ ca yHacleJeHH U B CPEIHOBEKOBHATa OCMaHCKa CTPYKTypa Ha rpajga OT
BXOJIHO-U3XO/IHAaTa CHUTyalus Mpel H3TOYHAaTa IOopTa Ha JPEBHOPUMCKHUS TIpai, T.€.B
nameTTa U rpajgoycTpoicTBeHus: KoHTeKCT Ha Codus ca 3ama3eHu crernupuIHuTe 3a TOBa
MSICTO IIEHHOCTH OT MuHainoTo. [lnaHoBere oT mepuoga clieJ] HAUOHAIHOTO
ocBoOoxaeHue (dur.2a) OTHOBO MOKa3BaT TPaJOycTpoiicTBeHaTa MmeTramopdosa, mpu
KOSITO C€ 3ama3Ba TPaceTo Ha M3TOYHATa OC C MaJIKM OTKJIOHEHHsS U u3kiatodeHus. [Ipen
[apCcKusi JIBOpEl, YHACIeOu1 KOoHaka ce 000co0sBa ABOp, KOWTO TMperpaxkia
HEMOCPEACTBEHOTO YJIMYHO IPOBEXKJaHe Ha W3TOYHATa OC B 30HaTa Ha JBOpELa, HO
MOTHBHpA JIBaTa OCHOBHHU MOpPTajia KbM HETO OT M3TOK M OT 3amaj. ToraBa ce CUTyHpaT
HOBHUTE M Hall-BakHU 3a mepuoaa crpaad Ha CronuuaTa MMEHHO MO M3TOYHATa OC Ha
rmaBHUs Tpajacku meHTsp. Odopms ce mpeobnamaBamaTta M Hail-ChIIECTBEHA 4acT OT
ceramrHus 00yMK. KOHAaKbT € KOPEeHHO MpeycTPOeH B HOBUS LAPCKH JBOPEL, MPEABUKIAT
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ce crpaaute Ha [lapnamenTa, Ha BpPKOBHUS XpaM ,,Anekcanabp HeBcku” u Ha Haponnara
Oanka. Cb3aBa ce HEMOBTOPUM aHCAMOBJI OT HSKOJKO Pa3lu4HH MO (opma, ToleMruHa 1
NpeaHa3HauYeHue TUIOMAAN U BPB3KUTE MEXKIY TAX. ToBa ca MPaBOBI'BIHUSA TUIOMIAL]
»Anekcauasp [IspBU”, KOHTO MPHOIM3UTENHO € 3ama3mi ¢opMara CH HE3aBHCHMO OT
MMPOMEHUTE CJIeJ BTOpaTa CBETOBHA BOWHA, OBATHHUA Tutoman ,,AnexcaHabp HeBcku”,
MoNyKpbIHs - ,,HapoaHo ceOpanue”, kpbrius - ,,Bacui JIeBcku™” U TPUBT'BIHUS TUIOIIAT
npej pycKoTo mocosicTBo. [TomokeHn ca OCHOBUTE HAa YHUKATHUTE Ka4yeCTBAa U OCOOEHOCTH
Ha M3TOYHATA I'PaJOYCTPOMCTBEHA OC.

a) CpraHsIBaHe Ha 0CTa OT 1928r. | 6) HpOMs{HaTa oT 1947r
@ur. 2. [ToquepTaBane Ha U3TOYHATA OC B MaHoBeTe HAa Codust ot 1928 1. no 1947 1.

Ot nana Ha Codust ot 1947 r. (dur.26) nuum, 4ye ciea BTopaTa CBETOBHA BOMHA ce
BB300HOBsIBAa MpeMuHaBaHeTo Tipea Llapckusi 1BOper, T.e HEMOCPEACTBEHO C€ MPOBEXKIA
M3TOYHATA OC B 30HATA HA JBOpEIa, KOWUTO € 3aryOouil cjiell MOHapXusaTa JBOPLIOBOTO CH
npeHa3HauyeHrue, KaTo MO TO3W HA4YMH ce€ 000C00siBa MPOCTPAHCTBOTO MpPEA HEro W ce
HauMEHYyBa 3aeIHO C JIPYTHs, ChCETHO Pa3MONIOKEeH TuIomas /OuBI ,,Anekcanabp [ ¢
nmero ,,Jlesetn cenrtemBpu’’. BriocimencTeue ce peaausupa rojisiMaTta rpaJoyCcTpORCTBEHA
MpOMSIHA C TMOCTpPOsiBAaHETO Ha OuBmwms ,llapTueH oM™ u Apyrute ABE KBapTallHU
3aCTPOMKH OT JIBETE CTPaHU Ha ,,JIaproro®.

[Ipe3 mocneanuTe roquHU COPUICKUTE YIHUIIM U IJIOMAAN B 30HATa HA U3TOYHATA OC
OT TJaBHMs TPAACKU IEHTHD 3aryomxa CBOsITAa MPHUBJICKATETHOCT M HCTOPUUYECKH
aBTEHTUYHATA CH TemexoaHa ¢yHkius. Te MoCTeneHHo ce MpeBbpHaxa B OOMKHOBEHU U
TPAaH3UTHH ABTOTPAHCIOPTHU YJWIHM, KPBCTOBHUINA W TAPKUHTU. berne u30CcTaBeHO
TSAXHOTO OCHOBHO TpeIHa3HAYCHHE HA OOIIECTBEHH MECTa, KbJIETO TPa)JTaHUTE Ja MOTaT
CIIOKOMHO J1a ce JABWXKAT Tella WU C BEJOCUIIEN, Ja Ce ChOMpaT WM Ja Ce Cpeliar
MOMEXIy CH, Ja TMOCeNIaBaT MYy3€d, HU3T0KOHM, TMPEACTAaBIECHUS U BCSAKAKBU APYTU
KyATYpHU H35BH, Ja Ta3apyBaT WU Ja C€ HACIaXXJaBaT Ha 3aBEJCHUSTA 332 OOIIECTBEHO
XpaHeHe, Ja ce 3a0aBIsABaT WK MPOCTO Ja c€ paaBaT Ha CBOOOJIHOTO CH BpeMe MpeKapaHo
B TOAXOAAIIAa TPOCTPAHCTBEHA Cpela, OTroBapsiia Ha BHCOKH apXHTEKTYpPHO-
rpagoyctpoiictBenn kputepuu. Ome Jleon barucra AnbGepru B “JleceT KHuUTH 3a
apXHUTEKTypaTa’ TMOAYEepTaBa 3HAYCHUETO HA TPAJCKHUS ITUIOMIAJ, BCE €THO Y€ THIIe
koHKpeTHO 3a Codus: “Haif-rmaBHOTO yKpalleHWe Ha rpaja NpuaaBaT TMOJIOKEHUETO,
HaINpaBJIEHUETO, CHOTHOIICHHETO W pa3NpEeeICHUETO Ha YIUIUTE W OCO0eHO Ha
miomaaure. [lo-xbcHo cbmo u Ilamaguo B “YUeTupu KHHUIM BbpPXY apXUTEKTypaTa’
nosicusBa: “HeoOxomuMo € rpaabT Ja MMa TOBEYE WIIM MO-MaJKO TUIOMIAJH, KOUTO ca
Heropara riaBHa yacT . bearapckusar rpagoctpouten npod. apx. Jlioben ToHeB B cBos
dynnamentanen tpyn “Ilnomanst m3ganen B BAH 1949 r., maBaitku mpumepu u OT
Codusa orbenszBa: “[lnomaasT MO CBOETO NpeqHA3HAYEHHE M PO 332 TPAJACKHUSL
OpraHu3bM, TI0 CBOSATA MPOCTPAHCTBEHA W APXUTEKTYPHO — KOMIIO3UIIMOHHA CTOWHOCT €
OWJI BUHAru U IPOABIDKaBa J1a Ob/ie Hall-ChIECTBEHUS TPafcKu eneMment . Toi mobaBs, ue
C TIpeAHA3HAYEHUETO CH IUIOMIAJBT € MBJIHA MPOTHUBOIOJIOXKHOCT Ha KpBhCTOBHUIIETO. M
apx. ®uneB cbio aedpuHupa nousTuero rwioman : “ThnomaabT mpeacTaBisiBa cBOOOIHO
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CEJIMIIHO MPOCTPAHCTBO 000COOCHO B IPaloyCTPOHMCTBEHO W (DYHKIIMOHAIHO OTHOIIEHHE,
MpeHa3HAYeHO J]a CIY>KU 32 OOLIECTBEHH U3SIBH, MOJTUTUYECKU U KyATYpHU HAUMHAHUS, 32
pasBiieueHus, oOlTyBaHe, pa3XOAKW M OoTMopa. Tol TpsaOBa ga ObAe chOOpazeH mpemau
BCHYKO C yA0OCTBaTa Ha MEMIEXOJALUTE U TSIXHOTO CIIOKOMHO chOupaHe, mpebuBaBaHe U
IBIKEeHNE” . BCBIIHOCT HMCTOPUYECKUTE TUIOMATM W YIUIM W BBHOOIIE MyOTUIHUTE
MPOCTPAHCTBA Ha IEHTHhpPA HABCIKBJAE IO CBETA Ca 3aJbDKUTEIHA W TJIaBHA CTPYKTypHA
eAVHUIIA KbM BCEKH TPaJOYCTPOMCTBEH IUIaH. T€ WUTrpasT poJisita Ha CBOCOOPA3HO SIPO-
[EHTHP, KOUTO MOXKE /1a € CpPelulle C ThProBCKO, PEIIUTHO3HO, MOJUTHYECKO, KYITYPHO,
MEMOPHAIIHO,  PEKPEallMOHHO,  aJIMHHHUCTPATUBHO-TIPEACTABUTEIHO WA  JIPYro
npelHa3HauYeHue U cropes cBosita GyHKIMs, popMa, TOJEMUHA U Jp. OCOOEHOCTH J1a ce
rpynupaT Wid Kiacuuimpar Ha pa3IuyHU BHAOBE. Te M0 rojisiMa CTENEH OMpEenessiT
XYI0KECTBEHO-ECTETHUECKUTE KauecTBa M (PYHKIIMM Ha Tpaga Kato I1isuio. [IpaBumHOTO
MJIaHUPaHE, MPOEKTUPAHE U APXUTEKTYPHO-XYI0KECTBEHO 0(OpMsIHE Ha T€3U 0OIIECTBEHU
MPOCTPAHCTBA BHUHArM € OWJIO M MpoAbIKaBa Aa ObJe MHPBOCTENEHHA 3ajada 3a
rpagoycTpoiicTBoTo. Te mmaT pazHOOOpa3Ha U yYHUKAJHA MPOCTPAHCTBEHA OPTaHU3AIINS —
pa3au4Ho oopMeHa TPaJ0yCTPONCTBEHA paMKa U PA3MOIOKEHH CTPand OKOJIO WM B THX,
MaMETHHIIHM, 3€JICHH IUIONIM, MPEeMeCTBaeMH OOCKTH, EKOPATHBHH W HH()OPMAIIMOHHO-
pPEKJIaMHH €IEMEHTH, HACTUJIKY, YEeIIIMHU U MIEProJiv, eIeMEHTH Ha TPaJCKOTO 003aBexk/1aHe
u np. Haii-pasHooOpa3Hu ca B3aUMOBPB3KUTE MOMEXAY WM, KaKTO M C OCTaHAJIUTE
TPajCKd TPOCTPAHCTBA, BKJ. TMOAXOAMTE M OTHOIICHHWETO UM KbM KOMYHUKAIIMOHHO-
TPaHCIIOPTHATA CUCTEMa Ha Tpajia.

Q i

a) CxematmuHo  wu3o0paxeHwe 3a 0) CxematuuHo M300paKeHue Ha
OOHOBsSIBAHE Ha CBIIECTBYBANIM U 3a IMOTEHIMATHA BH3MOKHOCT 3a 3ama3BaHe Ha
Ch3J]aBaHE HA HOBM IUIOMIA[M KAaTo 30HATa , )KBITHTE MaBeTa’, JOCTHITHOCTTA Ha
aHcaMOBJI OT OOINECTBEHW 30HM UM KOHTAKTHUTE IMPOCTPAHCTBA OT JIBETE CTPaHU
MENIEXOJHN MTPOCTPAHCTBA B M3TOYHATA Ha IMEUIEXOAHATa OC M WIIOCTPUPAHE POJITa
YacT Ha TJIaBHUS TPAJCKH IICHTHP. Ha OyneBap/a KaTo CTPYKTYpeH OO TMHHUTEN.
@ur. 3. CxematnyHy rpa@uHy IPOYyYBaHUS 32 OOHOBSBAHE U Pa3BUTHE HA U3TOYHATA OC.

C rpadguuHoTO M300pakeHne Ha Gur. 3a Morar Ja ce WIIOCTPUPAT MOTSHIIUAIUTE 32
rpaloyCTPOMCTBEHA HaMmeca JaBalld BBH3MOXKHOCT 3a peaOuauTalvs Ha IUIomagHaTa
GyHKIUS B €IHa OT Hal-BaXHHUTE YaCTHU OT TJIABHHS CTOJNIMYEH IEeHTHP. JIOTHYHO € 1a ce
0000MIAT HAKOJIKO M3BOJA, KOUTO J1a MOCIYXAaT KaTO OMOPHU TOYKH MPH Ch3/IaBaHE HA
3aJlaHue 32 PEKOHCTPYKIUS 1 OOHOBsIBaHE Ha IeHThpa. YacT OoT Te3u U3BOAU OMXa MOTIH
Ja ce aeuHUpaT upe3 CeHaIn3uPaHo MPOyYBaHEe Ha KOHKPETHA TEMAaTHKa, 0OXBAIIAIIo
MPOU3XO0JI, MCTOPUYECKO pa3BUTHE, TPATOYCTPONCTBEHH OCOOEHOCTH, MPUEMCTBEHOCT,
rpaacku o0pa3, mamMeT, ChBPEMEHHHM aCleKTH H T.H., Kacaellu: J>XBITUTE TaBeTa,
JOCTBITHOCTTA HA KOHTAKTHUTE IMPOCTPAHCTBA OT JABETE CTPaHM Ha NeniexojHaTa oc,
poniaita Ha OyieBap/a Ha OOCAMHUTEN, a HE Ha JEIHUTEN, KOMIIO3UIIMOHHO OGOpMsHE U
CTPYKTypUpaHe Ha 3elIEHUTE MPOCTPAHCTBA B €IWHHA CHUCTEMa U O0OTaTsIBAaHETO MM C
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BOJHU TUIONTH, Tioman "Atanac bypos" 3aeaHo ¢ mmomran "Anekcanabp [" kaTo BB3I0BO
00IIECTBEHO MPOCTPAHCTBO W MOPTAllHA CUTYAIMsl 32 U3TOYHATa oc. [IpeycTpoiicTBOTO Ha
wioman ,Anekcanabp HeBcku® wu3uckBa OCBOOOXKIaBAaHETO OT TPAH3UTHHTE
TPAHCTIOPTHU (DYHKIIMHU, KAKTO U OT MPEKOMEepHOTO mapkupaHe. OdopMmsHeTo My clieaBa
na ObIe Karo TemexoiHa 30Ha OCOOCHO Tpea KaTelpaidHus XpaM OT 3amaj W B
MIPOCTPAHCTBOTO 3a LIEPEMOHUANH TIpe] ,,Beunus orpH”. B yuacTbka Ha Xyqo’kecTBEHATa
aKaJieMusi € IeJIeChOOpa3HO HM3TPAXKIAHETO Ha TPEACTaBUTEIHA OOIIECTBEHA Crpaaa C
nyOamyHN QYHKIIUH, KOSATO Ja paMKHpa IJIOoMaAa OT U3TOK U Jia MO3BOJIsBA pealn3upaHe
Ha TeIIeX0/IHa BPb3Ka B IBJI0O0UYMHA 10 mameTHuKa ,,Kupuin u Metonmit” npen Hapomnara
oubnuoreka. Ha for, ceBepoM3TOK W 3amaj Cce OCHIIECTBSIBAT TMEIIEXOJHH BPB3KU
CBOTBETHO ¢ TIomaaute ,,Haponno cebpanue”, ,,Bacun Jlecku™ u ,,Hukomnaii ['ssypoB”.

Bw3moxkno e moman ,,HapogHo chOpanue”na mpumobue MOCTOSHHA TeleXoHa
¢byakus, 0e3 Aa ce mpemaxBa u3LsAI0 JABMKeHuero mo Oyn. Ilap OcBobomuren”.
TpaHcOpTHOTO yCHOKOsIBAaHE upe3 OO0XOKIaHe Ha TMaMeTHUKAa OT IOT, OCBEH 4Ye e
peadmIuTHpa TIOMIATHOTO 3HAaYE€HHWE Ha MPOCTPAHCTBOTO mpen ,,HapomHoto crbpanue”,
HO JOINBJHUTETHO IIE Aajie BBb3MOXKHOCT 3a MO-J00pO aHcaMOJIOBO OOBBp3BaHE Ha
crpagara Ha [lapiamMeHTa W TaMeTHUKA TNpeJ Hes KaTo Hepa3JaeilHo (YHKIMOHAIHO W
00eMHO-TIPOCTPAHCTBEHO €IUHCTBO.

[Tmoman ,,Bacun JleBcku” OT CBOSI CTpaHa CBIO MOXE Ja MPHUAOOUE MOCTOSTHHA
nemexoaHa (QYHKIUS Ype3 H3BEXKJAaHe Ha aBTOMOOWIHHS TPaH3UT OT H3TOK U
npeoOpa3yBaHe Ha KPBCTOBHUIIETO OT KPBI'OBO B TPUKIOHHO, Taka 4e NMaMETHUKA Ja ObJle
€CTECTBEH 3aBBPILEK U KyJIMHHAILIUS Ha MEeNIeXoIHaTa oc Ipe/ Hero. Tosa Iie mo3BOoJu Ja
ObJe pelleH npobdiemMa ¢ TOCTHIIHOCTTa HAa TaMETHHKA OT MOcoKata Ha Oapeneda c¢ iuka
Ha Amnoctona. He ciywaiiHO mamMeTHHKBT € TpoekTupaH oT apx. AHToHuH Komap B
KOHTEKCTa Ha KpBI'bJ IUIOHIAJ C HulesATa OaperepHUSAT MOpTpeT na Obae oObpHAT KbM
LIEHThpa Ha Tpaja u aa 0b/ie 00II0OCTHIICH 32 BCHUKHU TPaKIaHU.

[Tnoman ,,Hukomaii I'ssypoB” (6uBm ,,YUepBeHUAT MU0 ") € HATBJIHO BB3MOXKHO Ja
CTaHe W3IS0 MEMIEX0CH Ype3 pealn3upaHe Ha TPAH3UTHOTO aBTOMOOMIIHO JABMKEHUE 110
yi. ,,PakoBcka” Ha TOA3€MHO HHMBO, Taka KakTo € 3anoxkeHo B neictBamms OVYII Ha
Cromuuna o6muHa. [Ipum TakoBa pelmieHHE ce TOCTHTa OCBEH peadlIuTHpaHe Ha
IiomaJaHara (QyHKIUS HAa M[PU3EMHO HHUBO | JIOMMBJIHUTEIHO IOJ00psSBaHEe Ha
MPOITyCKaTeIHAaTa CIIOCOOHOCT Ha yi. ,,PakoBcka” B yyacTbka Mexay Oyi. ,,JIoHTykoB” u
»lap OcBobomuten”. ['pamoycTpOMCTBEHO CE€ OCMHCIS TeENIeXOgHaTa BpPb3Ka MEXKIY
moman , Anexcanabp Hescku” um ,I'paackara rpaaumHa”, KakTo MW AOCTBIIHOCTTA 10
Pyckara 1mbpkBa "Ceru Huxonait UYynorBopen". Ilomzemuust ypOaHuzbM u
000c00siBaHETO Ha CIHpKaTa Ha OOIIECTBEHHUS TPAHCHIOPT HA JOJHO HHBO IIE Aae
JOMBIHUTETHH BB3MOKHOCTH 32 OOBBp3BaHE HAa AapXEOJOTHYECKUTE I[IEHHOCTH TIOJ
yepkBara ,,CBera Codus® ¢ mogxoaure oT 3ama.

Coduiickara omnepa € eJUHCTBEHATa rojisiMa OOIIECTBEHA CTpaja ¢ OOIIOTPAACKO H
HAIMOHAJTHO 3HAYCHHE, KOATO HE MPHUTEX,aBa IUIONIATHO MPOCTPAHCTBO. Y CIIOBHUATA, IPH
KOUTO TS € Ouiia mpoekTupana ot apX. [lapamikeBaHOB ca TOBENH 10 CUTYallus, IPH KOSTO
crpajara € OT BCHUYKH CTpPaHH oOpamMueHa ¢ YJIMIM W KBapTajid IO TaKaBa CTENeH Ha
3aTBOPEHOCT, Y€ BCEKH Yycella JIWMcaTa Ha TMOAXOASIIO OTKPUTO OOIIECTBEHO
MIPOCTPAHCTBO JIaBaI0 BH3MOXKHOCT Ha TEIIeX0 el 1a Bh3npreMa (acaJuTe Ha onepara
M0 MOAXOJAN] HAauMH. Ta3u BakHa OOIIECTBEHA Crpaja € HEeIOMyCTUMO MpPHUTECHEHA U
M3HUCKBA caMma 1o cebe CH yBelM4yaBaHe Ha TeNIeXoJHaTa IO Mpe] IeHTpaiHaTa dacaan
U BCTpaHU OT Hes. CxeMaTHuHOTO u300pakeHue OT GUr. 3 WIIOCTPUpPA MOTCHIUATHUTE
BB3MOKHOCTH 3a Ch3[IaBaHE W HA HOB ILIOIIAJ] KaTO YacT OT aHCaMOBJ Ha OOIIECTBEHH
30HM W TMENIEXOJHU MPOCTPAHCTBA B M3TOYHATA YacT Ha TJIABHUS TPAJCKU IICHTHP Ha
Co¢us. HoBara nemexoaHa 30Ha 1o yiI. ,,PakoBcka” oChIecTBsIBa 0 yOeAUTENIEH HAYHH
BpB3Ka Ha MPOEKTHUTE TUIOMIAJHUA MPOCTPAHCTBA OKOJIO IeHTpaiaHus BXoj Ha Omepata
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TPUBI'BJIHUA IUIOLIAJ Ha IO M OT TaM KbM MOHYMEHTaJIHMs muioman ,,An. HeBcku” Ha
u3Tok. 1o To3u HauuH nemexonHaTa focTbnHOCT Ha Coduiickara ornepa cTaBa MHOTO I10-
nobpa W yHHMKajgHa 3apajd aHCaMOJOBOTO ChYETAaHHWE Ha TIOBeYe OOIIEeCTBEHU
NPOCTPAHCTBA B CHUHTE3 MOMEXAY CH B ISJIOCTHA IEUIEXOJHA 30Ha C OOILOrpajCcKo
3HAuYEHHE.

OrpoMHHM MOTEHIMAJIHU BB3MOKHOCTH 32 Pa3BUTHME HA HOB M YHHUKAJEH TIPaJICKU
wioman ,,PuMcku amdurearsp” ca 3aJ0K€HU B 30HATa HA HOBOOTKPUTOTO apXUTEKTYPHO
HACJIEJICTBO OT AHTHYHUS NEPUOJ O KpbCTOBUILETO Ha Oyin. An. JloHAykoB” u yiI.
,bynamnemnia”. 3amajHO TOBa MPOCTPAHCTBO CE€ paMKHpa OT OWBIIMS MIIQJICKKH TeaThp,
u3TouHO oT OuBmata crpagara Ha HUIIK -cera HUHKH u xoten ,,Apena nu Cepnuka”,
CEBEpPHO OT paslmpeHueTo npen butoBus komOMHAT, KOETO MOXE Ja ce MOoji3Ba 3a
NENIEX0AE€H IOAXOA M TMOJUle3 KbM IIIOLIAJa HAa TMOA3€MHO HUBO M Ha I C
HOBOIIPOEKTHpaHa B ObJeIle pamMKa, JaBalla Bb3MOKHOCT 3a JIOCTOMHO €KCIOHHMpaHEe Ha
LIEHHOTO HEABM)XMMO KYJITYPHO HACJIEACTBO U TIpajJcKaTa MaMeT OT aHTUYHHUS MEPUOL.
Upes apXUTEKTYpHO-TPaloyCTPOUCTBEHO O(OpMsSIHE Ha MPOCTPAHCTBOTO OKOJIO KbLIaTa ¢
YaCOBHMKA € BBb3MOXHO Jla C€ OCBIIECTBH J00pa MemexoqHa oOBbP3aHOCT C rpajckara
rpaivHa W HAa W3TOK C MPOCTPAHCTBOTO Ha Iiomaf ,,Ay. HeBcku”, KakTo W Ha JPYruTe
IUIOIAAM ¢ o0morpaacko 3HaueHne. CopuilcKUAT pUMCKH aM(UTEAThp € apXeOoJT0rnYeCKH
MaMEeTHHK, pa3noyiiokeH B HeHTbpa Ha rpag Codus, Ha 300 m ot M3rounara mopra Ha
npeBHa CepJiMKa U MPEACTABIISIBA KOMILJIEKC OT aHTUYHU CTPa - PUMCKH TeaTbp JaTUpaH
ot kpas Ha II, Hayanoro Ha III Bek u ampurearsp natupan ot kpas Ha Il Hauanoro Ha IV
BeK. AMdureaTspbT 1o rosieMuHa ce nobmmkaa no Kommszeyma B Pum. Pasmepure Ha
oBaiHaTa apeHa Ha Cepaukuiickus amdutearsp ca: abpkuHa 60.5 M U mmpuHa 43 M.
CpyeTaHneTo Ha PUMCKH TeaThp U KbCHOAHTHYEH aM(UTEaThp € YHUKAIHO B CBETOBEH
Mamiad. OTKpuTHETO € HampaBeHo mpe3 anmprt 2004 1. mpu cTpoexa Ha XOoTesa, HO OIIIe
npe3 1919 roauna e 6m10 HaMepeHO CBUIECTENICTBO 32 MECTOHAXOXKICHHUETO MY - KaMEHHA
104a ¢ WIKCTPalus Ha TJIaJUaTOPCKU OUTKH.

B 3akimroueHue Moxe Aa c€ TBBPAM, Y€ CHLIECTBYBAILUTE IUIOMAAHH, YIUYHH U
rPaJUHCKHA MPOCTPAHCTBA B M3TOYHATA OC Ha IVIaBHUS IpaJcku HeHTbp Ha Codus Kpusar
rojisiM MOTEHUMAl 32 TAXHOTO OOHOBSIBAHE M TO-ONTHMAJIHO  ApXUTEKTYPHO-
rpagoycTpoicTBEHO 0(hOpMsIHE, TPU KOETO JIa C€ MPEBbPHAT B YAOOHU MEIIEX0IHU 30HU C
roJeMH KOMIIO3UIIMOHHO-XY/I0’KECTBEHU JOCTOMHCTBA. B Ta3M 4acT Ha CTOJIMYHUS LEHTHP
ca BB3MOXHHM JOPH M HOBH TPAACKM IUJIOLIAJHU MPOCTPAHCTBA CBBP3aHU C BaXKHU
0OIIECTBeHH CTpay WIHM MMaMeTHUIM Ha KyaTypaTa (no crpagata Ha CoduiickaTa omepa,
1o Pumckus amputearsp U 1Ip.). ApXUTEKTYPHO-TPaI0yCTPOHCTBEHOTO NMPEOCMHUCISTHE Ha
M3TOYHATAa OC Ha CTOJMYHUS LIEHTHP C aKIEHTUpaHEe Ha OOIIECTBEHUTE IPOCTPAHCTBA,
Bb3paKJAaHE Ha CHIIECTBYBALIUTE U O(GOPMSHETO HAa HOBHM TaKMBa IPOCTPAHCTBA CE
IpeBphlla B 3HAYUTENHO NPO(ECHOHATHO TMPEAU3BUKATEICTBO 3a OOHOBSIBAaHE Ha
couiickus HEHTHP U 32 MOBUIIABAHE HA ApXUTEKTYPHO-XYI0’KECTBEHUTE MY JOCTOHHCTBA
kato EBpomneiicka KyaTypHa CTOJIHIIA C JOCTOMHO MUHAJIO, HACTOSIIE U ObAeIIE.
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ECOURBARCHITECTONIC BRUTALISM IN CITY
Nikola CEKIC', Miomir VASOV?

"2 The Faculty of Civil Engineering and Architecture of the University of Nis
SERBIA - 18000 NIS, Aleksandra Medvedeva St. 14/111

Abstract: Focusing attention on cultural-city building and historical protection of
ecourbarchitectonic physical structures in urban environments is a basis of new formation of
macroambient entities. By protecting structures in the sphere of complex, cultural,
progressively degraded space, this paper emphasizes a new character of approach to the
urban design of cultural heritage and stresses the need for the increasing sensibility in
creation of nonglobalistic concepts and in their transformation to a strong developmental
potential. Historicity of a location and their quality organic remodeling are a primary task
in renovation of cities and activation of new ideas about flexible, synthetic planning of
buildings in public space. In these ecourbarchitectonic interventions, integrative-
rehabilitation processes could be imperatively strictly observed: genius loci and its identity
with all the existing building in the ambient entity in a wide range from architectonic-
structural, designing-esthetic to cultural historical and social-artistic particularities.
Traditionalistic approach is necessary so as to prevent a wrong interculturalism and
ineffective formal quality of urban places in reconstructions and constructions. Such options
which did not result in a responsible consolidation in renovation and strengthening of
historical authenticity of inherited structures, but a cultorological and artistic-esthetic
confusion in space, are accented through examples in the paper.

Key words: ecourbarchitecture, integration of cultural heritage, conservation and
protection, renovation, cultural downfall

1. Introduction

There are many microambient entities worldwide which feature considerable
conceptual city-building deviations from the basic urbarchitectonic and strategical-
historical models. The extent of this phenomenon is such that the new cultural-formal
patterns in space drastically changed the balance between the old and new physical
structures. Simply, a different, hybrid spatial concept has been established, in which we
can observe numerous problems: historical-cultural diversity of house appearances,
esthetic-artistic imbalance, new geometrical strategic design and an orientation which does
not honor the necessary interaction of cultures between the urban design of inherited
forms, nor the relations of diverse materialization, plasticity of facade surfaces, their
coloration and texture, joints in the contact zones of structures, specific appearance of their
physical structures, genius loci and iconology of space. This research shows

' Academician, PhD Nikola CEKIC, grad. Eng. of Arch., full professor, Aleksandar Medvedev Str. 14/111,
18000 Ni§, Republic of Serbia, E-mail: ncekic@yahoo.com
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unacceptability of diverse, non-synthetic formation adjacent architectonic forms in space.
It focuses on the lack of sense for preservation of urbarchitectonic heritage and deviation
brought about by inorganic, even violent interpolation of physical structures, brutal urban
cultural mixture and imposition of global philosophy of disrespect of preservation of old
city localities.

2. Research

Fig. 1. Hilton Budapest - Castle District. Communist era Hilton Hotel, completed in 1976
https://upload.wikimedia.org/wikipedia/commons/1/17/Medieval_Church Remains (Dominican_yard) Monument. Budapest Hi
Iton_(rear_view) Buda Castle Quarter, Budapest.JPG
http://www.sixumbrellas.de/?p=601
https://www.google.com/search?tbs=sbi%3 Acs&tbnid=Qpw68 WIIBBEfdM %3 A&docid=vi8alvr3Ccx WMM&bih=770&biw=15
36&ved=0ahUKEwih67ul j6fMAhWEtxoKHdGtCN8QiBwICQ&dpr=1.25
http://mw2.google.com/mw-panoramio/photos/medium/54340433.jpg

The Hilton Hotel in Budapest, having 321 accommodation units was built incredibly
quickly built, against the strong opposition of professional town planning-architectonic
public, on the most attractive historical locality, in the old Buda city. It was constructed in
a year and half, on the ruins of renovated Dominican monastery, with a lot of relics, with a
splendid panoramic view of the Danube and Pest. It is located next to the Fishing bastion
and the St. Matthias church, on top of Buda Castle Hill, in the impressive Palace district,
which is a part of the UNESCO world heritage. The foundations for this neo-gothic church
date back to 1015. The quick building intervention, the genius loci was disrupted by a
severe cultural incident, even though the designers strived to produce the best organic
composition of the old, ruined wall remains and new physical structures of the hotel.
Dramatic cultural diversity of forms and materials of structures in the environment brought
about a new identity of the place, an unrecognizable cultural pattern, mixture of
urbanologic,-architectonic relations, cultural-communication and historical deviation from
the basic spatial matrix.

Sant Francesc Church, Santpedor, was originally built between 1721 and 1729 by the
Franciscans in Spain. After several centuries of usage, the structures was dilapidated to a
point when it needed a radical building reconstruction. The reconstruction was performed,
at a surprise of many experts, by adding the new and very contemporary architectonic
volumes and materials, creating thus a complex and contrasting ecourbarchitectonic spatial
hybrid between the old and new stone structures of walls and archisculpturally designed
volumes, crosswise-laid structural beams, of acute, geometrical edges.
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Fig. 2. Sant Francesc Church, Santpedor, Spain. Amazing contrast between old stone
structure and new sharp Spain’s Crumbling Sant Francesc Church Gets a Modern

Renovation by David Closes
http://acdn.architizer.com/thumbnails-PRODUCTION/c9/89/c9898b062b9fdb95 10b9b36aab747666.jpg
https://www.google.com/search?tbs=sbi%3 Acs&tbnid=6UQxNrN9uobQiM%3 A&docid=9k08 ABINGLjD WM &bih=770&biw=1

536&ved=0ahUKEw;jsj8GAi6fMAhXBOxoKHWnhApAQiBwICQ&dpr=1.25

All this is combined to the glass apertures which make the entire physical structure
dynamic but also provocative in historical-cultural terms. The restored church has very
specific appearance for the professional public. It has a provocative-polemic and
challenging characters. Deviations from the original conceptual urbarchitectonic design of
the church were stressed to the extent that they open the complex questions when
approaching revitalization and creation of new conceptual values in formal, integrative
processes, as well as the limits to which on can go in changing identity of places in the
urban space.

Fig. 3. Penthouse on the bunker, Hamm Westfalen, Germany
http://acdn.architizer.com/thumbnails-PRODUCTION/14/d8/14d8041d4247881beac3c2649¢8d7¢65.jpg
http://architizer.com/projects/penthouse-auf-dem-hochbunker/
http://acdn.architizer.com/thumbnails-PRODUCTION/e6/12/e6127d947886¢cbecfc068086040fee8e.jpg
http://acdn.architizer.com/thumbnails-PRODUCTION/ad/00/ad00£ff80cde8eabd 1 6bc5c804b57¢12.jpg

The example of the building constructed on the foundations of a tall bunker in Hamm
Westfalen - Germany, also poses the question of ideology of urban design and capacity of
old and new architectonic forms for interpolation. In this example as well, it was confirmed
that in creation of new ecourbarchitectonic space, designing cultural sensitivity is required
as well as observing the complexity of a locality - of natural and artifact structures with
which a multidisciplinary intuitive dialogue must be established. Penthouse on the bunker
is structured on an orthogonal grid. The newly built section has prismatic volumes. This
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resulted in a large discrepancy of cultural-materialization individuality of walls and their
historicity - this is a reflection of obvious misunderstanding of characteristics for realized
combinations of architectonic elements in a physical structure. A brutalistic intervention
resulted in a new, unintelligible concept, radical change in planning, controversial fusion
of design and degradation in production of urban space.

Fig. 4. The Porter House by SHoP Architects - Meatpacking District. Porter House
with Architect Gregg Pasquarelli of SHoP Architects. Original Building: 1905, Addition:
2003, New York

https://duranvirginia.files.wordpress.com/2013/09/virginia-duran-blog-amazing-buildings-you-shouldnt-miss-around-the-high-
line-porter-house-by-shop-architects-day.jpg
https://s-media-cache-ak0.pinimg.com/236x/0d/7e/ca/0d7ecab2a7a823c7e38dela7209dd42a.jpg
https://c2.staticflickr.com/2/1232/1408962837 {6697837a0_b.jpg

Extension of a New York building built in 1905 shows complexity of interpolation of
the new structure and creation of a new spatial urban concept. New urbarchitectonic
parallelepiped form, made of diverse materials and facade planes, has a narrative design
which in the total transformation brought about a practice with a utilitarian character in
newly formed characteristic floor layouts, but not the respect of existing forms in the
immediate environment. The focus is on a new introduction and understanding of hybrid
artistic and cultural ecourbarchitectonic innovations in the environment, whereby the
inherited structures lose their essential, relevant social-historical, artistic-iconological and
esthetic traits. What is necessary is an integral approach to urban design, in order to avoid
large cultural-ecourbarchitectonic and visual differences and a brutal deviation and loss of
the identity of the place. It is necessary to carefully change the value perception for urban
environments in which the microambient spaces would be created though scientific
research and precise strategic analyses. The example from New York is a part of new
ideology in which the pressure of globalization imposes an urbarchitectonic and overall
designing diversity of physical structures in public space in which there is no dialogue.

Jayleen Hotel u Singapore is indicative for a very frequent neglect of
urbarchitectonic historical values and for a city building action in which strategical urban
design permits very liberal promotions of new structures in the public space, without
observing the cultural identity of existing physical structures. The structures in the
immediate vicinity of Jayleen Hotel are very indicative for disrespect of the spirit of the
place and its iconology. Not only the form of adjacent buildings, but materialization and
coloration of the facades drastically change the physiognomy of the street by multicultural
scenographic collage. They create a conflict of positions at the level of the history of the
city and its memory. As if the designers forgot the conservations of cultural traditions and
sensibility to different character of locations and easy creation of conflicting situations.
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Fig. 5. Jayleen 1918 Hotel, Singapore
http://www.panoramio.com/photo/95025212
http:/media.expedia.com/hotels/9000000/8100000/8091200/8091185/8091185_50_b.jpg
http://www.manypathstotread.com/singapore

New “hybrid identities” suggest search for ecourbarchitectonic balance where
brutalistic-globalistic creative approaches can forever destroy the inherited structures.

Fig. 6. Budapest - church based on the plans of Johann Georg Pauer. The imposing
church building was erected between 1725 and 1732. Szervita Church at Szervita Tér

square
http://m.cdn.blog.hu/va/varoskepp/image/2009/70es/szervitadn.jpg
https://upload.wikimedia.org/wikipedia/commons/6/65/Szervita_templom Budapest.jpg
http://www.ourtravelpics.com/budapest/budapest 123.jpg

Mixing of building cultures and disrespect for the spirit of urban locations can be
seen in the example of Szervita Tér square in Budapest. Grotesque, brutalistic contrast can
be recognized in the violent urbarchitectonic fusion of a church built according to the
design of Johann Georg Pauer in the period 1725 and 1732 and aluminum curtain wall. A
part of the structure next to the church, having ground floor and three floors was
demolished in order to create town-planning and location conditions for construction of the
administrative building. Great cultural and historical diversity, mixing of confusing
architectonic-designing styles is evident, as well as the conceptual design of unharmonized
materialization of the fagade frontal plane, which creates esthetic-visual and artistic
problems in public space. This “mix” of the structure of diverse functions, non-cultural
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forms and facades obviously indicated the spatial visual-communication, functional
conflict and in general the image of the city which had to be imperatively preserved as
authentic historical-ecourbarchitectonic heritage. By dramatic accentuation of formal and
urbarchitectonic differences, the strange logic established microambient, hybrid,
destabilized and undesirable identity of the place.

il
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Fig. 7. Zanderroth architekten: Christburger residential buildings, Berlin
http://afasiaarchzine.com/wp-content/uploads/2015/09/zanderroth-architekten-.-Christburger-residential-buildings-.-Berlin-3.jpg
http://www.zanderroth.de/de/projekte/cb19/
http://www.archilovers.com/projects/164404/gallery?1411178

Lack of harmony between the immediately adjacent ecourbarchitectonic forms can
be observed on the Christburger residential buildings in Berlin. Different narratives in
architectonic formation of fagade planes are clearly evident in conceptual design of facade
openings, their size, plastics of elements and the method of solving the contact zone of
physical structures in the interface zone. It was necessary to adapt - balance facade
appearances of adjacent buildings in order to avoid drastically different forms and preserve
the existing, inherited structure of the building having a ground and 4 floors. The designers
did not observe the height of the cornice of the inherited building, so the newly designed
ecourbarchitectonic form noticeably deviated from the general concept of fagade
appearance in the street. In addition, the geometrical composition compared to the other
buildings remained uncoordinated, which is a further evidence of the globalistic city
building philosophy, where, as it seems, everything is allowed for the sake of modernity
and creation of a new, hybrid, esthetic, collage identity suited to different criteria -
economic ones, primarily. Contrasting forms between the inherited and new architecture
can be seen in the center of Dnipropetrovsk city, Ukraine, on a structures whose dominant
facade is based on a multicultural identity. The only feature remaining from the inherited,
neglected building having ground floor and 2 upper floors is the facade plane with a rich,
attractive plastics, while the administrative-office building with strong structural face was
built in the background and the upper zone of the old building. The building belongs to
different architectonic-historical and cultural groups according to its ecourbarchitectonic
and designing properties, emphasizing the iconological memorial spirit of the place in the
city center. What has been imposed is a brutal prism form whose verticality disrupts the
profile of the entire vertical composition of central city structure.
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Fig. 8. It is centre of Dnipropetrovsk, Ukraine. The contrast between old and modern
architecture. The modern edifice has been built up instead of the old house. Only facade

remains from the old house.
http://media.expedia.com/hotels/9000000/8100000/8091200/8091185/8091185_50_b.jpgl7 000 m2
http://www.skyscrapercity.com/showthread.php?t=338754&page=43
http://ink361.com/app/users/ig-1983351144/doodnio/photos/ig-1039979344716489834 1983351144
https://marketplace.500px.com/photos/76588079/modern-architecture-exchanges-old-buildings-by-igor-traven

The inherited architecture was abandoned and pushed to the background, and the
new character of identity in the central city space was accentuated. The adjacent physical
structures in the immediate environment, which also belong to different architectonic styles
were not taken into account. It was necessary, in organic and synthetic terms, to very
carefully analyze the wider environment and inherited structures to realize a true city
building intervention and preserve the inherited architecture.

Fig. 9. Now images of Bewag house in the Luisenstrasse 35, Berlin
http://fassadenretter.de/objekte/luisenstra%C3%9Fe-35
http://www.abload.de/res/imgs/403.gif
http://www.abload.de/img/luise017rac.jpg

Significant changes on many buildings around the world are observed through
addition of thermal insulation material on the facades - Styropor, styrodur etc. which
extinguishes the identity of the original physiognomy. The example from Berlin is a
striking example of this phenomenon, whereby the adjacent structures with details and
fragmented cultural patterns become suppressed in architectonic-esthetic and designing
terms. The inherited physical ecourbarchitectonic structures, with innovated facades
radically change the physiognomy of the space of streets, squares and plazas, and bring
about a cultural diversity of forms by creating different resources in which the significant
historicity of the place and its memory identity slowly disappear. .This additionally negates
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cultural, urbarchitectonic differences in space. New globalistic concept is emphasized, a
design in which standardized elements provide almost the same esthetic value and
monotonously created public space. What we see are completely flat fagade surfaces with
little artistic-designing or visual character, most frequently featureless, devoid of culture or
unrecognizable.

Fig. 10. Prague, in Czech Republic, the main boulevard contrast between austere communist
and lovely cultural architecture. The Dancing House was built on the plot of a former building that
was destroyed when the US bombed Prague in 1945 by accident.

http://oneturkeyrun.blogspot.rs/2015/10/eastern-europeans-teach-communist.html
http://fluper.ru/fth/15/praga_nochnaya praga rassvet 2450x1378.jpg
http://img.radio.cz/pictures/c/rozhlas/praha/narodni_divadlo_nova_scena.jpg

There are several examples from the contemporary architecture of Prague, Czech
Republic: from Vaclavske namesti, Dutch cultural center or the New Theater also
demonstrate urbarchitectonic estrangement of certain physical structures in space and
disregard for the inherited properties of architectonic structures and in particular for the
immediately adjacent buildings whose historical value indicate the identity of the place.
The globalist approach creates new, intensely emphasized, pretentious physical structures
which suppressed the existing architecture and brought about radical changes in space.
They brought about a cultural diversity where the houses lost their dialogue, and where
they do not poses cultural esthetic, artistic-visual and designing homogeneity. What
happened are most often dramatically interpolated conglomerates based on different
designing and town-planning criteria which created a new spirit of the place, uniform
global cultures in which the inherited architecture is pushed to the background. It is
noticeable that architectonic heritage in certain urban environments is disappearing, and
that diversity of forms in space with a multitude of new forms introduces a new modernity,
ie. that the cities go through very rapid and radical urbanological changes.

3. Conclusion

City building activity on the creative basis of cultural ecourbarchitectonic heritage is
nowadays a primary task for preservation of the historical matrix and planning-
developmental fabric of cities of the world. The examples of the practice indicate that there
were many wrong moves, uninventive attempts to integrate new physical structures in city
building, historical and culturological terms with the old structures and establish new
identity-significant artistic and recognizable visualization in the public space. There are
several places with microambient entities and innovative environment, where the urban-
metabolical design of new and old forms produced an irresponsible and low quality formal
transformation, an inadequate and unimaginative mixture in space. It is our opinion that the
complex process of respect and restoration and adaptation of old buildings, of interpolation
of new physical structures, should be viewed as a balancing interactive cultural-scientific
tool and not as designing avant-garde experiment. Even though there some opinions that in
this challenging transformative activity of integration of old and new structures the best
dialogic, formal, geometrical, functional, esthetic and contrasting combinations can be
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achieved, utmost caution and the professional understanding is required of the complexity
of relations of interior and exterior, diversity and esthetic-historical character of inherited
physical structures and the immediate environment. The issue of cultural-original
manifestation of realized contemporary interventions and adaptation of inherited
ecourbarchitectonic authentic historical structures which need protection, normal
continuation of fuctions by employing modern technologies, whereby the spirit of
liveliness of the locality and dynamism of the location will not be degraded in cultural-
historical and memorial terms. It is our opinion that it is necessary to preserve the identity
of cultural traditions which represent differences between communities, their subcultural
level as well as mixtures of new ecourbarchitectonic physical structures, spatial forms
which significantly deviate from the fundamental city building narration and impact the
complex character of the living space.
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MEXAYBJIOKOBUTE TPOCTPAHCTBA B TIAHEJIHUTE KOMIIVIEKCH
KATO COINO-KYJITYPEH ®EHOMEH OT BTOPATA ITIOJIOBUHA HA
20 BEK.
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Veselin Rangelov, Stefan Asparuhov, Veselin Shahanov

University of Forestry, University of Architecture, Civil Engineering and Geodesy

Abstract: The construction of large residential complexes have as a global trend in
the 50s of the last century in the US and Europe after the Second World War. It is the
result of rapid urbanization, industrialization, overproduction and concentration of
enormous human resources in big cities.

The emergence, development and decline of housing estates is a phenomenon in the
history of 20th century - one of the largest experiments in residential environment -
an attempt to cardinally solve the housing problem. Its heyday was in the 60s and
70s and during the 90s already seen the first attempts to seek appropriate practices
for upgrading.

The publication analyzes the issues relating to: (1) history of landscaping and public
works in spaces between residential blocks and surrounding environment, (2) trends
in landscaping and urbanization of the spaces between residential blocks, innovation
and development opportunities, (3) the impact of vegetation and park furniture on
the sanitary situation and comfort in the spaces between residential blocks, and
possible guidelines for the conservation and management of these areas in the
context of socio-economic sustainability of the micro-level.

The article presents productions of the research project, funded by Fund "Science"
under contract DFNI E02 / 20 with beneficiary University of Architecture, Civil
Engineering and Geodesy.

Key words: urban spaces, residential complexes, occupancy, planning
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1. BbBenenue

Bb3HuKBaHe, pa3BUTHE M CHCTOSIHME HA MeXIY0JI0KOBHTE MPOCTPAHCTBA B
bbarapus B nepuoaa no 1990r..

Wsrpaxkganero Ha MammaOHU >KWIMIMHU KOMIUIGKCHM C€ Hajara KaTo TioOanHa
teHaeHuusa nbpBoHayanHo B CAILl, a mo-kbcHO u B EBpoma cinen Broparta cBeToBHA
BoiHa. ToBa e B pe3ynrar Ha Obp3a ypOaHU3alMs, UHAYCTPUATU3AIUS, CBBXIIPOU3BOJICTBO
U ChCPENOTOYaBaHE Ha OTPOMEH YOBELIKU PECypc B rojieMUTe TpajoBe. Te Bb3HHKBAT
MAaJIKO TI0-KbCHO U B CTPAaHUTE HA T.H. COLUATMCTUYECKH JIarep MOpaayl ChIIUTE MPUYUHU.
OnuThTe 3a MOCTUTaHE HA YHUBEPCAJIHU PEIICHUS Ha KWIWLIHHUS MpoOJieM IMpe3 TOo3H
MeproJ HEeW30eKHO BOIAT U JI0 penula TpaJoyCTPOHUCTBEHHM U OJaroycTpONHCTBEHH
3aTpyJHEHHs, KOUTO IOCTaBAT BBIpOca 3a aJeKBaTHa opraHu3alus Ha (opMUpaHUTE
MEXTyOJIOKOBHU TPOCTPAHCTBA.

Bb3HHUKBaHETO, pa3BUTHETO U YMAABbKBT HA KWIMLIIHUTE KOMIUIEKCHU MpEACTaBIsABa
3a0enexuTeneH ¢eHoMeH B ucTopusita Ha 20-TM BEK KaTo €IUH OT Hail-mamabHHUTe
eKCIIePUMEHTH C >KWIMIIHATA Cpella M OMHUT 3a KapAMHAJIHO pellaBaHe Ha >KUIUIIHHS
po0JieM B TOJIEMHUTE WHAYCTPHUATTHU TPAJIOBE.

Havanoto B pa3BUTHETO Ha TOBA MACOBO JKUJIUIIHO CTPOUTENICTBO U (HOPMUPAHUTE B
HETO MEXIYOJIOKOBH MPOCTPAHCTBA € HEMIOCPEIACTBEHO Cliel] BoitHaTa. HeroBusT armorei e
npe3 60-te u 70-te roguHu, Kato npe3 80-te u 90-Te ToauHU Bede ce 3a0esa3BaT MbPBHUTE
OITMTH 33 ThPCEHE Ha MOAXO/SIIHN MPAKTHKH 32 TSIXHOTO OOHOBSIBAHE.

VY Hac, KakTo U B OCTAHAJIMTE CTPAaHU OT COLUATUCTUYECKUS OJIOK, Te3U KOMILIEKCH
BB3HUKBAT B pPE3ylATaT Ha TEXHOJOTWYHA eyQopus W COIMATHO WHXXEHEpPCTBO, 0e3
OTYUTAHE Ha CHIIECTBYBALIUTE TPATUIMN Ha KWIMIIHATA U cOlMalHA cpeaa. Hapeuenu
TOTaBa pallOHM ¥ MUKPOPANOHU, THEC T€ MPECTABIIABAT HCTUHCKO MPEAU3BUKATEICTBO 32
pelIaBaHe KakTo MO OTHOIIEHHWE Ha aMOPTU3UpaHus crpajieH (OHM, Taka U MO OTHOIICHHE
JEerpajialliiaTa U MOPATHOTO OCTApsSBaHE HA IOJYYCHHTEC B MHUHAIOTO MEXTYOJIOKOBU
MPOCTPAHCTBA.

OOmmecTBEHUAT XapakTep Ha Te3W CBOOOJHM TEPUTOPUM caM IO cebe cH
KOMIIPOMETHpa ujesTa 3a 000co0sIBaHETO Ha pailoHa U MUKpOpailoHa KaTo CaMOCTOSATEIHH
CTpYKTypH.. CBOOOIHUSAT TOCTHIT IO KPaiiOIOKOBHUTE MTPOCTPAHCTBA MOOIIPSIBA CAMOIICITHU
poeKTH 3a abcTpakTHU noTpedutenu. [lopaau ToBa kKpuTepunTe MpU MPOSKTUPAHETO UM
BOJST HaW-4eCTO N0 M3rpakJaHe Ha ,,HeaJpecupaHu’ TUIOIMIAIKU U OE3CMUCICHHU aJieH,
YHETO OCHOBHO KayeCTBO € KPAaCHUBUAT PUCYHBK, KOHTO MoOXke na ObAe mpocielneH OT
BUCOKUTE eTaxkd. [lopamy emHOOOpa3sueTo cu, Te3W MPOCTPAHCTBA 3aabpikar easa 5-10%
OT xuTenuTe Ha okonHuTe nanenyu win EIIK 6mokose (Pwur. 1).

B mmnamoro HHBCCTUTOPUTC HacCbhpyaBaxa IMMPOCKTUPAHCTO Ha IMO-AbJITU U II0-
IIAPOKU Crpagu, a B IO-KbCHO BPEMC pea6I/IJII/ITI/Ian3 nepuMeTpaiHara 3aCTp0ﬁKa OoT
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HAYaJioToO Ha Te3M mnpouecu. KakTo e n3BecTHO, TOBa J0BeNE 10 yBenudyaBaHeTo Ha KuHT
(koeuIMeHT 3a WHTCH3WBHOCT Ha 3acTposiBaHeTo). [IpoekrtanTtmtre padoTmxa C
MHUHHUMAJTHO JIOITYCTUMHUTE PA3CTOSHUS MKy kunuiiauTe crpanu ( 1,7-2H ), Bprnpeku ue
10 TO3U HAYUH TEOPETUUYECKU € HEBB3MOXKHO JIa CE€ Pa3MoJioKaT HEOOXOIUMHUTE MapKUHTH,
CIOPTHU, JETCKU U APYrH miomaaku. Hemo noseye, pa3paboTBaHETO HA KOHIICTILIMATA 32
»MarHeTusma’, CHopes KOSTO CTpajuTe 3aqbpXKaT OOMTATEIUTE CU HA Pa3CTOSHUE 10
oKo0J10 20M. OT BXOJIOBETE UM, ONpaBJa HaMaJIsIBAaHETO Ha PA3CTOSHUATA MEXKAY CTpaJuTe,
JIOpH TO3BOJIM J1a CE CJIE3€ U MOJ] HOpMaTa 3a 3-4acOBOTO CI'bHYEBO OIPSIBAHE 3a TEXHUTE
dacamu.

Bceuuko TOBa gompuHece 3a  OOWIMS HEYTJIeNEeH BHJA Ha MEXITYOJIOKOBHUTE
MIPOCTPAHCTBA B HOBHTE KHIJIMIIHU KOMILJIEKCH. Te ch3aaBar mpejacraBara 3a ,,IyCTUHS
3a MSCTO, B KOETO Hampa3HO C€ BiaraT CpeICTBAa 3a MOAAbpXkaHe, 3a TOJIsIMO
HEJOBBPILEHO IUIOMIAIHO IPOCTPAHCTBO , KOETO OM MOTJIO a ObJAe H03acTpoeHo. iMeHHO
Nopajy TOBA, JKUIMIIHWTE KOMIUIEKCH, cTpoeHu mnpe3 60-re um 70-Te roauHu, HUMar
3HAYUTEIIHO TOBEYE IUIONIM C PACTUTENHOCT, OTKOIKOTO peanusupanute mpe3 80-te,
KOraTo 3€JeHUTE IUIOIIM 3a04YBaT CUIIHO J]a CE€ peayLHparT.

OO0 checTOsIHUE HA MeKIy0J10KOBUTE NMpocTpaHcTBa B Bbiarapusi B nepuojaa
caen 1990r..

OOmmsaT Opoil Ha maHenHWTE amapTaMeHTH B bbarapus nHec e oxono 30% ot
HaJTUYHUS kuiuiieH Qonna. J(MHamukarta B pa3BUTHETO HA COIMATHO-UKOHOMHYECKHUTE
OTHOUICHHUSI TPe3 MOCIeTHUTE 27 TOAUHHU MPOMEHHXa O0JIMKa Ha MaHEITHUTE KOMILJIEKCH.
THproBckuTe OOEKTH CTUXWMHWHO HABIA30Xa B KWIMIIHATA cpena. MHorooGpasuero u
CaMOJICTHUTE TONOOpEHUs] HampaBHUxa KBapTaIUTe MHTEPECHH U KU3HEHH, HO HE TH
no0IKKMXa 10 ChBPEMEHHATa IpeJCcTaBa 3a KauyecTBEHO MSACTO 3a >kuBeeHe. [Ipouecure
Ha COLIMAJTHO NPECTPYKTYpHUpaHE M pa3ciIoeHHue Ha OOIIeCTBOTO ca Bce ouie cinabo
M3pa3eHu Topaau 3adbpiKallaTa cujla Ha COOCTBEHOCTTAa BBPXY JKUJIMINATA U
OTPaHMYEHUTE BB3MOXKHOCTH 3a (UHAHCOBM WHBECTHIMH. Bce mak mopacHamuTe
M3HMCKBAaHUS KbM cCpelaTa 3a oOMTaBaHe ca MPUYMHA 32 HAIyCKaHETO Ha MaHEJIHUTE
JKWIHIIHU KOMIUIEKCH OT OOMTATeNM, KOUTO MOTaT Ja CH TO3BOJSAT TOBA. YCIOPEIHO C
TOBA 3aMOKHHU MPEANPUEMAUr U3KYITYBaT U PEMOHTHUPAT allapTaMeHTH C 1ieJT pojax0a Ha
3HAYUTEIIHO TO-BUCOKHU IICHW W, Haii-Bede, ¢ 1€ OTAaBaHe Mmoj HaeMm ( He OuBa na ce
npeHeOpersa TBOWHOTO YBEJIMUCHUE HA HACEJICHHETO B CTOJIMIIATA MPEe3 ChINUTE Te3u 27
roguan ). OctaBaT obave XUJISIU ceMeicTBa, 1 He camo B Codusi, HaToBapeHU ¢ OpeMeTo
Ha cOOCTBEHOCTTA, O€3 CPEeACTBA 32 HEHHOTO MOTbpXKaHE U OOHOBSIBAHE.

[IpoGnemMure HAa OIKWIUIIHATE KBapTallk, CTPOSHU IO HWHAYCTPHAIU3HPAHU
TexHonoruu mpe3 60-70-Te ToOAUHU Ha MHHATUS BEK, UMAT CBOUTE (DU3MYECKH, COITUAITHU,
MKOHOMMYECKH, JIeMOrpa)CKu M €eKOJIOTMYHU acleKTh. MarepuaqHOoTO U MOpPAaIHO
ocrapsiBaHe Ha crpagHus (oua e necHo 3abenexumo. Jlemorpadckure MPOMEHU BBHB
BB3pacTOBaTa CTPYKTypa, ToJeMHHaTa MU OpoAT Ha JOMaKMHCTBAaTa, MamadbT Ha
0e3paboTuiiaTra, KakKTo ¥ MPOMSIHATA B HAYMHA HA KUBOT, HajaraT pa3IndHU H3UCKBAHUS
KbM pa3Mepa, ChIbPKAHUETO U (PYHKIMOHAIHATA OpPraHu3alus KaKTO Ha >KUIHMIIHUTE
Crpajy, Taka M Ha MPOCTPAHCTBaTa MEXAy TaX. ChIIECTBYBAIIUTE CTpajd HE MoraT Ja
OTTOBOPSAT HA Te3M W3WCKBAHMS TOPAAM CEPUO3HU KOHCTPYKTUBHH 3aTPYIHEHHS MPH
OMHUTH 3a BBTPEIIHU MpoMeHU. OOHOBSABAHETO HA TE3W >KWJIMIIHUA KOMIUIEKCH C JI00pO
MECTOIOJIOXKEHHE M HW3TpajieHa TeXHUYecKa U colMalHa HMH(pacTpyKTypa MOAIOMara
OrpaHUYaBaHETO Ha €KCTEH3MBHOTO pa3pacTBaHE Ha IPaJICKUTE CTPYKTYpPHU M 3aCTpPOsIBaHE
BBPXY IIEHHA CEJICKOCTOMAHCKAa 3eMs, KaKTO U BBPXY MPOCHIIECTBYBAIN ABITA TOJUHHU
MPUPOIHU TMAPKOBE WJIM HETMOKBTHATH JAHAMA(TH OKOJIO TOJEeMUTE TrpanoBe. B Tasm
BpPB3Ka € YMECTHO JIa C€ MOTHPCAT OCHOBHHUTE MBTHINA 32 M3JIM3aHE OT Ta3uW HEraTUBHA
TEeHJICHIIUS, TPEIU3BUKAaHAa OT OTPAaHWUYCHUTE BBH3MOXHOCTH Ha JbpKaBaTa W HEWMHOTO
HaceJICHUE 32 OBJIAASIBAHETO HA TOPEU3TI0KEHHUTE MPOIIECH.
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[To oTHOImIEHNE HA MEXAYOJIOKOBUTE MPOCTPAHCTBA MOKEM 0€3 HMKAaKBO CHbMHEHHE
Jla OIpEJeTUM OCHOBHUSI BBIIPOC 3a pelllaBaHe — COOCTBEHOCTTa BBpPXY 3emsaTa. OTram
HaTaThK BCHYKO MOXE Ja OBJe pemeHo Obp30 U e(EeKTUBHO NpPHU €JHO MI0-TOJIE
MIPUEMITMBO CIIa3BaHE HAa 3aKOHOJATEJICTBOTO HA CTpaHATA.

MoxeM na TpPOABIKHUM C OTpa3sBaHETO HA Ta3W TEHJCHIMS C TPUMEpU Ha
nemamadupanu ( mpeopasMEpeHrd WU yMajeHH ) MPOCTPAHCTBA, 3aHEMApEHU 3€JICHU
mwiomy 6e3 mpodecruoHaTHO MOabpKaHe. biaroycTposBaHEeTO M MAapKOYCTPOSIBAHETO B
MHUHAJIOTO YECTO CE€ M3MBIHSABAIIE HA CIIy4aeH MPUHIINI ¢ KAMIAHUIHHA aKIUU OT TUIIA Ha
»JIeCHUHCKH CcBhOOTHUK", ,,CenMuIia Ha ropara’, YACHUYECKH U CTYJIECHTCKH Opuramu, 45-
THEBHU OpUrald Ha CIOYKUTenu U mp. Te3u MeponpusaTus Osxa 3aIbDKUTETHH 3a
YYaCTHHIIUTE B TSAX M B TIOBEYETO Ciydyau Oe3ryiaTHU. JIHEC Te mpoab/KaBaT U ca MHOTO
MO-pa3Hoo0pa3Hu, HO ce 0a3upaT BHPXY HAIMBIHO JAWICTAHTCKU MPOrpaMu Karto ,,3elieHa
Codus, ,,Apuana Tbpcu KoMIaHusTa npea 6aoka®™ u ap. HempexkbcHaTo ce Tonepupar u
¢uHaHCcHpaT Henpo(PEeCHOHATHU W OC3NMPUHIMIIHU YCTPOMCTBEHHM MEPOIPHUATUS B
MEXIyOJIOKOBUTE TIPOCTPAHCTBA OT HEKOMIIETCHTHH, HO MHOTO AaKTHBHH CYOCKTH.
[TBIHOTO OTCHCTBHE HA MKOHOMUYECKA IIEJIECHOOPA3HOCT MIPH BCHUKH 0JIATOYCTPONCTBEHH
U TIAPKOYCTPOMCTBEHHW JEHHOCTH JHEC € MACKHpaHO TMOJ KOJOBH TIOHATHS KaTo
YCTOHYMBOCT Ha OWOIICHO3UTE, Pa3BUTHE HAa EKOJOTWYHHS TMOTEHIMAN, MbP(OPMBHCH,
WHCTaJAIUU ¥ APYTH YpOOEKOJOTHYHN UBEHTH.

CpaBHUTEIHUAT aHAIM3 HAa MPOOJIEMHTE U CHCTOSHHUETO Ha MEXIyOIOKOBHUTE
MPOCTPAHCTBA B PA3JIMYHM YacTH Ha EBpoma mokassa, ye mMa TrojiIMO CXOJCTBO, HO U
pasnuky Mexay TsaX. EXHY ¥ ChIU AaIECHOCTH Ha CpeliaTa ce Bh3IpUeMaT OT OOUTATEeIIUTe
KaToO MO3WTUBHM WJIM HETaTHBHU. [ JJaBHM IpeIMMCTBa HA TE€3W MPOCTPAHCTBA 3a €IHM, Ca
OCHOBEH HEJOCTAaThK 3a Jpyru. Hampumep cBOOOAHHUTE IUIOUM MEXAy OJOKOBETE Ce
BB3MPHUEMAT HECTHO3HAYHO — 32 HAKOHW T€ OCUTYPSBAT MPOCTOP, Bb3AYX W 3C€JICHHHA, a 3a
JPYTH Te ca MOTSHIIMAJICH PeCypc 3a YILThTHIBAHE HA 3aCTPOSIBAHETO C HOBU (DYHKITHH.

OCHOBHUTE KOHCTaTallMd TPW BHUMATEICH aHaJIU3 Ha CHCTOSHHUETO Ha TE3H
CBOOOHH TEPUTOPHH Ca CIICTHUTE :

- HEeJIHOPOJICH COIMAJICH CTaTyC Ha OOUTaTENNnTe

- TOTQJIHO HETJWXUPAHE W HE3aWHTEPECOBAHOCT HA OOUTATEIMTE OT OKOJIHHUTE
KUJTUIITHY OJIOKOBE KbM €CTEeTHKaTa Ha MPOCTPAHCTBaTa

- 0E3CTOMAaHCTBEHOCT M0 OTHOUIICHUE QJICHMHUTE HACTHJIKKM M 3aHEMapsiBaHE Ha
rpaJlHCKaTa Meoen

- OTChCTBHE Ha e(EeKTHBHO OCBETJICHHWE, KOIueTa 3a CMET W JPYrd OUTOBH
aApPXUTEKTYpHU MApKOBU E€JIE€MEHTU

- Helenechbo0pa3HO M KaMIaHUHHO MOAIbP)KaHEe Ha TPEBHUTE IUIOIIM U JIHPBECHO-
XpacToBaTa PaCTUTEIHOCT U I[BETATA

- XaOTHYHO W HETUTAHMPAHO U3HUKBAHE HAa ThPTOBCKH OOEKTH

- MPOSIBU HA AaHTUCOITMAIHO TTOBEJEHUE, MPECTHITHOCT ¥ BaHJAITH3BM

- ycelllaHe 3a HECUTYPHOCT U CAHUTAPHO-XUTHEHHA 0€30MacHOCT

- KaTETOPUYHO Pa3JIMYHU BIDKJAHUS Ha OOUTATETUTE OTHOCHO OBACIIOTO PAa3BUTHE
Ha KBapTaJa

- CUJTHO OTPAaHWYEHO W3IOJ3BaHE MO TpEIHAa3HAYCHHWE Ha Te3W MPOCTPAHCTBA
(Maifku ¢ MaJKu Je1a B JETCKU KOJIMYKU U TO-PSIIKO IEHCHOHEPH )

[Ipunaranure Mepku 3a pelraBaHe MPOOJIEMUTE HA TEe3U MPOCTPAHCTBA Ca CKBIIO
CTpyBaIlH 1 Hee()UKACHHU, 3aII0TO 3acATaT CaMO CaMUTE KHJIUIIHH CTPATy U ChBCEM CIIa00
€CTeTHKaTa Ha OKOJHATa cpela M HEHHOTO (PYHKIIMOHATHO H3Moi3BaHe. DHU3NYECKHUTE
HEJIOCTAThIIM HA CTPaaUTE, 33bI00YABAIUTE CE COIMATHU MPOOJIEMH Ha OOMTATENuTE,
KaKTO U JIUICAaTa Ha aJeKBaTHU MOJUTUKH 10 OTHOIICHHE Ha T€3U CBOOOJHU TEPUTOPHH
BOJIM HEMHUHYEMO JIO TSIXHATa €CTECTBEHA JeTpalallsl.
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CbBpeMeHHH TOIXOAM M MEPKH 3a 0J1aroycTposiBaHe M NMapKOYCTPOWCTBO Ha
MesKAy0/10KOBUTE MPOCTPAHCTBA.

[TogxomuTe 3a OOHOBSIBAHE HA TE3W TEPUTOPHUHM TMOYMBAT Ha OOIO pa3zdbupaHe 3a
rmobamHaTa I1e1 Ha YCTOWYMBOTO pAa3BUTHE C HETOBUTE TPU OCHOBHH acCIEKTa:
MKOHOMHYECKH, COIMAJICH M EKOJOTHMYeH, a UMEHHO - TOCTHTaHeTO Ha OajaHCHpaHa |
crabmiHa xuauimHa cpena. [lo oTHomeHHe Ha MeXIyOJOKOBHUTE MPOCTPAHCTBA TOBA
O3HauaBa M3TPAXKIAaHE W YIpaBJICHHE HAa €JHa XapMOHHWYHA W 3JpaBOCIOBHA Cpea,
crocoOHa Na (GYHKIMOHHMPA ABITOTPAMHO (DU3MYECKU W COIMATTHO MKOHOMUYECKH, TPHU
MUHHMAJHO OTPULIATEITHO BB3ACHCTBUE BHPXY MPHUPOIATA.

347010920

a. [Tonoxxuresen npumep 3a peHOBUPAHE Ha MEXAYOIOKOBO MMPOCTPAHCTBO C sICHA INIAHUPOBBYHA CTPYKTYpa
1 MHTETPATHOCT MEXAY aPXUTEKTYPHOTO pelIeHUEe, OJIaroycTpoiCcTBOTO M HAPKOYCTPOHCTBOTO.
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6. OTpunaresieH npuMep CbC caMoIlelTHa KOMITO3HITUS Ha aleifHaTa Mpeka, BOJCHA OT IpeKaleHa aMOHIIns

3a U3aifH, 3a1p10049aBama npooieMITe Ha ChIIECTBYBAIINTE MEXITYyOIOKOBH IIPOCTPAHCTBA
¢ur.2: I[Ipoextu ot koukypc Ha APXMO/IYJI ,,HoB 5xHBOT 3a MaHETHUTE KOMILIEKCH

ITocnencTBusiTa OT MpOMsHATa B KiIMMaTa, OT €lIHA CTpaHa, HajaraT Jla ce B3eMar
MEpPKM 3a CbXpaHsIBaHE HA OKOJHATa CpeAa dpe3 IMoJ00psBaHe Ha EHepruifHaTa
e(EeKTUBHOCT Ha CrpajJuTe M HaMalsBaHEe Ha 3aMbpCiBaHETO, a OT Jpyra, Ja Obaar
THPCEHH YCTOWYMBH CBYETAHHMSI MEXAY ApPXUTEKTYPHUTE M BET€TaTHMBHUTE OOEMH C
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MOJXOMSII U aKTyaJeH BHJIOB ChCTaB, KOWTO CHIIO OM MOT'BJI J1a OKa3Ba IMPSKO BIUSHUE
BBPXY CHEprUiHUs OanaHC Ha OKOJHUTE XUIMIHH crpaau (dur. 2).

W3nuranero Ha pacTUTENHOCTTAa BBB BEpPTHUKAJHA IOCOKAa € €IHa OT MAaJIKOTO
QITEPHATHBH 32 BHACSHE HAa PACTUTEIHOCT B CUIHO ypOaHusupanata cpena. Ilocnennu
MIPOYYBAHUS MOKA3BaT 3aBUCUMOCT MEX/Y LI€HaTa Ha KWIMILHUTE CTPaau U JIMICcAaTa WIn
HAJIMYMETO Ha 3€JICHUHA, B YaCTHOCT BEPTUKAJIHH O3EJICHEHU TUIOCKOCTH THI BEPTUKAIHU
rpanunn.(lllaxsHoBa, M. (2015) buonmornunu Mopaenu 3a Ch3JaBaHE Ha BEPTHKAIHHU
rpaauHu B uHTepuopa. Juceprauus, Jlecorexunuecku ynusepcuter, Codus, crp.2, 174.)

[Ipomensmata ce aemorpadcka CTpyKTypa M HAuMH Ha JKUBOT, DPa3JIMYHUTE
(bMHAHCOBM MEPCHEKTUBU 3a MPUAOOMBAHE HA KWIHINA, HYXKIUTE HA XOpa C OrpaHUYCHH
JBUTATETHU CIIOCOOHOCTH M MHOTO JAPYTU (PaKTOpH ONpEAesIT BH3MOXKHOCTHTE 3a U300Dp
Karo €IHO OT Hal-BA)XHUTE YCJIOBUSA B IUIAHUPAHETO HA LSAJIOCTHUS KOMILIEKC OT
KWJIHIIHYU CTPaJid, MEXyO0I0KOBU TPOCTPAHCTBA U KOMYHUKALIUU U UHPPACTPYKTYpPA.

Peabunutupanero Ha wuuesTa 3a OOLUIHOCT € MspKa 3a MPOTUBOJECIHCTBHE Ha
COLIMAJTHUTE MPOOJIeMU Ha KBapTaIUTe, MPECTHITHOCTTA U Pa3pyIIaBaHETO HA COLMAIHUTE
neHHocTd. OcurypsiBaHe Ha MPHEMCTBEHOCT MPH M3TPAKAAHETO M EKCIIOATHPAHETO Ha
MEX1yOJIOKOBUTE IPOCTPAHCTBA J1aBa BH3MOXKHOCT J]a C€ ChUETasAT A0OpUTE TpaAULIUU Ha
MHHAJIOTO ¢ U3UCKBAHUATA HA HACTOSIIETO U C HOBUTE UEHU 3a OBICIIETO.

CbBpeMEHHUTE TEXHOJOTMM M CTPOUTENHM MaTepuand IOBUIIABAT KaKTO
€CTeTHYeCKaTa CTOMHOCT Ha cpelaTa, Taka M eKCIUIOATallMOHHATa W MPOIBIIKHTEIHOCT.
W3non3BaneTo Ha TNOJOOHM TEXHOJIOTMM B OOHOBSIBAHETO HA MEXIyOJIOKOBHUTE
NPOCTPAHCTBAa HAMaJsiBa CTOMHOCTTa M J]aBa BB3MOXKHOCT 32 TSAXHOTO IO-ITBIHOLICHHO
U3I0JI3BaHE.

HeratuBuure pesynaratu oT mpuiaranute npe3 80-Te T. Mporpamu 3aTBbpXKIaBaT
yOeXAeHUETO, Ue HHBECTUIIMUTE TPSOBA Aa CTUMYJIMPAT YCTOWYMBU HA BPEMETO PEIICHUS,
KOMTO MOTaT Ja ObJaT MOCTUTHATH €IUHCTBEHO C KOMIUICKCEH MOAXO0J KbM MPOOIEeMHTE
Ha KWIHMIIHUTE KBapTaiau. Mepkute 3a (uU3NYECKOTO OOHOBSIBAHE U MOJIEPHHM3MpaHE Ha
crpamuTe U OJarOyCTPOSIBAHETO Ha OKOJIHATA Cpesia ca TACHO OOBBP3aHM ChC CPEICTBATa
3a MOBHUIIaBaHEe HAa eHepruiiHaTa ePeKTUBHOCT. Te MMaT CMUCBHI caMO B YCIOBUATa Ha
COLlMAJIHA ¥ MKOHOMHYECKA CTaOMIIHOCT, MOCTUTAHETO Ha KOSATO € MpeaMeT Ha He Io-
MalKu ycunuss U cpeactBa. OTUMTAHETO Ha peaJHUTE HYXKAUM U MPUOPUTETH Ha
oOuTaTeNMTe M TOCTHTAaHETO HAa KOHCEHCYC MEXIy BCHYKH YYaCTHUIM B TIpolieca
HACOYBAT PECYpCUTE BbB BSIPHATA TOCOKA U MPABST TO3U MOJAXO €(EKTHUBEH.

Makap de mpoOseMuTe B MEXKIYOJOKOBUTE TMPOCTPAHCTBA HA IKIIAITHUTE
KOMIUIEKCH, CTpoeHH mpe3 60-70-Te roIuHu, U3rIeKIaT eIHaKBH, JEHHOCTUTE 3a TAXHOTO
pazpeliaBaHe BapupaT B IIMPOK CHEKTHP. HAKOM OT TAX ¢ JO0OBp MOTEHIMAN 32 Pa3BUTHE
OMBaT CaHWpaHH, APYTHd YaCTHYHO NMPECTPYKTYPUPAaHHU, a TPETU HAITBIHO pa3pylIaBaHU
3a€JTHO C OTPa)KJIAIUTE M CIPaad MOPaau HEBb3MOXKHOCT J1a C€ MPEOJONESAT COIUATHUTE
Y UKOHOMUYECKH TPOOTICMH.

[Tonxonute mMorart na ObAaT rpynupaHu KakTo CleBa:

* 3a71a3BaHe XapakTepa Ha MEXITyOJOKOBOTO MPOCTPAHCTBO, HO MOJEPHH3ALUS HA
orpaxjamus crpajiet Gpoua.

* YaCTHYHO T[IOCTAlTHO TMPECTPYKTypHUpaHe Ha TPOCTPAHCTBOTO CHOOPa3HO
MIPOMEHEHaTa paMKa WK HYXJI1 Ha OOUTaTenuTe.

* IBJIHO TPECTPYKTYpHpaHE Ha IKIIUIIHUS KOMIUIEKC W (OpMHpaHEe Ha HOBHU
MEXy0JIOKOBH ITPOCTPAHCTBA.

HezaBucumo oOT pasnuuHaTa CTENEH Ha WHTEPBEHIUS B MEXKIYOJIOKOBHTE
MPOCTPAHCTBA MOJAXOAWTE BKJIIOYBAT IENUS CIEKTBP OT MEpKH, HEoOXOoauM 3a
CH3/IaBaHETO HA yCTOWYMBA I'PajICKa cpefa.

* IUJIOCTHA PEKOHCTPYKLMSA HA MapKOYCTPOSIBAHETO M OJaroycTposiBaHETO — HOBa
ajieitHa Mpeka ¢ 000coOsiBaHE HA HOBU 3€JICHU TUIOITH
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* U3TpaKJaHe Ha CHBPEMEHHU [JIETCKH IUIOMAJKH C KOMOWMHHUpPAHH JETCKU
ChOPBKEHUS

¢ [MIoAMsAHa Ha BOAHUTEC IIJIOIIHW U ITapKoBaTa Meoen

* 3a11a3BaHC Ha I[CHHUTE JICKOPATHUBHU JIbPBETA, CAHUTAPHA CEY M 3aCaXk/IaHEC Ha HOBa
J'BPBECHO-XPACTOBA PACTUTEITHOCT

¢ ONITUMU3HUPAHC HA YJIUIUTC, TPOTOAPUTC U MCCTATa 3a MAPKUPAHC, Cb3aBAHC Ha
HCIIPEKbCHATA BEJIOCUIICAHA MPEXKa C 0e30macHo IMpEMHUHABAHE HA KPHCTOBUIIIATA

* 000co0siBaHE Ha MaJKW JIBOPOBE WJIM Te€pacu B MapTepHUTE HHUBA HA CrpajuTe,
KOUTO 3al[UTaBaT yeAMHEHOCTTA Ha KUIMILATA

¢ U3TpaxJiaHC Ha MCCTa 3a COLIMAJIHU KOHTAKTH, IMMOAXOAAIIH 3a PA3JIMYHU Bb3paCTH

¢ Cb3aBaHC Ha OrpaaAC€HU WU H30JIMpAaHU CIIOPTHHU HUI'pHUIIA C OTPAHHYUTCIICH PCKUM
Ha I10JI3BaHC

¢* KOMIIJICKCHO HO,Z[O6pHBaHe HCYIJICAHWA BBHIICH BHUJA Ha  OrpaXJaaliuTe
MMPOCTPAHCTBOTO KUJIMIIHHA CIrpaand

® noz[06p${BaHe CUTYPHOCTTAa 4YpE€3 MOAXOIAIIO0 OrpaXAaHC H PACTUTCIIHHU 06CMI/I,
KOHWTO OrpaHnvaBaT JOCTHIIa HAa BbHIITHU JIMIIA B Oonm3ocT J0 KHUJIMIiara

* YCBHBBPIICHCTBAHE Ha CUCTEMHTE 32 CUTYPHOCT U BHI€OHAOIOICHIE

* CUTypsiBaHE HA MAJIKU apXUTEKTYypHH (DOPMU U €JIEeMEHTH Ha JIOCTBhITHA cpelia
* MOJIEpPHU3MPAHE HAa MeCTaTa 3a OTIaJAbLH

* nemHUpaHe HA TPAHHUIIATa MEXK]Ty YACTHOTO U MyOIMYHOTO IPOCTPAHCTBO

* yyacTue Ha oOUTaTeNIuTe B MPOECKTUPAHETO U YIPABICHUETO HAa MEXKIYOIOKOBHUTE
IPOCTPAHCTBA

B pasrnexmanuTe SKMIMIIHU KOMIUIEKCH, CJIEJl Karo ce 3ama3siT OCHOBHHTE
HEMIEeXOJHH OCH, € Bb3MOXKHO Jla C€ TO3BOJIM Ha OOMTATENHUTE Ja OrpajasiT COOCTBEHHTE
KpaiOJIOKOBY MPOCTPAHCTBA, a JOPU CJIe] BpeMe M Ja UM ce mponazaar. [lo To3m HaumH
oOIIMHATa IIE CIECTH CPEACTBAa OT MOATBP)KAHETO MM M OM MOrJa Ja KOHIEHTpHpa
YCUJIHSITa CH BB (DOPMUPAHETO M MHTEH3UBHOTO IMOJIbp)KaHE HA ,,3€JICHUS TPHOHAK™ Ha
teputopusaTa. OOIIMHUTE ClleABa J]a BB3JI0XKAT pa3pabOTBAaHETO Ha €JMHHA KOHLIEMIIHS 32
PEKOHCTPYKIUSI Ha Te3u CcBOOOAHM TepuTopuu. PopmupaHero Ha 000COOEHO ABOPHO
NPOCTPAHCTBO OKOJIO >KUJIMIIHHUS OJOK MPOMEHs Xapakrepa, Ayxa W aTMmocdeparta Ha
cpenata. IlpakTrueckn 6m oTnagHama HEOOXOIMMOCTTA OT PA3NOIAraHETO Ha HEMOABIKHA
napkoBa MeOelnl. YBennyaBar ce Bb3MOKHOCTUTE 32 MOIU(DYHKIIMOHAIIHOTO M3MOI3BaHe HA
HACTJIAHUTE IUIOIIH, KOUTO OT CBOS CTpaHa MOTAaT Ja HaMaJAT KBaJapaTypaTa CH 3a CMETKa
Ha TEpeHHTE, 3a€TH OT pacTUTENHOCT. OrpaZieHOTO MPOCTPAHCTBO OCHTYpsiBa MHOTO IIO-
n00py BB3MOXKHOCTH 3a CTONAHHCBAaHE M MOAIbp)KaHE HA TPEBHUTE IUJIOLIM, ABPBECHO-
XpacToBaTa PaCTUTEIHOCT M I[BETATA.

Yact ot obuauTe B Cohuss UMaAT BUCOKH MOANIOYBEHH BOJIU, KOETO MO3BOJISIBA IOPH
HU3TPAXKIAHETO HA coOCTBEHH KiIaa€HII1 CbC CbOTBETHUTEC HKOHOMMWYHU ITIOJIMBHN CUCTCMHU.
BB3M0KHO € BKJIIOUBAaHETO Ha MAJIKM MOCTPONUKHU — JIETHU KyXHH, TaBUJIMOHU, HABECH, a HA
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MeCTa ¥ MaJK{ TUTYBHHM OACeHHM W JIEKOPATUBHH BOJHH IUIONIH C €()EKTHO OCBETIICHHE T10
npuMepa Ha HOBOU3IPAJACHUTE S>KUJIUIIHM KOMIUIEKCM OT 3arBopeH tum (Pur. 3).
OrpaneHusT 1BOp MPEACTABIsABA MIPEIUMCTBO 32 MAUKUTE, KOUTO OMXa MOTJIM Ja OCTaBsT
nernara cu 0e3 Haa3op. YCIOpPEeTHO C TOBa JIBOPHT OCUTYpsSBa M TO-BHCOKa CTENEH Ha
0€30MacHOCT Ha JKUTEIUTE OT MAPTEPHUTE CTAKH.
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B. KOMITIEKC ,,CHTe xKapaeH™ I'. KOMIUIEKC ,,Makcu‘

¢ur. 3: KumumHu KOMIUIEKCH OT 3aTBOPEH TUTI

HsBoau

Kakro 6erie n3ThKHATO TIO-TOPE, COOCTBEHOCTTA BHPXY KUIHIIHUS (QOHI U 3eMATa B
KBapTAJIHUTE € KJIIOYOB (hakTOp B MPOrpamMHTe 3a OOHOBSBAHE M MOJIEPHU3HMPAHE HA TE3U
npoctpadcTBa. YacTHata COOCTBEHOCT BBpPXY Kuiauimata B bearapus u numcara Ha
COOCTBEHOCT BBPXY 3€MsSATa U MNPWIEKALIUTE TEPEeHH € IJIaBHA IpedKa 3a YCIEIIHOTO
peanu3upaHe Ha Te€3W NpOrpaMu. BromaBaHETO CHCTOSIHMETO Ha CTpaauTe IIe MPUHYIH
COOCTBEHUIIUTE Ja TbPCAT HAuuH 3a OOEAMHSABAHE HA YCHIUATa 3a CIpaBsHE C
npobnemure. Ch3gaBaHETO Ha MyOJNMYHO-YACTHH MAPTHHOPCTBA OT THIA HA SKWIHMIHH
¢bupMu WIN CHPYXKEHUS C LIMPOKO MPEICTABUTEICTBO HAa COOCTBEHHUIUTE, OOILMHUTE,
MIPAaBUTEJIICTBOTO, HETIPABUTEICTBEHHUS CEKTOP M JIPYTH 3aMHTEPECOBAHU JIMIA, MOXE O
Oble ChIIECTBEH (DAaKTOp MpH peIIaBaHETO Ha MpobJeMHTe Ha MEXIyOJIOKOBUTE
MIPOCTPAHCTBA.

CpBMecTHaTa JeHHOCT MeEXAy OOIIECTBEH M 4YacTeH CEeKTOp HMa peauia
OPEeAMMCTBA, TS MOXE Ja IpHUBJICYEC HHBECTHUIIMM B MECTa C ONpEAETCH Ia3apeH
MOTEHIMAJl, KaTo OCUTypu OajlaHCca MEXIy CHUTYPHOCTTa Ha KalWTala, Cpoka Ha
MHBECTHIMATA U BB3BPBINAEMOCTTA i, HO M3UCKBA NPUEMIIMBA CTETIEH HA JOBEPUE U PHUCK.
Pecdopmute, kouto MoraT aa ObJAT OCHILIECTBEHM IO TO3M HAYMH, CJEJBa Jja CTapTUpar
Ype3 pasrpaHU4YaBaHe Ha MMyOJMYHATa COOCTBEHOCT BBPXY 3€MATA 3a IIBTHIIA, IUIOIIA]IH,
MApKUHTH, 3€JIEHU IUIOIM U Jp. OT TEPEHUTE, NMpeiHa3HayeHu 3a xuiuma. [logobHo Ha
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HOBOUM3TPAJICHUTE 3aTBOPEHU >KHIIUIIHUA KOMIUIEKCH, (UPMHUTE, KOUTO T CTOIMAHUCBAT,
npuI0OUBAT BIIAJICHUE BBHPXY 3€MsTa MOJ CTPAANTE U MPUICKAIIUTE UM 3€JICHU ILIOIIH,
BKJIFOYMTEIIHO BBTPEITHUTE MPOCTPAHCTBA MEXKIY OJIOKOBETE, MAPKHUHTUTE, KHTOBETE 3a
COIIMAJTHU KOHTAKTH ¢ 0apOeKioTa Ha OTKPUTO, CHOPTHHUTE U JETCKHU IUIOIIAIKU, MECTaTa
3a ChbXpaHEHHUE Ha OTIAIBbIU, TIO-MAJIKHM aJIed U BETPEIIHN OOCTYKBaIlX yIIUIIH.
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POJISATA HA CIPAJUTE HA BAJIHEOJIOTUATA B TIPAJ
KIOCTEHIWI, Bb3MOXHOCTHU 3A OBHOBsBAHE HA
CBBPEMEHHATA MY I'PAJICKA CPEJIA

1 2
JAumutsp Baacapes', AuTon I'oposiomoB”, Hukosimna Buaenona’, Credan
AJI€KC3H}:[p0B4, Credann Pomancka’, leprana BesmunoBa®, JIro6omup
MaxkcumoB

Bucwe cmpoumenno yuunuwe ,,Jlroben Kapasenos

THE ROLE OF THE BUILDINGS OF BALNEOLOGY IN KYUSTENDIL,
POSSIBILITIES FOR RENOVATION OF ITS CENTRAL URBAN
ENVIROMENT

Dimitar Vlasarev, Anton Gorolomov, Nikolina Videnova, Stefan Alexandrov,
Stefani Romanska, Gergana Velichkova, Lyubomir Maksimov

University of Structural Engineering and Architecture “Luben Karavelov™

Abstract: This study examines the role of spas as a factor for the development of the
city of Kyustendil. A brief historical summary and analysis of the historical
balneological complexes in the city is done. An evaluation of their participation in
the modern urban environment is done. Examples and suggestions for improving the
impact of these buildings on the whole urban organism are presented.

Key words: buildings of balneology, Kyustendil, possibilities for renovation, central

urban enviroment

1. ¥YBoa. Possita Ha MUHepaJIHUTe U3BOPH 32 pa3BuTHETO HA rpaja Krocrenamnia
Kroctennmun e eawmH oT Hai-ApeBHHTE Obirapcku TpagoBe. Cbc  cBosiTa

OCCMXUJIAA0JIETHA HCTOPUA TOM MMa MOBEYE OT 1900—FO,Z[I/IH_IH3 rpaZicka XapakKTepuCTHUKaA.

Crnen nmamanero Ha Tpakwus 1mog puMcKa BiacT (45 T. OT H.€.) pUMIIIHUTE TIPEBPBIIAT

CCIIMIICTO HaA TPAKHUTC BbB BAXKCH THPIrOBCKHU LECHTHP U U3BCCTCH OaJIHEOJIOTHYEH HCHTHP
C UM€ HaYTaJ'II/IH, KOC€TO C€ Cpfilia 3a IIPbB IIBT IIPE3 I-Bu Bek BBbpPXY €JHaA MOHETa, CCUCHA B
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rpaga. Ha weliHOTO nmmie crom o0pa3bT Ha Ackienuid — OOr Ha MeQWIIMHATA, a Ha
oOparHaTa cTpaHa € n300pa3eHa 3Musl — 3HaK Ha 11eJIeOHH BOJM.

Hperna [layranus cb31aBa moUnTTa KbM IpajickaTa OaHs.

C manmanero Ha bvarapus mox Typcko poOctBo B KiocTeHIms ChIIo ce Bb3pakaa
MOYMUTTAa KbM MHUHEpajHaTa Boja. TypuuTe MocTpowsivu B pailoHa okosno 12 6aHu, Tpu OT
KOUTO ca ce 3ama3uwiu u 10 aHec. Ot Tsax camo [epBuim 6aHs, mocTpoeHa mpe3 1566r., e
ChbXpaHEHa B MbPBOHAYAIHUA CH BUJ. [9]

N nmo nHec MuHepanHWTE HW3BOpH KaTo mpupoicH dakrop Ha Krocrenamn 3a
IPajCKOTO Pa3BUTHE OKa3BaT H3KIIOYUTETHO Ba)KHO 3HAUYEHUE B YCTPOHCTBEHOTO MY
paszButue. ChinecTByBaT 36 Oposs MUHEpaTHU HM33BOPH B Ipaja, Karo JCOUTHT UM THU
HapekJa Ha IbpBO MACTO B buarapus ¢ okono 1980-2100 nutpa Ha MUHYTa U CBbC CpeHA
TeMIiepaTypa okojo 74 rpamyca.
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®@ur.1. a)onopeH IUTaH Ha IeHThpa HA rpaj Kroocrenmun ¢ o003HAYeHH MeEcTa Ha
OQJIHEOJIOKKM IIEHTpPOBE, O) HalMOHAJIEH KYITYpEeH M apXEOoJOTHYeCKH pe3epBar
[Mayranus-Benowxa-Krocrenaun (kapTa Ha apXeosIorusiTa)

2. I/ICTOPI/I‘{eCKI/I nmaMeTHHUIIHA

2.1 llayTanuiicku acKJenuoH

[Tayranuiickuar ackjenuoH He € 3ama3eH qo HamM JHU. [IpencraBnsiBad ocHOBHa
Crpajia ¢ MpaBOBI'bJICH IUIaH U JIBYCKJIOHEH NOKpHB. Ha npeanara ctpana nMan TpubIbjieH
(pOHTOH, MOAIBPKAH OT 4 KOJIOHU ¢ KOPUHTCKH Kanutenu. CTpoeH npe3 1 u 2 Bek u uMain
oOmia riouy (3aeqHO C MOCTPOWKHUTE Ha JOIMBJIBAILOTO 3aCTPOSIBAHE U PUMCKUTE TEPMHU)
okoso 3600 m?. IlocemaBaH € OT NMOYTH BCUYKM PUMCKU MMIIEpaTopu. bui e BTopu 1o
rosieMuHa Ha bayikanckust moiyoctpoB ciieq To3u B Ennnassp. [3]

bansdTa nMana nomemeHns KakTo 3a rpyloBO, TaKa U UHIMBUIYATHO MOCELIEHUE U
JedeHne. B puMmckuTe TepMu UMalio anmoAuTEpUuyM (ChOJIEKaHsA), TenuaapuyM (yMEpPEeHO
TOmNa 3ana), KangapuyM (ropemia 3ana), gpuruaapuym (CTyaeHa 3ala), JTAaKOHUKYM
(mepanus), manectpa (ruMHaAcTHYecKa 3aya). OTOIIeHneTo Ha 0aHuTe OWJI0 TI0O TUIMUYHO
PUMCKH MOJIEN - C XUIIOKAYCT, KOMTO 3aTOIUIA 110/1a, TIOCJIE CTEHUTE U LISTIOTO IIOMELICHHE.

ACKJIeNUOHBT O0XBallal OCBEH OaHUTE W KOMILJIEKC OT AaHTUYHHU IOCTPOMKH,
MPEIUMHO XpaMoOBe Ha 0OXecTBa OT TPbKO-PUMCKHUsS MaHTeoH. OCBEH XpaMoOBETe MMaJIo
MapK, TMMHA3MOH, CTaJWOHM, TeaTpH, KaKTO M JPYrd OOIIECTBEHU MOCTPOMKH.
ApXuTeKTypaTa Ha acKJICTMOHA Onila TUITMYHO pUMCKa. [4].
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a)
®ur.2. [layranuiicku ackjJIenuoH: a), 0) pa3kputu puMcku Tepmu B [layramuiickus
aCKJICTIMOH; B) MOHETA, OT KOSITO C€ ChJIU 32 apXUTEKTypaTa Ha acKJICHHOHA.

2.2 Jlepsuiu 6ans

HepBuin 0aHs € CpeIHOBEKOBHA OCMAHCKa OOIIECTBEHA OaHs B IIEHTAJIHATa 4acT Ha
rpaga. Iloctpoena e mpe3 1566 r., BUAHO OT LM(POB HAAMUC OT YEPBEHH TYyXJIM Ha
(dacagHara cteHa. bansaTa € u3rpajaeHa oT JJOMEHU KaMEHHH OJIOKOBE U YEPBEHU TYXJIU — B
TpagulMs Ha T. Hap. ,, KUBOIHCEH CTHJI’, XapakTepeH 3a OBIrapcKuTe apXUTEKTYPHO-
ctpoutenHu Imkoiau. Ilpu cTpoexka ca U3MON3BaHM MaTepHald OT CTEHUH Ha
CpPETHOBEKOBEKOBHATA KpemocT.[ 1]

[IpocTpaHCTBOTO BKIIOYBA MPaBOBI'BIHO IOMELICHHWE, IOKPUTO C MacCHBEH
WINHAPUYEH KyIoJl, chOsieKkanHs U noauyM. KbnanHsara n 6aceiiHa ¢ JeKOBHUTa roperna
MHUHepaJlHa BOJa Ca OCMOBI'BIIHM B IUIaH, OOJNWIOBaHM C Mpamop. B wrimre ca
pasnojOXKEeHH MpaMOpHU 4YelIMH — KypHU. B mnosycdepara Ha Kynmosa OT KpbIUIM
OCTBKJICHH OTBOpM IPOHMKBA JHEBHAa CBeTJIMHA. B ceBepHara (acama e wusrpajzeHa
puUTyallHa HUIIA, KBAETO NaJIeIM CBEIU W MPUHACSUIN B JKE€PTBA METIM — JAJEUCH OT3BYK
OT KyJTa KbM JAPEBHUS OOT Ha MenuiuHara — Ackienuil. Knerpunarta 3ugapusi, KOpHU3BT
TUN “BBIYM 30, MPEU3HOTO (PyrupaHe, MOKPUTUETO C OJIOBHU IJIOYH, CBETIIMHHUTE
KPBIroBC OT JIATO CTBKJIO HA KYIIOJIa HaJ KbIIAJIHATA U IIJIACTUYHUTC (1)OpMI/I Ha OaHdATa ca
XapakTepHU 3aapXUTEKTypaTra IO OBJrapCcKUTe 3€MH OT BPEMETO Ha OCMAHCKOTO
BiaguuecTBo.[2] IIpe3 2005 r. e IAIOCTHO pecTaBpupaHa U € 00sBeHa 332 apXUTEKTYPEH
MIaMETHHUK Ha KynaTypara.[1]

B

a)

®ur.3. [lepuiu Oans: a)usrien; 0) neTails Ha 3uaapusTa, 3p00pe3a u ohopMsIHe Ha
apka HaJ npo3opell; B) JlepBui yenma.

2.3 Anaii 6ansa

Amnaii 6ans (BoliHumikarta 6aHsi) e oOmecTBeHa OaHs, TOCTPOEHA BHPXY OCHOBUTE Ha
KbCHOCpPEIHOBEKOBHA Typcka OaHsa. Hamupa ce B nenTpanHara yact Ha rpaj Kiocrenaun,
Ha yi. “Xan Kpym” Ne 22.

[IspBOHAUamHaTa Typcka OaHs € YacTUYHO pazpyiieHa ciaea OcBOOOKIECHUETO, U €
Bb3cTaHOBEHa Ipe3 1912-1914r karo Heronsima JByeTakHa Crpaja ¢ €IHO OoTaeieHue. Ts
¥MMa Y BBHIIIHA YeliMa ¢ MuHepaiHa Boja. [Ipe3 1928 ronuHa e nmpeycTpoeHa B HaCTOSIITUS
CH BH/I.
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®ur.4. Anaii 6ausl, ceraiieH BAJI

2.4 Yndre 6ansn

Yudre Ganst ce HaMupa ce B LiEHTpalHaTa IpajKca 4acT, MEXIy yauuuTe XpUCTO
Cwmupnencku u Credan Kapamxka, no mxamusta "Axmen 6eit". [IppBoHauanHata Typcka
6aHs e noctpoeHa mnpe3 1489r. or CroneliMaH nama BbpXy ocHoBuTe Ha Ilayranuiickus
ackienuoH. [10]

IIpe3 1910r. xbcHOCpenHOBekoBHaTa "Uudte xamaM" € 4acTUYHO paspylieHa MU
BBPXY OCHOBHTE U € U3IpajicHa HOBa MOJIEpHa I'pajicka 0aHs, ChbC CAaMOOMTHA apXUTEKTYpa,
nmo mnpoekr Ha apxurekr Xpucro KosaueBcku (1860-1949) ot rpan Krocrenau.
[IpeycTpoicTBOTO U PEKOHCTPYKIUATA Ha OaHsTa 3aBBbpIIBAT mpe3 centemBpu 1913r. [10]
OtroraBa nHacam Yudre OaHs ce W3MON3Ba W JIHEC, KaTO B HACTOSIIUS MOMEHT TS €
npeJHa3HaueHa Haii-Bede 3a O6amHeonorus. Okosno Yugre 6siHa € u3rpajieH napk, HapeueH
banckara rpaguHa, KOWTO € MaMETHUK Ha MapKOBOTO M3KYycTBO B KrocTenamn. [9]

banckara rpaguna e cw3gazeHa npe3 1912r. mo mpoekTt Ha apXuTeKkT XpHUCTO
KoBaueBcku. [IspBuUTE 1BpBECHH BUAOBE Ca YNHAPUTE IPE] LEHTPAIHUS BXOJ Ha OaHATA.
[Ipe3 1974r. ca 3acageHu UIJIOJIMCTHU BUIOBE: Tys U OOMKHOBEH CMbp4, a mpe3 1935r.
rpanguHapAat npu Krocrennumnckara obmmHa A, bamabanoB 3acakia maynoBHUS, TUTadeia
YEpHHULA U IEKOPaTUBHU XPACTH.

@ur. 5. banckara rpaguna: a) Ilamernuxspr Ha Ileito SIBopos; 6) Ilmactuuna
KOMIIO3MLIMS B rpajuHara; B) banckara rpaguna

[Tox mnauemata yepHUIla € pas3mojiokeH OrocT - mameTHUK Ha [leiio SIBopoB.
[TaMeTHUKBT € KONME HAa TTaMEeTHHKA Ha moeta B [lapka Ha cBobomara B Codusi. ABTOp Ha
nameTHuKa € ['p. IletpoBud ArapoHsH, oTKpuT € mpe3 1929r.

IIpe3 1960r. cien apxeondoTrHYEeCKO MPOyYBaHE Ca EKCIOHMPAHU PYWHUTE Ha
PUMCKHUTE TEPMH U JTATUAAPUYM.

3. IlpenJioxkenusi 3a pa3BuTHe HA 0AJTHE0JI0KKA PeKpPeaTHBHA OC HA rpajaa

[Tonacrosimem OaHuTe HE ce BMUCBAT O00pe B CENUIIHMUS OPraHU3bM, TE€ ca
OTKBCHATH, HE Ca B CHCTEMa W TEUIEXOIHUST JOCTHII JO MOBEYETO HE € I00pe pemieH.
XenarenHo Bcsika OT TSAX J1a CTaHe yaT OT MO-TojisiMa OIaroycTpoeHa 30Ha moja Gopmara
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Ha OanmHeonokka pekpeatuBHa oc. [lomoOHa 30Ha, Makap W ChC CPAaBHHUTEITHO MAaJKU
pa3Mepu 1 0e3 Bpb3Ka C JIPyrd 30HU, UMa caMo 0koJio Undre OaHs — OaHCKaTa rpajnHa.

[Ipemnoskenuero 3a OalHEONOKKAa pEKpeaTHBHA OC BKIIOYBA MPOABIDKEHHE Ha
3eneHaTa cucrema npeq Yudre OaHa ¢ KOMIUIKCA Ha PUMCKUTE TEPMHU U Cbh3/1aBaHE Ha
KOMIIO3UIIMOHHA BPB3Ka C LEHTPAIHUS IUIOINAJ] M TpajcKara TpajuHa Mpea oOmuHara,
KaKTO U KOMIIO3HUIIMOHHA Bpb3Ka Ha JlepBul 6aHs ¢ ocTa.

Oxono Jlepum baHs moHacTosieM € pemeHo KPbroBo JBIKeHWE. B Onm3oct e
HampaBeH TOJsIM TapkuHr. [IpennoskeHueTo € Ja ce HampaBu MOAXOMSII IEeHIeXOACH
moursn 1o JlepBum OaHs, Aa ce IpeMaxHEe MapKUHra KaTo OaHATa ce BKJIOYM B
KOMITO3UIIMOHHO €JIMHCTBO C MpuUiekalara 3eJeHa IUIOLI, €JEMEHT Ha peKpealroHHaTa
oc. Amaii 6aHsl ce HaMHpa I0KHO OT peka baHmmia karo peruiMka OT ChIIECBTyBallaTra
peKpealioHHa OC Ha pekaTta. baHsra Moke na ObJae BKIIIOYEHAa KaTro €IEMEHT OT
0aJTHEOJI0KKHSI KOMIUIKC B OBJICII0 Pa3BUTHE Ha MMapKoBaTa 30HA IO peKara.

®ur. 6. Ilpemnoxenne 3a  OaNHEOIIOKKA

peKpeaTruBHa OC
®ur. 7. IlpemnoxeHue 3a OaTHEOTOXKKA
peKpeaTuBHa oc 1o peka banimuna
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JAHAIMA®THO-APXUTEKTYPHU METOAU 3A O®OPMJIEHUE HA
HNPUPOJHATA CPEJIA HA HEJIBUKUMU KYJITYPHU HEHHOCTHU
Mapus I'ypkoBa

Jlecomexnuuecku YHUsepcumem

Pestome: Hepazoenna uacm om OnasgaHemo HA HeOBUNCUMUME KYAMYPHU
YEHHOCMU € CbXPAHABAHEMO HA ABMEHMUYHUSL OOMUK U KYIMYPHA 3HAYUMOCM HA
ecmecmeenusi npupooeH 1anowagm, 6 Koumo ca (opmupaHu u couecmseysam.
Junamuunomo pazeumue Ha ecmecmeenume JIAHOWAGMHU KOMHOHEHMU 6b6
gpememo 600U 00 U3MeHeHue U Ha asmeHmMuyHama npupooHa cpeda. M3zopanume
Memoou Ha Onazéane onpeoensm CmeneHume HA HAMeCd U CE8bpP3aHume ¢ MsxX
ejlemMenmu, Heobxooumu 3a npedcmaesanemo Ha obexmu na KHMH 6 npupoona cpeda
U npeononazam nooxooaua (PYHKYUOHAIHA OpPeAHU3AyUsi Ha NPOCMPAHCMEAmMa u
bnazoycmposigane npu  3anazeéane HA eCmMecmeeHoCmma U eKOJIo2UYHama um
yemouyusocm. H3zcnedsanemo ce Hacousa KoM Memooume HA AaHOWAGmMHAmMA
apxXumeKmypa, KoOumo CUHXPOHUSUPAHU C HAKOU JAHOUWAGMHOYCMPOUCMEEHU U
JIleCOYCmpOUCMBeHY — NPAKMUKY, — CNOMA2am  NbIHOYEHHO  3auumama  Hd
HeOsudCUMUmMe KYJIMYPHU YEHHOCMU U NpeOCmAsaHemo UM 8 NPUpPoOHd cpeod 8
3asucumocm om uzopanusi Memoo Ha Ona3eaHe.

Kntwouosu oymu: neosudicumu KyimypHu YeHHOCMU, NPUpooOHa cpeoa, Memoou Ha
onazeame, cmenenu Ha Hamecd, O1A20YCMPOABAHe

BbBenenne

Henpwxkumure KynTypHH UEHHOCTH M TPUPOIHATa HMM Cpela MpeaCcTaBlsBaT
3alMTEHN TEPUTOPUH 3a ONa3BaHE Ha KYITYpHOTO HacleAcTBO. Te ca akTop, KOWUTO uMa
3HAUEHUE 3a PErMOHAJIHOTO pa3BUTHE, 3aTOBAa OMNAa3BaHETO M INPEICTaBIHETO UM KaTo
TYpUCTHYECKH OOEKTH ca OT IbpBOCTENeHHO 3HaueHue. OdopmieHneTo Ha MpUPOHATA
cpelia B Te3U TEPUTOPHUH TpsAOBa J1a OTroBapsl Ha KOMILJIEKC OT M3UCKBaHUS, Cpell KOUTO
BB3MOKHOCT 32 3allUTa W TPEACTaBSIHE Ha LIEHHOCTHUTE, Ch3/aBaHE Ha KOM(pOpTHa B
€CTeTUYECKO W (PYHKIIMOHAIHO OTHOLIEHHE Cpela 3a OTOUX, Ola3BaHe Ha IEHHU
HacaXJeHUsl € KyJATypHa 3HAUYMMOCT. 3aTOBa OTIOBOpHAaTa 3ajada Ha JaHAmag@THO-
aApXUTEKTYpHOTO MPOEKTHpaHE € Jla CIHOMOTHE CBhXPaHSBAHETO M EKCIIOHHPAHEeTO Ha
KYJITypHaTa 3Ha4MMOCT Ha LIeJIUs IPUPOJIEH KOMIUIEKC.

[lopagn ycTaHOBEHO pa3MHHaBaHE B CMHUCHIA U CHABPKAHUETO HA TOHSITHETO
MACMO, KAKTO MEXIY OBJITAPCKU M MEXAYHAPOIHHU JTOKYMEHTH, Taka M B HAIIMOHAIHOTO
3aKOHOJATENICTBO, B HW3CIEABAHETO MO TOBa HAMMEHOBAaHWE CE€ WMaT MPEABH]
3a0eNe)KUTEIHH O0CKTH W TEPUTOPUH C KYIATypHA 3HAYMMOCT — HCTOpHUYECKa, HaydHa,
XYyJ0’KECTBEHA WU APYyra CTOUHOCT.

Kparbk uctopuyecku nperies; yctaHoBsiBa, ye oie npe3 20-te, 30-te ronuan Ha XX
BEK IIPHUpOJIHATA CpeJlla Ha CTAPUHUTE CTaBa OOEKT Ha CIIelMaIHO OTHOIIEHHE U (aKkTop 3a
omasBase [1, 2], a 3a npuponata Ha bbarapus ca MocTaBeHH SICHU MpaBWIa U PEKUMU 32
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3ammrTa. PaspaboreHaTa Ha TO-KbCEH e€Talm HOpPMaTWBHA 0a3a 3a CIEHATHOTO
CTOMAHHCBAaHE HA TOPUTE OKOJIO 3a0eNeKUTETHUTE MecTa MMa 3a 33jJada Ja ChbBMECTH
KyJITypHara ¢ npupojHata UM cTolHocT. OT 1954 r. B JpyKecTBOTO 3a NpOy4BaHEe U
MIPOEKTUPAHE HA TOPCKU TEPUTOPUU ATPOJIECIIPOCKT pabOTH OTIEN ,,3alUTECHH TPUPOIHU
TEPUTOPHH, MTAPKOBO U JAHAIIAPTHO MPOEKTHpPaHE”, KOWTO CTOU 3aJl CTOTULHU MaiaOHu
pa3paboTKM Ha MCTOPUYECKHM MeCTa W TEpUTOPUU 3a OMa3BaHE Ha IMaMETHUIUTE Ha
Kyntypara. Cb3gaaeHara B OT/ieNa CleNUaIn3UpaHa METOIUKA BKIIIOUBA: NPEO8aApUMenHo
npoyysame, (DYHKYUOHAIHO 30HUPAHE HA MepUmopusma, 006eMHO-NPOCMPAHCMBEHO
usepaxcoane Ha pacmumenrHocmma, 6KI048aAHe HA NOOXOO0AUWU APXUMEKMYPHU eleMeHm U
npogedxcoare Ha yenecvbobpasna anetina mpedca. OCHOBHUTE MPUHIUIHN Ha MPOEKTUPAHE
ca MOJYMHEHU Ha G3aumooelicmeuemo HA npupooama u obujecmeomo N CbBMECTSIBAT
OTMa3BaHETO HA  OUONOCUYHOMO U  JAHOWAGMHOMO  pa3HOOOpasue,  HAYHUHO-
no3HasamenHama 0euHoCm U peKpeayuoHHoOmo mypucmuyecko noizeate [3].

JlHec ¢ OBp3u TemmoBe ce Ch3AaBaT TYPUCTUYECKM aTPaKIMH Bb3 OCHOBA Ha
CHINECTBYBAIIIM HEJBKUMHU KYJITYpPHH IIEHHOCTH B TIPHPOJHA cpena. Te ca M eaHA OT
OTIIMYUTETHUTE 4YEepTH Ha CHBPEMEHHHUS TIepuoJ B 00JIacTTa Ha OMNa3BaHETO U
NPEJCTaBIHETO TMpeJ OOIIECTBOTO, KAKTO M (aKTOp 3a yCmouuugomo paseumue Ha
peauonume. VIHTepeceH aHalu3 Ha TEpUTOpUATHATA OpPraHM3AIMs Ha cpelaTa Ha HIKOU
KYJITYPHH IICHHOCTH B TIOCJICIHUTE TOJWHU IMOKa3Ba MEPUOAMYHO TPEIINOYUTAHHEC KbM
TOYKOBU OOCKTH, IMHEHHHN OOCKTH, TIJIOIIHO-apeaHu 00eKTH [4].

Marepuaau u MeTOAH

B u3cnensanero € u3BbpIIeHA CHIIOCTaBKA Ha!

OHpuHuunume HAa JzaHdmaqbnfmama apxumexkmypa, KOMNnOHeHmume u ejljemenmume

Ha nanowagpmuama KomMno3uyus U NPUIOKEHUETO UM B YCIOBHUSATA Ha NMPHUPOJIHA

cpena c uen GopMHUpaHEe U ChXpaHsSBaHE HA €CTECTBEHUS JaHIMIA(T B UCTOPHUECKU

KOHTEKCT WM TpH KOMIIO3UIIMOHHOTO OQOpMIIEHME Ha cpelaTa KaTo

eKCTIO3UIIMOHHO MTPOCTPACTBO

e CTerneHTa Ha CbXPAHEHOCT, aBTEHTUYHUAT OOJUK M KyJITypHaTa 3HA4MMOCT Ha

€CTECTBEHMAT NPUPOAEH JIaHAWA(T, 3ama3eH WIM Cb3/AaJeH 4Ype3 YCTAaHOBEHH

TaHAIAPTHOYCTPONCTBEHM W JIECOYCTPOMCTBEHM  NPAKTHKH,  OMNPEHEIIsLIN

Memooume Ha Hameca

HaHpaBeH € OIuT HOa C€ HU3ACHAT HIKOHU ChIIbTCTBAIIHU C€CTCTHYCCKHU H
(GYHKIMOHATHU OCOOCHOCTM M KAakBU €a TEOPETUYHUTE BB3MOXKHOCTH 33 TAXHOTO
pemaBaHe ChC CpeICTBaTa Ha JaHAmadTHATA apXUTEKTypa B MPUPOAHA Cpela, HO TPH
cboOpa3siBaHE C M3UCKBaHMATA 3a IPEJCTaBsIHE Ha HCTOpUYECKHTEe MecTa. ToBa OM
CIIOMOTHAQJIO CIIa3BAHCTO Ha OCHOBHHUTC IOCTAHOBKHU Ha MCKAYHAPOIHUTC NOKYMCHTU B
obmactta 1 B yacTHocT Ha Xaprata Ha UKOMOC 3a unTeprperaius 1 npeacTaBsiHe Ha
HCTOPUYCCKHUTEC MCCTA, KOATO 06p1>1ua CIICHUaJIHO BHUMAHHUC Ha OKOJHUA J'IaHIIHIa(l)T,
npupojara u reorpad)CKuTe XapakTepUCTHKU KaTo Hepas3/leiaHa 4acT OT UCTOPUYECKOTO U
KYJITYpPHO 3Ha4€HHE Ha MACTOTO [5].

OcHoBHUME 3AKOHOMEPHOCMU U NPUHYUNU HA J1aHOWApmHama apxumexmypa,
BOACHIM OO MOCTHUIaHC HA HAJIOCTHA MU CAWMHHA KOMIIO3MIHA Ca YCTAHOBCHMU OTJaBHA B
TEOpeTHYeH acmekT. V3sdcHsABaHEeTO Ha  LeNechbOOpa3HOCTTa,  pa3zHOOOpa3ueTo,
MOBTOPEHUETO, KOJIIOPUTHT, MAIMA0HOCTTa W MPONOPIHMOHATHOCTTA, PaBHOBECHETO,
KaTeropuyHOCTTa, KOHTPACTHT, HIOAHCHT U PABEHCTBOTO, EPCIEKTUBATA U 3HAUEHUETO UM
npu GopMHpaHEe Ha NPHPOJIHATA Cpela Ha MAaMETHHIIMTE Ha KYyJITypaTa ce HyXJIae OT
KOHKPETU3UPaHE B TEOPETUYEH acleKT. ToBa ce Hajara Hali-Bede MOpalu U3UCKEAHUAMA
npu mNOpeaACTaBAHCTO — PECHCKT KbM HCHHOCTTA, CBXPAHABAHC Ha ABTCHTHUYHOCTTA H
ISUIOCTTA, SICHO pa3rpaHMyaBaHe Ha HOBaTa Hameca OT AaBTEHTUYHUTE EJIEMEHTH.
[TocTuraneTo Ha BU3yaJlHO €IMHCTBO B MPUPOJHATA CPEJa B U3BECTHA CTEICH € yJIECHEHO
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OT CHHXPOHU3UPAHOTO PA3BUTUC Ha HNPUPOAHHUTEC CICMCHTHU BbBB BpPCMCTO I10J
BB3JCHCTBUETO HA PA3IMYHH (PAKTOPH — (PHU3MUECKO B3aUMOJICHCTBHE MEXKIY TOpCKa
PACTUTCIIHOCT MW CKaJIHU MACHBU, PaA3BUTUC Ha MbBXOBa H JImeiiHa PACTUTCIIHOCT
€IHOBPEMEHHO M BHPXY MPUPOJHHUTE M BbPXY aHTPOIIOTCHHHUTE €JIEMEHTU. ThpPCEHETO Ha
(bYHKIII/IOHaHHO CAUHCTBO MCXKAY HCABWKHMMATAa KYJITypHa HTCHHOCT HW HOBATa
OnmaroycTpoiicTBeHa Hameca o0ade ce sBsiBa CJIOXHO TPEAM3BHKATEICTBO M HW3UCKBA
CEPHO3HO TIPEBAPUTEITHO TMpoy4yBaHe. boraTtoTto pa3zHooOpaswe OT pa3IuYHH MO
KaTeropus, Kiacudukamus, o0XBaT ¥ MpeJHa3HAUYCHHE HEIBW)KUMHU KYJITYpPHU HEHHOCTH
mpeamnojara M ChOTBETCTBHE C TMpeJjlaraHUTe JaHAIA(QTHO-apXUTCKTYPHH HAMECH.
OcoOcHO 3HaueHWEe WMAaT T€ M TPU KOMIUICKCHH IEHHOCTH KaTo apXeOJOTHYECKUTE
pesepsaru [6].

[lenechoOpa3HOCTTa MPH MPEICTABSIHETO Ha pa3TJICKJAaHUTE OOCKTH € BOJEI]
MPUHIUIT TPSIKO OMNPEACAIl OCHOBHOTO MMpeIHA3HAUCHHE Ha 3allluTeHaTa TEPUTOPHSI.
[Ipunaranero Ha MPUHIMIIA U3UCKBA MPEIBAPUTEIHO Jla CE YCTAHOBU HEOOXOJUMOCTTa OT
HaMmeca, W TIOCIe/IBalllaTa CHHXPOHHM3AlUs C KadyecTBaTa Ha IIEHHOCTTA, KYJITypHaTa i
3HaYMMOCT U TIOTPEOHOCTHTE Ha COIMATM3AIINATA BbB BCHUKH aCIICKTH Ha MPEICTaBIHETO.

Pa3znooOpasueTo B mpupojaHa cpela Hpeanojiara TOPCKUTE HACaXJICHHs Ja ca C
BHCOKA €CTeTHYEeCKa U (PYHKIMOHATHA CTOWHOCT, & B PEKPEAllMOHHHO OTHOIICHUE — Jia
dbopmupar pazHooOpa3HH TPOCTPAHCTBA U TMOAOOpsBaHe KoMmdopTra Ha TypuCTa.
YMepeHOTo Mpuiiarane Ha MPUHIIKAIIA TPEAa3Ba OT OMACHOCTTA OT MPEHACHUIIIAHE C TYKIH
MPUPOJTHU ¥ aHTPOTIOTCHHU €JIEMEHTH M OTBIMYaHE Ha (JOKyca OT KyJITypHATa 3HAYMMOCT
Ha wMecrata. EjgHOOOpa3wero Ha HacaXIeHHWSTa B HEMOCPEICTBEHATa Ccpela Ha
MaMCTHULUTE Ha KYJITypaTa HC MOXKC Jia CC pasrjickKaa HCOPpEMEHHO B HCTATUBCH ACIICKT,
0c00EHO KOTaTO HACAKICHHUATA Ca HOCUTEN Ha aBTCHTUYHOCT.

[ToBTOpeHneTo cromara 3a MOAYEepTaBaHE Ha Bpb3Kara OOCKT C KYJITypHA
3HaYMMOCT-Cpe/la MPH TpeACTaBIHETO WM. [IOBTapsHETO Ha €IHU W CHIIM CJICMEHTH U
JICTAIIN MpH OJIaroyCcTpOsIBAHETO Ha MecTaTa Ch3/[aBa €IMHCTBO U CHHXPOH Ha HaMecara
crioMara BU3YaJTHOTO M (DYHKITMOHAIHO BB3MPUEMaHE Ha IIEHHOCTTA W ,,pa3YUTaHETO” Ha
HOBO U CTapo.

MamabsT B TpUpOJHATA KYITypHa Cpela WMa ChIICCTBEHO ICUXOJIOTHYECKO
BB3JICHCTBUE, TOPAJN 3HAYMMOCTTa MY 3a MPABUIHOTO BB3IPHUEMaHE M ,,pa3uuTaHe’” Ha
KYJITypHHUTE IICHHOCTH. J|0OpOTO MpOMOpIMOHUpaHEe Ch3aBa ycellaHe 3a CTAOMIHOCT,
3paBMHA M YCTOMYMBOCT BBB BpEeMETO. bE3COpPHO OCBEH BBB BHU3YaJIEH AaCHEKT
MPUHIUITBT CJIeBa Ja CIYXH M 3a MpeleHKa Ha OajaHca MEXIy aBTCHTUYHH W HOBH
CJIIECMCHTHU WU B TO3HM CMHCBHJI CE€ sABsBa KpI/ITepI/H\/JI 3a OLCHKa Ha JOIMyCTHUMOCTTAa H
MPaBHUJIHOCTTA HAa BCYC U3BHPUHICHUTC HAMCCHU. Ot Haﬁ-C'bHIeCTBeHO 3HAYCHUEC € MspKaTra
Ha Mamaba, oOpatHO Ha ypOaHHM3HMpaHaTa cpela, TYK MalladbT 4ecTO Ce Omperess OT
MPUPOTHHUTE JTAHAMIAPTHA KOMIIOHEHTH, @ OCHOBHO MPEIM3BUKATEIICTBO € ChOOPa3siBaHETO
C TAXHATa U3MCHUYUBOCT BBB BPEMETO.

KaTeFOpI/I‘-IHOCTTa npu npeaACTaBAHECTO Ha HCABMIKHMMUTE KYJITYPHU HLCHHOCTU B
MPUPOJHA Cpella Ce CBBpP3Ba C SICHOTaTa M YOCJAMTEITHOCTTa Ha OJIarOyCTPONCTBEHUTE
pemieHust. MHUHUMaIU3MBT, MHOTO(QYHKIIMOHATHOCTTa M 00OpaThMMoOCTTa Ha Hamecara
rapaHTUpaT KaTeropuvHaTa W3sBa HAa IEHHOCTHTE W CHXPAaHCHHETO Ha TPHUPOJHHS UM
KOHTCKCT.

KoHTpacThT, HIOAHCHT W PABEHCTBOTO, CUMETPHSITa W aCHMETpPHUsATA NPHI00UBAT
BOACHIO 3HAYCHUC IPH MPCACTABAHCTO HA HCHHOCTUTEC, KOraTO HaCaXJCHUATA CaMHU I10
cebe cu HAMaT BOJEIIA KyJITypHa 3HA4MMOCT. [lo OTHOIIEHHE Ha OJIarOyCTPONCTBEHUTE
CJIICMCHTU U CBHOPBIKCHUA NMPUIIAraHEeTO Ha MPUHIUIIMTE 3a KOHTPACT, HIOAHC, PABCHCTBO,
CHUMETpHS, aCUMETpHUsl MpHI0OWBAT ChBCEM pasinuHO 3HadeHWe. CI0KHOCTTA WIBa OT
CIHOBPEMEHHOTO HW3MCKBAaHE Hamecata Ja ¢ JOCTOBEpHa, pas3lo3HaBaeMa, HO H
HeHaTpamyuBa 1 (yHKIIHOHAITHA.

67



MEXIAYHAPOJHA HAYYHA KOH®EPEHIIUA BAHN’2016
INTERNATIONAL SCIENTIFIC CONFERENCE BASA'2016

Crnenuduuna e ponsra Ha KoaopuTa. JJokaTo B MapKOBOTO U3KYCTBO € IpPEAMET Ha
CHeLMaIHO IPOEKTHpaHe, MpU MecTaTa ¢ KyJITypHa 3HA4YMMOCT B MpPHUpPOJHA Cpeaa
KOJIODUTBT ClI€JBa Ja JOIBJIBA YCEHUIAHETO 3a €CTECTBEHOCT U XApPMOHHUS C OKOJIHMS
nanamadt. ITo To3M HaUMH TOH CTaBa U3PA3UTEIl HA CHXPAHEHOMO eOUHCMBO HA MACMOMO
B IO-IIMPOK KOHTEKCT. KoJOpUTBT B TOPCKUTE HACAXACHMUS CE Cb3/1aBa upe3
TOPCKOCTONAHCKUTE METOAM U CIIE/IBA Ja € Pe3yJITaT OT CIIEIUAIHO TOPCKO CTOMAHNUCBAHE.

H36panusm memoo Ha onazeéame ONUPENENs U cmeneHma HA Hameca B CpejaTa.
[TonynsipHuTe JHEC METOAM Ha OINa3BaHE KOHCEpPBALUsS, PECTaBpallus, PEKOHCTPYKIIMS,
ajanTranud U TaXHaTa OPpUJIIOKHUMOCT IMPU OIMAa3BAHCTO U NPCACTABAHCTO Ha HCABUKHUMUTC
KyJITYpHH LIEHHOCTH B NPHUPOJHATa UM cpella UMaT Chelu(HruHa KOHKPETHKA, KOATO Ce
oIpezieNs He CaMO OT ChCTOSHHETO Ha CpejaTra, HalM4eTo Ha JOCTOBepHa MH(OpMaius,
CTETEHTa Ha ChXPaHEHOCT, aBTEHTHUYHUAT OOJIMK, KyATypHATa 3HAUUMOCT U OT LIEJTUTE Ha
Hamecata. OT Hal-ChIIECTBEHO 3HaueHUE € (aKThT, Y€ KYITYPHMIT JaHamadr e
JUHAMUYHO pPa3BUBAIllAa CE CUCTEMa, YAUTO IPOMEHIIUB €IEMEHT Ca TOPCKUTE HACAXKICHHS
— OCHOBEH (haKTOp Ha CpejaTa, ONpeAessi] 00eMHO-IPOCTPAaHCTBEHATA XapaKTepUCTHKa. B
TO3M CMUCHJI TOJXOIAIIN 32 LEJINTE Ha HACTOSIOTO M3CIIeBAHE Ca METOUTE Ha Olla3BaHe
Ha UCTOPUYECKHU JaHAmapTH, u3BeaeHu ot borosas u @ypcosa [7]:

e Hayyna pecraBpanus, Npu KOATO BB3CTAHOBSIBAHETO € IIBJIHO M HAYy4HO

000CHOBaHO, KOETO Hajara M3HACSHETO Ha ChBPEMEHHUTE (PYHKIMM HAa aKTUBHUS

OTJAUX U3BBH TCPUTOPUSATA

e PecraBpanuss C NPUCHOCOOSBAaHE Ha HSAKOM €IEMEHTH KbM ChBPEMEHHUTE

M3HCKBaHUS

e biiaroycTposiBaHe ¢ €JI€MEHTH Ha pecTaBpalusi, IPU KOATO CE PECTaBpUPAT CaMO

Y4acCcTbUUTEC, CbXpPaHUJIU IbPBOHAYAJTHUA 3aMUCHIT

e [Ipech3naBane npu 3aryba Ha IbpBOHaYaIHaTa Ujaes

PesyaraTn n nuckycuu

OT CBINOCTABSIHETO Ha 3aKOHOMEPHOCTUTE W MPHHLUIUTE Ha JaHAmagpTHATA
APXUTCKTYpa, YCTAHOBCHUTC B ABJITIOrogWlIHATA ITPAKTHUKA JIaHIIHIa(i)THOyCTpOI\/JICTBeHI/I n
JIECOYCTPOMCTBEHU MEPOIIPUSTUS U IEHHOCTH U U3BECTHUTE METOIU Ha ONla3BaHE MOrar
Ja C€ HU3BCAAT HAKOM TCOPCTHUYHU AaCIICKTH IIpU JIaHI[HIa(bTHO-apXI/ITCKTypHOTO
odopmiIeHHEe Ha IPUPOIHATA KYJITypHA Cpefa:

Hayunama pecmagpayus, TpPU KOSTO Bb3CTAHOBABAHETO € IBIHO U HAy4HO
000CHOBaHO, Hajlara M3HACSHETO Ha CBHBPEMEHHHUTE (QYHKUIMH W3BBH TepuTopusira. B
rpaHulMUTC Ha KYJITypHaTa HEHHOCT CJICABA Ja CC€ H3BBPIIM IPCHCHKA Ha KYJITypHaTa
3HaYMMOCT Ha HacaXKACHHUATA. B 3aBUCHMMOCT OT pe3yiTaTuTe OT OlLleHKaTa TpsiOBa Ja ce
IJ1aHupa TAXHaTa KOHCCpBal A HIIN PECKOHCTPYKIUA CbC cpeacrBara Ha
JIECOYCTPOMCTBEHOTO IUIAHUpaHe — JaHAMA(GTHU (OPMUPOBBYHU CE€YM M JaHIIIA(QTHU
3anecsiBaHus. Boxeny crnenBa Ja € NpUHLMIBT Ha lLiejlecbhoOpasHocTTa. B ciywail, ue
HAaCaX/ICHUATA HE MPUTEkaBaT JIoKa3zaHa KyJITypHa 3HAYUMOCT, TO IIpU OQPOPMIICHHETO UM
MOJKE Jla HapacHE PoJIATa Ha MPHUHIUIN KAaTO MAIaOHOCT, IPONOPLUOHATHOCT, KOJIOPHUT.
Ilenta Ha HamecaTa B TO3M Cilydall 1€ € MoANoOMaraHe Ha BU3yajaHaTa U (pyHKIMOHAIHATA
U34Ba HA OCTAHAIIUTE €JIEMEHTH Ha KYJITypHaTa Cpeia 4pe3 €CTECTBEHOTO MPOsIBICHHE Ha
INPUHIUINTE KOHTPACT, HIOAHC, PABEHCTBO, CUMETpHsl W acuMeTpus. M3HacsHeTo Ha
ChbBPEMEHHUTE (PYHKLMU B OXpaHUTEIHATa TEPUTOPHS MO3BOJIABA B MO-TOJsIMA CTEHEH U
TBOPYECKO, HO HEMPEMEHHO LeNechOOpa3HO pEeLIeHHe Ha MapKOYCTpoWCTBEHaTa M
OIaroycTpoicTBeHaTa Hameca.

Pecmaepauuﬂma c npucnoco6ﬂ6aﬂe HA HAKOU €JleMeHmuU KbM CbB8pEMEHHUne
U3UCKBAHUS € METOJl, KOMTO JHEC MMa IMIMPOKA MPHIIOKUMOCT OCHOBHO B ypOaHU3UpaHaTa
cpeza, mopaan OrpaHUYEHUTE Bb3MOXKHOCTH 3a pa3HOOOpa3HO (PYHKIIMOHAIHO M3MOI3BaHe
B TMPUPOIHU YCIIOBHUA. Yecto B OOCIICAHUTE TOAWMHM C€ MH3II0JA3BAaT IIOHATHA KaTo
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peBHUTAIHM3AIMs, OOHOBSBAHE, PEKOHCTPYKIUS U APYTH, KOUTO CE CBBP3BAT EAMHCTBEHO C
MOJIMSIHA Ha (PU3MUECKU U MOPAJTHO OCTapesu O6JaroyCcTpoicTBEHH 00EKTH U ChbOPBHKEHUS.
ChBceM sCHO e, 4e Ta3W Hameca He TpsOBa Jla ce CBhp3Ba C HaMecara C I aJarTalys,
KaKBaTo € MPUCIOCOOSIBAHETO HA HAKOU €JIEMEHTH KbM ChbBPEMEHHUTE U3UCKBAHMSL.
bnazoycmpoaeanemo c enemenmu na pecmaspayus, npu KoAamo ce pecmaspupam camo
yuacmvyume, CbXpPaHUIU NbPEOHAUAIHUAL 3aMUCDH] CE O0YepTaBa METOABT C HaW-IIMpPOKa
MPUIOKAMOCT TIPU JHEUIHOTO CBCTOSIHUE HAa HEABM)KMMHUTE KYJITYPHH LEHHOCTH B
IpupoaHa cpena. be3cnopHo na ce roBOopH 3a aBTEHTUYHOCT IO OTHOIICHHWE Ha HaM-
JUHAMHAYHO PpAa3BUBAILIMAT CE€ €IEMEHT — pACTUTEIHOCTTa, € BB3MOXKHO CaMO IO
OTHOILICHHUE HA 00pa3a, HO HE Y Ha MaTepusiTa, U TO CaMo IIPU MOJIOKEHHE Ye € JoKa3aHa ¢
UCTOpUYECKH (DAKTH M TOKyMEHTHU. PasriexnaHusT METOJ Ha Ona3BaHe € IMPUJIOKUM 3a
HEBWKUMH KYJITYpHM II€HHOCTHM, YHUSATO AaBTEHTHMYHA MaTepualHa CcyOCTaHLus e
ChbXpaHEeHa, a IMUPOKHUS UM MIPUPOJICH KOHTEKCT MPUI00MBa MyITH(GYHKIIMOHATHOCT. T5 ce
u3pa3siBa Ha IBPBO MACTO B OCHIypsiBaHE Ha (hu3nMyeckara 3alluTa Ha LEHHOCTHTE,
BU3yaJlHATa UM H35Ba M JOKOJKOTO € BH3MOKHO M3BaTa Ha aBTEHTUYHATA UM (DYHKITHSL.
Haii-npuBnexaTeqHuTe B KyIATYPHO-UCTOPHUYECKO OTHOIIEHHWE OOEKTH M €JIEeMEHTH ca U
Hal-aTpakTUBHM 3a IIOCETUTENUTE. ToOBa CBBCEM €CTECTBEHO BOJAM JIO II0-BHCOK
AHTPOIIOTEHEH HATHCK B HAKOM y4acTBLH, 3a CMETKa Ha Apyry. [IpaBuinHOTO pemiaBaHe Ha
TEPUTOPHUSTA C BTOPOCTENIEHHA 3HAYMMOCT II03BOJISIBA PA3IPEIEICHNE HA TYPUCTUYECKUTE
notouy. JIbAroroguiiHaTa IPAaKTHKa II0Ka3Ba, Y€ M3IPaKJaHETO Ha TEMATHYHU
JIECOTIapKOBE OKOJIO HEJBM)KMMHUTE KYJITYPHU LIEHHOCTH B IIPUPOAHA Cpella HIOCTpUpa
OTIMYHO ITBIHOLEHHOTO IMpWJIaraHe Ha pPasrieXJaHHus METOJ Ha ONa3BaHE M HErosara
YCTOMYHUBOCT BBB BPEMETO.

Ilpecwv3oasanemo npu 3aeyba Ha nwvpeoHauarHama udes BOIW N0 3arydoa Ha
aBTEHTHYHA MaTepus W IsulocT. Ilopagu TOoBa KaTEropu4HO HE MOXKEM Jla IIPUEMEM, 4e
IIPECH3IaBAHETO MOXKeE /1a Ob/ie ONpEeIesIeHO KaTo METOJ Ha Ola3BaHe, a M0-CKOPO Karo
KpailiHa MspKa 3a CbhXpaHsBaHE Ha dyxa Ha macmomo. B To3m ciydail, mpu jumnca Ha
CbXpaHEHa aBTEHTUYHA MaTepHsi, MACMOomo MOXKe Ja ObJe ONpeiesIeHO KaTo HOCUTEN Ha
ucropuyecka uH(poOpMalus, HO Ype3 KOCBEHOTO 3HAYEHUE HA ChbXPAHEHUTE JIaHIAa(THH
KOMIIOHEHTH ¥  YCIOBHaTta HMH(OpMalus, MpeJocTaBeHa OT  Bb3CTaHOBKHUTE.
[Ipecwr3gaBaneTro obaue, UMEHHO TMOpPAIM JOMYCTHMAaTa YCIOBHOCT Ha WIIOCTpHpAIIaTa
CTOMHOCT Ha KOMIIO3MIMOHHHUTE €JIEMEHTH, I[O03BOJIABA INHpPOKAa TBOpYECKa
UHTEpIpeTalsl ChC CpeAcTBaTa M METOJUTE Ha JaHAmaTHATa apXUTEKTypa Ipu
IpUjIaraHe Ha MUpPOK Ha0Op OT MPUHIIMIIH.

H3Boan

OcHoBHa T1IeM TpH JAaHTAPTHO-ApXUTEKTYPHOTO OG(OPMIICHHE Ha NpHpOIHATA
cpela Ha HEIBIKMMHUTE KYJITYPHH LIEHHOCTH TpsOBa na Oblie ChbXpaHSBAHETO Ha
ABTCHTUYHOCTTA U ISUIOCTTA Ha KOMIUIEKca. banaHcupaHeTo Ha TYpUCTUYECKUTE MOTOIIH,
pa3HoOOpa3sBaHETO Ha CpejiaTa ¢ JIOMYCTUMU JIEHHOCTH M €JIEMEHTH TPSIOBa Jla € B IIBJICH
CHUHXPOH C IIe/ITa U U30paHusi METO] Ha OITa3BaHe.

Konkoro mo-cTpor € u30paHusiT METOJT Ha OMa3BaHEe M MMO-MUHUMAJHA JI0MycTUMaTa
CTENeH Ha HaMeca, TOJIKOBAa HapacTBa 3HAYCHHETO HA NMPUHIMIMTE IIEJIEChOOPa3HOCT H
KaTerOPUYHOCT IPH JIaHIIIapTHO-apXUTEKTypHaTa Hameca. OOpaTHO, HUCKAaTa CTETIEH Ha
ChXpPaHEHOCT M JIMIIcCaTa Ha MaTepuajHa AaBTEHTUYHOCT II03BOJISIBAT TBOpYECKA
WHTEPIPETALUS B MHOTO MO-TOJIIMA CTEIECH.

OOekTHBHATA OIICHKA M PECIEKTHT KbM €CTeCTBEHATa NMPHUPOIHA CPela, B KOSATO ca
(dbopMupaH¥ U ChXpaHEHH IMTAMETHUIIMTE HA KYJITypaTa, He3aBUCUMO OT U30paHUs METOJT Ha
oma3BaHe, TPsOBa J1a BOJAW 1O Ch3/JaBAaHETO HA KAYECTBEHO M OTTOBOPHO JaHAIIA(THO-
apXUTEKTypHO O(OpMIICHHE, KOETO Ja CliomMara H3sBaTa Ha OTICIHUTE IICHHOCTH, Ja

69



MEXIAYHAPOJHA HAYYHA KOH®EPEHIIUA BAHN 2016
INTERNATIONAL SCIENTIFIC CONFERENCE BASA'2016

noaucpTraBa KyJTypHaTa 3HAYMMOCT Ha JIaHIIHIa(i)Ta 1 JJa I103BOJIsIBAa I'bBKaBa O6paTI/IMOCT
Ha HaMecaTa IIpu €BCHTYaJIHa HOBAa HAYy4YHA UHTCPIIPETAHA HA MECTAaTaA.
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HATINPABIEHUE 2

,D,OKyMeHTVIpaHe, nHTepnpetTnpaHe, npe3eHTupaHe " I1y6.I1VIKy-
BaHe Ha KYJITYPHO-UCTOPUYECKOTO HacneacTBoO, YBpex(p.aHe Ha
HeaABUWXNUMUTE KYyNTYPpHU UEHHOCTU B O6Kp'b)KaBaLI.|aTa ro okKorn-
Ha cpeaa, I'Ipe.qnaaBaHe OT NpoOoMeéHU BbB BbTPELWHUA KriuumMmar
n e(beKTVI OoT Typuctnyeckata MHBa3usl, Euonerpa.qauuﬂ Ha Kyn-

TYPHO-UCTOPUYHECKOTO HacneacTtTBoO.

TOPIC 2

Documentation, interpretation, presentation and publication of

culture heritage; Degradation of culture heritage in surrounding

environment; Indoor climate and tourism effects; Biodegradation
of culture heritage.






MEXIYHAPOJHA HAYYHA KOH®EPEHIIUA BAHN’2016
INTERNATIONAL SCIENTIFIC CONFERENCE BASA'2016

FUNCTIONAL MODEL OF RESIDENTIAL AND DEFENSIVE TOWERS
DURING THE OTTOMAN PERIOD ON THE BALKANS

Radosveta Kirova'

Institute of Art Studies

Abstract:

Functional characteristics of residential and defensive towers during the Ottoman
period in the Balkans are based on their long lifespan and quality of construction, as well
as the initial concept of multipurpose usage such as passive and active defense;
inhabitation on permanent or temporary basis, including as hideouts, observation and
spatial control; storage and safe-keeping, other specific functions connected with religious
cults, production, administration, etc. Primordial functional model of the archaic
architectural type of the residential and defensive towers which used to focus several
different usages, coalesced under the aegis of defense and protection. On the other hand
importance on urban level the independently fortified tower were predetermined by their
functional model where observation and spatial control guaranteed by the dominance of
height among the geometric characteristics used to have a special role as well as storage
functions especially in Initial convergence of functions into one archaic determined by
cold weaponry architectural type in the border age of Ottoman conquest used to persist
sustained by specific social models for spatial control in private properties, later on by the
end of the Ottoman period comparable mono-functional types with similar architectural
features as sentinel posts, clock towers were differentiated.

Key words: residential and defensive towers, functionality, inhabitation on
permanent or temporary basis

1. Introduction

Specific social models of distribution of residential and defensive towers and of the
residential and defensive towers determine the vitality of predefined by the cold weaponry
architectural type after the gunpowder revolution during the Ottoman period on the
Balkans and underlay the functional analysis of these buildings, exemplars of both
residential and fortification architecture. Mapping of residence and defensive towers
concerning the social models reveals their presence in the Ottoman periphery marked by
certain specific semi-authonomous status or hereditary property rights — these buildings
feature the cultural landscape in border territories such as Bosnia, Albania or Mani,
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Peloponese, also feature the opposite of timar system chiftliks and because of the adequate
scale rather serving for private than for public safety.

The aim of the paper is to investigate and summarize the functional model of
residence and defensive towers on the Balkans during the Ottoman period including the
various usages in the course of operation, different adaptations, etc. with a stress on the
problem of the cahracter of inhabitance.

Hybrid typology of the residential and defensive towers due to the crossbreeding
between residential and defense architecture defines their primordial functional
characteristics - living and defense that are accompanied by two auxiliary functions —
storage, surveillance and control and various specific functions such as religious cults,
production, administration, etc. that sometimes became even prevailing in the course of
time form altogether a complex and intricate functional model.

2. Problem of the character of inhabitation. Inhabitation on permanent basis.

Paucity of historical data along with the loss of authentic interior features in result
of the repeated changes in functional aspect as well as the multiple reconstructions in the
course of operation are the major obstacles for ascertaining the concrete functions of
residential and defensive towers even in case of architectural integrity. The basic idea of
residential and defensive tower was to provide security and protection of a family or in
other specific cases of a single functional military unit "odzhak" or group of seasonal
workers or part of the population of an area therefore serving as permanent or seasonal
dwelling. While the presence of interior elements such as hearths for preparing food and
heating in wintertime, toilets and sinks, as well as ventilation, water supply and sewer
installations implies inhabitation, the problem of temporary or permanent basis of
occupancy is of determinative character. Of key importance for the discussion of the
character of inhabitance is the long lifespan and therefore operational period that resulted
in multiple and various usages of the buildings and therefore evoking of mutations in the
initial functional concept.

Historical data for the concrete occupants of some residential and defensive towers
reveal that residential function used to be leading at least at particular moment in the
course of maintenance. Historical sources of Month Athos testify that the nowadays ruined
residential and defensive tower in the village Dafni near Serres known as the "tower of
Kyra Maro" (fig.1) the primary dwelling inhabited on a permanent base during the first
half of the XV century by the widow of Murad I and respected stepmother of Mehmet II
the Conqueror Mara Brankovic or Despina Hatun. [1] [11] [15] It is curious that Serbian
narratives testify that after her return form Edrine after her husband's death in 1451 Mara
Brankovic lived in the residential and defensive tower in Kursumlija. [18]Another
historically proved example of inhabitance on permanent basis is the the renowned
theologian and religious author and leader of the Naksibendi order Haji Mahmud Efendi or
Hirka Baba in the middle of XVII century who lived with his family in a tower situated in
his chiftlik in the outskirts of Bitola later known as ”Zandan Kule”. [8]

Inhabited on permanent basis were also the residential and defensive towers in
arsanas of Mount Athos, homes of the border lords “kapetans” in Bosnia — for example
Rustempasica, Sulejmanpasica and the ruined nowadays Gaziahmedpasica tower in Gornji
Odzak, Bugojno, Surkovic tower in Bjelimci, etc., a number of objects — homes of
influential local families in Mani peninsula on Peloponnese. [7] [13] [14]

In other cases towers served as nucleuses of fortified residential complexes — for
instance of the influential border lords’ family Mihaloglu in Pleven from XV century[30]
[33], of Rustem Bey in Belashtitsa near Plovdiv (fig.2) or Cemalovic residential complex
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in Buna, Bosnia [10], which consisted also of a lower horizontally developed residential
unit, other auxiliary buildings, and water supply surrounded by a tall masonry wall — in
that case towers served as hideouts in case of attack, but assumably in some cases like
Pleven towers had served as primary dwelling before construction of the rest of the
fortified residential complex.

Fig. 1. Residential and defensive tower of Maro, Dafni, Serres, Greece — photo R.
Kirova

Fig. 2. Residential and defensive tower in Belastica, Plovdiv, Bulgaria— photo R.
Kirova

3. Residential and defensive towers in chiftliks. Leading storage and
surveillance functions

Partial time occupancy proved for some residential and defensive towers used as
hideouts, watchtowers and checkpoints, but also for various additional and specific types
of functions reveals the multi functionality of one and the same architectural form which
features durability, stability, fire resistance, dominant height and adequate scale for
displacing issues of security from public to private sphere.

Due to the abundant historical data presence and functionality of residential and
defensive towers in agrarian estates in Northern Greece could be traced back in Antiquity.
Safety of lives of family members but predominantly of servants or slaves - for by rule
they were not occupied by the owners but served as seasonal dwellings for slaves or
mercenaries - as well as safety of property and agricultural production. A speech attributed
to Demosthenes describes the attempt of creditors to retrieve their debts if the absence of
the indebted citizen by attacking his tower in Attica, where his woman slaves used to live
and locked safe. [9] [16]

The protection of agricultural estates by residential and defensive tower continued
to be used in the middle ages by the athonites in Halkidiki. The mutual interest in the
exploitation of natural resources by religious owners of agricultural estates in Northern and
Central Greece in medieval times decreed protection of property through residential and
defensive towers that served as hideouts and points for monitoring and transmitting
messages within the fortification network, storage of agricultural tools and products, but
also for protection of the claims of other owners. [6] Towers of Mount Athos as a rule were
part of a larger complexes as monidrion, kelion or arsanta and certainly were occupied -
sometimes permanently, and in other cases only temporarily as a last refuge for the monks
of the brotherhood in case of pirate attacks. [14]
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The proximity of the towers Alekspirgos, Pispirgos located in agricultural property
owned by the monastery of Great Lavra, Kontovrakina Iviron, Mudros owned by Vatoped
and Skala owned by Koutloumousiou monastery on the island of Limnos, suggests their
role as posts for monitoring and messaging as well as guard property against intruders and
thieves. [3]

The ubiquitous and approved model for protection of agricultural property from
ancient and medieval times was utilized later by the Ottoman provincial elites as part of
their strategy to impose their authority in inheritable private chiftlik property after the
decline of timar system - evidence is provided by the numerous residential and defensive
towers in chiftliks on the Balkan Peninsula — some of them preserved until today, other
possible to trace bask only by historical records - in Ledenik near Veliko Tarnovo, in
Razhena near Kazanluk, in Kunino and Rayanovtsi near Vidin, in Stip (fig.3), the tower of
Ahmed Bey near Ruse, in Vassiliki near Thessaloniki, in village Goranxi, the regions of
Matt and Tet in Albania, etc.[4] [19] [20] [21] [22] [23] [24] [29] [35]

The two-storey stone building “tower” from the the second half of XIX century
located in the chiftlik in Brianovstitsa area near village Boykovo, Plovdiv could be added
to the group of objects with prevailably monitoring and control functions serving as
observation post of the chiftlik, later as a border customs for the so-called "Tamrash
republic", forest post guerrilla shelter and a tourist hut. [17]

The reviewed examples of towers inhabited on temporary basis reveals the leading
role of storage functions for protection of property and paraphernalia rather than lives -
storage agricultural production, various types of instruments, weapons or ammunition.
Residential and defensive towers possessed by wealthy individuals who need protection of
their property, functioned as storage for valuables or as a kind of “bank safes". Besides the
discussed above examples of towers in agricultural estates, towers in mining centers such
as Kratovo probably had similar functions of a storages for coins, various iron, silver or
gold products, metal tools and instruments, valuable construction materials for buildings
and ships - nails, tensioners, lead sheets for roofing, etc.

Towers of the monasteries on Month Athos also served as storages (skevofilakia)
for various religious valuable relics, icons and manuscripts. For example Koutloumousiou
tower (1508) serves a repository for the collection of icons of the monastery until today
like the towers of the in Great Lavara, Zograph monastery, monastery near Serres, etc. [14]
[31]

2. Specific administrative, religious and production functions of residential and
defensive towers on the Balkans.

Besides the often equipped with chapels monastery towers that store valuable
objects associated with religious rituals, possibly another group of towers could be
associated with Dervish order — together these examples form an interesting cross-religious
and cross-cultural group of objects which usage is dedicated to specific religious functions.

One of the few precisely dated towers from the first half of XVII century by
identifying its its contractor and inhabitant is Zandan Kule in Bitola of Haji Mahmud
Efendi is preserved until today. Hirka Baba used the tower as a primary dwelling with his
family, but also for spiritual seclusion. After his legendary death the tower used to serve as
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library for his rich collection of religious literature and reliquary for his belongings
venerated by both Muslims and Christians until the middle of XX century. [8] Hirka
Baba’s usage of the tower for religious retreat resembles the traditional Christian practices
of hermitage - for example St. Sava’s solitude and prayer cell in the tower belfry of the
church in the Zi¢a monastery. These inter-cultural elements may have had intervened in as
early as late antiquity in Syria, where occurred Christian tradition of living in attached to
the walls of the monastery or church pillars of monks hermits and later the also sometimes
inhabited by hermits idiosyncratic Islamic minarets. [2]

To the group of objects related with Dervish orders practices could be amplified
after further detailed researches by probably the towers in Florina, Etropole, Kjustendil etc.

Depending on the social profile of their owners and occupants, residential and
defensive towers combine along with the two main functions — dwelling and defense- other
specific functions in different periods of occupation and exploitation, including usage for
administrative or military duties, usage as hideouts related with the traditional local law
and blood feuds or later -the national liberation struggles of the peoples on the Balkans.

For example, according to the memoirs of J. Hadzhikonstantinov-Dzhinot in the
residential and defense tower in Kavadarci resided not only the local ayan (owner of a
large land property) but also the kadi, therefore the tower served a kind of administrative
function. [34]

In analogy to the existing tower in Protaton in Karyes built to serve the Ottoman
administrator on Mount Athos and the tower Stagira in the semi-dependent region
Mademochoria on Halkidiki it can be assumed that residential and defensive towers in
mining centers such as Kratovo, village of Teshovo near Gotse Delchev, Etropole, etc. also
served as places for temporary habitation for the multiple regulated by the special mining
law which - naibs, kadis, emins, etc. [14] [15]

According to H. Kresevliakovic residential and defense towers in Bosnia used to
serve in some cases for permanent or seasonal housing to the wealthy and influential
kapetans’ families, in other cases - for military administrative headquarters - for example
the tower in Old Maidan, Bosnia used in later time as a gendarmerie barracks, and in third
cases - for observation posts for guarding important roads. [7]

Number of towers in the Ottoman border areas of specific, semi-dependent status as
Mani or Albania, used to serve as hideouts and shelter not only in case of armed pirate
attacks, but also in case of clan feuds and blood vendettas. [13]

The tower of Nenadovic in Valjevo, Serbia was built by Jacob and his son Ephraim
Nenadovic in the spring of 1813with the stone material and probably following the elder
architectural model of the two earlier Vitkovic towers in order to preserve ammunition and
shelter rebels during the Serbian liberation struggles. From the end of 1813 until 1815 the
tower was converted into a prison by the Turks, then after the re-conquest of Valjevo Serbs
had burned it while later in 1836 it was recovered by M. Obrenovic. Today the tower is
adapted as a local museum, alike many other residential and defensive towers -
Kurtpashovata tower in Vratsa, Simichevata tower in Kratovo, Beiskata tower in Skopje,
the two towers in Kumanovo, etc. Museum and exhibition function are the most popular
contemporary adaptations of residential and defensive towers.

Historical data and local narratives reveals that some of the residential and
defensive towers were used to host production activities, mostly connected with mining
and metal production testified by the specific facilities installed with or without additional
later alterations of the ubiquitous open plan premises on each storey - for example the
towers in Kazanlak, arsantata of Zographou probably the tower in Teshovo, Gotse
Delcheyv, part of the towers in Kratovo, tower of Meshchiite in Vratsa and others.

The massive domed second single premise floor the residential and defensive
towers on Mount Athos in the arsant of Iviron (1625) was later divided into two separate
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rooms with low ceilings — a small vaulted chapel and an auxiliary work space with lower
ceiling and ramshackle walls occupied by lathe for carpentry operations. [14]

The water supply provided sink on the beletage of the residential and defensive
tower in Teshovo, Goce Delchev similar to those of the towers of arsana of Zographou and
one of the towers in Siderokasia assumes that it served for metal operations orspecific kind
of production. One of the metal processing yards in Samokov also included two-storey
tower with no evidences whether it hosted production or storage activities. [14] [20] [26]

Although the information for the building history of the demolished tower in
Kazanlak is contradictory, local narratives reveals its later usage for the production needs
of the tanners guild, as well as an element in the defense system of the town during the
Kardzhali period. [23] According to the reports of the local researcher A.Tacov the
residential and defensive tower in Etropole also served as an observation point and hideout
for the Muslim population during the Kardzhali period, sheltered traveling Jewish
merchants and Muslim religious gatherings. [27]

4. Typology differentiation.
Characteristic dominant height underlay the later adaptation of the residential and

defensive towers into clock towers frequently by adding a wooden turret on the top and
clock gear — such as the towers in Stip, Vratsa (fig.4), Kumanovo, Kratovo and etc.

4)

Fig. 3. Residential and defensive tower in Stip, Macedonia adapted for a clock tower —
photo R. Kirova

Fig. 4. Residential and defensive tower of Mesciite in Vratsa, Bulgaria adapted for a clock
tower — photo R. Kirova

After the end of the age of inner insecurity in the Ottoman empire at the end of
XVIII and beginning of XIX century known as Kardjali period beklemes (sentinel or look-
out posts) were implemented for surveillance activities and security of the roads engaging
mostly Albanian mercenaries to replace the earlier in charge for inner order and security
derventdzi and sipahi. [32] Apart for the preceding hybrid multifunctional residential and
defensive towers mono functional beklemes and clock towers which however shared
similar structural tectonics and architectural features, especially dominant height with the
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residential and defensive towers were a logical result of the changed social and economic
conditions in the Ottoman Empire that required much precise differentiation within the
architectural typology. Massive masonry construction and fire resistant qualities [25] of
residential and defensive towers proved their appropriateness for storages - the XIX
century two-storey stone maazas could also be considered as an architectural type derived
from the prior residential and defensive towers but lacking the most prominent feature —
the dominant height. Tower houses which possessed an architectural scheme of both
vertical but also horizontal development could be assessed as a transitory architectural
type much closer to the residential architecture lacking such prominent defensive features
such as the protected elevated entrance, machicolations, etc. — for example objects in
Morea or Rhodope mountains. [5] [28]

The versatility of residential and defensive towers during the Ottoman period in the
Balkans was not an isolated phenomenon. Similar functional scheme have the medieval
and late medieval towers across the Iberian-Caucasian region, including in the Caucasus,
the Balkans, Italy and Spain - for example the defensive and residential towers in Tuscany
from XV century, two of which served in agricultural estates, three were later incorporated
into later buildings, eight were occupied by the earthquake in 1971; and the tower Podesta
served as clock tower before its collapse. [12]

5. Conclusion

The scale of residential and defensive towers ensured security and protection for
private properties — fortified residences, agricultural properties, monasteries and arsanas,
involving besides the fundamental inhabitance and defense also monitoring and control of
the nearest vicinity, storage, production, administrative functions, etc.

Intricate multi functionality is a key feature of residential and defensive towers
during the Ottoman period on the Balkans encoded in their genesis as a result of the
complex interplay of housing and defensive architecture, as well due to the complex
overlapping of functions in the course of time due to their high quality and structural
durability. The basic functions of dwelling and defense were complemented or even
prevailed sometimes by storage, monitoring, surveillance and control functions, but also
completed by specific industrial, religious or administrative functions, proving that the
same universal architectural form could serve in various ways. Along with the social and
economic changes differentiation of architectural differentiation reflected the universal
hybrid multifunctional type of the residential and defensive towers producing similar in
architectural features mono functional types that served the changed overall situation
better.
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IS THE MISTERY OF PYRAMIDS FINELY REVEALED?
Arch. Theodore Gyurovsky'

Abstract: There are half a dozen of theories pretending pyramids were built by the
aid of water-locks. The conclusion is based on the presence of salt deposit on the walls of
all the interior passages and chambers. The fact that the thickness of the deposit is
different, denies the theory of the supposed highest level (about 60 m more than the actual)
of the Mediterranean Sea at that times, being the cause of the deposit. The authors of these
theories are mostly interested by the way water was carried up, in order to feed water
locks. There are quite phantasmagorical theories, like this affirming, that the interior of
the Cheops’s pyramid is a big ram water pump. There is a French architect, claiming that
there is an internal squared spiral passage (near to the surface of the pyramid), where
were drawn wooden sliders, carrying the limestone blocks up to the apex — about 3 km!!!
And all France is supporting this nonsense!!

An additional fact supporting the hydraulic theories is the presence of three big
steps (3 x 6 m) carved in the ground near the pyramid, now buried under the road, passing
nearby.

Key words: Cheops's pyramid, hydraulic built pyramids, Theodore Gyurovsky

My theory is based on two assumptions: 1. — the pyramids were built at the same
time with the Sphinx — at least 8500 years ago, at the end of the last mini ice age, when the
weather was very rainy. And 2 — pyramids were built with the help of rainwater, which fed
lockage (1 — 2m deep), where wooden barges with the stone blocks were lifted up. (Fig. 1)

Fig. 1 On the model are represented two stages of the construction of the pyramid: on the
right side (the lower) the cells of the lock-way (nearly 12 m width) are reaching the level

! “Kapitan Andreev” 11 str., Sofia 1421, Bulgaria, theodorgyurovsky@ymail.com
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of the floor of the king’s chamber. The left side lock-way (nearly 7 m width) reaches the
level of the last relieving chamber (on the picture above represented by the little dark
rectangle in the top lock sell). From this level up to the apex of the left semi-pyramid there
is a lock-way (with cells measuring 6 x 6 m). This is an example of a possible variation of
the lock-way.

The authors of "hydraulic built pyramids" (particularly the Cheops's one), probably
guided by the presence of salt layer on the walls, but no one had imagined the simplest
source of water — the rain. And the reason is the imposed point by ancient Greeks, that
pyramids are tombs of the Pharaohs. By consequence comes the next mistake — the
presumption of a dry weather existing since the Pharaohs’s days ahead till now. But these
authors don’t underestimate the skills of the builders of pyramids, like are doing in
contrary those, which theories are sheer insult to the builders — they were not such a fool as
people make out, to pull the blocks up the hill, like would do it ants! So, it's my duty to
require the du respect to the ingenuity and smartness of our ancestors! But why did they do
pyramids? The eternal question! There are quite amazing answers and suppositions, |
would not comment, but one of these sheer fabrications pushed me to find my own
explanation of things! Then I made an important deduction — we are all waiting someone
else to explain things and events! Instead, we must ask ourselves questions, and try to find
out the answer! Enough waiting in front of TV displays to hear somebody else telling us
the truth!

Fig. 2 This picture from the "upuau project" proves that the upper
edge of the underlying block is leveling with the rows of the pyramid.

But, let's go back to the eternal question — why did they build pyramids: from a
while I had noticed that mounts have pyramidal shape, which let me make a correlation
between the mounts and pyramids. And one day I saw a picture of three mounts taken in
the Alps (Fig. 3) — they had an astonishing likeness with the Giza pyramids!

Then I was sure, that pyramids are a copy of the mounts (in modern speaking "copy
— paste")! Additional support of this thesis is the presence of small pyramids, existing
around the three pyramids, and with a casual disposition. Why did they make such a labor-
consuming construction? The only explanation is that they needed a place where their
Gods to inhabit!
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Fig. 3

But why on top of the mounts — because ancient people believed that their Gods were
living there; I shall quote two examples: the ancient Hindu believed that their supreme God
inhabited the mythical mount Mehru, and so did ancient Greeks about their Gods, living on
the top of the mount Olympus. The most probable cause obliging indigenes to leave their
native lands and go elsewhere is the last mini ice age, which affected the upper part of the
northern hemisphere about 12 000 years ago, forcing them to go back to the warmer south,
from which their ancestors came thousand years ago.

Fig. 4 On the drawing is represented a method of construction of
fencing, used in pharaohs times to build temple’s fencing.

Now is time to go to the point: after the leveling of the bed of the future pyramid,
was build the lock-way from the Nile to the spot, having a connecting channels with the
local quarry. Then started the construction of the pyramid by laying down the first row of
the enclosure stone fence — forming big squared lakes, surrounding the pyramid. This
artificial lake will have multiple functions. Let’s list them: 1. For accelerating the speed of
construction, because the presence of the surrounding lake permitted to have a second
entry to the pyramid — from the western side. 2. Another function is to receive and
evacuate the lowered down by the sides of the pyramid empty barges. 3. This is the biggest
recipient of water, supplying the water-lift on the eastern side of the pyramid (called today
— mortuary temple), which were able to deliver in a few hours a multitude of barges up to
the construction (about 20 m). Let’s say it now — the hardest work was to open and to close
the gates of the locks — probably by the aide of sacks of sand. The same ring lake is a kind
of a water-lift: when fulfilled with barges, after rainy period it can lift up them several
meters. 4. In a less rainy periods it could function like storage area. 5. Most probably the
blocks of the fencing wall were used to build the upper part of the pyramid. After the first
enclosure row was laid down the first row casing white limestone (white — to have a
resemblance wit the covered with snow mounts). So, the first about 20 meters were built
relatively easy — using the water-lift system. But, raising a higher fence is not convenient
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because of the enlargement of the base of the wall and the geometrical progression of the
material needed for it.

Then, from the 20th meter up the pyramid was divided in to elongated parallel
pyramids — northern and southern. What is the benefit of this bifurcating: the water-locks
are less sloppy, and there is a gain of water and time. Probably this unique method of
construction permitted to the Cheops’s pyramid to be the biggest. Some words about the
Grand gallery: this is the largest recipient of water — his volume is about 500 m3. It is
divided in 18 cages (the evidence for this are the square holes carved in the stone), each
one containing about 20 m3 (this volume is an indication for the dimensions of a lock-cell).
At the end — how the megaliths were putted on place (this is the more exciting point —
some of them are weighing about 45 tons!)? The answer is in their broken ends! The
question is: why they didn’t cut the extremities of the megaliths in the quarry? If one needs
a 7 m long block, he will cut it in the quarry?! Here's the explanation: to put one megalith
on the king's chamber's walls, it was carried by its extremities on two barges (Fig. 5).

Fig. 5

Then the protruding parts are cut off by the aid of a big hammer, and then were used for
the supporting row of the next range of megaliths. The supposed length of the megaliths is
about 11 — 12 m. After a detailed examination of the supporting blocks and their
comparison with the megaliths, the theory will be proven! So long dear friends.
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THE CHALLENGES OF RECONSTRUCTION AND MAINTENANCE OF
THE BUILT CULTURAL AND HISTORICAL HERITAGE OF BOSNIA AND
HERZEGOVINA

Adnan Ibrahimovic’l, Damir Zenunoviéz, Kenan Mandiiés, Enver Mandzi¢*

Faculty of Mining, Geology and Civil Engineering, University of Tuzla
Faculty of Mining, Geology and Civil Engineering, University of Tuzla
Faculty of Mining, Geology and Civil Engineering, University of Tuzla
Academy of Sciences and Art of Bosnia and Herzegovina

Abstract: Reconstruction and maintenance of the built cultural and historical
heritage has always been a challenge for engineers. The challenge is in need of a
sort "reconciliation” of the old construction method and the fulfillment of demands
posed by modern standards of construction. In addition, the specificity makes the fact
of diversity of types of these objects, as well as the facts related to the scope of their
destruction due to war activities. War destruction of these buildings is a particular
engineering challenge and experience.

The paper describes the methodological bases and practical approaches to the
reconstruction and maintenance of these buildings, which have been developed
based on challenges and experiences of engineers in Bosnia and Herzegovina.

Key words: Reconstruction, Maintenance, Architectural Heritage, Bosnia and
Herzegovina

1. Introduction

The territory of the modern state of Bosnia and Herzegovina has always been a
suitable place for settlement of human communities, so the archaeological remains found
in the area are dated even to the periods of thousands of years before Christ. In such
circumstances, it is quite understandable that the architectural as well as cultural and
historic heritage of Bosnia and Herzegovina has been rich and diverse. Its diversity is
multidimensional: in terms of historical periods, the typology of architectural heritage, the
cultural and civilizational as well as architectural and stylistic features of architectural
heritage.

A special part of this heritage is consisted of buildings of various types and purposes,
which have originated from the Middle Ages to the present times and have witnessed all

! Adnan Ibrahimovié, Dr sc.-Dipl.ing., Associate Professor, Univerzitetska 2, 75000 Tuzla, Bosnia and
Herzegovina, adnan.ibrahimovic@untz.ba
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the variety of cultural and historic periods of human life and human creation on the
territory of Bosnia and Herzegovina. On the basis of this architectural heritage the
development of architecture in Bosnia and Herzegovina can be traced, especially in terms
of the impact of the close and wider environment on its development, both in the
architectural style and the technological and technical aspects of this heritage. The general
assessment, in this respect, has been recognition of the presence of general architectural
and construction norms of a particular period in the history, both in the architectural style
and the technological or technical segment. It is necessary to emphasize that those
building, in almost all cases, have been made out of stone. All the above mentioned
represents understandable facts related to the geographical position of Bosnia and
Herzegovina and the importance of such position in geopolitical terms. Also, one of the
most important facts is that in the 14th and 15th centuries the medieval kingdom of Bosnia
was an economically and militarily developed country, according to the social standards of
the period, with abundance of natural resources and well-developed commercial activities.
All types of connections and contacts with Central European states of the period were
present, which left its mark on the architectural heritage of Bosnia and Herzegovina.

Such favorable circumstances for the development of the construction continued to
exist in the period of the Ottoman Empire, particularly at a time when Bosnia and
Herzegovina became the most western part of the Empire to the rest of Europe. At the
same time, it also became a division and buckle between the western and eastern
civilization, which is reflected in its architectural tradition and heritage.

Today, the remains of such heritage, which represent a mirror of development of a
society and a true cultural and historical treasure and, in some cases, the monuments of the
world heritage’, are unable to resist the challenge of their destruction through time.
Therefore, it is necessary to conserve them and to undertake their proper reconstruction
and conservation. This paper aims to present experience that Bosnia and Herzegovina has
in the architectural preservation of cultural and historical heritage, as well as ways to
manage them properly. This will be done through presentation of the state of this heritage
and the impact on its condition, regulatory requirements that the restorers and conservators
meet, as well as the approach to solving this problem in terms of surveying, analysis and
assessment of the state and condition of these buildings in order to develop restoration
projects.

2. State Of Architectural Heritage In Bosnia And Herzegovina

However, such geostrategic position of Bosnia and Herzegovina brought about the
frequent invasions and devastations that the wars always bring. They have not spared
structures. Relatively frequent armed conflicts did not allow to undertake the
reconstruction of the destroyed constructions, partly because of economic powerlessness of
society to do so but also because of the fact that their frequency has created a sense of
meaninglessness of such procedures. Therefore, such circumstances have created a specific
awareness and relationship to the structures from earlier historical periods that we can
qualify as a complete negligence of such objects.

It is not rare that the old historic structures or their remains serve more to local
people as a source of free building materials, in such a way that the parts of these buildings
have been built into their personal houses and other auxiliary facilities.

> On July 15, 2016 thirty necropolises of medieval tombstones (Ste¢ak) were inscribed on UNESCO’s World
Heritage List.
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Fig. 1. a) Parts of the doorpost beams and columns from the Jajce town fortress
built in a private residential building nearby; b) The demolished part of a rampart walls of
Jajce town fortress, left unprotected due to negligence or financial inability to undertake a
proper reconstruction (Photo: A. Ibrahimovic, 2009, 2010)

Therefore, it is not rare that in some case only toponyms survived today to witness
the existence of the old structures in the past, and that there is no material evidence at all
or, if still existing, they would be available only in archaeological excavations’. It is usual
in Bosnia and Herzegovina that the toponym "Gradina" refers to a location that, according
to the oral tradition, used to be the site of the medieval town, fortress and watchtower.

However, a special form of architectural destruction of cultural and historic heritage
took place in the latest aggression on Bosnia and Herzegovina, when a massive, and in
some cases systematical, destruction of religious and sacral buildings took place, some of
which were older than several centuries and had a high cultural and historical value’.
According to official data kept by churches and religious communities, as well as other
institutions that take care of architectural cultural and historical heritage, during the
aggression on Bosnia and Herzegovina from 1992 to 1995, the following buildings were
completely destroyed:

» 614 mosques and 218 masjids,
» 65 Catholic parish churches,
» 125 Orthodox churches.

The number of damaged religious sites is much bigger. It should be emphasized that
some of the buildings were national monuments and examples of exceptional
constructional and architectural value. Many other structures of the architectural heritage
have not been spared, with the Old Bridge in Mostar being the most famous of them.

% In such cases, we usually deal with the foundations of structural constructions that represent the basis for
doing an assessment and reconstruction of its dimensions, structure and purpose.
7 Many of them represent valuable national monuments of cultural heritage.
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Fig. 2. a) The ruins of Ferhadija mosque in Banja Luka; b) The ruins of Episcopal
Orthodox Church in Mostar; ¢) The ruins of Franciscan monastery in Plehan, d) The Old
Bridge in Mostar after its demolition

Moreover, there are many significant architectural and constructional sites in Bosnia
and Herzegovina that require proper reconstruction and management in the process of their
full preservation. Their number is not small. In the river Una valley alone, there are about
a few dozens of sites with the remains of architectural, cultural and historic heritage from
the Middle Ages and later periods, such as fortified castles, towers, chapels and other
religious building as well as many other structures. The same situation prevails in other
parts of Bosnia and Herzegovina, too. Valuable necropolises of the medieval tombstones
(Stecak) represent a special issue.

a) b)
Fig. 3. Cultural and historic architectural and constructional sites: a) Medieval town of
Tesanj; b) Medieval town of Srebrenik (photo: A. Ibrahimovic, 2014, 2016)

3. Restoration and conservation requirements and challenges that result from
standards and regulations
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When it comes to the reconstruction of the architectural and constructional heritage
we face the problem of staying in the domain of authentic construction, in terms of the
constructional techniques and the use of materials (assembly and material), and application
of normative demands related to the structures that are made out of stone. We would say
that the engineers who are engaged in this business face certain paradox, contradiction that
they need to reconcile in order to assure a high quality of reconstruction and avoid
obviousness and visibility of the subsequent reconstruction works. This fact alone is listed
at the very beginning of the ICOMOS Charter, in terms of restrictions on the application of
construction standards in diagnosis and restoration processes.

It is worth noting that the first of the general criteria, within the principles of
analysis, restoration and conservation, is a necessity of multidisciplinary approach. In
addition, it is important to emphasize that the value of the architectural heritage is not only
reflected in its appearance, but also in the integration of all its components into a single
product of the specific construction technology at a particular time. It is clear that the
restoration of a structure of the architectural heritage is not an ultimate end itself, but a
means to an end, which represents the structure as a whole.

What is important are the specificity and design of constructional heritage sites and
buildings, which include their historical complexity, require a precise algorithm of actions
in the process of studying and proposing all necessary procedures. Compliance with this
order of actions allows achieving the following:

» Obtaining relevant data and information,
» Identification of the individual causes of damage,
» Selection of the rehabilitation measures and efficiency control interventions.

Any activity undertaken as a part of the restoration must be assessed in terms of its
negative consequences for the architectural and constructional heritage. The emergency
security measures can be exempted from this rule®.

Research and diagnosis includes nine steps.

1. Multidisciplinary team begins with work from the very beginning, for example

the initial site reconnaissance and developing a research program,

2. Preliminary data and information processing in order to form a more
comprehensive plan of activities in connection with the actual problem,

3. Complete understanding of the structure and Applied Materials (original and all
subsequent conditions of the construction, construction techniques, changes and
their consequences, past impacts on the construction, the current state of
construction)

4. Emergent constructive solutions at the archaeological sites, which are undertaken
to stabilize the structure during excavation that must not jeopardize the form and
the way the building is used,

Diagnosis is based on historical, qualitative and quantitative approaches’,

6. Identification of the causes of damage and decay, structural safety assessment,
making decision about the type and mode of intervention on the structure,

7. Safety assessment must be harmonized with the quantitative and qualitative
analysis,

8. Special analyzes and considerations justify different approaches to safety
assessment in order to avoid excessive and impossible safety measures if the
same level of security is applied as in the case of designing of new buildings,

9]

¥ In the case of earthquake and taking measures to prevent the collapse of the structure, and even then with
maximum possibility of avoiding permanent and irreversible changes in the material.

? The qualitative approach: direct access to and insight into structural damage and deterioration of materials,
historical and archaeological research; quantitative approach: testing of materials and structures, monitoring,
analysis of the structure.
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9. Technical report, as a mandatory part of the documentation, must include all
aspects related to the existing information, diagnosis with safety assessment and
the decision to intervene on the construction of the architectural and
constructional heritage.

Compliance with the above stated enables the achievement of the objectives of the
recovery and controlling measures, which are contained in 22 defined requirements of the
ICOMOS Charter. When it comes to contemporary normative requirements, they are
related to the compliance of works with these regulations, especially the standards that
have to be met by walls made out of natural stone. In this sense, it is necessary to meet
regulatory requirements related to:

» the degree of stone processing,

» application of a binder,

» the building method and degree of the joint processing,
» the type of bond and building method.

—

a)
Fig. 4. Different level of stone processing, building method, the degree of the processing of
the joints and the bond types: a) Retaining wall of the mosque plateau in Pocitelj; b) The
old people’s school of Franciscan monastery in Livno; c) Different types of walls in the old
town in Srebrenik, indicating expansion in different historical periods or lack of knowledge

in the process of reconstruction (Photo: A. Ibrahimovic, 2010, 2015, 2016)

In addition, it is necessary to do a proper wall classification, which is clearly defined
in the standards (DIN 1053-1, EC6, DIN EN 1996-1). DIN 1053-1 includes classes from
N1 to N4, and they are in function of:

» ratio between joint thickness (h) and the stone block thickness (1), h /1,
» inclination of joint (tan o),
» transmission factor of ().
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Fig. 5. The starting value for the determination of the class wall

Also, it should be noted that the classification in accordance with EC6 has been
slightly amended compared to DIN 1053-1, so this should be taken into consideration.

When it comes to standard tests, a proper care should be given to the choice of test
methods, which means paying particular attention and consideration to the test conditions
and the factors affecting the testing. In Bosnia and Herzegovina, the standard tests of the
strength of natural stone are defined in the standard BAS.B.B8.012, which clearly
stipulates the following: equipment and accessories, the sampling process, preparation of
samples (tube) as well as their numbers, the experiment process, calculation method, the
test results interpretation method.

In the case of modern, semi-probabilistic safety concepts, a short statistical analysis
is also made, for example in accordance with the standard EN 1926: 2006.

Testing stone wall includes the following tests:

» Permissible wall stress: compressive stress and shear stress, based on DIN
1053: 1996 (deterministic safety concept)

» Characteristic wall strength: compressive and shear strength, based on EN
1996-1-1: 2005 and DIN EN 1996-1-1: 2012 (EC6) (semi-probabilistic safety
concept)

» Assessment of multilayer wall capacity by the Egermann.

It is suggested to apply identification of the wall compactness coefficients, which
represents the level of fulfillment of the wall volume with the rock material and the binder
between the two outer surfaces of the wall.

4. Methodological approach for different cases

4.1. Methodological approach to the restoration of the stone bridges

Works on the restoration of the stone bridges, as well as all other cultural and
historical buildings, begins with the collection of data and information. In addition to
general data, special importance must be given to obtaining full and detailed information
on the previous conservation and restoration works.

The next stage, regardless of the quantity and quality of the previous data and
information, is the creation of the action plan, which allows for a complete preparation of
the rehabilitation and protection project, and includes:
program of the preliminary research works,
current situation project,
monitoring and supervision of the research works,
preliminary static analysis of the bridge,
defining conclusions and making recommendations for rehabilitation project.

YVVYVYYVY
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A well-designed project of the current situation involves the following:

>

>
>

necessary documentation of the Commission to Preserve National
Monuments (a decision to designate a building ie. a bridge as a national
monument),

geodetic survey of the bridge, the river bed and banks,

architectural and construction plan of the current situation: the design, details
and description of the visible damage, technical description, photo
documentation of the current situation,

designs from all earlier rehabilitation projects documentation and

records of manual measurement, which is done on both upstream and
downstream side.

Description of the bridge structure must be precise and detailed. In addition to the
bridge construction, it also includes the bridge ramp. Representation of details or
longitudinal and transversal dimensions can be displayed in tables (Fig. 6). Details that
must be included in the description of a structure are:

> the total length of the bridge with its arches and river pillars,

» the length of the bridge fence and its height,

» the length of the ramp, with its detailed description, and the length of the
bridge and ramp,

> the height of the bridge measured from the riverbed to the bridge fence top,

» the number of arches with their light range dimensions,

» the number of river pillars with their ground layout dimensions,

» the way of reliance on the bridge pillars on its foundations and of the
foundation types (description of the foundations, with its characteristic details
of the upstream and downstream sides - icebreakers and counterforts, and
other characteristics related to the foundation method),

» the thickness and width of the bridge arches,

» the gabarit and tread width of the bridge,

» the type and size of the longitudinal slope of the bridge with all the
characteristics of the longitudinal bridge profile.
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Fig. 6. A typical cross section of the bridge with table transverse dimensions and outline

width

While collecting these data, a special care should be given to precise and clear
labelling of the individual segments, whose data and information are being measured and

described.
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The design documentation should include all observed damage or deformation, with
a special emphasis on those that can be defined as specific and that have special
significance. This damage and all deformations should also be photo-documented.

The analyses of the state of these buildings for the purpose of developing
rehabilitation projects require determination of certain parameters through which we can
assess the condition of the structure and suggest the optimal measures of the restoration
and protection. Therefore, it is necessary to perform the research and testing to identify
these parameters. In the cases of rehabilitation of old stone bridges, the goal of such
research and testing is:

» to define the requirements of the bridge foundations: geological composition,
engineering and geological characteristics of the ground for each pillar of the
bridge, the depth of the pillars’ foundations, the thickness of the foundational
stone blocks, material properties in the foundations, the characteristics of the
foundational material in the influence zone of foundation in depth,

» to define mineralogical and petrographic structure of the stone material,

» to define physical and mechanical characteristics of the stone, for each of the
structural elements of the bridge (especially the stone strength),

» to define characteristics of mortar through its chemical composition.

All the mentioned data and information can be obtained through a precisely made
research program. A part of this program are clearly defined field investigations and
laboratory testing. The field investigations include:

» Geotechnical drillings,

» Exploratory excavations,

» The Standard Penetration Test (SPT),

» The Schmidt Hammer Testing.

Fig. 7. The relationship between the hardness obtained Schmidt hammer and uniaxial
strength of rock (by Deere dealer and Muller)
Laboratory testing include:
» Geomechanical testing of the soil,
» Geomechanical testing of the stone,
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» Mineralogical and petrographic examination of stone,

» Mineralogical, petrographic and chemical analyzes of the original mortar,

» Assessment of the cementation index (hydraulic module) of the original
mortar.

The performed investigations and tests enable the implementation of a preliminary
static analysis, which involves determining the capacity of the construction in terms of:

» Stability of its arch construction,
» Bearing capacity of the foundations.

These analyzes consider the limit states of the bearing capacity, in accordance with
the partial concept of safety coefficients of the load and resistance.

Based on all these researches, testing and analyses, the assessment of the state of the
structure is performed and the recommendations of optimal rehabilitation measures are
given, all of which makes the project of the rehabilitation and protection of the bridge as a
cultural and historic construction.

4.2. Methodological approach to the restoration of the stone towers and
fortresses

Considering the stone towers and fortresses, there is no substantial differences in
methodological approach compared to the one for the stone bridges that we have already
described. There are, however, certain specific features, extensions or modifications, which
will be listed and described.

When the stone towers and fortresses are considered, in the phase of collection
general information about the building, it is important to collect information about the
stages in the construction of the building. This means that each stage is defined according
to the historical period in which it was executed, the scope of the works done,
characteristic details in this particular phase of the construction as well as other relevant
notes and facts (for example, who ruled in that period, which may indicate to the technical
and technological characteristics of the construction in this phase or to the type of material
used). Other basic data are as follows: type of tower (fortress), construction method, the
subsequent construction procedures and detailed information on dimensions, as well as all
available or new design plans.

When describing the current situation, a special attention should be paid to the
damages and to making their typology and registration. Damage types related to cracks,
weaknesses in the wall in the form of washed binder, falling out of the stone blocks (Fig. 1.
b)), the wall deformations.

The research works aim at obtaining information on the foundation soil and masonry
construction and consist of:

Geodetic surveying,

Geotechnical testing of the soil,

Architectural surveying of the current situation,

Initial conservation and restoration works,

Recording damages,

Analysis of the structural components stability,

Investigating the walls including all its components (a nondestructive testing
methods are carried out here).

YVVVYVYVYYVYYV

When it comes to examining the stone out of which the wall is made, then, in
addition to the above mentioned testing, the calcimetry measurements are done as well as
the velocity of longitudinal waves in the wall stone is measured. Here, the macroscopic
description of the mortar is also provided. Nondestructive testing methods include
geophysical surveying of the terrain and the wall.
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c)
Fig. 8. Hadzibey’s tower near Stolac: a) the state of the outside wall of the tower, with
visible defects and deformations; b) and c) the state of the inside wall of the tower (photo.
A. Ibrahimovic, 2016)

Fig. 9. a) Disposition of geophysical measurements; b) seismic tomography walls of the
tower with the disposition of geophones and point of initiation

In the wider area of the construction (measurements in the soil), the seismic and
georadar measurements are done. However, measuring methods of seismic tomography
and georadar are used on the construction wall, (in order to estimate the wall compactness)

(Fig. 9.).
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The rehabilitation project defines optimal rehabilitation and protection measures, all
on the basis of the investigations and analysis, separately for all damage types and for all
the individual parts of the stone building, tower and fortress.

4.3. Methodological approach to the restoration of the religious buildings

The restoration of the sacred objects poses a particular challenge when it comes to
reconstruction and preservation of the architectural, cultural and historic heritage. First of
all, those are the buildings that still have their operational function. Regardless of their age,
these buildings are mostly active in terms of their daily operation, for the purposes they
have originally been constructed for. In addition, a considerable number of those buildings
represent both a type of museum spaces and buildings in the service of tourism. Their
twofold purpose is the reason for the most direct interconnection, and, to say it, the conflict
between the desire to preserve the authenticity and the application of modern norms of
construction of the structure that must meet all the safety and operational standards in
terms of its reliability. Finally, their nature is significantly richer in architectural elements
and details that require a certain artistic approach and a significant level of conservation in
the context of projects and works that we define as the reconstruction or restoration and
conservation project of architectural, cultural and historic heritage.

Based on these assumptions, each of the aforementioned steps, within the overall
algorithm of the successfully implemented reconstruction and protection of the historic
building, is characterized by its numerous details. It begins with the general information
about the description of the current state of the facility until investigations and
measurements'’.

Testing of the mortar is done on samples of the mortar used for masonry, the mortar
used on the facade and the mortar used on the inside walls. When the strength of the mortar
can be crucial for the load capacity of the wall, it is recommended to do the testing in
accordance with EN 1855-9, procedure IIT'".

In the case of geophysical surveying and testing, due to the possibility of the poor
condition of the walls, it is recommended to use geoeletric surveying method (Vertical
Electric Sounding - VES). The results are presented in the form of graphs and tables and
their interpretation is performed in order to precisely determine the condition of the walls
of the building. The same method of geophysical surveying can be performed to survey the
surrounding soil.

For Islamic sacral buildings, it is important to emphasize one more specificity
concerning the need to create the research program that applies only to the minaret as a
part of the mosque separated from the rest of the building. These research programs are
integral parts of the overall research on this type of objects, so that recommendations or
rehabilitation projects of the minaret are integral parts of the overall rehabilitation of the
mosque. Of course, this also applies to other religious buildings, such as churches, if they
have parts that are more or less separated from the basic footprint of the building (e.g.
separate towers or bell towers).

5. Instead of a conclusion

Reconstruction, restoration, conservation and management of the cultural and
historic architectural heritage represent a very special engineering challenge. Its
multidisciplinary nature talks about the specificity of engineering problems.

' In a study of the wall stone, we should do a detailed geological interpretation of the stone, its mineralogical
and petrological determination, and geomechanical properties include bulk density and volume as the level of
water absorption, which allows us to use the deterministic safety concept for calculations, in the absence of
data that allow us to estimate the characteristic strength of the stone according to EN 1996: 2006.

' Testing of mortar in the joint.
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Fig. 10. The reconstruction works on the mosques destroyed in the war: a) military mosque
at Kuslat near Zvornik; b) Ferhadija mosque in Banja Luka (Photo: A. Ibrahimovic, 2012,
2013)

Seemingly paradoxical and irreconcilable requirement to preserve the authenticity
and the fulfillment of the requirements of technical standards and regulations may
discourage engineers to take the challenge.

Fig. 11. Reconstructed and ongoing reconstruction of architectural heritage: a) Ferhadija
mosque in Banja Luka; b) the Orthodox Cathedral Church in Mostar c¢) the Old Bridge in
Mostar;

However, the correct approach with clear methodology framework for works in this area
make it possible to do the task successfully, satisfying both aspects of the aforementioned
requirement. Positive experience in Bosnia and Herzegovina speaks in favor of it. What we
have presented in the introduction to this article, as a result of destructive activities that, in
the case of Bosnia and Herzegovina, have become known worldwide and termed urbicide,
after completed and ongoing works on the restoration and reconstruction are now seen as
successfully completed projects (Fig. 11., Fig. 12.).
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Fig. 12. Reconstructed The Old Bridge in Mostar;

It must also be emphasized that ignorance and lack of awareness of the importance of
architectural, cultural and historic heritage can lead to tragic cases where national treasure
is being lost forever. For example, this happened to the Turhan Emin Bey’s mosque in
Ustikolina where the construction of an entirely new structure on the site of the old
mosques destroyed in the war has resulted in irrevocable loss of a national monument of
exceptional value. Unfortunately, this is only one of many such examples.

Fig. 13. Turhan Emin Bey’s mosque in Ustikolina: a) the earlier design (15th century)
before demolition; b) current design after restoration

The new challenges for multidisciplinary teams of engineers working on
reconstruction and restoration of these objects, include testing of the rocks at which these
building are situated, especially in cases related to the rock cliffs, analysis and assessment
of their stability conditions, which, as a result of the loss of the rock mass, can also be the
cause of the damage or the destruction of such old buildings. Such is the case with the old
town Srebrenik. However, it is not the only case because there is a significant number of
similar buildings.
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DESTRUCTION OF OLD BUILDINGS IN TUZLA CITY CENTER DUE TO
SUBSIDENCE OF TERRAIN IN THE ZONE OF SALT EXPLOITATION
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Abstract: The city of Tuzla is located on the salt deposit which was for many years
exploited for the needs of the population and industry. The significant increase in
salt water exploitation began in the last 60 years. Exploitation of salt, under the city,
created great spaces which is reason why there has been a ground subsidence in the
area of the city. Maximum subsidence in parts of the city is 18m. Over time, the
strain that appeared on the surface of the ground led to the demolition of many
buildings of cultural and historical heritage of the city. In this paper, the reasons and
process itself that lead to loss of cultural and historical center and the gradual
demolition of a large number of important historical buildings in the city of Tuzla is
presented.

Key words: Subsidence, Salt deposit, Destruction

1. Introduction

The documentary evidence of settlement in what is now the town of Tuzla, date from
the Neolithic period and is related to the sources of salt water that existed in that area.
From X century there is a document that states that this settlement is called Salines, which
in Latin means salt. With the arrival of the Turks area of the village is called Memle
Hatein, Memleha-Zir, Memeleha Bala, which in Arabic means they salt. Turkish name
Tuzlai-zi and Tuzlai Bala, also means salt, as well as the present name Tuzla.

In the Turkish time since the end of the fifteenth century until 1987, when Bosnia
and Herzegovina comes under Austro-Hungarian rule, salt was produced by pumping salt
water from hand-dug wells in the city. People were boiling salted water to produce salt.
From 1885 begins industrial exploitation of salt water by drilled wells. Salt water is
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pumped from greater depths and locations for the wells were in the metropolitan area. Two
salt factories were built, in which salt water was cocked to produce salt.

At the time of Yugoslavia, since 1945, exploitation of salt by salt wells continued,
since it was the only deposit of salt in Yugoslavia.

From the earliest times to 1885 from the underground by salt water about 4,000,000
tons of salt was removed. From 1885 to 1939, also from salt water it was produced
approximately 4,000,000 tons of salt. From 1939 to 2000 and from the underworld about
32 million tons salt has been exploited. In underground, in the area where salt was
dissolved and taken out to the surface of the ground by the salt water the large empty space
of 9.5 million m*® was created. This area, where the water dissolved salt, was filled by
subsidence of the terrain above this space. Deformations in the massif with the time came
to the surface of the ground. As the result subsidence of the ground surface, on which the
urban complex of the city of Tuzla existed, began.
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Fig. 1. Profile of salt deposit under the city centre
2. Problems as the result of the city of Tuzla subsidence

Industrial exploitation of salt water by underground wells lasted for 120 years.
During this time 180 wells, that pumped salt water from underground, were drilled.
Dissolving salt and salt water pumping from the underground created a degradation of the
massif in the area of salt exploitation by salt water, which resulted in subsidence with
reflection on the surface of the terrain. The process of sinking metropolitan area is
followed by geodetic measurements since 1956. Until 1992, geodetic measurements are
performed annually in the month of July. This made it possible to establish that the area of
6.3 km? had subsidence of more than 1 cm per year. The volume of space that was affected
by subsidence from 1956 to 2000 amounts to about 7.5 km?. Vertical subsidence in the city
area, in some places, reaches the value of about 18 m.

As a result of subsidence 2,700 apartments, 67,000 m? of office space and 130,000
m? of objects space that served as administrative, educational or Health had to be
demolished. From downtown Tuzla about 15,000 people were displaced. Damaged by
subsidence, all the buildings built during the period of the Turks and Austria Empire, in the
center of the city, had to be destroyed. By demolition of buildings in certain parts of the
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city, the whole streets vanished, and the city had to change the organizational and
functional structure. With today's population, the consequences of the sinking, which took
place at the time of the existence of Yugoslavia, had the scale of the environmental
disaster. It is important to note that the very intensive construction of important structures
in Tuzla took place in the period Austrian rule from 1879 to 1914. Buildings that were
built, for that time were, modern hotels, large gymnasium, post office, civil and military
administration, court, spa, swimming pool and many architecturally significant housing
facilities.

The paper is intended to show some characteristics of the sinking and catastrophic
consequences caused by subsidence on the surface.

3. Geodetic measurements of subsidence in the city of Tuzla

In 1910 cracks on some buildings were observed. During the Kingdom of Yugoslavia
1918 to 1945 the problem of the sinking was not given any special attention. From 1945
industrial exploitation of salt water is significantly increased due to the importance of salt
in the chemical industry. In 1952 and 1953, the problem of subsidence in the metropolitan
area was becoming very significant, because on the facilities which have been built since
1945 cracks were observed and on the objects from Austria period (1879-1918) the cracks
become so large that some facilities have to be demolished. In 1955 a network of geodetic
points was set up for monitoring subsidence of the city and baseline measurement was
done. The first results in 1956 show that there are areas in the city where the annual
subsidence is over 30 cm. Geodetic measurements up to 1992 showed that the subsidence
of the certain parts of the city took place very intensively.
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Fig. 2. Cumulative flow of sinking polygon point PG in last 15 years, until 2003-the flow
is interpreted by polynomial of the third degree, with high coefficient of correlation.
Terrain located on the PG 190 point subsided 10.3 m.

3. The characteristic deformation of the ground surface
In time, on the ground surface the characteristic deformations appear, and can easily be

registered on the site, as the product of subsidence. These deformities occur in only a few
years after the construction of certain parts of the stairs, asphalt paths or curbs.
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Fig. 3. Regional overview of subsidence field in city area, with contours hatching
equidistance of 0.5m. Volume of subsidence is around 7.500.000 m?.

Fig. 4. Typical deformation on the surface (photo: K. Mandzi¢ 2008-2013)

The destructive effect of the sinking has been shown in several examples of important
structures and parts of the screening picture how it was and how it is today. From the
presented examples one can presume the extent of the disaster, to which the city of Tuzla
has been exposed.
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Fig. 5. Typical deformation on the surface (photo: K. Mandzi¢ 2005)

Dol. Tuzla Gymnasium

Fig. 6. High school built in 1898 (a- photo: old postcard of Tuzla). Area were high school
use to be (b-photo: K. Mandzi¢ 2016)

a) b)
Fig. 7. The old post office building, built in Austrian period (a-photo: old postcard of
Tuzla). Area were old post office building use to be (b- photo: K. MandZi¢ 2016).
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a) b)
Fig. 8. The street in city center with buildings built in Ottoman and Austrian period (a- old
postcard of Tuzla). Area were street use to be (b- photo: K. Mandzi¢ 2011).
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Fig. 9. The street in city center from 1900(a- old postcard of Tuzla). Area were street use
to be (b- photo: K. Mandzi¢ 2016).

a) b)
Figure 10. The street in city center from 1950 (a- unknown author). Area of the street with
clear view of street subsidence, in relation to surrounding terrain (b- photo: K. Mandzi¢
2016).
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3. Conclusion

The destructive effect of subsidence as the result of salt water exploitation by wells
drilled in Tuzla has been ongoing for more than 120 years. Industrial exploitation of salt
water for chemical industry from 1945 to 2000 was the direct cause of the sinking, which
1s why 2,700 apartments, 67,000 m2 of office space and 130,000 m2 for administration,
education, health it had to be demolished and about 15,000 people displaced from the city
center. This problem presents the specific

The emergence of subsidence in Tuzla represents a very specific phenomenon and a
problem that is very rare in the world. Solving this problem is a difficult task. The paper
presents some unique features on the surface due to subsidence and destroyed buildings
and facilities along the street, which would now be part of the cultural and historical
heritage. All of this happened in a country where it was important to have salt exploitation
of the regardless to the catastrophic consequences that this exploitation produced. Many
years of neglecting this problem led to the destruction of important structures that could
today represented the significant cultural and historical legacy of the city of Tuzla.
According to research carried out for the purpose of spatial plan of Tuzla, is determined
that in certain parts of the city, subsidence will not stop not till 2026. These results indicate
that some parts of the city are useless for the construction of buildings for long period of
time and therefore for the eventual rebuilding of the destroyed buildings of cultural
heritage.
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WOODEN BEAMS BUILT-IN VAULTS AND DOMES OF THE CHURCHES
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OF 14" CENTURY
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Abstract: The paper analyzes the behaviour of built-in wooden elements of medieval
construction of arches, vaults and domes of Orthodox churches built in the area of
Medieval Serbia in the period from the second half of 12" to the middle of 14"
century. Their role in these structures is significant, because it is a seismically active
area, and, in addition to historical knowledge could be useful as lessons for
contemporary practice. Solutions in the whole Balkan Peninsula indicate the strong
influence of Byzantine construction techniques, which have many variations
depending on local traditions. In the literature, wooden structural elements in these
circuits are commonly referred to only as ties, rarely was analyzed their other
functions. Based on the number of examples this paper defines other purposes of
wood elements on vaults and arches depending on different positions they held.
Discussion of the results gives basic typology of positions, ways of creating links and
form of elements in arches, vaults and domes of Orthodox churches in the medieval
Serbia in the period from the second half of 1 2™ to the middle of the 14" century.

Key words: Vaults and domes, wooden beams, wooden grid, Masonry, Stress
analysis

1. Opening remarks

Studying medieval sacral architecture contributes to understanding the use of local
materials to improve the properties of built structures. However, the stability and durability
of masonry structures from this period has passed the test of time over hundreds of years.
The stability of masonry structures is largely dependent on their supports, particularly in
structures with arches, vaults and domes. The most common problem with these structures
1s the horizontal thrusts which must be accommodated using specific engineering solutions.
This is especially important in structures built in regions with high seismic activities
inherent to the territory of the Balkans.
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The specific design concept of Byzantine - Orthodox churches resulted in the
introduction of adequate structural elements in order to obtain stable, durable and
aesthetically valuable objects. Orthodox sacral buildings are characterized by distinctive
architectural structures with specific position and spatial relationship between arches,
vaults and domes. In sacral Orthodox structures located in seismically active areas of the
Byzantine Empire, in zones of supports of arches, vaults and domes, thrust was
accommodated using wooden beams - ties. Timer beams occupy certain positions, and can
form specific solutions in the form of wooden grillwork. This paper analyzes the wooden
beams whose position indicates that they can be defined as ties. In some cases, the position
of wooden beams can be different, so that they could not be ties, which is also analyzed in
the paper and their possible function indicated.

The specific use of certain structural elements in medieval structures was a subject
analyzed by several scientists. Unavoidable in older literature regarding the function of
medieval structural elements are works of Viollet-le-Duc E. [24], Choisi A. [3] and Fitchen
J. [5]. In the second half of the 20™ century the theory of limit capacity was actualized
again in the domain of arch, vault and dome structures mostly thanks to the works of
Heyman J. [8,9], as well as his followers Block P. [1] and Ochsendorf J. [19]. From the
aspect of development of these structures also important were the works of Huerta S.
[10,11] and Mainstone R. [17]. In Eastern Europe, the most endangered structures of this
type are also present on medieval churches, whose architecture is significantly different
compared to modern solutions in the west. The problem of stability of structures applied in
this architecture was in the focus of the works of Osterhout R. [20], Vintzileou E. [23],
Penelis G. [21], Gavrilovi¢ P. [7], and Foli¢ R. [6]. A broad overview of monumental
heritage of Byzantine-Orthodox medieval architecture was provided by Mango C. [16],
Kreutheimer R. [14] and Cur¢i¢ S. [4]. The issue of wooden beams in medieval Orthodox
churches was also the subject of the works of Koumantos A. [13] and Karydis N. [12].
They viewed these structural elements as ties, neglecting their other functions in
monuments in the region of the Balkans.

This paper analyzes the role of wooden beams depending of their possible specific
positions in arch, vault and dome structures made of bricks in the architecture of Orthodox
churches on the territory of medieval Serbia. It presents and analyzes a wider range of use
of horizontal wooden elements made of materials which are good in tolerating tensile
forces in structural systems whose material (masonry) is non-resistant to tension, but
tolerant to pressure forces. The paper covers the period from the 12" to 14™ century when
specific design solutions were applied in the area of medieval Serbia by using structural
elements typical of the architecture of the Catholic West and the Orthodox East.

2. Material and methods

Data for this study were obtained by studying the structures of Orthodox Church
architecture whose appearance is monitored on the territory of medieval Serbia, where the
wooden elements were frequently used as ties in arches, vaults and domes. The considered
structures were built during the rule of the Serbian Nemanji¢ dynasty (1166-1372.). This is
the period of greatest prosperity of the Serbian state. By their architectural framework,
these structures belong to Orthodox churches of Byzantine style. As a rule of thumb,
wooden beam grillwork appear on monuments in a wide area of the Balkan Peninsula, that
is not only on structures built in medieval Serbia, but also on Orthodox churches in other
countries of this period in Southeast Europe (Fig. 1). Structural solutions and the stylistic
expression of church buildings in the area of medieval Serbia often reflect the Western
influence of Romanesque and the transitional Romanesque-Gothic style. This influence is
primarily coming from the Adriatic coastline (today's Montenegrin and Dalmatian coast).
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The majority of examples of sacral architecture on the territory of Old Serbia are the result
of creative solutions in the process of construction, ways of designing arch, vault and dome
structures, and the use of wooden beam systems in order to stabilize them.
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Fig. 1: Urban hotspots of Byzantine-Orthodox architecture: a) hotspots in the eastern part
of the Balkans between 12™ and 14™ century; b) highlighted detail — the map to the right
shows the frequency of structures of sacral architecture with a pronounced influence of
Byzantine architecture on Serbian monuments marked with dark circles (arranged by 1.B.).

The application of wooden elements in supports of masonry arches, vaults and domes
is particularly common during 13™ and 14" century, when Western Europe is largely
oriented towards the Gothic architecture. While horizontal thrusts coming from arches and
vaults in Gothic architecture were suppressed using buttresses, Byzantine architecture
resolves this problem using wooden ties.

This paper applies the method of comparative analysis from the aspect of the
constructive role of elements (assemblies of masonry arches, vaults and domes), aesthetic
values in the overall assembly, and the history of their manifestations. The analysis
includes certain monuments of Byzantine architectural style of constructing sacral
buildings on the Balkans. The analysis is focused on the specific positions of wooden
beams and their role.

3.2 Analysis of wooden beams functioning as wooden ties

The position of wooden beams depended on the concept of designing the general
frameworks of Orthodox sacral structures. In his "Dictionnaire raisonné de l'architecture
francaise du Xle au XVle siecle" [24], Viollet-le-Duc E. indicates the position of wooden
beams in supports of Romanesque buildings (Fig. 2a, beams C on the left side and in the
lower right corner).

If the beam shown in the drawing is properly anchored at its ends, it contributes to
suppressing the unequal shear of supports in individual supporting arches of the barrel
vault.

There are monuments of Byzantine architecture where stepped forms arches and
vaults were little or not used at all. Constructing regular barrel vaults, which develop
stronger thrust forces than the stepped vaults, has led to the use of wooden shutters. Visual
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inspection of old masonry arch and vault structures led to the concluded that during the
construction of upper arches buckling occurred in shutters at the level of supports.

& |
el 11
Y I

Fig. 2. Location of the wooden beam C with abutments of transverse arches of the
longitudinal barrel vault.

Fig. 3. Position of wooden beams with supports of the barrel vault: a) Effects of lateral
thrust on supports of the barrel vault and the longitudinal beams on the outside of the vault;
b) Lateral bending of the long longitudinal beams and crack at the top of the vault as a
result of the pronounced effect of lateral thrusts exercised by the vault; ¢) Suppressing the
possibilities of beam buckling and vault cracking in the case b) using traverse, equally
spaced wooden ties (3D model by 1.B.)

As a result, supports were displaced sideways. One of the reasons to place the heavy
longitudinal beams to the outside of supports of barrel vaults was obviously to suppress the
uneven shear of supports in the process of constructing. However, due to the length of
longitudinal wooden beams it is realistic to expect their longitudinal lateral buckling
compared to their anchored ends. According to Fig. 3b, cracking of the barrel vault is
expected to occur along its central longitudinal zone. Thus, in Middle Ages, wooden ties
were installed along the beams in specific time intervals (Fig. 3c). The transverse beams
functioning as wooden ties are pronounced in the church of St. Nicholas in Prilep
(Macedonia), but their application in this role is characteristic of the church of St. Petka in
the village StaniCenje in Eastern Serbia. This small church is the endowment of the
Bulgarian nobleman Arsenije from the era of Bulgarian emperor Jovan Aleksandar Asen
(1331-1371). The ties were fastened with wooden wedges, and this method is also shown
in the work of Viollet-le-Duc [24] (comparative drawings in Fig. 4). In some cases wooden
scantlings have had the function of ties, especially when it comes to separate arched
openings or single-aisle small churches, topped by a longitudinal barrel vault. The
effectiveness of their action as ties depended on the ways they were anchored in the arch
supports. Penelis G. says about this: "It is characteristic that in the most Byzantine arches
existed wooden-anchored ties with metallic junctions and the masonry constructions of the
supports" [21]. Wooden beams in Byzantine architecture were anchored through wooden
and metal elements.
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c) |
Fig. 4. Anchoring with wooden elements: a) in Western Europe in the Middle Ages
(drawing [24]); b) in church of St. Petka in Stani¢enje (drawing by 1.B.); c) the position of
wooden ties in the church under the vault (according to Popovi¢ M.)

The Greek word for wooden beams used in buildings is "imas", while the system
itself is called "imandosis", which means "ties" [23]. Therefore, their main role in single-
room structures can be equated with the role of wooden ties. Today, ties organized in this
way are a typical example of ecological engineering.

Here however, the question is: are they always beam-ties or beams under the force
of thrust (struts)? In a system of vaults of churches of Byzantine architecture in the
Balkans these beams are the most often considered ties because they are running through
the supports of arches. If ties are applied for each arch individually, then it is sufficient for
the length of support in the depth of the arch mass to be 20-40cm. The problem of
interpretation of their role as ties occurs in vaults and domes, because then they cannot be
seen as ties in the spatial framework of Byzantine sacral structures whose masses are
dispersed in all levels.

3.3 Beams in the formation of the grillwork functioning as horizontal tying

In many Byzantine churches of the 14™ century the exposed wooden beams in vault
supports are treated as ties, especially those in barrel vaults, which are common in
Byzantine architecture. However, the beam as a line element of a small cross-section
which is set in one direction cannot have the function of a tie for the vault which is of
larger depth and extends perpendicular to the beam direction, as shown in Fig. 5a. These
beam and vault positions are characteristic to the central parts of Orthodox temples.

a) b) c)

Fig. 5. Positions of wooden beams in the grillwork of vault supports in structures of central
plan (L.B.).

Transverse beam position in relation to the vault (Fig. 3.) indicates that the beams
were necessary for a longitudinally oriented vault reinforced with longitudinal beams along
the supports. By crossing these beams with beams transverse direction longitudinal beams
are somewhat prevented from buckling [21,22]. This is applied to a relatively small vault
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spans in Byzantine architecture. A typical cruciform shape created by extending the
transverse beams (Fig. 5a), creating conditions for the formation of vaults perpendicular to
longitudinal vaults (Fig. 5b). Crossing these beams results in a grillwork which prevents
them from pronounced lateral buckling which is also presented in basic barrel vaults (Fig.
3.). This stabilized the supports of vaults against horizontal shear.

The grillwork described in Byzantine architecture was very important considering
that churches in late Middle Ages were of central plan. The supporting structure of the
dome was located at the intersection of vaults and was formed through squinches, but more
often pendentives. In supports of pendentives horizontal lateral pressures occur as a result
of the own and additional load of the pendentive. The additional load is particularly
pronounced in pendentives which carry domes without drums. Due to strong lateral thrusts
in the lower part of the dome shear can occur in supports of the pendentive. The use of a
wooden grillwork stabilizes the supports of the pendentive and the perpendicular barrel
vaults. This is why the wooden grillwork in the structure of arches and domes is very
important in the design of churches of Byzantine architecture. In addition, the beam
grillwork enabled the formation of more complex assemblies of five-dome churches such
as the Church of the Virgin Peragoritise in Arta and the Church of our Lady in Gracanica
(Fig. 6. and Fig. 7.). The specificity of their assemblies is that such beam grillworks were
applied at several different levels due to changes in geometry of these structures at certain
elevations.

Fig. 6. Axonometric views of five-dome churches with the positions of wooden beam
systems: a) Arta; b) Gracanica (drawing by [.B.).

As the medieval Serbia was the westernmost Orthodox country of Middle Ages, it
was an area where Western and Eastern construction technology were mingled.
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Fig. 7. Detail from the crossing of beams: a) in the zone of the lower cross in Arta; b)
continuously crossed beams in the zone of the lower cross in Gracanica

3.4 Wooden ties in cross-vaults in De¢ani

The most characteristic example of this is the Church of Christ Pantocrator in Visoki
Decani, where arch and vault structures were applied. The interior of the church is covered
with cross-ribbed vaults whose elements were derived with spherical shape, and the whole
structure is strengthened with wooden ties. The choice of shape can be associated with the
customary form of vaults in churches on the territory of Central European medieval states.
Installing wooden ties aimed at stabilizing the vaults indicates Byzantine influence.

Wooden beams in the vault system of the church in Dec€ani are usually interpreted as
having the function of ties, but here the support structure of vaults is similar to assemblies
in Italian cathedrals [2]. Despite the similarities to Western models in the choice of
structure, the mutual relationship between the position of vaults had to fit the needs of
covering an Orthodox temple. Due to the specific position of vaults in this church, the
purpose of the wooden beams is also somewhat different.

S. Huerta and A. Ruiz [10] highlight the specific role of wooden beams in medieval
cathedrals, and the creation of conditions for the construction of vaults in central aisles.
This is confirmed by the fact that in the construction of the Cathedral of Toledo several
conclusions were drawn that can be applied also in the analysis of the structure of the
church in Decani. The height of some of the monolithic marble columns exceeds 6 m,
while the width of a single bay is less than 5 m, which indicates that the pillars were built
before the end side walls of the aisles, after which the columns of internal aisles were
erected. As a result, there is no doubt that the construction of the vaults on the side aisles of
the naos should have somehow been ensured. The reason for this is that due to the lateral
thrusts coming from the side vaults over the side aisles their reliance on free-standing
columns endangered the stability of the structure. Therefore, before the construction of
vaults in the side and the central aisle, the stability of columns should have been ensured,
because they carried the vaults of both the side and the central aisles. Their stability has
been achieved by placing a horizontal beam F between the tops of columns of the naos.
The conclusion is that wooden beams in this case do not have the role of ties but of struts
that prevent in a different way the vault supports in the central aisle (which is yet to be
built, after the stabilization of vaults above the side aisles) from shear (Fig. 8.a and Fig.
8.b). The same can be concluded also for the J beam in the central aisle (Fig. 8.c). Its
slightly higher position is dictated by the fact that if the foundation lines of the groin vault
segments evoke its spherical shape, the vault induces thrusts also in crowns of supporting
arches of groin vaults. In order to prevent the arches of the church of the monastery of
Decani from lateral tilting, the installed beams played a role of a strut in the height of the
crown of longitudinal supporting arches [10].

The more complex functions of wooden beams can be seen in the narthex of the
same church, which has a form of a basil hall (Fig. 8.b and Fig. 8.d). Under the arches of
longitudinal arcades which separate the central aisle from the side aisles there are wooden
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beams installed. Up to half the height of their cross-section transverse beams are grooved.
During recovering the roofs of side aisles large arches were found in the wall mass along
the entire length of longitudinal walls. The span of a single arch is equal to the sum of
spans of three individual arcades which carry a single longitudinal wall. In each side wall,
the span of this arch is equal to the span of whole arcades that carry these side walls. At the
height of supports of these two embedded walls a continuous wooden beam is installed
which also serves as a support of the arches of arcades. This beam plays a dual role: in the
same time, it carries three small arches in the arcades and serves as a tie for large arches.
This significantly reduces the effects of cracks whose presence would otherwise create
separate mechanisms. At the same time, these two continuous beams prevent the shear of
supports of the transverse arches of side aisles that rest on them. The role of these wooden
elements is obviously very important in the complex mechanism of distribution of vaults
and arches (Fig. 8.d).

d)
Fig. 8. Decani — Church of Christ Pantocrator: a) plan of the church with the marked
position of cross-section; b) section A-A through the narthex with the marked order of
construction; c¢) section B-B through the western bay of the naos with the marked order of
construction — the arrows mark the strut beams (drawing by Boskovic D., supplemented
by L.B.); d) axonometric section through the southern aisle of narthex (drawing by I.B.).

3.5 The role of wooden beams in the dome

In Byzantine architecture, batch boxes were the most often installed in the middle of
the drum, connecting the columns and pillars that carried them. The reason for this is that
columns of the drum, due to the action of horizontal thrusts coming from the dome are the
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most bent in the middle of their height which can lead to their fracture (Fig. 9.a). That is
what happened to one of the columns under the dome of the Church of our Lady in
Studenica (beginning of the thirteenth century) during the earthquake that occurred before
1629 [17,18], because the drum contained only radial while lacking horizontal batch boxes.
The technique of installing wooden batch boxes in drum columns is often applied in the
14™ century (Fig. 9.). In Middle Ages, horizontal wooden beams were installed at certain
altitudes in order to prevent the damage, dividing thereby the drum of the dome to several
horizontal planes. In Serbian medieval churches, wooden beams were usually installed in
the mid height, while in other churches of Byzantine architecture they were installed also
in other heights, and were usually not visible from the outside.

: \7 / ;
Fig. 9. Wooden beams in the dome structures: a) Fracture of the drum column on the dome
of the church of the Studenica monastery (photo [18]); b) Axonometric section through the
dome of the Hilandar monastery church with the marked position of wooden beams
(drawing by L.B.); ¢) Position of wooden beams in along the middle of the drum height in
the church of St. Joachim and Anne in the monastery of Studenica (photo by 1.B.)

The role of wooden beams under the domes is also explained by the example of
masonry arches of the under-dome structure in the church of the monastery of the
Patriarchate of Pe¢, on the territory of medieval Serbia (Fig. 10.). Here, wooden beams
were also used to prevent the supports of arches from shearing. The structure of this
church, which combines several interconnected domed churches, is characterized by the
crowns of all arches which are fixed in a single plane. This structure is formed by crossing
the wooden beams which are fixed perpendicular to their crowns.

Fig. 10. Wooden beams in the dome structures: a) Model (drawing by 1.B.) and b) the in-
situ position of wooden beams in crowns of under-dome arches in the churches of
monastery of the Patriarchate of Pe¢
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4. Closing remarks and conclusions

Bearing in mind that the masonry structures are good in tolerating only pressure,
while at the same time they are non-resistant to tensile actions, the construction of
medieval sacral temples of complex spatial organization also required using elements made
of materials capable of suppressing or at least reducing the adverse effects of tensile forces.
The knowledge and skills of Byzantine architects relied on traditional architecture. Based
on the presentation and analysis of the examples, this paper has shown that the main role of
wooden ties was tying the sacral structures at certain heights. This particularly applies to
the horizontal planes in which changes in the structure's geometry occur.

In these structures wooden beams prevented the supports from shearing to some
extent. They were not acting locally on individual arches and vaults, as it was perceived
previously, but on the system of arches and vaults at a certain height by forming a grid of
their crossings and connections. The effects of lateral thrusts in individual arches and
vaults in Orthodox churches with diverse spaces can lead to the appearance of cracks.
Therefore, in horizontal levels where the spatial geometry changes and structures of
different shapes appear, the building was tied, as confirmed by the meaning of the Greek
word "imas" and "imandosis" for the system of ties.

A variety of characteristic examples of this architecture can be found in the central
part of the Balkans, i.e. on the territory of medieval Serbia. In their arches, vaults and
domes, certain types of beams and beam grids can be distinguished based on their function:

e In single-space structures wooden beams with the corresponding anchoring
elements (metal or wood) mostly played the role of beam ties.

e More complex assemblies in the architecture of Orthodox structures require the use
of a system of wooden beams, the role of which, in certain horizontal levels, is to
stabilize the supports of arches, vaults and domes, i.e. accommodate the horizontal
forces and neutralize the thrusts acting on abutments. The beams also affect the
uniformity of settlement in structures of variable geometry and masses, so that
wooden grids played the role of horizontal tie beams. There are two basic types of
church structures: single-dome and multi-dome. Specifically, on the territory of
medieval Serbia there are a small number of churches with a double-cross plan in
the central plan, which requires a system of beams in multiple levels to be used.

e The complex adaptation of western technology of building the arches on Orthodox
temples in the central Balkans has led to the use of wooden beams as elements
subjected to the force of pressure, instead of tension. Such beams having this role in
Serbian churches usually appear in the central aisle, more precisely, in the area of
the central aisle at the height of vault supports of the opposing side aisles. In this
way, buckling of supporting elements of vaults of the central aisle due to thrusts
coming from vaults of side aisles on the still unfinished structure was avoided.

e By installing a grillwork of wooden beams in the height of the dome arch the crown
was prevented from displacement. In seismically active areas, such as the Balkans,
this is an important function because cracks in the event of stronger earthquakes are
expected to occur in the zone of the arch crown. The adverse effects of cracks in
the arch and its displacement to the whole dome support system can be mitigated to
some extent.
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SEISMIC ASSESSMENT OF A COMPLEX HISTORICAL BUILDING:
THE CATHEDRAL OF ICA IN PERU

Maria Pia Cioccil, Satyadhrik Sharmaz, Paulo B. Loureng:o3

ISISE, Department of Civil Engineering, University of Minho

Abstract: This paper presents the challenging study carried out on Ica Cathedral
within the Seismic Retrofitting Project (SRP), initiative of the Getty Conservation
Institute (GCI). On the basis of the information available in literature and the results
obtained from experimental campaigns, several numerical models were developed to
investigate the structural behaviour of this complex historical building. The timber
structure was modelled by adopting isotropic homogeneous and linear behaviour
and appropriate assumptions on the connections. The nonlinear behaviour of
masonry was described in the numerical models by using the Total Strain Rotating
Crack model, based on fracture energy concepts. Advanced structural analyses —
including nonlinear static and dynamic analyses — were carried out to validate the
numerical models by reproducing the structural damage observed in-situ. Moreover,
the structural performance was evaluated through these analyses and the main
vulnerabilities were identified to propose an adequate strengthening for this
important symbol of cultural heritage in Peru.

Key words: Half-timber constructions, quincha technique, numerical modelling,
nonlinear analysis, seismic assessment

1. Introduction
Declared as a national monument since 1982, the Cathedral of Ica is representative of

ecclesiastic buildings along the Peruvian coast during the Hispanic Viceroyalty and the

early Republic periods (1 6"-19™ century) [1].

The first coastal colonial churches were constructed by Spanish with stone or brick
vaults and domes. However, destructive earthquakes that occurred in the 17™ century in
Peru proved the incompatibility of these heavy structures with such high seismic activity of
the Peruvian coast. Since then, half-timber constructions, composed of an external masonry
envelope and an inner vaulted roofing system, were used to erect ecclesiastical buildings in
order to provide modest weight, better seismic performance and more flexibility of formal
and spatial design. Although comparable structures were built in Europe from the 16"
century onwards, such as those illustrated by Philibert De I Orme, a particular
construction method known as quincha characterized these half—timber structures in Peru,

as shown in (Fig. 1) [7], [12].
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Used even before the Incan empire, the technique of quincha, or bahareque, was
originally used in Peru to construct primitive huts with frames made of branches and trunks
of small trees, which were tied together with vegetal fibres and covered with mud. After
the Spanish conquest of the Incas, the quincha technique was technologically developed in
all its different forms and widely diffused in Peru. The Church of San Francisco
constructed by Constantino de Vasconcelos and Manuel de Escobar in 1657-1674
represented the first notable application of the quincha technique to construct ecclesiastical
buildings, becoming the universally solution to rebuild damaged churches and to construct
new ones [12]. These churches were built with vaulted roofing systems which were
constructed with several timber elements connected to each other by means of various
timber joints and covered by canes, mud layers and lime plasters. Moreover, the timber
vaulted roofing systems were supported by hollow pillars, built with the same quincha
technique [4].

Since their construction, these half-timber constructions have been subjected to
inadequate maintenance and inappropriate repair and additions. As a result, these
structures, which are typically classified as unreinforced masonry structures, are extremely
vulnerable to earthquakes and subject to sudden collapse during seismic events, such as
those which occurred in 2007 and 2009. Consequently, the call for preserving them by
investigating their structural response, carrying out their safety assessment and, when
needed, proposing adequate strengthening techniques has become increasingly louder.
Using the Cathedral of Ica as a case study, this paper aims to present a methodology that
can be applied to the study of the seismic vulnerability of similar half-timber constructions.
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Fig. 1. Timber vaulted roofing systems: a) detail illustrated by Philibert De I’ Orme [12];
b) typical construction method used in Peru in the 17" century [7]

2. Geometrical and structural description

The Cathedral was originally built in 1759 by the Society of Jesus with a rectangular
plan following the Jesuit typology established by the Church of the Gesu in Rome: an
atrium, a main nave, two side aisles, a transept and an altar flanked by two chapels on its
lateral sides. A series of spaces is present at the back of the Cathedral, including a sacristy,
a reception and offices. The Cathedral is adjacent to a three-story modern concrete
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structure and a fired brick structure to the west, while a concrete portico and a square
cloister are located towards its southern side (Fig. 2).

Fig. 2. Ica Cathedral: a) urban context — Cathedral (red), concrete portico and square
cloister (yellow), and concrete and fired brick structures (blue); b) schematic of the plan

The Cathedral can be divided structurally into two main sub-structures: an external
masonry envelope and an internal timber frame. The masonry structure consists mainly of
the front facade, two bell towers, the lateral longitudinal walls and the back facade. In
particular, the front facade is made of fired brick masonry with lime mortar. Each bell
tower is composed of a timber structure that sits on a fired brick base. The lateral
longitudinal walls consist of three different layers of masonry: rubble stone, fired brick and
adobe, sequentially from the base upwards. The internal space of Ica Cathedral is divided
by a series of pillars, pilasters — i.e. engaged pillars — and piers which support a system of
longitudinal and transversal beams, that in turn carry a complex vaulted roofing system.
The pillars and the pilasters are composed of numerous posts, which are braced by means
of horizontal and diagonal elements and are wrapped with flattened cane reeds (caria
chancada). The complex vaulted roofing system includes a main umbrella dome, barrel
vaults and small domes. The domes are composed of several ribs with two ring beams
located at the top and at the bottom, while the barrel vaults consist of principal and
secondary arches. At the central nave, the barrel vaults are characterized by lunettes
corresponding to the location of the windows in the upper nave walls. Caria chancada and
cane reeds finished with layers of mud plaster (casia brava) are used to cover the intrados
and the extrados of the vaulted roofing system, respectively. The timber members, which
are connected by means of different types of timber joints including mortice and tenon and
half-lap connections, are made of cedar (Cedrelaodorata), sapele (Entandrophagmasp)
and huarango (Prosopissp), used for different purposes throughout the structure according
to their characteristics.

3. Damage

The Nazca and South American tectonic plates meet near the Peruvian coast and
earthquakes due to thrust faulting make Peru one of the most active seismic areas of the
world. Ica Cathedral is currently located in the highest seismic level classified by the
Peruvian Building Code [9], [11].

Although the Cathedral has been occupied, renamed, repaired and altered throughout
its history, the main sources of historical damage were related to the destructive seismic
events that occurred in 1813, 1868 and 1942. In 2007 the MW 7.9-8.0 Pisco earthquake
caused widespread damage to the Cathedral, that suffered partial collapse of the vaults and
the main dome, as well as extensive loss to its adobe walls. A later seismic event in 2009
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aggravated the already damaged conditions with the total collapse of the main dome. As a
result, the Cathedral today is heavily damaged and lies in a state of disuse (Fig. 3) [1].

The severe damage caused by these recent earthquakes demonstrated the influence of
material decay upon seismic response. The construction materials of the Cathedral had
been subjected to significant decay that had increased its seismic vulnerability. Moisture
problems had led to plaster detachment, disintegration of the masonry and degradation of
the stone foundations. Heavy termite damage, corrosion of the nailed connections, rot due
to rising damp and detachment of the plaster had affected the timber structure. Moreover,
the damage that is currently present in the Cathedral after the recent earthquakes has
exposed the materials to further deterioration [1], [4].

Fig. 3. Ica Cathedral after the earthquakes in 2007 and 2009: a) front facade; b) main
dome; c) barrel vaults with lunettes

4. Combined model

5.1. Overview

Due to the complexity of this historical structure and the numerous unknowns on the
morphology and material properties, safety assessment was first carried out on the two
sub—structures, independently. In this section, the main outcomes of this challenging study
are presented. For further details, refer to [8].

A single representative bay was initially studied by performing linear elastic analysis
under different loading conditions. The compliance with the various criteria specified by
Eurocode 5 [3] was carried out by means of global and local verifications for the timber
members composing the representative bay. The verifications were mostly satisfied for the
ultimate limit state and for the serviceability limit state under vertical loading. Under the
seismic combination, the beams at the top of the lunettes and the posts close to the
masonry walls were not verified for the ultimate limit state. Moreover, the structural
performance of the whole timber structure was investigated by performing linear elastic
analysis under vertical and horizontal actions and the transept was identified as the most
vulnerable part.

Afterwards, the structural behaviour of the masonry envelope was investigated by
performing advanced structural analysis. Model updating was initially carried out by
adjusting the modulus of elasticity of the different types of masonry so that the dominant
modes of the structure predicted by the model of the masonry envelope matched the results
obtained from the dynamic identification tests performed by the University of Minho [§].
The results obtained from pushover analyses of the only masonry envelope pointed out that
the most relevant failure mechanisms occurred when the lateral loading was applied in the
XX— and YY- directions. The lower bound lateral load-carrying capacity of 0.22g was
calculated in the YY- direction, much lower than the peak ground acceleration (PGA)
recommended for this area. The most vulnerable part of the structure was identified as the
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north-western corner of the masonry structure, as also confirmed by the results obtained
from time history analysis.

Correlation was observed between the results obtained from the models of the
independent structures and the damage observed in-situ, validating the used numerical
approach. However, a crucial factor that could have had significant influence on the
structural behaviour of the Cathedral was yet to be taken into account: the interaction of
the two sub-structures. For this reason, the structural behaviour of the entire structure of
Ica Cathedral was investigated creating a combined model holding true the assumptions
made on the masonry envelope and timber frame.

5.2. Definition of the numerical model

On the basis of the information available in literature [1], [5], the experimental
campaign performed by the University of Minho [6] and the geometrical assumptions
presented in [8], the model of the entire structure of Ica Cathedral was created in Midas
FX+ for DIANA [13], as shown in (Fig. 4).

The masonry envelope of the Cathedral was included in the numerical model by
using 3D isoparametric solid linear elements, except for the sacristy, reception and offices
on the western side, which being modern lightweight constructions are likely to exhibit an
independent behaviour. The cloister on the southern side was included by simulating its
buttressing effect in the numerical model by using one-noded translation spring dashpot
elements. Full connectivity was assumed between intersecting walls, horizontal layers of
different masonries and the elements composing the bell towers. Timber lintels were
located in correspondence to all the openings of the structure to avoid damage
concentrations in the numerical model which were not surveyed in-situ.

As regards the inner timber frame, all the structural parts described in Section 2 were
modelled by using class—I beam elements with shear deformation and assuming rigid
connection for all the timber joints. Given the limited information available, some
simplifications were made for the model regarding the roofing system covering the main
entrance, the transept, the chapels and the altar.

Connections between the two sub-structures were assumed to exist between: (1) the
wooden beams in the upper part of the main entrance and the fired brick facade and the
lateral longitudinal masonry walls; (2) the transversal wooden beams of the bays and the
lateral longitudinal masonry walls; and (3) the wooden beams supporting the barrel vaults
of the chapels and altar and the masonry walls. These connections were modelled by
merging the nodes of class—I beam elements with those of 3D isoparametric solid linear
elements and restraining their torsional rotation degree of freedom to avoid compatibility
problems.

a) b)
Fig. 4. Combined model: a) plan and elevation; b) 3D view
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5.2. Material Properties

The nonlinear behaviour of the different types of masonry was described in the
numerical model by using the Total Strain Rotating Crack material model, which allows to
specify compressive and tensile softening behaviour depending on the corresponding
strengths and fracture energies [13]. The material properties of rubble stone, fired brick
and adobe were derived from the experimental campaign carried out by the Pontificia
Universidad Catolica del Pera (PUCP) [10] and the assumptions presented in [8]. The
moduli of elasticity that were obtained from the model updating considering the masonry
envelope only (Section 5.1.) were assumed in the numerical model (Tabl. 1).

Table 1 Material properties of the different types of masonry

Properties Rubble Stone | Fired Brick Adobe
Modulus of elasticity [MPa] 720%* 850* 220%*
Poisson’s ratio [—] 0.20 0.20 0.20
Compressive strength [MPa] 0.60 1.70 0.46
Tensile strength [MPa] 0.06 0.10 0.05
Fracture energy (compression) [N/mm] | 1.50 3.50 1.00
Fracture energy (tension) [N/mm] 0.01 0.01 0.01
Specific Weight [kN/m’] 19 19 19

Note: * Modulus of elasticity derived from the model updating

Isotropic homogeneous and linear behaviour was assumed for the timber elements
and the upper part of the bell towers in the numerical model. The density and the modulus
of elasticity of the different wood species present in the timber structure were assumed on
the basis of the results obtained from the experimental campaign carried out by the
Universidad Nacional Agraria La Molina (UNALM), as shown in Tabl. 2. [2]. However,
the density value assigned to many elements in the numerical model was not equal to the
value corresponding to the wood species in which the timber element is constructed. The
weight of the covering layers of the timber structure was taken into account by assigning
an equivalent specific weight to the timber elements constructed by applying the quincha
technique. It should be mentioned that no increase in the stiffness due to the confinement
effect of these covering layers was considered for these timber members and the modulus
of elasticity corresponding to their wood species was adopted in the numerical model [8].

Table 2 Material properties of the different wood species

Properties Cedar | Sapele | Huarango
Density [g/cm3] 0.38 0.49 1.04
Mean modulus of elasticity in flexure [MPa] | 9380 8610 16900
Poisson’s ratio [—] 0.3 0.3 0.3

5.3. Structural Analysis

The structural behaviour of the combined model was studied by performing several
analyses, including eigenvalue, nonlinear static (pushover) under self-weight and lateral
loading and nonlinear dynamic (time history) analyses. The results obtained from the
eigenvalue analysis, which provided a better correlation between numerical and observed
dynamic response, identified the main dome and the upper part of the barrel vaults as the
most likely vulnerable regions of the structure. These parts correspond to the regions where
significant damage was observed after the earthquakes.

According to the results obtained from the nonlinear static analysis under self-
weight, the highest values of displacements were observed for the barrel vaults and the
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main dome, ranging from 1.0 cm to 2.0 cm, and no cracking was observed throughout the
masonry envelope. Since the most critical failure mechanisms in the model of the masonry
envelope were identified in the XX— and YY- directions, the lateral loads were
subsequently applied in the XX- (longitudinal) and YY- (transversal) directions of the
combined model. Under the lateral loading in the longitudinal direction, the failure
mechanism in the masonry envelope consisted of the out-of-plane failure of both the front
facade and the bell towers, while the out-of-plane failure of the northern lateral
longitudinal wall was observed when the lateral loading was applied in the transversal
direction. The lateral load-carrying capacities which were calculated for the combined
model were 0.45¢g in the XX— direction and 0.28¢g in the YY— direction, about 25% higher
than those obtained for the model of only the masonry envelope (Fig. 5). The obtained
results pointed out that the interaction between the two sub-structures significantly
influence the seismic behaviour of the entire structure of Ica Cathedral.
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Fig. 5. Load displacement diagrams obtained for the combined model (MC) and the model
of only the masonry envelope (ME): a) XX— direction; b) YY- direction

A time history analysis was performed on the combined model considering Rayleigh
viscous damping and using explicit time integration with the Hilber-Hughes-Taylor
method. The Rayleigh damping parameters for the combined structure were calculated by
considering all the natural modes of vibration until 80% mass participation was reached. A
single earthquake was simulated by means of two artificial accelerograms, applied in two
orthogonal directions to each other (X and Y). These accelerograms, generated on the basis
of the elastic response spectrum provided by the Peruvian Code for the region of Ica [9],
[11], were uncorrelated, i.e peaks in acceleration do not occur at the same time with respect
to each other. Loss of its loading-unloading capacity and severe damage were observed
from the loading-unloading diagrams plotted for the masonry of the combined model in the
two orthogonal directions in which the accelerograms were applied. It should be mentioned
that a better correlation was observed between the damage existing currently in the
structure and the results obtained from the nonlinear dynamic analysis when compared to
those observed for the nonlinear static analyses (Fig. 6).

5. Conclusions

The methodology used to assess the seismic safety of Ica Cathedral, a complex
historical building constructed during the Viceroyalty period in Peru by applying the
quincha technique, was presented in this paper. Advanced structural analysis was
performed on several numerical models, created on the basis of the information available
in literature, experimental campaigns and experimental tests.
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Fig. 6. Correlation of damage observed in-situ and the results obtained for the numerical
model: a) detail of the damaged front fagade [1], b) crack survey [1], ¢) crack pattern from
pushover analysis in the longitudinal direction and d) crack pattern from nonlinear
dynamic analysis

The structural behaviour of the two sub-structures composing the Cathedral — i.e. an
inner timber frame and an external masonry envelope — were first evaluated independently.
Afterwards, the interaction of these two sub-structures was investigated by performing
structural analysis on the model of the Cathedral. The obtained results pointed out the
significant influence of the connections between the sub-structures on the global structural
behaviour of the Cathedral. According to the different pushover analyses performed, the
lower bound lateral load-carrying capacity of the entire structure was found in the
transversal direction with a value of only 0.28g. This value is much lower than the PGA
recommended by the Peruvian Code for this region.

Therefore, global strengthening is required for reducing the out-of-plane mechanisms
identified by the pushover analyses, in particular that of the north-western corner of the
Cathedral. Tying, ring beams, adequate connections can represent efficient strengthening
techniques to improve the structural performance of Ica Cathedral.
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METHODOLOGICAL PRINCIPLES FOR RESTORATION OF HISTORIC
GARDENS AND PARKS
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Abstract: Based on Bulgarian and foreign expertise, the report draws up and systematizes
some methodological principles that should be followed to restore historic gardens and
parks.

The documenting of the existing information that can be collected for a historical garden
(park) should focus on historical analysis, study of the historical development of the garden
(park) in respect of elements, facilities and flora, and on analysis of the current state of the
garden (park) as a landscape design site.

The research then serves for the drawing up of a Historic Garden (Park) Development Plan
as a monument of culture and a Management Plan (involving administrative management
and recovery). It also underlies the development of criteria for restoration work and a
concept for functioning of the historic garden (park) in the future.

Key words: Historic Garden (Park), Development Plan, Management Plan
(involving administrative management and recovery)

1. BnBegenme

[IIupoko pa3nmpocTpaHEeHO BCpea NMPOPECHOHATHHUTE CPEAd € CTAaHOBMILIETO, Y€ HE €
BB3MOXKHO J1a C€ pa3pabOoTH yHUBEpCAIHA METOAMKA 32 BH3CTAHOBABAHE HA UCTOPUUYCCKUTE
I'PaJInHU U TTaPKOBE.

B HacTosmusa MOOKJjaad, Bb3 OCHOBA Ha HanyHaHI/ISIT OIIUT B Ta3u O6HaCT y HaC U B
yy)KOMHA, € HamlpaBeH OINHT Jla C€ CHUCTEMATHU3MpAaT W HU3BEAAT HIKOM METOJIUYECKH
MIPUHIIMAIINA, KOUTO MOTAT Jia TIOCTY’KaT KaTO OCHOBA 32 B3CTAHOBHUTEIIHU Pa0OTH MO BCEKH
KOHKpETEH UCTOPUUYECKU MApKOB O0EKT, O0SBEH 3a KYIATYpeH MaMeTHUK.. KakTo mpu Bceku
€I1H MPOEKT, B OCHOBATa Ha yCMEIIHOTO pa3paboTBane Ha [Iporpama 3a B3CTaHOBSIBaHE
Ha e/IHa UCTOPUYECKa rPpauHa/mapK, CTOAT 3aAbJI00UYEHNUTE IPEABAPUTEITHHI MPOYIBAHUS.

2. IlpenBapuTe/ HU NPOYYBAHUS
[IpenBapuTenHuTe MpoOy4YBaHMsI, KOraTo 1I€JITa € Bb3CTAHOBABAHE HA €/IMH IApKOB OOEKT
00sIBE€H 3a UCTOPUYECKH U KYJITYypeH MaMeTHUK UMaT 00XBaT, MHOTO IO-IIUPOK OT TO3H,
KOHITO € IPOeTO J1a Ce U3BBPIIBA 3 JPYTUTE BUI0BE HOBU MIIM CHUIECTBYBAILU O3C€JICHECHU
IIPOCTPAHCTBA.
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OT mBPBOCTETIEHHO 3HAYCHHE € CHOMPAHETO Ha IsIaTa JOCThITHA Bb3MOXKHA HH(pOpMAIUs
3a JaJICHUST MapKOB KYJITYPHO-UCTOPUUYECKH MMTAMETHUK M HEHHOTO TOKYMEHTHPaHE, KOETO
e J1aje Bb3MOXKHOCT Jla C€ U3BBPIIU €IUH MOJAPOOEH HUCTOpUYECKH aHanu3. Toil TpsOBa
Jla ce OCHOBaBa Ha MPOCTPAHCTBEHO MPOYyYBaHE Ha I'paJMHATa B UICTOPUYECKU KOHTEKCT —
KakbB € OWJI HEHHUST MbpPBOHAYalleH 3aMUChHJI, MpeJHa3HAUeHHE U OOJIMK, U KakKBH
MIPOMEHHM Ca HACTHIIBAIM B HEWHATa KOMITO3HIIUSA MIPE3 TOAUHUTE, B PE3YATAT HA PA3IMYHU
COLIMAJTHO-UKOHOMMYECKHU, TPAJI0yCTPOUCTBEHU U €CTETUYECKU (PaKTOPH.

B ToBa oOTHOmIEHWE, HA MHPBO MACTO OT 3HAYCHHE € CHOUPAHETO HA MAKCHMAIIHO
MOAPOOEH MCTOPUYECKH TEKCTOBH W TpaduueH maTtepuan - MpoydBaHE W ChOMpaHe Ha
TEKCTOBE, ONKCBAIIN ChCTOSHUETO Ha TpajinHaTa Mpe3 pa3IMyHU UCTOPUYECKU MEPUOAU U
cpOupane Ha  rpaduyHd Marepuand (CHUMKM M TIPOGKTH 3a  TIpaJuHaTa/mapka),
MIPEICTaBAIIM TUTAHUPAHE WM U3BBPIIBAHE HA OIUTH 32 IPOMEHH WA PECTaBPALlUU MPeE3
Pa3IUYHU €MOXHU OT HEHHOTO ChIIECTBYBAHE.

3amava Ha eTana Ha MpPEJBapUTEIHUTE NMPOYYBAHMS € IMOIBbJIBaHE Ha MH(poOpMarusaTa 3a
CHILIECTBYBAIIUTE B MOMEHTA PACTUTEIHOCT, apXUTEKTYPHH CHOPBKEHHS M OOEKTH, C
00X0XKJaHe Ha ucropuyeckara rpaauHa. [IpenBun Ha Hall- CHIIHO MPOMEHSIIIHUAT CE ChB
BPEMETO OCHOBEH MAapKOB €IEMEHT — PACTUTEIHOCTTAa, OT 3HAYEHHE € M3BBHPILIBAHETO Ha
KOMIIETEHTHO OT CBHOTBETHUTE CIEUUAIUCTH OOTAaHMKO- MCTOPUYECKO TpoyuBaHe. B
HeroBus 0oOXBaT TpsOBa Ja ObIAT BKIIOYEHH HMH(GOpMALMS 332 MIbPBOHAYAIHUS BUIOBUS
ChCTaB M HETOBUTE NMPOMEHHU Mpe3 T'OJMHUTE, AbPKAaBUTE M MecTaTa, OT KOUTO € Owmi
JIOCTaBeH TMOCAaIbUYHUS MaTepHall, HM3BBPIIBAHE Ha (UTOMATOJIOTMYHU MPOYYBAHMUS,
npoy4BaHUs Ha eqaguuHuTe (IOYBEHM) YCIOBUS U Ha (hayHaTa.

@wur.1. Ezeporo ,,Apuana B Kus3 bopucosa rpaguna (apXvBHa CHUMKA)

CrpuiecTByBaHETO, MOJI3BAHETO M OINA3BAHETO HA MCTOPUYECKUTE I'PAJAVHU M IIApKOBE €
HEpa3pyUBHO CBBP3aHO C IIPOYYBAHE HA BPB3KUTE U 3aTbJDKCHHUATA HA PA3IMYHHUTE
WHCTUTYIIMM KbM HCTOpHYECKaTa TpaduHa/mapk. BaxkeH ¢akTop € U CbBPEMEHHOTO
pa3zbupane 3a 0OBBP3BAHETO HAa HCTOPUYECKUTE IPAJIMHU C ONIA3BAHETO HAa OKOJHATa cpejia
U U3BBPILBAHETO HA COLMOJIOIMYECKH MPOYUYBAHMS 32 OTHOLUIEHUETO Ha OOIIECTBOTO KbM
Tax. [lpeaBapuTenHUTE TMPOYYBAHHWS BKIIOYBAT W HW3BBPIIBAHE HA aAHATUTHYHH
U3CIENABAaHMSI 3a MCTOPUYECKOTO pPa3BUTUE HA KPUTEPUMTE 3@ E€CTETHUYHOCT W
XYyJ0’KeCTBEHO 0(OpMsIHE, KOUTO Ca MOBJIUSIN BbPXY BU3MATA HA €/lHA T'paJuHa/IapK Mpe3
NEepPUOJUTE HAa HEWHOTO CBhIIECTBYBaHE, NPOyYBaHE Ha IUIAHUPAHU, HO HEU3MIbJIHEHU
NApKOBU MEPCHEKTUBU U TEXHUTE M3IJIEIHH IyHKTOBE, M3yuyaBaHE W aHAJIM3MpaHE Ha
JoceraimHuTe (QYHKIMM Ha TpaauHata 3a OBAemoTo W (YHKIMOHMpAHE U JIp..
AHanu3upaHero Ha (PU3MYECKUTE U JIYXOBHU PEAHOCTH Ha rpajuHaTa KaTo KyJATypeH
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MaMETHUK, TPsOBa Ja JOBEAE M0 MOCTUTHE MPHU BH3CTAHOBSIBAHETO ¥, HA BH3MOYKHO Haii-
ABTCHTUYHHS ¥ 00pa3, popMupasl ce€ IO BpeMe Ha MCTOPHUYECKOTO W CHINECTBYBAaHE U
pa3BUTHE, KOMTO Ja MMa CBOETO MPUCHCTBUE M 3HAYCHHE 38 ChbBPEMEHHOTO i ChCTOSIHHUE U
O0JIHK.

3. [Iporpama 3a pa3BuTHe HA HCTOPUYECKATA rPAJUHA/MAPK KATO MAaMETHUK Ha
KyJaTypara
Bropusat ocHOBEH eTan B IPOEKTAaHTCKUS MPOLIEC 32 Bb3CTAHOBSIBAHE U Pa3BUTHE Ha €HA
HUCTOpHYECKAa TpajauHa/TIapK, € ChCTaBsiHETO Ha neneBa [Iporpama. HeliHu cbcTaBHH
eneMeHTH ca [lapkoyCcTpONCTBEHUAT IUIaH 3a Bb3CTaHOBsIBaHE W [LaHbT 3a ynpaBieHue
cien Bb3cTaHOBsIBaHeToO. [Iporpamara TpsiOBa Aa ce OCHOBaBa Ha MCTOPUYECKU aHAIU3 Ha
chOpaHaTa nHpopmanus py MpeABAPUTEITHUTE TPOYUBAHUS.
Ts TpsOBa ga BKIIOUBa oOIIa WH(MOpPMAIMs, CBbP3aHa C IpaJMHATa/TIapKa MO OTHOIICHUE
HAa HEWHOTO ONHUCAaHWe,  MECTOIOJIOKEHHe,  Oo0ImuTe MpobJIeMH, NPUIHNHHUTE 3a
BB3CTAHOBSIBAHE M IBPBUTE UJCH 332 BBH3CTAHOBSIBAHE W IOJ3BaHE MPHU YCIOBUATA Ha
ChbBPEMEHHOCTTA.
HanpaBenara ocHOBHa HCTOpUYECKa CIpaBKa, TpsAOBa na Obae OTHpaBHA TOYKa 3a
CEpUO3HO AHATUTUYHO M3CJIEJBAaHE Ha TpaJHaTa HE CaMO KaTo IMapKOB OOEKT, HO U KaTo
HCTOPUYECKH KYITypeH MaMeTHUK. To Moxke aa ObAe M3BBPIIEHO U OT KOMIIETEHTEH
HCTOPHK, 3all03HAT C UCTOPUYECKATa €[10Xa HAa HEMHOTO Ch3/aBaHe.
He tpsbBa na ce 3abpaBsd, uye YECTO HMCTOPHUYECKUTE TPaJWHU Tpe3 TOCIEAHUTE
JeceTueTus ca GyHKIMOHUPATU U KaTO OKOJIHA CPe/ia Ha UCTOPUUYECKH My3€H, B KAKBOTO
ca OuWnM TpeBbpPHATH CTPaguTe, CUTYHpaHU B TAX. HBecTHpaHeTo B MpeABapUTETHH
MCTOPUYECKH TPOYUYBAHUS OT €/HA CTpaHa Ie JaJe OCHOBaHME 3a OOOCHOBaBaHE Ha
MIPOEKTa 3a pecTaBpalrs (Bb3CTAaHOBSIBAHE) UpE3 ChCTABIHETO HAa KATaJloT, MOAPEXKAAHETO
U KJIACH(HIMPAHETO HAa ChOpAaHHUTE TOKYMEHTH M OT JIPYTa, IIe IMOCIY>KH KaTo OCHOBaHHE
3a Ch3JaBaHETO Ha MH(OPMAIMOHEH HEHThpP KbM HCTOpHYECKaTa TpauHa, pa3oJiararl
CbC COOCTBEH AOKyMeHTaneH (poHA 3a MyONMKyBaHE Ha PEKJIAMHH M WH(POPMALMOHHU
MaTepuaiy.
OcnoBHO MsacTo B [Iporpamara TpsiOBa 1a HaMEPAT UCTOPUUECKUTE TpaPUUHN MaTEPHUATIH.
TbpceHEeTO W HaMUPAHETO Ha HMCTOPUYECKH TrpaUuHM MaTepuaaud OT ernoxara Ha
Ch371aBAaHETO U CHIIECTBYBAHETO Ha MCTOpPUYECKATa IpajJivHa , I11€ TOMOTHE 32 ChCTaBSHE
Ha BHM3yaJHa MpEeJCTaBa 3a HEWHOTO pa3BUTHE U MIE MPECTAaBISIBA MHTEPIPETALMOHEH
JOKYMEHT 3a I[OCTUIaHE€ Ha aBTEHTUYHOCT IpU pecTaBpauudra. Bcuuku rpasropu,
PUCYHKH, KapTH, CHUMKH, €CKU3M U APYTY BU3YAIHH MaTepuaau TpsOBa BHUMATEIHO Ja
ObJaT MpOyYeHU U KJIACH(UIIMPaHU MO MEPUOIU OT CHIIECTBYBAHETO HA MCTOpUYEcKaTa
rpajuHa.

7 Ty 2 x

@ur.2.E3epo B mapka péHa (apXHBﬁé CHHMKa)
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[Iporpamara mpejcTaBisiBa 1 HHCTPYMEHT 3a apxuBHpaHe Ha mH(popmarusata. CrOpanara
JOKYMEHTAaIusl M0 BpeMe Ha TPEABAPUTEIHUTE MPOyYBaHUS TpsSOBa Ja ce MOJpENu,
Kiacuduiupa u 1a ce opopMu B CbOTBETHUTE (Daiisiose :

- ApxMB Ha JOKYMEHTAIMSATa - XPOHOJOTMYHO Kiacuduiupane (MOApeKIaHEe II0
XPOHOJIOTHSI) M HEWHOTO UMQpoBH3UpaHe. ApXUBHpaHE Ha CHOPAHUTE OPUTHHATHHU
PBHKOTHCH, YePTESKU U JIPYTHM UCTOPUYECKU MaTepUalld M T.H., 32 KOUTO (ailioBe aa ce
HAIpaBsT U KOIIHS,

- ®otorpadcku apxuB — CnbOupane, knacudukauus W nojapexaaHe Ha ¢ororpaduu,
JMATTO3UTHBH, KITUIIETa, (PUIMH U APYTH MaTepUAIN KaKTO C apXUBHA CTOMHOCT, TaKa U OT
ChBPEMEHHOCTTA;

- I'paduuen apxuB — TO ce CbCTaBsi OT CHOPAHUTE PUCYHKH, YEPTEIKHU, CKHIIM, IIaAMITH,
TPaBIOPHU U APYTH;

- bubnmorpaduyeH apxuB- TyK UMa MICTO UCTOpUYECKA JIUTEPATypa, U3JaHUs CBBP3aHH C
U3KYCTBO, TIOJIUTUKA U T.H., KOHKPETHO OTHACAIIM C€ 3a UCTOpUYECKaTa TpaauHa, WIH
CBBpP3aHU C TBOPUYECTBOTO HAa XYAOXKHHUIU, CKYJINTOpPHU, TMHCATEIW W APYrH IeHIM Ha
U3KYCTBOTO, paOOTHIIM B ChOTBETHATA €I0Xa;

- ApX¥B Ha M3BBPIICHUTE MPOMEHU B rpaanHaTa. ChCTaBs Ce OT BCHYKH ChOpaHU CTAaTHH,
uH(pOpMAIllMM W MaTepuay, 32 W3BBPIICHW MPOMEHH B TPaJWHATA IMPE3 PA3IUIHHUTE
NEpUOM Ha HEWHOTO CHINECTBYBaHE, BKIIOYHTEIHO M 332 BBH3CTAHOBUTEIHHUTE pPabOTH,
KOHMTO C€ MPOBEXJAaT B MOMEHTA Ha pecTaBpalnus Ha rpaguHara. He TpsoBa na ce 3abpass,
4e Ta3u MHPOpPMaIUs 32 CbBPEMEHHHU IIPOMEHU B TPaJIMHATA, IIIe UMa 33 OBJIEIIETO ChIaTa
UCTOpUYECKa CTOMHOCT, KaKBaTO MMa JIHEC 32 HAC BCEKM MaTephall OT pa3IMyHHUTE
NIEPUOJIU HA CHIIECTBYBaHE HA HCTOPUYECKATA IPaJIHHA.

- IlpencraBsiHe Ha MpOMeHH (pecTaBpalnys, Bb3CTAHOBSIBAHE) Ype3 CpPAaBUTENICH aHAU3 Ha
CHUMKOB (rpaduyeH) Marepuan 3a OOJHMKa Ha OTICIHH T'PAAUHCKH (PparMeHTH Ipe3
pasnuuHHTe nepuoan .ToBa € equH MHTEpEeCceH METO/, J1a ce padoTH BbPXY CHHMKH, Upe3
KOMTO C€ CpaBHSIBA W TPOCIEIABA HATJIEAHO IMOCIEIOBATETHOCTTa HA €CTECTBEHU HWIIH
M3KYCTBEHO NPEIM3BUKAHN EBOJIOIMOHHY MTPOMSHH, KOUTO Ca CE€ CIIYYHIIH BbB BPEMETO.

B TIlporpamara TpsiOBa jJa ce ONUIIE W AaKTyaJJHOTO 33 MOMEHTa  ChCTOSIHHE Ha
UCTOpHUYecKaTa TpaJuHa/ImapK. YCIOPEIHO C MpOoydBaTeNHUTE paboTH W ChHOMpaHEe Ha
uH(pOpMaIKs OT UCTOPUUYECKH U3TOYHHITH, TPsiOBa 1a ce chOepe u odopmu HHMOpMAIUs 1
3a TEKYIIOTO ChCTOSIHME Ha MCTOpHYECcKaTa rpaauHa. Y nBara Buga npoydYBaHHUS M3HCKBAT
JOIIBJIHUTEITHN M3CIIeIBaHUsA. YeCcTo € MHOTO TPYIHO Jla CE€ HaMEpU OPUTHHAJICH TU3aiiH
Ha TBPBOHAYATHUAT O0JIMK HA TPauHATA U MPOCKTAHTCKUST KOJICKTUB IIIe ObJIe IIACTIIHB,
aKO HaMepW HSAKaKBH IMbPBH CKHUIM. Haili- yecTo 3a yciioBusTa Ha bhiirapust ToBa € MOYTH
U3KIIOYCHO Ja Ce CJIy4H, KOETO 3HAYMTEIHO 3aTpyaHsBa 3amavara na ce odopmu
NpeJCTaBa, Kak € W3IJIeXkaaia rpaJnHaTa ciel HBHHOTO Ch3/laBaHe.

4.M3rorBave Ha [lapkoycTpoiicTBeH mJIaH 3a Bb3CTAaHOBSIBAHe  Ha
HCTOPUYECKHUTE IPAJANHU H NAPKOBe
Peammsupanero Ha ocHoBHaTta 1en Ha [Iporpamara — pa3paboTBaHe Ha HEOOXOAUMHUTE
MapKHM 3a Bb3CTAaHOBSIBaHE Ha MCTOpUYECKATa I'PaJNHA/MapK, C€ OCHIIECTBSIBA C U3TOTBSHE
Ha [lapkoycTpoWCTBEH IJIaH, KOMTO € HEWH CHhCTABEH €JIEMEHT. TOoH Ienu Ja ce 30HUpa
rpaauHata (OCBEH MpH I'pajiiHUTE, KOUTO UMAT MHOTO MaJIKi pa3Mepu) Ha 30HHU, KOUTO Ce
OTJIMYaBaT TIO0 CBOUTE reorpa)cku OCOOCHOCTH, JaHMmAPT, OOTAHWYECKH pa3IHUMs,
ecTeTHuecka BHU3Ms M Ap. Bb3 ocHOBa Ha TOBa 30HHpaHE, MO KBCHO II€ MOrar Jia ce
JIETAJIN3UPAT BCUYKU IEWHOCTH MO BH3CTAHOBSBAHETO.
[Ton BHUMaHue TpaOBa aa ce B3eMaT pesneduure (Tonorpadcku) 0COOCHOCTH Ha TepeHa Ha
rpaauHaTta. MHOTO YecTo Ta3u WHPOpPMALUs € HENOCTaThYHA WM HEIbIHA, MOpPaH
JurcaTa Ha akTyanHa Tomorpadcka kapra. IlpoyuBanero Ha peneda TpsOBa na Obae

136



MEXAYHAPOJHA HAYYHA KOH®EPEHILIUSA BAHN’2016
INTERNATIONAL SCIENTIFIC CONFERENCE BASA'2016

U3BBPIIEHO [0 ChIIaTa METOAMKA KAaKTO HMCTOPUYECKOTO MpPOYYBaHE, HO BBIPEKH
Ba)XHOCTTA Ha TE3U MPOYYBAHUS, 32 ChKAJICHUE T€ 3aBUCAT OT HATMYHUS OIOKET.
N3BbpIIeHOTO OOTAHWYECKO MPOYYBAHE OCUTYpsiBa MHGOpPMAIUs 332 OCHOBHUTE HACOKH B
NapKOyCTPOMCTBEHUSI IUIaH, IO KOWUTO TpsiOBa Ja MpoTeue BH3CTAHOBSIBAHETO HAa
PacTUTEIHOCTTA.

3a ObaemmTe YCTPOMCTBEHHM MEPKH, KOUTO TpsiOBa ga ce B3eMarT IO OTHOIIEHHE Ha
pPacTUTETHOCTTa, BAXKHO MSCTO 3aeMaT M3BBHPLICHUTE (PUTOMATOJIOTUYHH OOCIEIBaHUS.
Karo enement Ha Ilporpamata e HeoOXOAMMO @ TPUCHCTBA M JIOKJIAL 34
(UTOCAHUTAPHOTO CHCTOSHUE HA BCUYKU PACTUTENHU €K3eMIULsipu. Ta3zu uHpopmanus e
Heo0Xo/MMa 3a MOCJEIBAIIOTO MOAIbPXKAHE HAa PACTUTEITHOCTTA, KAaKTO U 3a ThpCEHE
IIOMOILIA HA KOMIIETEHTHH CIIEIIUAIUCTH.

@®ur.3.0nuT 1a ce Bb3CTaHOBU KHIIApUCOBATa ajes B
Mopckara rpaauna- byprac(cHuMka aBTopa)

B TIlapkoycTpoiicTBeHusi miaH ce Ha0ensa3BaT M BCHYKH MEPKH IO OTHOILIECHUE
o 00psiBaHe CHCTOSIHMETO HA MOYBUTE, OMa3BaHE HA OMOPa3HOOOPAa3UETO OT rPhOHAYHH
JKUBOTHH, MTULIM, pUOU U XepneTodayHa, pa3BUTHE WIM 3ala3BaHe Ha alleiiHaTa Mpeka,
cuTyupaHe Ha nepudepHu MapKUHTU U T.H.. BaxkHo mscto B [lapkoycTpoiicTBeHMS TUIaH
TpsOBa /a ce OTAENM Ha OCUTYpsiBaHE Ha HEOoOXOoJauMaTa TeXHUYecKa HHPPaCTPYKTypa —
Bb3MOXKHOCTH 32 HAIOSIBaHE, M3rPaXJaHE Ha KaHAJIW3allMOHHA Mpexa, JpEHHUpaHE,
OCBETJICHUE, CUTYHpAHE CIOpe]l KOHKPETHUTE YCIOBUS Ha CTOMaHcka 0asa u Jp.

W3BbprieHuTe B MOATOTBUTENHUS €Tall Ha MPOEKTUPAHETO €KOJOTUYHH U COLMOJIOTUYHU
MpoyuBaHUsA TpsOBa J1a ce M3MON3BaT MakcumainHo B [lapkoycTpolicTBeHUs IJIaH BbHB
Bpb3Ka C OBJIEHIOTO IMOJI3BaHE HA MCTOpUYECKaTa I'paJMHA/MapK KaTo MSCTO 3a OTAUX U
TypuU3bM. YCTPONCTBEHHUTE MEpKHM TpsiOBa nga OBbJAaT HACOYEHHM KbM OIa3BaHE Ha
UCTOpUYECKH (OpPMHUpAIIUTE C€ MAPKOBH MEPCHEKTUBU U Me3aXH, KAaKTO U Ha U3IJIETHUTE
TOYKU KBbM TsIX. PemaBaiiio 3HaueHue npu ToBa TpsiOBa Jla UMaT €CTETUYECKUTE KauecTBa U
XapaKTEepUCTUKU Ha IEKOPATUBHUTE €JIEMEHTH C Y4aCTUETO Ha PACTUTEIHOCTTA.

B IlapkoycTpoHCTBEHMS IUIaH BCHUYKM HOBM HAMECH, KOMTO C€ IPEABWKIAT B
UCTOpUYECKaTa rpaauHa, TpsOBa Aa ce 0a3upaT Ha aHAJTUTHYHO HUCTOPUYECKO MPOYyYBAHE
Ha CTWJIA, B KOWTO KOMIIO3MIIMOHHO € odopmeHa rpaauHara(mnapka). Heobxomumo e
JETallJIHO MpOy4YBaHE HAa HCTOPUYECKHUTE CBUJIECTEJCTBA 3a CTUJIOBETE, H3IMOJI3BaHU B
IPaJIMHCKO- MApKOBOTO M3KYCTBO Bb3 OCHOBAa Ha MH(OpMalMATa 3a TOAWHUTE, KOraTo €
ch3aajzeHa TrpaauHara. OOpaTHO, ako ce pasloJiara ¢ MbPBOHAYAIHHUSA IIJIaH, MOXKE J1a ce
ompenenu  mnpeoOianaBaiius CTUI, B KOHTO € odopMeHa rpaauHata . AKO Takapa
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nHpOpMaINHs JIUTICBA, 32 ONPEICIsIHE Ha CTHJIa MOXKE J1a C€ HalpaBU aHAIOTHSA C JAPYTH
TBOpPOM Ha aBTOpa OT TO3M IMEPHOJ, aKO 3a TAX € HM3BECTEH CTWIBT B KOHTO Te ca
opopMeHH.

Ako ce mpeABIKIa BHAacsHE Ha HOBAa PACTUTEIHOCT, BaXKHAa HHGOpMauus Ine Aaje
HCTOPUYECKOTO TPOYYBAHE 3a JEKOpAaTHBHATAa PACTUTEIHOCT, W3IOJ3BaHA B IEpHO/A Ha
Chb3/laBaHE Ha TpaauHaTa. TakaBa OoTaHMYecKa HMH(pOpPMAIMS MOXE Ja c€ MOIy4YH OT
apXMBUTE Ha JEKOPATHBHHU Pa3CaJHUIN M OPaHXEPHU OT TOBA BPeMe(aKo MMa OCTaHAIN
TaKMBa). 3a U3IMOJI3BAHUTE IIBPBOHAYAIIHO BUI0BE, HH(POPMAIIUS MOKE J1a C€ MOIYYH U OT
(MHAHCOBHU TOKYMEHTH 32 TAXHOTO 3aKyITyBaHe.

[TapkoycTpoiiCTBeHUAT MaH TpAOBa ga ce ChoOpa3M W C JOCEraliHUuTe (YHKIUUA H
M3I0JI3BaHe Ha HMCTOpHYEecKara rpaanHa/mapk.. Ilpenn B OKOHYATENHHS HPOEKT Jaa ce
OTIpeNieNId TOJI3BAHETO Ha OOEKTa KaTo MaMeTHUK Ha KyATypara 3a IIUPOK OOILIecTBEH
JIOCTBII, 32 HETOBaTa eKCIUIOATaIHsI TPOSKTHO TPsiOBa J1a Ce penIaT BBIIPOCUTE 33 JOCTBII C
OOIIECTBEH TPAHCHOPT, MApPKUHIH 3a KOJIMTE Ha IIOCETUTENUTEe, OMTOBa Crpaaa 3a
nepcoHaja, KOWTO INe ce 3aHuMaBa C MOJIbpPKAHETO, HAIMYMETO Ha OOEKTH 3a
o0ciTyXBaHe Ha MMOCETUTEIUTE U T.H.

5. U3roTBsiHe HA MJIaH 32 AIMUHHUCTPATHBHO PbKOBOJACTBO HA 00eKTa MO BpeMe
Ha HeroBaTta exkcijioaranus ( Ilnan 3a ynpasienmne).
Tosu mutan TpsiOBa ja MOCITY KU Ha PHKOBOJICTBOTO HA 00EKTa B paboTara My Ja MOIbpKa
UCTOpUYECKaTa TpaJiiHa, Jla ce MOCOYM BUABT Ha JaHHHUTE, KOUTO TPsOBa Ja ce choupar
3a Hesl, U3UCKBAHUATA KbM pefia, KOUTO TpsOBa Ja ce MO IbprKa MPH CTOMAHUCBAHETO i ,
HUBOTO Ha JETalJIHOCT Ha TPWKUTE 3a OTIENHUTE (parMeHTd, cucTemara 3a
(YHKIIMOHHMpAHE HA MCTOpUYECKATa EKCIO3UIUS , HEOOXOAMMOTO O00OpYy/IBaHE W BUIOBE
paboTu npe3 pa3IMYHUTE CE30HU U T.H.
OYHKIIMOHUPAHETO HA UCTOpPUYECKaTa IpaguHa(IapK) KaTo MaMeTHUK Ha KyJTypaTa cief
BBH3CTAHOBSIBaHE, HAl-uecTo € 1enech00pa3Ho Ja ce U3MOJI3Ba OT OOIIECTBOTO KaTO MSCTO
3a OTAMX M 3all0O3HAaBaHC C KYITYPHHUTC OJOCTUIKCHHA IPEC3 PASTIUIYHHUTC HCTOPHYCCKU
enoxu. C ornex Ha cOOCTBEHOCTTA i (IbpKaBHA, OOIIMHCKA, YaCTHA) U BH3MOXKHOCTHUTE 32
noAABbPIKAHE, 3a IMOCCILICHUECTO ¥ Morart Ja 6’I)I[3,T BBBCACHU PA3JIMYHU PCIKMMHU HA JOCTBHII.

3akiarouenue
Cnex karo a0 Tyk Osixa pa3rieaHd HAKpaTKO HSIKOM METOIWYECKH MPUHIUIN 3a
M3TOTBAHETO HA MPOEKTU 32 BH3CTAHOBABAHE HA €JHA UCTOPUYECKA IrpaJnHa (MapK) , 3a aa
MOXKE TS Ja C€ pa3BMBa W Jla M3TJEXJa Karo eIHO "IsUI0" B CleaBamIus TMEPUOJ OT
UCTOPUYECKOTO U CHIIECTBYBaHE, HEMHOTO BBH3CTAHOBSIBAHE TPSOBa Ja ce ChbOOpasu U C
OTpeIeTICHU KPUTEPHH.
Ha mwppBO MsIcTO TOBa ca oOmmTe KpUTepuH. Te ce wu3pa3sBar B CIIa3BaHETO Ha
MEXIYHApOJAHUTE KPUTEPUHU U CbOOPAKEHUSI BbPXY Bb3CTAHOBSBAHETO HA HCTOPUUYECKUTE
TPaIMHH M TIAaPKOBE, KAKTO M HA 3aKOHOBUTE W IMOJA3aKOHOBHUTE pas3nopeadH B Ta3Hu 001acT
Ha gppkaBute-wieHkn Ha UKOMOC, kouto ca B cuiia 3a BCSIKa OTEIIHA CTPaHa.
Jpyru kputepuu ToBa ca crenuGpuuHuTe KPUTEPUU 3a BH3CTAaHOBsIBaHe. TaKkuBa KpUTEPUU
1€ C€ MOsABAT BBB BCCKU KOHerTeH cnyqaﬁ, HpI/I TT).]'IKYBaHeTO Ha 06I_HI/IT6 METOANYCCKHU
npaBWiia M TIXHATA  MPUIOKUMOCT 32  OTACTHUTE YycioBus. Te3um crenupudHu
KpUTEPUUTE MOTaT Aa ObJIaT U B OCHOBATA MPHU ONPENEISTHETO HA KOHKPETHUTE HACOKH 32
pecTaBpalusi Ha €Ha UCTOpUYecKa TpajauHa (MapK) U HAa HEWHW OTACIIHU EJIEMEHTH.
TsaxHoTO mnpunarane € e(QEeKTUBHO B  CIy4yauTe€ Ha BBH3CTAHOBSBAHE Ha 3aruHayia
pPacTUTEITHOCT, Aerpajallis Ha MapKoBaTa TEPUTOPHS, pa3pyxa Ha CrpagHus GOHI | Jp.
B mnpomeca Ha BB3CTaHOBSBaHE HA €IHA HCTOPUYECKAa TpaJWHA, B PE3yJNTaT Ha
MHOTOCTpAaHHUTE TPOYYBAHHUS CE OICHSBAT W M3y4yaBaT pa3iuyHu mpodiemu. Yecto u
HOpMaJ'IHO B TC3U cnyan/I Morartr 1a Bb3HUKHAT Here)IBI/I)IeHI/I CT)6I/ITI/I$I, HOBU OTKpI/ITI/ISI nu
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T.H., KOUTO J1a HAJIOKaT MPOMsHA B I'bPBOHAYAIHUTE WJEH 3a PECTaBPAllMOHHMU PAaOOTH,
WY WM3BBPIIBAHETO HA OMpPEACNICHH IO-HAaTaThIIHU JedcTBUs. ETo 3amo, BUHaru e
MpenopbuuTenHo, [lapkoycTpoiiCTBEeHHMAT IIaH Ja ChAbPXKA  pa3IMYHU eTanu Ha
MPOYYBaHE U U3TOTBSHE.
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RESTORING THE LOAD-CARRYING CAPACITY OF A HERITAGE
CONCRETE TIED ARCH BRIDGE

Ph. Van Bogaert!

Ghent University, Civil Engineering Department

Abstract: In the past, concrete arch bridges were built to cross moderate spans,
whereas today the alternative of beam bridges is preferred. In view of their aging, it
has become necessary to assess carefully the load-carrying capacity of these historic
bridges. In the case of the seriously damaged Pontweg bridge, both numerical
simulation and dynamic testing have demonstrated the necessity to reinforce
substantially the lower chord and floorbeams. The initial refurbishment program
including the use of CFRP-laminate, was modified due to the necessity of rebar
splices and an additional reinforcing beam was connected to the lower chord. The
sealing of the arches and hangers was successful, due to the use of micromortar,
whereas an unfortunate polymer-containing repair product of the deck, has modified
the texture and appearance of these parts. A load test is being prepared. This
showcase demonstrates that an adequate type of repair product is important to
preserve the characteristic aspect and texture of historic arch structures. Replacing
the movable bearings required temporary lifting of one side of the bridge.

Key words: Historic concrete arch, load-carrying capacity, colour and texture of
concrete repair, strengthening, roller bearings

1. Introduction — Concrete arch bridges from the past

During the first decades of the past century, 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 50 m. The examples being presented, demonstrate that these
structures can no longer be built in an economical manner. Today, most designers would
suggest simple beam structures for crossing this type of span. However, the examples also
demonstrate the heritage value of these bridges, since the aesthetical value of arches has
made them appreciated by the public. The natural elegance of the parabolic arch shape
highly contributes to this.

Some of these arch bridges completely consist of reinforced concrete, while others
have steel or iron hangers connecting the arches to the lower chord. In the former case, the
hangers may become rather stiff and a framework effect may be introduced. However,
various verifications have shown that the framework effect was of minor importance. An
important characteristic of most showcases is the absence of upper bracing, connecting
both lateral arches. The upper bracing is not so much needed to resist wind actions, and

! Philippe Van Bogaert, sr full Prof, PhD, Technologiepark 904 B 9052 Gent, Belgium,
philippe.vanbogaert@ugent.be

141



MEXIAYHAPOJHA HAYYHA KOH®EPEHIIUA BAHMN’2016
INTERNATIONAL SCIENTIFIC CONFERENCE BASA'2016

merely avoids lateral arch buckling. Due to the rather solid character of arch cross-
sections, structural second-order effects are expected to be low. However, the use of
bracings, connecting two parallel arches, apparently was found necessary for various
bridges, although it influences aesthetics badly.

With ageing of these concrete structures, and because traffic loads have increased
considerably, the primary question about the load carrying capacity arises. Many bridge
owners have doubts about the functionality of these valuable bridges, even if no major
damage has been detected so far. Obviously, the main concern is about the effect of higher
loads and not about material characteristics. Within the framework of this question, our
department is conducting a more systematic research, aiming mainly at determining
realistic limiting slenderness values of unbraced arches [1]. The nominal stiffness theory of
EC 2 [2] proves to be an effective method in finding accurate results.

Apart from the Pontweg-bridge, which is presented more in detail hereafter, a fine
example is the Albert bridge near Brussels, also called Rampe du Lion, built in 1923,
consisting of 2 series of 3 continuous RC tied arch bridges. A picture is shown in Fig. 1.
From this angle, the repetition of arches becomes quite clear. The span length equals 34.42
m, the arch rise being limited to 5.5 m. The Rampe du Lion bridge has been refurbished
recently. The octagonal cross-section of the arch members are a particular characteristic of
this bridge.

Fig. 1. Rampe du Lion Bridge Fig. 2. Dendermonde Bridge

Another example is a particular structure, located in the town of Dendermonde (B)
and crossing a railway station. The single span equals 60 m, the rise being 10.75 m. The
Dendermonde bridge was built in 1932 and, as shown in Fig. 2, given its age, it is in a
perfect condition. It may be seen from Fig. 2 that the arches have a particular arrangement,
since they consist of two separate members, connected at the hanger nodes. Hence, the
cross-section of the individual arch members is relatively low, compared to the size of this
bridge and the concrete compression is high. In addition, the arch springs are considerably
large, since they are more than 5 m long.

Other bridges, involved in this survey, are the 27 m span bridge across river Emu in
Australia (Tasmania), and the 34.1 m span bridge at Katelijne-Waver (near Mechelen)
across the Brussels to Antwerp railway lines.

2. Pontweg bridge across river Lys

The Pontweg bridge (Fig. 3) is located near Ghent and is the sole connection,
crossing the river Lys between the city suburbs to a residential area. However, lorries are
using this road as well and the bridge is considered to carry a consistent amount of heavy
traffic. The Pontweg bridge was built in 1926.

142



MEXIAYHAPOJHA HAYYHA KOH®EPEHIIUA BAHN’2016
INTERNATIONAL SCIENTIFIC CONFERENCE BASA'2016

The bridge is shown from various views in Fig. 3 and has a typical form. The nodes

are heavily reinforced and evidently they match the flow of bending moments. The
opening in the nodes is a specific characteristic. In addition, the arch springs show a
change of curvature, evidently outside the intersection of the arch and lower chord
centerlines.
Because of its relatively rare concept, the specific details and the historic value, this bridge
is now listed as a monument [2], meaning that no alterations can be done, which can
change the aspect, colour, texture and function of the structure. Late 2010, inspection of
the bridge showed serious deterioration of some concrete parts. This has distressed the
owner and inspired him to consult our Institute. The inspections detected rather serious
deterioration of the concrete and corrosion of rebars. However, the deterioration is
concentrated at various locations. Both arches show no defects and some hangers have
superficial concrete cracks and cracking. These are of no particular consequence and can
be easily repaired.

Fig. 3. Views of Pontweg Bridge before refurbishment

The main defects are found on 2 particular locations of the bridge deck lower side.
The lower chord North edge girder shows a single section in between two consecutive
crossbeams with serious cracking. These cracks have opening width of several mm and
have mostly horizontal orientation. The initial situation is shown in Fig. 4.
After hammering the loose concrete, the heavy corrosion of the rebars became visible. This
is seen in the lower part of fig. 3.

Fig. 4. Condition of Pontweg Bridge before refurbishment
In addition, the central longitudinal stiffening beam in the bridge deck shows an

identical damage pattern. However, the location of this deterioration does not coincide with
the section of the former defect.
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Due to corrosion, the steel roller bearings are in poor condition and both longitudinal
displacements and end rotations may be blocked. However, free angular rotation is low,
since only the part due to live loads and temperature change are concerned. Fig. 4 clearly
shows that the damaged areas have a different colour, compared to current concrete
members. This may suggest that these locations are repaired sections, and poor materials
have been used during these repairs. However, this is not the main concern.

The damage might be due to one of the various concrete deterioration mechanisms,
such as alkali-aggregate reaction, chloride- or carbonation attack, or various shrinkage
effects. According to chemical analysis, the damages are mainly due to carbonation attack.
This damage mechanism is rarely found on local areas, thus confirming the cause of poor
local refurbishment with wrong materials.

3. Load-carrying capacity

Various methods for determining the remaining load-carrying capacity of the
Pontweg bridge have been reported in [3]. Non-destructive dynamic tests are also reported,
showing that the damaged lower chord member does not show a fundamentally lower
natural frequencies than the opposite, unharmed chord. In view of the consistent concrete
and steel damage, this was a surprising conclusion, which was solved after creating an
elaborate numerical model, including the damage found during inspection. As shown in
Fig. 4, the central stiffening beam plays an important role in redistributing stress resultants.
Because of this member, loads can be redirected from lower chord members to the central
beam. The bridge deck slab also contributes to this process. A fortunate condition for this
redistribution is the fact that both heavily damaged areas of the lower chord and central
beam appear at unequal cross-sections of the bridge.

Fig. 5. Volume model nonlinear simulation

Two numerical models have been used, the first consisting of beam elements and
plates, the second one consisting of bars for the reinforcement and volume elements for
concrete, which served only to confirm the results from the first model. The former is
shown in Fig. 5, at a load equal to 1.5-times the characteristic value. The numerical models
included nonlinear material characteristics as well as large displacements and
imperfections. Thus, the failure load of the bridge, both in the unharmed as in the damaged
conditions has been found. There are various ways for assessing the load-carrying capacity
of older bridges and structures. The evident way is to apply the existing codes as EC 1 and
2 to the bridge and verify the ultimate limit state of resistance, by using LM 1 as the
characteristic design load. Obviously, this bridge was built at a time when design loads
were considerably lower and calculations were based on the ‘allowable stress’ method. A
fair chance existed that even the unharmed structure does not satisfy the criterion of ULS
by partial factors. A second alternative is to determine the SLS conditions for various
loading conditions and compare the level of steel stresses to historic data, since concrete
stresses are always very low in this structure and concrete strength is no issue at all.
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The Belgian National Annex [4] to EN 1991-2 is a very useful document for load-
carrying capacity assessment. The latter allows verification of existing infrastructure
through the use of a realistic LM 5. This LM 5 may replace LM 1 for existing structures,
provided the bridge carries local traffic only, which may apply to the Pontweg bridge. LM
5 corresponds to one of the frequent lorries of FLM 2. It requires the use of adapted factors
such as a combination and an impact factor.

Due to the redistribution effect and the mainly tensile nature of the load effects both
in the lower chord and the central beam, the latter becomes the most critical member.
Failure is due to excessive steel stress and for LM 1 the load-carrying capacity is limited to
0.28-times the total load. For the LM 5 condition, the capacity is less than 80% of the total
loading. Hence, the owner decided that the condition of the bridge did not allow normal
road traffic anymore and ordered to install a temporary Bailey bridge (see below). Thus,
the damaged bridge was decommissioned till after refurbishment and our Institute was
asked to propose reinforcement alternatives.

4. Initial refurbishment programme

Clearly, the damaged concrete parts had to be repaired. Apparently the cause of the
carbonation attack is not generally present and there is little chance for this type of attack
to start again. Further carbonation can be prevented by decreasing capillary porosity and
refining the pore structure of the concrete. Sealing with fine granular mortar is expected to
efficiently improve the concrete condition. However, the sealing should render acceptable
colour and texture of the concrete surface, since the bridge is listed as a monument and
changes in the aspect of the concrete surface will have to be minimal. Hence, the
refurbishment process was to be preceded by various trials of the sealing product, to
establish whether it complies with the existing concrete surface aspect.

The refurbishment also includes mechanical cleaning of the remaining rebars and
passivity by cold galvanizing. However, on the basis of stress analysis many members
would require additional reinforcement. The evident conclusion has been to reinforce the
central beam and the damaged edge beam. For this purpose CFRP-laminate has been
proposed, which can be glued to the repaired concrete surface. For the edge beam 4
laminate strips of 1.2 mm thickness are sufficient, whereas the central beam can be
reinforced by 2 such strips.

&

Fig. 6. Views of Pontweg Bridge before refurbishment

The bridge bearings, in particular the movable roller bearings, are equally in bad
shape. One bearing can be seen in Fig. 6. The roller bearing suffers from serious corrosion,
and its function seems to be compromised. After closer examination, repair of these
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bearings is possible, as well as the removal and replacement, although this type of bearing
is typical for the historic bridges.

The picture shows that the rulers, which should be fitting in the upper grooves and
block lateral movements of the bearing, are missing or lay loose on the lower plate. In
addition, there is no hope to loosen the bolt nuts. Consequently, our various alternatives for
refurbishment were not adapted and the owner decided in favour of replacement of
movable bearings.

5. Refurbishment work

In view of the reduced capacity, and to guarantee the access to the the neighbouring
residential area, the owner decided to establish a temporary Bailey bridge, as can be seen
in Fig. 7. Traffic was thus maintained on a single lane. Unfortunately the temporary bridge
was not equipped with footpaths, which presented a rather critical situation for pedestrians.

Fig. 7. Temporary Bailey bridge

Works have started immediately by removing the cobblestone pavement and
inspecting all concrete parts, thus reducing the structure’s dead weight. After removing the
deteriorated concrete of the lower chord, the overlap areas of the rebars have appeared.
Many of these connections were located in the damaged area (Fig. 8). In order to guarantee
successful overlapping, sufficient concrete quality is necessary. The removal of concrete
was thus to be expanded beyond the area required for protecting the rebars.

i el

Fig. 8. Extension of concrete removal due to overlapping rebars

While removing a larger amount of concrete, the contractor came to the conclusion
that the lower chord would be weakened too much, to resist the remaining dead weight and
proposed to build a reinforcing edge beam, shown in Fig. 9. This beam contains 70% of the
original longitudinal reinforcement and is connected to the original parts by dowels,
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anchored chemically to the original structure. Obviously, since the lower chord is mainly a
tensile member, the additional longitudinal reinforcement continues through the crossbeam
webs, the number of dowels being doubled in the first and last sections between
crossbeams. This reinforcing beam was added across the entire length of the bridge and
replaces the CFRP reinforcement. The use of short dowels does not correspond to
theoretical arrangements, since the functioning purely depends on shear of rebars.
However, the arrangement proved to be effective.

N Dowels M 8 180 mm
Original parts / Glued 80 mm

T %
Dowels M 16 300 mm

Glued 150 mm

0.30m

0.40 m % Reinforcement 4432 + 2¢:25
Stirrups ¢12

Fig. 9. Principle of reinforcing parallel beam

'\f-ﬂi‘* N I

Fig. 10. Reinforcement put in place Fig. 11. Walkway slab after removal concrete

Fig. 10 shows the additional reinforcement put in place. It may be noticed that the
original lower chord member was already repaired before building the additional beam.
Since pouring of the concrete was difficult and for improving the adhesive connection of
concrete phases, the beam was built with sprayed concrete.

Apart from the lower chord, the corbelling slabs from the walkways were degraded
more severely than expected. This is due to de-icing salt and chloride attack. The concrete
walkway slab initially had a thickness of 40 mm only. Hence, the deterioration can be
easily understood. Mechanical removal of damaged concrete showed that at various
location concrete thickness was reduced to 10 mm, while at some locations, the slab no
longer existed. This can be seen in Fig. 11. Rebuilding this slab did was rather easy, since
the reinforcement bars were generally in satisfactory condition.

As mentioned before, the owner decided that the movable bearings were to be
replaced, the bridge was lifted on one side, thus allowing to remove the roller bearings and
replacing them by identical devices. The lifting required connecting the abutments by
prestressing bars to temporary supports as seen in Fig. 12. These supports allowed to free
the corroded bearings and replace them, as seen in Fig. 13.
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The sealing of exposed concrete first required soft cleaning of unharmed surfaces.
For this, and to prevent any environmental issue, a protective wrapping (Fig. 14) of

Fig. 12. Jacking of superstructure Fig. 13. New roller bearings

the bridge was installed. Since less consequent deterioration was found on the arches
and hangers than on the lower chord and deck, a different type of sealing was adopted for
both. The lower chords and deck were repaired with a general protection of polymer
cementitious mortar. As can be seen in Fig. 15 this results in a new, rather unnatural aspect
of the concrete, thus losing the initial texture and original characteristics.

Fig. 14. Protective wrapping of bridge

Fig. 16. Sealing of arches and hangers Fig. 17. Concrete texture
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Fortunately, this was not allowed for the arches and hangers. In these most visible
parts, superficial concrete degradations were repaired locally, using micro cement mortar.
While trying to obtain a texture and colour corresponding closely to the original ones, 20
types of products have been tested. Fig. 16 shows the result during a rainy period, with
lighter colour of the new parts and the contrast with the unnatural lower chord. Once dried,
the colours become identical. In addition, effort was made to obtain identical texture of the
concrete surface, by using light surface indents as from the original formwork from
wooden planks. The latter can be clearly seen in Fig. 17.

6. Load test

At the time of writing, a load test of the refurbished structure is being considered.
Experience has shown that load tests of concrete structures are generally less successful
than for steel structures. The owner refers to national technical specifications for testing,
which are limited to survey of deflections. Strain measurements of various types are more
successful [5], but may be too costly for a small structure like the Pontweg Bridge.
However, deflections should be sufficiently large and at least exceed the measurement
precision. To allow the owner deciding on the type of test, first the influence of replacing
the cobblestone pavement was examined. This is a distributed load, which is not critical for
arch bridges. The beam element model showed a deflection of 0.218 mm and concrete
tensile stress of 0.66 MPa. This means that the concrete repairs are loaded below the
cracking condition. However, this loading condition is unpractical to assess the effects of
repairing.

Fig. 18. Deflections caused by 44 Tons truck
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Fig. 19. Concrete stress caused by 44 Tons truck

A 44 tons truck was considered to serve as test load. This type of truck causes
maximum deflection of 5.23 mm (Fig. 18), a magnitude that can be measured successfully
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by total measuring stations. In addition, the lower chord stresses have been derived and are
shown in Fig. 19.

Adding the stress to the part caused by the pavement, a maximum value of 3.21 MPa
is found. Hence, the concrete remains uncracked and the use of longer strain gauges can
accurately serve to assess the effectiveness of the refurbishment. Both these alternatives
have been suggested to the owners, who are in the process of deciding. However, in view
of the care that was taken in the refurbishment, surely the load-carrying capacity of this
bridge has been restored effectively.

7. Conclusion

Right after inspecting the Pontweg bridge in 2012, the general opinion concluded
that the bridge should be demolished and replaced. The arch shape, the characteristic nodes
and RC-hangers make this bridge a rare heritage structure. Careful analysis and testing
allowed to convince parties involved that restoring the load-carrying capacity and
refurbishment was possible. The use of polymer-containing repair products has deprived
the structure of its original appearance. Fortunately, the arches and hangers have kept most
of the concrete colour and texture and show the effort made to preserve the bridge.
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DIAGNOSTICS OF WOODEN POLES LOCATED IN THE OPEN-AIR
MUSEUM USING SONIC TOMOGRAPHY
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Abstract: The paper deals with the lifetime of wooden poles, located in the
archaeological open-air museum of Liptovska Mara - Havranok, which were erected
outdoors about 12 years ago. It introduces the diagnosing of their condition using
sonic tomography. The poles differ from each other by the location, positioning and
anchorage considering the terrain slope. Investigation was focused on the free-
standing poles (quasi sacrifice poles) and the poles that are part of the fortification
(gates, walls). Diagnostics was made using the device Fakkop ArborSonic 3D Sonic
Tomograph which has 18 sensors. It measures the sonic response (sound velocity) in
a tree stem. Sound wave velocity within sound wood depends on its species, moisture
content, and the direction of measurement. The measurements brought remarkable
results.

Key words: sonic tomograph, timber element, wood damage

1. Introduction

The archaeological site on Mount Havranok, situated in the region of Liptovska
Mara, is one of the most important Celtic culture sites of the late Iron Age/early Roman
period (2nd century BC - 1st century AD) [1] not only in Slovakia but also in Central
Europe. Research has been running here since 1965; conducted by Mgr. Karol Pieta, PhD
from the Archaeological Institute of Slovak Academy of Sciences (SAV). In 1986-1992
the first phase of project was finished - a gradual model and experimental reconstruction of
selected parts in the area in order to bring visitors a three-dimensional view of the
mentioned age directly in its original location. Fortification of the sacrifice area on the
eastern terrace was reconstructed using various methods. All reconstructed structures came
under the Liptov Museum, which has set up here the first archaeological open-air museum
in Slovakia.

2. Archaeological open-air museum of Havranok

In 2002-2007, the team from the Archaeological Institute SAV, Liptov Museum,
Faculty of Civil Engineering of Slovak Technical University (STU) in Bratislava, and the
civic association Tree of Life managed to organize maintenance and renovation works to
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make good certain damages - especially in the sacrifice area. After finishing these works
(partly supported by some grants), however, the problem of adequate maintenance
reappeared, thus now the area is damaged again. To be objective it should be added that the
material and design solution used (for the open-air museum of this type essentially
irreplaceable by other ones) will require fundamental structural repairs, reconstructions, or
interventions some time later. The question is to what extent the degradation of wooden
structures have moved after about 12 years since their renovation.

3. Sacrifice area

The sacrifice area of Celtic culture in Havranok is among the most important
archaeological sites of its kind in Central Europe. Due to its authenticity and use, only a
few fragments survived, which provided space for artistic interpretation. The area is unique
because it was originally fortified and entered through the curved space in front of the gate
protected by a tower, which is the oldest evidence of such an entrance into a protected
place in our country. Further similar entrances occurred thousand years later.

Extensive damage to its structures came after about 12-15 years. It was caused by
building material (a significant portion of poorly treated wood) and construction details
(wooden poles fixed into the ground). The situation was worsened by unstable waterlogged
mount slope which is located in the landslide area. A considerable part of problems (but
not all) was managed to solve in 2002-2007 and so the major part of the museum area
could be reopened - see Fig. 1,2.

Fig. 2. Arrangement of wooden poles investigated in the sacrifice area
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When the open-air museum was created, there were placed wooden poles and
modified trees (totems) into the original pole pits. The author of totem decorations was the
academic sculptor Cudmila CvengroSova, Unfortunately, almost none of the original
totems survived, since they rot away in the contact ground-air zone or in their upper parts.
Few original pieces of the artwork were managed to save and now they are exhibited in the
open-air museum building. They were replaced by good copies in the open-air sacrifice
area.

4. Design solution

In 2003-2007 totems in the sacrifice area were reconstructed using green larch wood.
Bark was immediately removed and 3 weeks later the stems were decorated with carvings
inspired by original motifs. The poles were then fixed into pits considering diameters of
original Celtic poles. They were experimentally fixed into different foundations. Some
poles were fixed directly into the ground - i.e. into the soil, others were fixed into the lime-
mortar, cement-mortar, or concrete bed. Beds were made relatively massive - each had a
5-7 cm thick mortar layer in the bottom. Then mortar was poured around the poles to
create a layer 10 cm thick and wrap the pole as far as the ground level. Mortar was covered
by turf to camouflage it.

Such complicated works were chosen due to research purposes. Different fixations
were supposed to be evaluated many years later, what have just happened. It was also
supposed that concrete fixation will prolong the lifetime of the poles, which has been
proved. It should also be added that the terrain in the sacrifice area is well wetted by
rainwater running down the slope.

5. Experimental measurements

The Fakopp 3D Sonic Tomograph is used in practice to diagnose latent, i.e. internal,
damage to living trees. We used this device for decay detection within wooden elements in
the archaeological open-air museum of Havranok. The method is semi-invasive; there are
minimal interventions in wood. In fact it is the measuring of time taken for sound stress
waves to pass through the wood of a tree or a wooden element. Longer time indicates
internal biotic damage, possibly a cavity in a tree stem or wooden element.

In general, the denser wood, the higher speed of sound. When the wood moisture
content is higher, sound waves will pass through it more slowly because capillaries contain
water instead of air [5]. It results in higher sound-wave resistance. The velocity of sound
waves in sound wood depends on its species, moisture content, and the direction of
measurement [6]. Average sound wave velocities for different tree species are given in
Tab. 1, made according to [7]. The paper brings in-situ measurements of wooden elements
using Fakopp 3D Sonic Tomograph.

Tab. 1 Average sound wave velocities according to tree species

Average sound wave velocity measured across the grain (m/s)
Degree of damage Tree species
Spruce, Fir Pine Oak
1 1260 - 1800 1160 — 1750 1640 — 2100
2 920 - 1260 840 — 1160 1180 — 1640
3 750 - 920 680 — 840 850 — 1180
4 500 - 750 500 - 680 600 - 850
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Fig. 3. Color range in the sonic scan of a wooden element - approximate evaluation.

Sonic scans of measured elements record sound wave velocity among the individual
sensors. In fact, sensors are steel nails hammered into a wooden element around its
perimeter at regular distances. Hammering on a sensor create sound waves whose velocity
is recorded in other sensors. Sensors/nails are hammered about 15 mm deeply, i.e. the
sonic scan of particular section of measured element is reduced compared with its actual
dimension - see Fig. 3.

5.1 Wooden pole fixed in plain concrete (Fig.2 — A)

The measurements were taken on May 5, 2016 at 14:46 hour in a round barked larch
pole. The pole is fixed 80 cm deep; the pit is filled up with plain concrete. The first
measurement was taken at ground level, i.e. 0 cm above ground level - see Fig. 4. Second
measurement was taken 30 cm above ground level - see Fig. 5.
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Fig. 5. Sonic scan 30 cm above ground level

The absolute moisture content of the wooden element, temperature and relative
humidity was measured at the same time with measuring the sound wave velocity.
The sonic scan evaluation shows the pole bottom is more damaged compared to second
measurements. Inside the wooden element there is not a hollow or damaged wood. There is
a surface damage, occurring in the contact zone near the ground. Decayed parts reach
inside the diameter. The degree of damage in the first layer is 23 % and in the second layer
it is 3 % of a section.
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5.2 Wooden pole fixed in lime mortar in the sacrifice area (Fig.2 — B)

Measurements were taken on May 5, 2016 at 15:32 hours in a round barked larch
pole. The pole is fixed 80 cm deep; the pit is filled up with plain concrete. The first
measurement was taken at ground level, i.e. 0 cm above ground level - see Fig. 6. Second
measurement was taken 50 cm above ground level - see Fig. 7.
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Fig. 7. Sonic scan 50 cm above ground level

The sonic scan evaluation shows the pole bottom is more damaged at the contact
zone near the ground. Inside the wooden element there is not a hollow or damaged wood.
Second level measurement shows no surface damage, but the investigated section contains
internal damage; the pole probably contains damaged wood in the middle. The degree of
damage in the first layer is 9 % and in the second layer it is 31 % of a section.

5.3 Wooden poles fixed in soil without treatment in the sacrifice area (Fig.2 — C)

Measurements were taken on May 5, 2016 at 15:32 hours in a round barked larch
pole. The pole is fixed 80 cm deep; the pit is filled up with plain concrete. The first
measurement was taken at ground level, i.e. 0 cm above ground level - see Fig. 8. Second
measurement was taken 30 cm above ground level - see Fig. 9.

The sonic scan evaluation shows the pole bottom is more damaged at the contact
zone near the ground. Inside the wooden element there is not a hollow or damaged wood.
Second level measurement shows no surface damage, but the investigated section contains
internal damage; the pole probably contains damaged wood in the middle. The degree of
damage in the first layer is 9 % and in the second layer it is 31 % of a section.
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Fig. 9. Sonic scan 30 cm above ground level

Further measurements were taken on May 30, 2016 at 15:34 hours in a round barked
larch pole. The pole is fixed 80 cm deep; the pit is filled up with soil. Measurement was
taken at ground level after removing grass. The pole is fixed in a slope. Visual inspection
shows evident damage on the side facing the slope - see Fig. 10. The degree of damage is
39 % of a section. The wooden pole is significantly attacked by rainwater running down
the slope.

Fig. 10. Measuring of the pole covered up with soil: left to right - sonic scan, bottom view
of measurement, view of the damaged side - the hollow.
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6. Wooden pole fixed in soil using birch bark (Fig.2 — D)

Measurements were taken on May 30, 2016 at 16:40 hours in a round barked larch
pole. The pole is fixed 80 cm deep, it is wrapped into birch bark under the ground; the pit
is filled up with soil. The first measurement was taken at ground level, i.e. 0 cm above
ground level after removing bark and grass - see Fig. 11. Second measurement was taken
20 cm above ground level - see Fig. 12.
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Fig. 12 Sonic scan 20 cm above ground level

Visual inspection shows damage in the contact zone with the ground. Wood
degradation is 1 cm deep. The sonic scan shows the pole bottom is more damaged in the
contact zone with the terrain. Inside the wooden element there is not a hollow or damaged
wood. Second level measurement shows no surface damage. The degree of damage in the
first layer is 9 % and in the second layer it is 3 % of a section.

7. Discussion

Gathered data indicated that wooden poles fixed in and covered up with soil contain
the heaviest damage. An important factor in this case is the shape of the terrain. In the case
of sloping terrain, the wooden elements are much more attacked by rainwater running
down the slope. All visually inspected poles showed significant damage on the side facing
the slope. Wooden elements were gradually degraded in the contact zone with the terrain.

In poles fixed in added material such as lime mortar and plain concrete it can be
stated that the wood damage in the contact zone with the terrain was more heavier when
fixed in plain concrete. Poles fixed in lime mortar showed less damage in the contact zone,
but above ground level they contain more internal damage.
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8. Conclusion

The paper introduces the inspection of wooden poles located in the sacrifice area in
the archaeological open-air museum of Havranok. To know technical condition of wooden
elements is of utmost importance, especially due to the safety of wooden structure located
in the area with people’s movement. The inspection was focused on the wooden poles
fixed in the ground in 2003. We assessed technical condition of wooden poles
experimentally fixed using different methods. Poles were fixed 80 c¢cm deep in plain
concrete, lime mortar, and soil, as well as using the wrapping with birch bark. Technical
condition of poles was first assessed visually and tactually, then using the sonic tomograph
(measurement of sound wave velocity in wood). The above mentioned device may be used
to detect internal - hidden damage to wooden elements.

The paper was aimed at highlighting and evaluating of measurements related to the
internal damage to wooden poles. We looked for the appropriate solution and method to fix
wooden poles in the sacrifice area. Technical condition of poles was experimentally
verified 13 years after their fixation. The diagnosing of their technical condition revealed
the least damage to the poles wrapped into birch bark. All poles showed significant
damage in the contact zone with the terrain. It can be claimed that poles shows weak
damage after 13 years, which is not great risk in terms of the wooden structure safety.
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INTERPRETATION OF CONSTRUCTION DETAILS IN DIAGNOSING
THE FAILURES
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Hasan Kalyoncu University, Faculty of Fine Arts and Architecture, Gaziantep,
Turkey

Abstract: The study of historical constructions oriented to their preservation
requires multidisciplinary teams of specialists formed in relation to the type and the
scale of the problem [4]. To achieve preservation in a building’s historical and
cultural context, diagnostic studies for understanding the causes and mechanism of
decay based on historical information, environmental monitoring, evaluation of the
present level of safety and selection of appropriate preservation methods and
materials are indispensable scientific and technical basis for correct interventions.
The study of building construction method and structural details has a great
importance in the mechanical and dynamic behavior of a building. The main
objective of this paper is to point out the importance of acknowledging the design
skills of master builders during diagnosis of the failures in historic buildings. This
study is made through reviewing archaeological and history of architecture
publications, discussions with archaeologists and experiences met during diagnosis
phase of restoration works.

Key words: Template, formats, instructions, length, Times New Roman, 12 pt, Italic,
Justified

1. Introduction

The conservation and enhancement of the architectural heritage is a vital part of the
future sustainability, and to the maintenance of social, economic and technical traditions.
Nevertheless due to aging, to the aggressive environmental effects as earthquakes, soil
settlements, increased loading as traffic vibrations, air pollution and to the fact that many
old buildings and historic centers were not maintained properly, a large part of this heritage
suffers structural problems that menace the safety of buildings and people.

The decision making process of the preservation problem of these culturally valuable
and potentially functional architectural structures should keep the structure’s original and
authentic architectural message. It requires accurate evaluation procedures, efficient repair
methods and rational design criteria. To achieve preservation in a building’s historical and
cultural context, diagnostic studies for understanding the causes and mechanism of decay
based on historical information, environmental monitoring, evaluation of the present level
of safety and selection of appropriate preservation methods and materials are indispensable
scientific and technical basis for correct interventions.
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The study of historical constructions oriented to their preservation requires
multidisciplinary teams of specialists formed in relation to the type and the scale of the
problem [4]. And requires special technical and analysis tools adapted to the structure’s
geometry, building materials and changes it had passed all throughout its lifetime [4].
Today, significant knowledge is available in modern testing and advanced analysis of
heritage structures for the assessment of the failures. Constraints to be considered in the
preservation of the architectural heritage are working together with a multidisciplinary
team, the need of experienced professionals who can collaborate with different disciplines
and lack of knowledge in the interpretation of the building construction methods and
structural details in the evaluation of structural problems for intervention decisions. In
investigating heritage buildings mostly constructed with the leading technology of its time
and to understand their mechanical and dynamic behavior, it is important to take into
account the engineering knowledge and practice of their construction time for proper
interpretation of the causes of the failures and for decisions on proper intervention.

Earthquake was always one of the most threatening actions to buildings in Anatolia.
In order to make buildings safe, there exist several ancient construction codes partly
parallel to portions of the Hammurabi code, a well-preserved Babylonian law code, dating
back to about 1772 BC. This Code of Hammurabi consists of 282 laws, with scaled
punishments, adjusting "an eye for an eye, a tooth for a tooth". So, ancient building masters
designed their buildings taking proper account of environmental conditions.

Today, the seismic zone map of Turkey in 2007 Specification for Structures to be
built in Disaster Areas, classifies the country into five seismic zones- in which Zone 1 is
most severe. During the investigation, it has been noticed that in seismic areas, the master
builders introduced special techniques to make the structure withstand the lateral forces in
substructure and superstructure.

The main objective of this paper is to point out the construction method and structural
design of master builders from various civilizations lived in Anatolia that was in the heart
of cultural and trade routes of the Europe, Asia and Africa. Ancient building masters, using
techniques developed by previous cultures, their own trial and error, and techniques
transferred from one generation to another, were able to empirically size and design the
structural elements. The ignorance of the accumulation of master builder’s knowledge and
construction technique of their time may lead to incorrect intervention and long-term
harmful effects on the structure.

2. Organization of Masonry Structural Elements

Masonry structural elements are composed of stone, brick or adobe units that are laid
dry, joined to each other with metal clamps or laid in mortar. Resistance of a masonry
building to exposed loads depends on the geometry of the structure, the strength and
stiffness of the materials used, geometrical configuration of the units and the way the units
are connected to each other. The masonry material’s high compressive strength and the
friction resistance generated by the compressive action, helps masonry elements to
withstand tensile stresses exerted by earthquake forces.

Masonry building dissipates energy with the movement of their units. If the
connection of the stone units is made with iron clamps, these clamps were laid in lead.
Lead covered the iron, avoided corrosion of the iron and let the blocks move. If the stone
and clay brick blocks are laid in mortar, using weak, rather than strong mortar, this let
sliding along the bed joints dissipating energy so that the masonry unit will be safe. The
ignorance of this knowledge and construction technique may lead to incorrect
interventions.
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Thick masonry wall with two outer faces where the space in between is left empty or
filled with rubble and mortar, the outer leaves are connected with suitable lacing at certain
intervals to limit the support movements, to prevent wall bulging under gravity loads, to
reduce the slenderness ratio of the wall and to prevent crack initiation at another location.
As lacing, timber, stone in brick walls, brick in stone walls was used. Iron or copper ties
were used after 1840. These ties were joined to each other either with metal agrafe, seen
out of the wall or inserted in lead in a round clevis, not apparent from outside (Fig. 1). It is
important to identify their place in order to assess the slenderness ratio of the wall.
Slenderness ratio of a wall is very important in resisting earthquake forces.

- ¢ '
N Agrafe Clevis

Fig. 1. Metal Lacing

In the building geometry, long projecting and different weighing components of a
building were separated as expansion or seismic joints. Here, the building parts staying
side by side were separated by not joining the masonry units to each other. Such
construction features may be incorrectly interpreted as damage. As in Siilleymaniye mosque
in Istanbul, different weighing parts has two arches side by side belonging to different
parts of the building (Fig. 2).

f :

Granery of Me;gnusa Palace

Fig. 2. Seismic joints between the two arches
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In many cases of archaeological excavations, it is seen that new structures have been
built upon old foundations. Just as bricks and columns could be reused, so could
foundation systems. In this case, the inner grillage foundation walls were not completely
bounded to the perimeter wall foundation. When different components of a building were
not of the same weight and would have settled differently, the intersecting lines of the
foundations were not bounded.

Ancient building masters knew the geometry and behavior of the structural elements
they constructed and provided proper measures to exterminate the weaknesses. Some
geometry of vaults as cylindrical and torus vaults and spherical domes inherently has
tension at the base along one of their principal curves. To encounter the tensile stresses;
building masters provided continuous boundaries as walls thickening or closely spaced
arched columns or piers at the base. And to reduce the weight of the structure, they used
clay pipes in the construction of the compressive part of the vault or dome (Fig. 3a). The
vault with an elliptical parabolic surface has compression on both of its principal curves.
To make a roof or floor over such vault, amphora was used to fill in the space not to give
extra weight to the vault surface [11] (Fig.3b). This vault looks very similar to a
pendantive dome that contains tension stresses at the base.

1 i : LA £
Fig. 3. Reducing the weight of the vault or dome

3. Underground Water Drainage

Ancient building masters were aware that the water was the most serious non-seismic
threat to masonry buildings in areas of both high and low seismicity. Depending on the
porosity of foundation construction material and soil characteristics, it can damage the wall
and soil by eroding away portions and by reducing the strength. To prevent weakening
instability of the building through humidity resulted from underground water movement
the surface water of rainfall; they designed an effective drainage system.

In archaeological excavations, it is seen that surface and subsurface drainage was given
high priority during its design and construction. The foundation rituals in Sumerian,
Akkadian [6] and Egyptian texts [7] for temples, palaces, tombs, and forts show that before
starting the construction of the foundation, master builders constructed a well with
galleries or channels that discharge the water out of the building, and gates out of the
building for ventilation. This construction system, constructing a well in the building, was
practiced till late 19th century especially in high seismic zones in Anatolia.

The major components of the drainage system to drain interior ground surfaces of a
building included wells or cisterns in the basement, galleries or channels that discharge the
water out of the building, and gates for ventilation out of the building (Fig. 4). The size of

the galleries or channels connecting wells to each other or discharging water away from the
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building varies from 30-40cm to 1.0-2.5m depending on the size of the building. These are
generally constructed of stones or bricks with mortar binding [8]. These channels removed
the moisture from surface and underground water, served to keep the structure warm in the
winter and cold in the summer. And during earthquake, they discharged the raising
underground water avoiding soil liquefaction.

Fig. 4. Wells, gates, channels in the building

In settlements, the channels, penetrating the walls, generally continued to the other
building’s drainage system then was discharged to a channel along a main road or to a
cistern or to a fountain tank. In most of the Byzantium buildings in and around Istanbul,
the underground water was discharged to a cistern or the foundation of the buildings
included cistern. In the area of Topkapi Palace, more than forty cisterns were found within
the substructures of buildings [3]. The twelfth-century the church of Pammakaristos
includes a large colonnaded and vaulted cistern that extends under the naos and parts of the
ambulatory, now filled with soil. Yavuz Selim Mosque in Fatih district includes a large
gallery heading toward a cistern that is blocked by the foundation of the mosque. There is
also a cistern near the Fatih Mosque. In Ottoman settlements, the channels, penetrating the
walls, generally continued to a nearby fountain tank.

Because this practice is completely forgotten demolished drainage system due to new
constructions around the heritage structure is a frequently met phenomenon. Such blocking
of the subsurface water control system causes water to rise to the building and soften the
soil which leads to the building settlement. During diagnosis of the failures of the building,
if this knowledge is ignored consolidation of the soil will not solve the problem.

4. Foundation Organization

Foundations, as distributing the loads from superstructure to the earth below, have to
resist compression, tension and shear stresses imposed by the soil pressure and earthquake
forces. The thick ancient building foundations of stone or brick masonry generally were a
vertical wall down to the hard soil. The construction of foundation wall was either solid or
cavity wall constructed of two rows of stones, where the space between the rows is filled
with the rubble and earth. During the process of time as the wall thicknesses became
thinner consequently the smaller sizes of foundation walls widening at the foot were
practiced. If the wall was composed of closely spaced piers and there was not sufficient
depth to step the foundations, sometimes inverted arches or vaults were made (Fig. 5). Soft
soil was consolidated by timber piles. The foundation walls rested on timber mesh
embedded in a khorasan mortar over these timber piles.

The foundation construction of the walls depends on the type of soil. Acceleration,
generated by ground displacements, is amplified or attenuated by the soil structure. To
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minimize amplification of acceleration input and prevent resonance, adequate construction
would be stiff structure on soft soils, flexible structure on hard soils and rock.

"SR
¥ [4'

Terkos Arcv notebook

Fig. 5. Inverted vault foundation of Edirnekap1 Cistern [5]

At high seismic zones, to provide the lateral stability of structures, building masters had
introduced special techniques to change the natural frequency of soil.

If the rock bed or hard soil was not so deep, the foundation walls rested on a pillow
layer of sand, gravel or small stones as in Phaselis, Antalya (Fig. 6), or rested on three
layers of brick or stone blocks as in Alaca Hoyiik from Chalcolithic era (Nauman 1991), in
Urartian buildings at east and Greek temples at the southwest of Turkey. The foundations
of masonry village houses at east Anatolia were constructed on a layer of ~40cm sand till
1960s. The thick layer of sand, gravel or stone pieces provided a change in the natural
frequency of soil as well as adequate subsurface permeability to avoid a high water table
condition [1].

Fig. 6. Pillow layer of gravel and sand

If the rock bed was close to the surface, a flexible base was provided by placing single
or more layers of wooden grillage at the foundation base (Fig. 7). At the bottom of the
foundation wall in Beycesultan, single layer of round wood grate projecting out 1.0-1.5m
out from the foundation wall was laid side by side with small stones in between them
(Nauman 1991) and in Acemhdyiik, layer of wood poles under the foundation is placed
over cut stones (Fig. 7b). Foundation walls of a Byzantine chapel in Uskiidar (Fig. 7a),
Stileymaniye Mosque from 16th C. and the inverted vault foundation of Edirnekapi Cistern
(Fig. 5) from late 19th C. in Istanbul are constructed over 2 layers of wooden grillage laid
perpendicular to each other. The foundation of Konjic Bridge, an Ottoman bridge in
Bosnia & Herzegovina also contained two layers of wooden grillage laid in between two
dolomite layers forming a platform for foundation footing [10].
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Fig. 7. Flexible footing of Byzantine chapel and Acemhdoyiik foundation walls

If the rock bed was on the surface, the rock was carved in the form of trough so that each
stone of the foundation wall could be placed in the rock as if resting in a cradle (Nauman
1991) (Fig. 8). In between the rock and the foundation stone; briar, pieces of coal or animal
skin was placed [9]. Such rock foundations in the form of trough were often met in tells at
southeast Turkey, in Bogazkoy, a Hitite settlement at Middle Anatolia (Nauman 1991) and
Temple of Diana at Ephesus [8].

Fig. 8. Foundation wall on rock [2]

5. Conclusion

Ancient building masters, with accumulation of knowledge from previous cultures
were able to size and design structural system through;

Connecting the masonry units properly so that they disperse energy

Providing seismic joints by not connecting the different weighing components of a
building.

To construct a building over an old foundation, not connecting the new foundation
walls to the old foundations

Constructing vaults and domes taking into account of the stresses required by their
geometry.

Designing an effective underground drainage system

In EQ areas; changing the natural frequency of soil providing flexible base by
placing a pillow layer of sand or gravel under the foundations, placing round wood
layer at the foundation base; carving the rock in the form of a trough

VV WV VYV VYV
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Before making a decision on structural intervention it is indispensable to determine
first the causes of damage and decay, and then to evaluate the safety level of the structure
with experts of multi-disciplinary team [4]. In diagnosing the failures investigation of the
historical records is important. Historical documentations records should be investigated
by experts and historians who are able to adequately interpret the ancient texts, in
cooperation with the structural engineers, assisting the historian in the identification of
structurally meaningful records.

Ancient engineering systems are different than current practice ones. The knowledge
of the old construction technique was lost during the last century. In investigating heritage
buildings, it is important to take into account the engineering knowledge of their
construction time. Ancient building masters had introduced special techniques to make the
structure withstand the lateral forces and to control the underground water movement.
Ignorance of the master builder’s knowledge and construction technique may lead to
incorrect intervention and long-term harmful effects on the structure.
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Abstract: The concept of Construction History relates to the safeguard, recognition
and continuation of cultural and historic traditions in national construction practices
for the public interest of the society. All these construction practices represent the
culture and the techniques of time along with sentiment, intent and conscience of its
designer, artist or craftsman. The outlines of Construction History consist of
increasing the awareness for historical and cultural aspects of structures and
structural engineering and improving methods and practice in structural engineering
by showing ways for integration of historical and cultural aspects in intervention
projects to adapt or modify structures of high cultural value for future demands. The
recognition and the comprehension of the Construction History influence the
selection of the method, policy and degree of intervention, preservation methodology
and techniques. Construction History is an inspiration for the new design solutions
and creates the possibility to exchange good construction practices.
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1. Introduction

The historical buildings and facilities represent one of the most important part of the
Historical Heritage. They can be viewed as a work of art representing its own time.
Preservation of these buildings and facilities for the future generation is a way of
sustainable development and also an act of culture.

The concept of Construction History relates to the safeguard, recognition and
continuation of cultural and historic traditions in national construction practices for the
public interest of the society. All these construction practices represent the culture and the
techniques of time along with sentiment, intent and conscience of its designer, artist or
craftsman.

The outlines of Construction History consist of increasing the awareness for
historical and cultural aspects of structures and structural engineering and improving
methods and practice in structural engineering by showing ways for integration of
historical and cultural aspects in intervention projects to adapt or modify structures of high
cultural value for future demands.

The recognition and the comprehension of the Construction History influence the
selection of the method, policy and degree of intervention, preservation methodology and
techniques.

The most sensitive aspect of Construction History is the structural preservation
because of the decisive role of the structure in the global behaviour of the buildings and
facilities. Usually the structural preservation is related to the solution of the problem
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“safety versus authentic structure”. There is no generally applicable answer and the
solution should be based on the specific conditions. Finally, the most important is to make
a decision which will permit to preserve, to rehabilitate or to reconstruct the original
structure. This decision will enable to prolong the life of the buildings and the facilities and
will give the possibility to the future generation to learn the history and should be
considered as a continuity of history.

Construction History is important because of the possibility to: 1) increase the
professional knowledge and experience, 2) make the connection with the history and the
national traditions of the place, 3) learn about the old structures, construction materials and
techniques and their application in actual situations.

2. General aspects of Construction History

Stefano Musso presents a very elegant definition of Construction History [3]: "A
construction represents and occupies a sort of boundary between the world of nature and
the artificial world of culture”. The definition of Werner Lorenz is very precise [3]: “If we
accept that construction is a specific link between nature and culture, the role of
Construction History then is no more or less than to provide an explanation of the action of
producing this hinge, in fact construction in all its facets thinking/planning, designing,
abstracting, modelling, calculating and measuring, specifying, financing, manufacturing,
building, maintaining, reinforcing, destroying, disposing - in all its cross-linkages,
interdependencies, and processes of interchange, right up to the use of practical
applications and technology. It is the process of construction in its entirety that constitutes
Construction History.”

The importance given to construction is since the Antiquity. The study of the
construction practices and construction technologies is essential for all contemporary
solutions. The nineteenth century is marked by the publication of major contributions to
the history of construction like those of Gottfried Semper, Eugene- Emmanuel Viollet-le-
Duc (Fig.1) or Auguste Choisy. Very often these authors are architects, engineers or
historians and for them the analysis of the different construction techniques of the past is
inseparable from the theoretical and practical development of the construction process.
Significant step is the study of new materials and innovations in building industry. Today,
we are probably returning to a conception closer to the pre-industrial one with all
researches on composite and smart materials and the tendency to answer more and more
questions at the level of material design rather than structural design. An important part of
Construction History is the study of the technological details. It is often difficult to get an
exact idea of the machines or the processes evoked in many historical studies of industrial
innovation, numerous construction history studies are based on precise and often minute
descriptions. In [5] Picon asks: “Can one understand a project like Eiffel’s Nice
Observatory without entering into the detail of its hydraulic mechanism?” (Fig.2).

Specific interest in Construction History is dedicated to one of the most common
construction material: Reinforced Concrete. The application of this material and all the
techniques related to him represents a revolution in the construction practice with a very
big social effect. Here is the place to mention the names of Hennebique, Freyssinet,
Torroja (Fig. 3), Le Corbusier.

Authors like Antoine Picon [5], are analyzing the Construction History as boundary
between the Technological and Cultural History: “Usually, when one tries to relate modem
and contemporary construction developments to cultural issues, one has to consider their
impact on architecture and engineering”.

In his 1957 book, “The Reason of Structural Types”, Torroja writes that [5] “Vain
would be the enterprise of somebody who would propose himself to design a structure
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without having understood to the backbone the mechanical principles of inner
equilibrium.”

= -

Fig. 1. E. E. Viollet le-Duc, Vauife—d room iﬁspireﬁy} gothi(; p;rinciples, Entretiens sur
I’architecture, Paris, 1863-1872 [5]

Fig. 3. E. Torroja, Zarzuela racetrack stands [1]
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The challenge in Construction History is to go beyond the standard concepts for
preservation, conservation and rehabilitation. The challenge is to show the potential of the
structure (Fig.4) and the possibilities for sustainable development, economic growth and
improvement of the quality of life of people.

Fig. 4. Bessieres Bridge in Lausanne, canton of Vaud (2 bridges from different
periods: 1909 and 2007), Switzerland [2]

The future of Construction History is related to the participation and the cooperation
with disciplines such as architecture, archeological sciences, cultural anthropology, social
sciences, economics, law, etc.

The main task in Construction History could be summarized in the following:
inspection and monitoring of Historical Heritage; development of specific methodologies
for Historical Heritage; spreading, exchange of practices and sharing the knowledge for
historical buildings and facilities; investigations for identification of the potential of these
structures. All these activities will provide the new innovative reuse of the Historical
Heritage and in the same time will provide its preservation and safety. These activities are
related to the development of new cultural products, construction industry, tourism etc.

2. Specific problems in preservation of Historical Heritage in Bulgaria

The protection of the Historical Heritage is related to many structural problems in
general. The biggest part of the historical buildings and facilities was built essentially
following empirical rules and usually has not specially designed structure for seismic
action. In the same time the authenticity is necessary to be preserved for the future
generations. Very often the best techniques for the mitigation of the seismic risk are in
conflict with the preservation of the cultural value of the building or the bridge. The
Heritage Buildings and facilities are an important link between the present time and
history. They reflect the social, cultural and economic experiences of the past. They are
damaged or have collapsed because of the interior factors such as their ground features and
location, and the exterior factors such as earthquakes, other natural disasters and accidents.
For this reason, it is very important to protect them by taking measures from structural
aspect to ensure their sustainable durability and development. Regarding to this, first of all,
the determining the reasons for the damages and analysing the structure of the Historical
Heritage have to be done. The applied Rehabilitation and Strengthening should be
determined respecting the results to the integrity and authenticity of the cultural and
historic heritage buildings and facilities.

Rehabilitation and Strengthening of cultural and historic heritage buildings and
facilities plays an important role in sustainability policies, mainly due to its role in: the
documentation of ancient knowledge, practice and culture, among others, which could be
used on actual source of improvement; the reuse of existing structures, frequently made of
sustainable building materials like masonry and wood; the promotion of cultural and
historic values and valorisation, which produce positive impacts both in economy and

170



MEXIYHAPOJHA HAYYHA KOH®EPEHIIUSA BAHN 2016
INTERNATIONAL SCIENTIFIC CONFERENCE BASA'2016

society; promotion of job creation, due to the very specific and labour-intensive techniques
required.

As well known, several countries and many cities in the southern part of Europe,
namely the Mediterranean and Balkan area, are greatly exposed to seismic hazard, which
causes its large and valuable building heritage to be strongly at risk of severe damage or
even destruction due to earthquake occurrences. This problem mostly stands for historical
and monumental constructions, due to the fact that most of them frequently lack basic anti-
seismic features and / or were never fitted with adequate provisions against earthquake
actions. Earthquakes are one of the most serious causes of degradation and destruction of
historical buildings and facilities. An earthquake protection of Historical Heritage is
needed in all countries with seismic activity on their territory. These problems are decisive
in the design of the Bulgarian Historical Heritage.

Fig. 5. Bulgarian Historical Heritage

Within the technical field of seismic rehabilitation, two aspects are receiving an
increasing attention by engineers and researchers, namely [4]:

- preservation of 'structural integrity' of existing historical buildings and facilities
under severe or exceptional seismic actions;

- improvement of seismic performance by means of 'reversible mixed technologies'.

Cultural value is preserved when sustainable development principles are followed.
This implies preservation of building’s and bridge’s features, substance and appearance as
well as its relation to the overall appearance of the location and surrounding landscape. As
a consequence, any intervention on a building or bridge needs to be economical, must
respect the environment and resources and be socially and culturally compatible when
considering current needs and requirements. The challenge for a structural engineer is to
demonstrate that the real load-carrying capacity of the structure is sufficient for
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contemporary needs and that only minor interventions are necessary to re-establish and/or
improve durability. In [2] two problems related to bridges with cultural value are presented
for discussion, but we can apply them for Historical Heritage in general:

1) Does the original character — the structural form, structural details and surface
colour and texture — need to be preserved?

2) Shall the bridge’s (building’s) appearance be intentionally modified by the
intervention? In other words, will the intervention be visible?

Three important preservation principles should be kept in mind when undertaking
seismic retrofit projects:

* Historic materials should be preserved and retained to the greatest extent possible
and not replaced wholesale in the process of seismic strengthening;

* New seismic retrofit systems, whether hidden or exposed, should respect the
character and integrity of the historic building and be visually compatible with it in design;

» Seismic work should be "reversible" to the greatest extent possible to allow
removal for future use of improved systems and traditional repair of remaining historic
materials.

It takes a multi-disciplined team to plan and to execute the project for Historical
Heritage (Fig.6).

Recognition of
Cultural and
historical heritage

Application of
techniques, required
standards and
policies

Professional’s
knowledge, experience
and awards

Ewvaluation of resource,
comprehension of the
wvalue

Decision making on the
basis of professional
knowledge. experience
and resource’s value

Fig. 6. Stages in planning of project for Historical Heritage [6]

The Bulgarian Historical Heritage (Fig.5) needs special care and new approach in the
process of adaptation and preservation. Bulgaria has a very big diversity of Historical
Buildings and bridges, mainly timber structures, stone, adobe and brick masonry
structures. The existing regulations do not take specific care for this group of buildings and
facilities. New contemporary standards are necessary to be provided. To prevent further
loss of cultural value, structural engineers, owners, preservation authorities and the public
need to be encouraged and empowered to give adequate esteem and importance to
Historical buildings and facilities. Special studies and investigations on old construction
materials and technologies are required for the good understanding of the behaviour of the
existing structures. Of course, the application of innovative materials and techniques
should be encouraged.

The Bulgarian Historical Heritage is the core of the national identity. The
preservation and the adaptation of these buildings and facilities is one way for
revitalization and future development of many regions in our country and one excellent
possibility to stop the depopulation and the loss of the cultural diversity.
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3. Conclusions

1) Construction History is an inspiration for the new design solutions and creates the
possibility to exchange good construction practices: learn from the past, think for the
future.

2) While during traditional Rehabilitation and Strengthening various approaches
could be used, the limitation of the high statute of the considered type of buildings and
facilities is decisive for the overall approach.

2) Extending service life means not only giving value to the building and bridges
themselves, but also appreciating the identity of the engineers and the art of structural
engineering.

3) In principle, the basic concept of an intervention should be evident and
understandable. The original character should be preserved in rehabilitation interventions.
In modification interventions, however, the appearance of the structure may change
according to the needs.

4) Historical Heritage with high cultural value and aesthetic quality deserve
respectful treatment and construction interventions must balance these assets with the
severe requirements of utilisation.

5) A change of paradigm is needed in the structural engineering community to
clearly distinguish between codes for new and existing and historical structures.
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Abstract: In the article for the first time, from the known in the scientific literature
information, is considered a complex issue for the emergence and spread of the
peaked vault in the architectural practice of the Roman Empire. It is proved that in
the base stand megalithic and later stone-square false peaked arches from
Mesopotamia, developed by Assyria and subsequently implemented by the Syrian
craftsmen in the construction practice of the Roman Empire. This is done in Anatolia
territories during III-VI century, but then appear and some realizations in
Southeastern Europe, i.e. Balkans. The study is based on analysis of established by
author 15 bridges, 6 Aqueduct and several other late ancient buildings with peaked
vault, all with varying degrees of preservation of the original structures.

Key words: peaked arches, bridges, ancient architecture, Assyrian, Roman Empire,
Anatolia

One of the questions in the area of architectural history, that has still evoked not less
different opinions and even sometimes accompanied with a lot of unjustified suggestions,
is according establishment on the ways of appearing the needlepoint vault constructions in
the architecture of the ancient world.

But in contrary researches dealing more detailed are not too many and may be this is
the reason to be used a few cliches, the most used claims, that it is Islamic import in
Eropian architecture. There is no lack of more specific suggestions talking about Roman
origin, but in most of the cases with additional opinion for Iranian, or not localized
Mesopotamian influence on it. The early historians of architecture like Havel [2] and
Rivera [3], in the beginning of the last century even suggest like a territory of its
appearance Buddhist temples from VII century in India. But the ideas with this have not
finished. Almost in the same time Skot vitally would think for inventing the needlepoint
arch, like a lyric invention from the palm leaves. [4] Fletcher, a little bit earlier (somehow
corectly) will show,that in Islamic architecture needlepoint vaults and arches would invade
Europe through Iran, where are accepted after joining Syria [5], but without giving a real
image of reality, that it would be a bit of later secondary movement to ideas. More
categorical nowadays is John Warren, who claims that its appearance in Persia is long ago
the existence of Assyrian. [6] Even though this phenomenon temporary dating from
centuries later, the direction of his thought is somehow correct, especially according to the
historical fact, that the territory of Iran have been for a long time part of Assyria and there
for the first time penetrate leading constructional ideas of Assyrians, undoubtedly together
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with them, coming builders. And after that, if we could pay attention on the famous sign
for construction of Darius palace in Suza (after 492 AD), according which the builders are
Syrians, lonians, Midians, Egiptians and Sardinians (Greeks Minor Asians from Sardo-
Sardinia), as well as recognized like skillful masters in treatment and construction with stone,
would be seen, that this movement of masters towards Iran is traditional during the whole I
millennium BC. From various sources, as well as from the style features of construction and
building and mosaic decorations, is known participation of Syrians in building another
Ahamenidians, and later Iranians palaces, temples and other structures. Definitely Syrians
together with Middleasians and Persian masters, stand in the base of creating of Islamic
architecture in the time of early Arabian caliphate. According the style features they are
those, that rise up The Big Mosque (705-715) in Damascus and the palace Amra (Quasayr
Amra, 712-715), where we can find the earliest Islamic needlepoint arches.

Due to present research, I am trying to clear, or to fullfill those ideas from
accumulated mistakes during the last century, using comparative analysis, historical
documents and results from archeological researches in the area of spreading needlepoint
arch from II millennium BC, till VI century AD.

Actually appearance of needlepoint vault constructions is based in megalith building
from II millennium BC, and it is possible, this to be happened, earlier. We discover it for
the first time in few preserved primitive Mycenae bridges from Peloponnese, dating at the
moment XII — XI century BC. This type megalith constructions are carried due to
Phoenician - Greek colonies in Sardinia, in the same period of time, but in XI — X century
BC they are already built with partly stone adjusting. Obviously due to constructions of
megalith Nuraghes, here is upgraded bricklaying skills, till level, that would allow
centuries later to export masters back to Minor Asia.

Mycenaean Petrogefiri (XIII — XII BC), near the village Arkadiko Argolos, Peloponnese,
Greece
The entrance of Tholos nurages ,,Santa Sabina” (XII — X BC), Sardinia, Italy

Availability of modern and even more architecturally bricked gates from Hittite
kingdom and Assyria, has no doubt, that if there is no logical constructive coincidence by
chance, so that this typology has its own beginning, rather in Northern part of Minor Asia.
Unfortunately that types of bridges in these lands were not survived, with the exception of
one from Hittite capital Hattusha, so that it must be shown, that the construction is not that
clear, because we know it only by its remains of the bases. At the expense of that from
images on stone Assyrian reliefs and archeological discovered fortress gates from Assyria
and Hittite kingdom, is getting clear that needlepoint arch is known to early Northern —
Mesopotamian cultures at least during II century AD. Namely here, appearance of
needlepoint faulse vault constructions in this point and bridges, is established in early brick
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and megalith stone, dating from II century BC, and after that completely stone full fill
realizations during IX — VII century BC.

Undoubtedly these new, already non megalith needlepoint constructions are appeared
like architecturally worth image, based on the logic of primitive cyclopean constructions
from large river stones, accumulated in bidder rows from the loop of elongated in the
vertical because of static resistance, false vaults. So that the new stone realizations are
made up with similar in configurations elongated loops to same needlepoint false arches,
but already due to modelling of their adjacent sheets from used for the building rectangular
stone blocks, through cutting along the curve of the holes.

The earliest of these false vault constructions for now are established in the ruins of
Nippur, Ur, Tello, Nineveh, Nimrud and other ancient Mesopotamian cities, in the brick
temple and castle constructions from the period 2100 — 1200 BC, but mostly from the
second half of I century BC.

More later stone — kvadra false vault constructions continue to develop from
assyrians even in early centuries from I millennium BC. This the time of huge bridge
building among the territories of Assyrian empire, accompanying building the developed
road structure and huge water supply systems.

In Assyrian relief shown in the literature for originating of Dur — Sharrukin (today
Khorsabad, next to Mosul, Iraq), but registered in British Museum, where is preserved, as
delivered from Northern Palace in Nineveh (today Koyundzhuk, Turkey), are featured
constructions of king Sargon II (Assyrian Sarru - ukin, around 721 — 705 BC), from the
period after 721 BC, when the Assyrian ruler has created the new capital Dur — Sharrukin,
his palace composition. On the image is seen and stone — kvadra aqueduct with false
needlepoint arches stepped on rather slender pillars. And really next to the city itself are
digged archeological parts from the mighty bridge construction from huge tooled kvadras,
with row of false needlepoint arches, that undoubtedly are ruins from the same one
aqueduct. Partly in the literature about this topic are described as remains of bridge, dating
from 717 — 705 BC, connecting the palace of the ruler with the temple of Naboo. But this
temple exists featured in the relief, too like neighbor of the aqueduct, that is shown
definitely as watering the garden infront of it, so that the thesis remains contentios. But
wheather it is an aqueduct or a bridge, in the case, where is researched architectonics of
arches prebridge constructions from the age, it is without any matter.

False vault from Ziggurat of Ur (around 2000 BC), Minor Asia, Iraq
Aqueduct on Dur-Sharukin (around 717 — 705 BC) in stone Assyrian relief from the palace of
Sargon II. Khorsabad near Mosul, Iraq
Ruins of false vault from the aqueduct on Dur-Sharukin

Remains of another discovered in archeological manner, construction with false
needlepoint arches, issued to overcome the bank of the river Khsor infront of ,,Park gate*
of Nineveh, obviously is undoubtedly bridge, because it lies on the trace of the king
military road of Saneharib, dating around 690 BC.

In the ruins is discovered the biggest preantique aqueduct next to today Jerwan
(Iraq), supplying water for distant around 40 kM from here Nineveh, akad. Ninwe (today

177



MEXIAYHAPOJHA HAYYHA KOH®EPEHIIUA BAHN’2016
INTERNATIONAL SCIENTIFIC CONFERENCE BASA'2016

Koyundzhuk). It is built by king Sennachirim I (704 — 681), together with the palace, city
walls with 15 big gates, infront of the main gate through the created systems of ditches,
were laid short bridge crossings. The installation of aqueduct itself, has length of around
300 M, but asa well as Dur — Sharrukin, with five false Mycenae arches is built up only
prebridged above mainstream of the river, that overcomes. Preserved free bridge resists, as
well as the whole corpus of the construction are raised up with huge precision tooled
kvadras, as well as tilts on configuration of the false arches, are received due to logged
curves on the frontal sides to mainly horizontally mounted blocks. Width of the
construction is (around 24 m) is significant, that means, this aqueduct has transported huge
quantity of water.

On one sign, discovered in Bavian, is told wordy for this construction: ,,... At this
time I have significantly increased Nineveh. Its walls and the outer wall around them, that
has existed earlier times, I have built up again as high as mountains. Its area, because of
lack of water is completely neglected and ... while his people, ignorant in artificial
watering, turned eyes up to the sky for rain for watering; from the villages Massiti,
Banbarina, Shapsharishu, Kar-Shamash-Nasir, Kar-Nuri, Rimussa-Hamma, Dhalain,
Resch, Eni, Sulu, Dur, Shibaniba, Isparrira, Gingilinish, Nampa-Porta, Tilli, Ahumsusi;
and the water you have got is above the town of Hadabiti (axcept) with eighteen canals,
that I have digged; and pointed on their apron river Khosser. From the border of town
Kissiri up to the center of Nineveh I have digged a canal and these waters I have obeyed to
flow in it. And I have named the canal Senahirim after my name.” [7]

Ruins from aqueduct in Nineveh (around 704 — 681 BC) near Jerwan, Iraq (photo 1935)
Recoveries of aqueduct near Jerwan and on a fragment from the arcade with bulbous in Jacobsen
and Lloyd (1935)

False vault from Etruscan aqueduct (around VI -V BC) near
Terracina, Italy. Due to Edward Dodwell (1834)
False vault from the fortress system to Torrijos (end of V
century BC), Attica, Greece. Due to Edward Dodwell (1834)
False vault from dromos of the tomb Goliama Kosmatka
(V century BC),Valley of the Kings, Bulgaria

All Assyrian bridge constructions built up after X — IX AD are built only by accurate
tooled large-format stone. According Shuazi this new stone tooled technique has its
beginning in Mesopotamia during the Iron Age, when, he thinks are appeared strong tools
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affording realization of this production. [8] Due to his opinion again, sample for transition
up to new technique represents a kind of cyclopean masonry with horizontal leveling
adjusting of stonesthrough every two rows, that, as it is shown, is appearing in Sardis
tombs in Lydia and Lycia. [9]

With bricklaying processed, but still variousformat huge stones are constructed and
few are preserved or are known from old engravings needlepoint false vault constructions
from VI — Vcentury BC in ancient Etruria.

False needlepoint vault constructions made by stone kvadras countinue to be used in
Minor Asia and during Hellenistic period, where they have gone to the Balkan Peninsula in
ancient Tracia and Peloponnese (VI — IVcentury BC), and a little bit earlier on Crete.
Namely from here are known two bridges with needelepoint vaults dating to IV — III
century BC, one of them is destroyed at the end of XIX century, but it is known precision
engraving from Thomas Abel Brimage Spratt (1851-1853).

> ” T N S E A

Bridges near Euterna, Crete (IV-III century BC). Views from exsisting and from ruined in
engraving of Thomas Spratt (1851 — 1853)

One early realization of false needlepoint we discover in one brick reconstruction of
roman bath from vault II — III century in antique Phaselis, near the sea resort Kemer,
province Antalya- Tekirova in minorasia Turkey. The most interesting is that it is written
in higher, again needlepoint, but already false arch, that is earlier. Both are dating probably
from IV — VI century.

It is necessary to be underlined, that in parallel with the false vaults in Mesopotamia
and mostly among the territories of Assyrian empire, X century BC are built and buildings
with real vault constructions, as well as needlepoint, and semi-cylindrical. Built up in the
beginning with bricks in II century BC, lately, already during the next millennium for this
purpose will be used stone elements, including and with trapeze facades. There are known
such realizations from Nippur, Tello, Nineveh, the oldest of them usually are dating to
2100 — 2000 year BC, but archeological stratigraphy, clears that actually they are from
newer upgradings mainly from XIII — XII, or even VIII — VII century BC. Such is the case
with temple complex of Enlil (Bell) in Nipur, where are found 7 following upgradings,
one on the another. Sir Austen Henry Layard, fo example, has digged up rather well
preserved needlepoint vault from the northern palace (IX century BC) of Nimrud (near
Mosul, Iraq) in northeren Mesopotamia. During the next centuries this type vault would
continue to be used alongside with semi-cylindrical one, that in contrary, would start
replacing it, changing thatway into main, so that during Hellenistic and followed it Roman
period, would prove as the most mass construction.

In order to outline the whole picture of spreading of needlepoint vaults, that in many
ways seems to be advocated mainly during late roman antiquity early Byzantium, in the

179



MEXIAYHAPOJHA HAYYHA KOH®EPEHIIUA BAHN’2016
INTERNATIONAL SCIENTIFIC CONFERENCE BASA'2016

False arch inscribed in older needlepointed Arch

(IIT — VI century), from Roman bath of Phaselis

(II - III century) up to Kemer, Minor Asia, Turkey
Needlepointed arch from the complex in the temple

of Bell (Il — I millennium BC) in Nipur, Mesopotamia.
Photo John Hainess (1892 — 1893)

Needlepointed arch from the north-east palace of Nimrud

(IX century BC). Visual drawings from Austin Layard (1849)

author‘s work are discussed by me 15 bridges, 6 aqueducts and few more adjacent
constructions from Minor Asia (Turkey, Syria, Israel, Palestina), as well as at one bridge
installation from Crete and Eastern Europe (Constantinople and Bosnia). And due to their
datings very clear is outlined period of application in the frames of IV — VI century.
Meaning, the time of the emperor Constantine I the Great, till emperor Justinian I the Great.

According the availability of needlepoint vaults in bridge building during the Roman
period of Eastern Roman territories, it seems till nowadays, mass in the literature, is shown
only Karamagara Kyopryusu (Karamagara Kopriisii) above the flow of Euphrates river
Arapdzhir, near Elazig in Cappadocia, minorasian Turkey, dating towards V — VI century.
Its dating is well-founded still from Cyril Mango in 1976 year, through palaeographical
analysis on preserved greek sign on the vault, using a quote from the Bible: ,, Lord God
preserves your going in and out nine and prisno, ever and forever, amin,amin,amin‘
(,,K0prog 6 ®edg @uA(Q) &gt Vv €ic00(0v) Gov ke TNV €(§) 006V cov Amd Tod VIV Kol EmG
oD ai®dvog, aun(v), aumnyv), a(unv)“). [10]

It was built on the trace of Roman road towards Malatia (latin Melitene, ancient
greek Megltnvn), in order to be protected from collaps from hanging over it black cliff
swath, the last one is cutted appropriately in hight of 75 m. That gives its name
Karamagara, meaning Black cave. It is one-arch, with the length of 29,95wm, as its vault is
wide around 17 m and approhimately same is the common hight from the highest point of
the road lane till the level of the water. Needlepointing up on the top of the vault is killed
by slight curving, something wellknown to us from the false arch on the Lion Gate (XII
century BC) from Hattusha and a few Assyriano. As well as for the vault of the bridge, and
for facade surfaces are used huge face kvadras connected between with iron gaps flooded
with lead and forming the sheets of a corpus filled with Roman concrete.

Unfortunately in 1975 year this bridge is submerged in the cup of dam Keban, [11]
something that would have happened a few dacades later with the other from these unique
minorasian bridges — Akkyopryu, above the river Dalaman in Koichegiz.

Near Akkyopryu the most interesting is that the main vault construction, dating to V
— VI century and again with needlepoint up to the top form, is built with bricks. Actually in
this case as the big main arch, as the secondary lie on older bases, probabaly from a bridge
dating not lately than I — II century. This primary construction owe two rows of impost, on
that during the building stepped shuttering forms — lower from gigantic kvadras and upper
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slimmer. There are remains from recuperative the banks, supportive walls with the same
structure.

Bridge Karamagara (V — VI century) above the river Arapgir, Cappadocia, Minor Asia, Turkey
Details from the bridge Karamagara in Ahmed Chulpan (1975)
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The main brick arch is built up with the help of scaffolding connected with its two
sheets already in holes, that is another from the main bridgebuilt systems in antique Roma,
for installation of scaffolding carrying vault shutterings. Vaulting is realized in the typical
Assyrian double row method, for constructive insurance against fission of the zenith. The
system that is revealing and from European territories of the empire, like brought from
working there minorasians.

Akkyopryu (VI century on bases from I — II century) above river Dalman, in Koichegiz,
Minor Asia, Turkey
Bridge Geshar Naharaiim (Jasr el-Madgami, VI century), above river Jordan. Golan Heights, Izrael
Bridge Zakho (also Delal, or Al-Abbasi, IV — VI century) above the river Little Khabur, Kurdistan, Iraq
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Interesting in its architectonics bridge is with needlepoint central arch is survived
above river Jordan, on the road from Damascus towards the ancient city of Beit-Shean
(ancient greek XxvOomoiig, latin Scythopolis) during Goland Heights of today Izrael.
Actually the biggest bloom, this city has had during Emperor period, as well as the first
huge constructions are realized during the time of Pax Romana (27 years BC — 180 year),
but mostly in I and II century. The bridge known as its Juwish and Arabian name Gesher
Naharayim and Jisr el-Majami', is situated in the valley of Skitopolis, around the middle of
the road to Dekopolis (Decapolis), next to today kibbutz Gesher (Kibbutz Gesher),
name,that in Hebrew means Bridge. Kibbutz is created near middleage mamelyuk roadside
inn, known today like Old Gesher, or in Arabian Al-Majami (Al-Majami), that means
»Bridge of meeting”. It is completely possible this inn to inherited a Roman mansio,
destroyed not earlier than devastating earthquake in Golan, where is destroyed and the bridge
near. But from the whole Middle age are suggested repairs only from the time of crusaders
(XTI — XII century) and Mamelyuks (XIV century ). In 1837 year during strong earthquake
the bridge has had another demages, that later are removed, while its neigbour inn is semi
destroyd and abandoned. Even though it is with very well lined features. It owes typical
broken in plan configaration, with icreased resistance on natural cataclysms, shuttering
compost fortified beneath with consoles, tipical Syrian differentformat kvadras of vault,
some of them are formed like triangular teeth, allowing better cohesion with horizontal
rows of face kvadras and from the facades in the common bridge corpus. From all early
stone bridges with needlepoint vaults, only in it the face arch is solved like two step feature,
but not in the spirit of later typology with shallow two step feature, received with bidding of
the face lining from corpus in front of frontal surface in the arch shuttering, and by using of
double vault where the second, upper kvadra layer from the vault is bidding considerably
above lower inner. Here like stepping of shutterings is applied the Roman manner for
combination of impost with its edditional jackig beneath and with console.

Another way for installation of shutterings carrying kvadras in the vaults is applied in
Roman bridge Al-Abassi (yet in Kurdish Pira Delal) in Zakho, meanwhile in most of the
simplified Syrian vault constructions. Not coincidentally the bridge Gesher Naharaym is
called and Syrian bridge. Typical for it, is archaic vault of the top of the arch, even though,
a little bit more from this side of the bridge Karamagara, and so that we suppose to pay
attention, that this could be due to a later repair, where the hight of the bridge, in this
highest point, is a little bit diminished.

Bridge Erimedon above river Aspendos (IV century, rebuilt V — VII century and XIII century),
near Kyopryupazar, Minor Asia, Turkey
Bridge Hovi Kamuriia (Turkish Chobandere, kurd. Parsiniie, VI-VII century), near Kyopryukyoi
(arm.Daroink), Minor Asia, Turkey

Bridge with interesting history is preserved in Kyopryupazar on the road to antique
town Aspendos, Minorasia Turkey. It is known as Eyrimedon kyopryusyu, meaning the
bridge above Eyrimedon. It is accepted that, in its today image is seldzhuk from the time of
sultan Aladin Keykubat I (1219 — 1237) [12], but built up on the bases of Roman from IV
century, demolished in big earthquake in this region in 363 year. This is justified with
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established presence of reused material, from the near aqueduct in the antique town,
demolished during the same earthquake. [13] Klaus Greve with his team has created
serious computer reconstructive research, according which they have reached the
conclusion, that in this reconstruction the bridge has become narrower and lower, so that
except the bases and part from antique concrete from the roman period, nothing else has
left. At the end is shown, that except Arabian sign from seldzhuk construction, there was
and greek on ,,few stones“ used as spoletos. [14] But if we could analyze the exsisting
architectonics of the construction,we could see rather clear differences between
formorganising and technology of construction in vaults, that all are needlepointed,but
with different configurations — from rather closer to semicylindrical in both banks, to
obviously needlepointed in the midstream of the river. All of them have in their heels
symmetric positioned roman shuttering holes, which unambiguously pointed us towards
the thought, that narrowing and accompanied lowing the bridge has happened after the
reconstruction of the last earthquake, but not in that, during the time of seldzhuks, when
such holes have not been done. Interesting for our research is the second in the order vault
hole from the left bank, where there is one more higher positioned row of shuterring holes,
and its vaulting is two rowed, meaning typical minorasia-roman elements. So that it
undoubtedly must be accepted like the only according to whole preserving remain, from
reconstructed as narrower and lower bridge, probably from the period V — VII century, and
with needlepointed vault holes, while the left of its parts are dated from later repairs, in this
point and from seldzhuk century.

Similar is the fate of another big multivault bridge from the region of same
Minorasia Turkish town Kyopryukyoi, Erzurums. Buit up the river Aras, it is known to
onetime local Armenian population with the name Hovvi kamuriia, as well as with later
Turkish Chobandede kyopryusyu and Kurdish pira Parsiniie. It is shown to built up in
1297/8 year, meaning during the third rulling of Seldzhuk sultan Gyuaseddin Masud II
(1294-1301). In armenian historiography its general appearance is searched to VII — VII
century, and one, already destroyed sign, read in 1865 year from the Armenian priest
Timeteos, announced that ,,..this bridge built up from Armenian princes, I the master
(abbot) of the monastery ,,St,Mary* of the city of Daroink (today Kyopryukyoi) has
repaired in B 1160 year®. [15] So and here, obviously, there is late antique, or early-
middleage bridge, but in this case it has been had more serious reconstruction at the end of
XIII century. Probably from that time is dated and processing of undoubtedly ruined
bulbouses, with stonetooled decoration in Byzantium tracery in its Armenian stonetooled
perusal. It is possible, even if earlier,it seems in already existing shuterring holes, are laid
profiled consoles. It is visible, that the new layings of bulbouses are touched on fugue to
the bridge corpus. And architectonics of the needlepointed vault construction guesses, that
it is work, undoubtedly of Armenian masters.

Mill bridge (III — V century) above river Ceyhan (antique Pyramus) near village Kazultahta,
Adana, Minor Asia, Turkey
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Tashkyopryu (384 year, rebuilt VI century, 742 year, 840 year) above river Ceyhan (antique
Pyramus) in Adana. Photo 1911 year.

Bridge above river Djeihan in Misis (350 — 361 year and VI century), near Adana, Kilikia, Minor
Asia, Turkey. Views in engraving of Henry Bartlet (1836 — 1838) and today after restauration

During VI — VII century on older bases, probably from III — IV century, is rebuilt
Kurt kyopryusyu (also Mihrapli, or Vizier kyopryusyu), near the village Kajabash in the
area of Samsung. Preserved in different hight stone lower parts from the original arches, as
well as places with remains of face kvadras, match with configuration of new vaults, that
are needlepointed. This means, that the baseones were the same. Dating of the second
bridge till this moment, is in XIII — XIV century, as well as, are made efforts to be claimed
for seldzhuk,even a bit evasively, to be suggested ,,Byzantium builders®. [16] Motivation is
connected, mostly, with the existance of three row bridge girdles from its building system,
which in this case is Opus mixtum, so it is claimed that, they are typical for this period.

Late antique mills (IV — VI century) from Misis and from Caesareia Martima, Palestina, Izrael
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Which is not true, because we know similar realisations from IV — VI century, for
example quadriburgius Kastra Martis (today Kula, Bulgaria) built up completely with three
row brick girdles,or the fortress wall of Mesambria (today Nesebar, Bulgaria), where the
same way like in Kurt Kyopryusu, are fact three or four rows in Opus lateritium. So that, it
is absolutely possible and the dating up to time of big restorative constructions on Justinian
I Great (527 — 565). Even more, in new middleaged constructions in late Byzantium,
Seldzhuk sultanate and Karaman, mitigation holes are disappearing, replaced by high
strong short horns and small arches in the periphery. As indeed, that times were not
practiced and shuterring holes and consoles, and only in few cases like unbearing
decorated element are performed slim profiled impost.

Bridge above Al-Hasbany (IV-V century) on the road Palestina-Damascus, Lybia. Photo 1912 year
Kemer kyopryusu (IV — VI century), above river Pyulyumyur, near village Rabat Koyunyun,
Minor Asia, Turkey

Interesting late-roman utilitarian building is preserved in the high ruins near
Kuzhultahta in Adana (Kilicia Antioch, Avtioyswo thg Kihikiog). This is a massive mill
above river Ceihan (ancient Piramus), connected due to a bridge and thatswhy is known
like Mill bridge (Akdegirmen kopriisii). The construction of the face surfaces is stone-
kvadra, as well as, not only the bridge has needlepointed arches and a part of vault
breakthroughs under the mill corpus itself. Dating up to III century, but I have the feeling,
that is later.

In the region of Adana there are and another roman needlepointed vault constructions
, and seems,that some of needlepointed arches on the big bridge in the city (Taskoprii),
positioned near a few survival mitigation holes, dating from late antique, probably from the
repairs in the time of Justinian I Great.

With needlepointed vaults is nine-arched bridge, built up also, above river Ceihan in
the near city Missis (ancient Mopsuestia). It is created in the time of emperor Konstancii 11
(350 —361), but according to Prokopii opinion is rebuild in the time of Justinian I Great. In
the beginning of XIX century are survived five from original needlepointed arches.
According engraving of William Bartlett, published in 1836 year as an illustration in work
of William Henry, they are rather tall and in the heels of arches, are seen a rows of
shuterring holes. Today in the process of rebuilding the bridge on the preserved bases,
together with lower parts from the vaults, these holes are still there. This bridge has no
mitigation holes, that probably means, during its rebuilding in VI century, are used survival
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bases of the primary one in the middle of IV century, when in Minor Asia very often were
built without such breakthroughs.

In the region, in high ruins are preserved and other late antique vaults. That type are
for example, water mills in Misis near the bridge, on the bank of antique city. There are
remains of the them, some of fencing walls and undervault bracing arches with
needelepoint form. Dating up to II — III century, but more possible is, to be from the time
of building the bridge during the second half of IV Bek, or a little later. Completely similar
in structure roman ruins with needlepoint arches, are preserved and from the big antique
seaside town Caesarea Maritima, Izrael.

ey

Bridge Setbashi (V-VI century) in Bursa. Engraving of W. Crames (1860)
Aqueduct above river Ibrachim (antique Adonis, III — Vcentury) on the road Beirut — Tripoli

Few bridges on the trace of the road from Palestina towards Damascus, trom the
territory of ancient Syria, or today Lebanon, that are with needlepoint vaults, have got
their origin in the period IV — VI century. Unfortunately, the most significant of them Abu
Wadee, built up above the river Al-Hasbani near Hosbaiyya, wasdestroyed during military
actions in 2006 year. On its earliest photos dating from the beginning of XX century, is
seen three arch structure, but the third, the biggest one, unlike other two, that are
needlepointed, is semicylindrical and is shorter supplement for the antique tworowed
corpus, probably dating from IV — VI century. It is built with large-sized kvadras, like the
ones dismounted from the walls in the corpus in the zone of supplemental breakthrough,
are reused in its vault.

There are preserved and few small onearch bridges with needlepointed vaults. That
type, for example is still preserved, even in semi ruined form Kemer kyopryusu near
village Rabat Kyonun, county of Tunceli in area Erzurum, Minor Asia, Turkey. It is built
up in the trace of ancient caravan road, near the antique castle, known as Rabat kalesi, that
is definied it and as long survived road station. It is built with asymmetric stepping, so that
the one puncheon beds on lower bank and so that, there is shuttering impost and a hole
beneath it, while from the other side, it has relied on bleed cliffs under kvadra base.

One engraving, published in 1860 year that depicts a part of Bursa (ancient Prusa,
[Ipovooa), includes, to the fore, high bridge, from that you can see one vault and
mitigation hole for each. It was built up above Gyokdere with one — sized kvadras, like in
the heels of vault, which is needlepoit, there are roman shuttering impost. Here and the
mitigation hole is needlepoint. This antique bridge is known as Setbashi and only for it,
there is no information for the time of its building (fact, that means, especially, for
Ottoman empire, and in this case for Bursa, that it is older than XIVcentury), and only for
repairs, the earliest of which is held in 1565 year. Attached bridge building technics,
definitely is late roman.
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Aqueducts near Kaizeri (IV-VI century) in today condition and near Izmir (V-VI century) in a
record photo from the beginning of XX century

Mainly among the same northern territories of minor Asia are built and aqueducts
with needlepoint arching. One of the arches is preserved of two belt aqueduct near
Maronite village Nahr Ibrahim (antique Adonis) with precisely tooled face kvadras and
filling from roman concrete. The arch, that is from the lower row, is with elegant form and
steps on profiled shuttering impost. The breakthrough is sized due to the principles of
,,Golden ratio®.

In more simplified built multiarch constructions, is noticed that the needlepointed,
usually are built, only bigger prebridges from areas above rivers and deep gullies, probably
because of the bigger constructive resistance of the form. Such are, for example,
Korukyopru kemeri near Kaizeri and Pinarbashi above Tabakhane deresi near Aiden
(antique Trales, TpaAleic), area Aegean, and the both in Minorasia Turkey. Completely
with needlepointed arches in two rows, one above the other, are built the both aqueducts in
Mediterranean seaside town Izmir (antique Smyrna, Xpvpvn), so that a few were rebuilt up
after destructions during Middle Ages, as well as semi cylindrical. They have passed above
the river Yesildere and are known as Kuzulchuru and Vezirkyopryu. The second of them,
partly, is rebuilt during repairs in XVII century.
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Aqueduct of Salamin (VI century, rebuilt in VII century), Crete. Views today and in architectural
shooting of fragment in it.

The arches are built up with brick that in this case, is dating up to V — VI century.

Fine needlepoint arches has the aqueduct of the antique city Salamin on the island of
Cyprus, built up during the time of emperor Neron (54 — 68) and basicly repaired in VI
century and according the sign from stone plate from VII century. [17] The difference in
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carved stone treatment of kvadras, from sockets in bases, in the left face construction,
probably means, that the construction from VI — VII century steps on fundamentals of
Neron aqueduct.

The most interesting fact is that, exept in Minor Asia, roman bridges and aqueducts
with needlepointed vaults are built on Balkan Peninsula. It seems to happened firstly in
Istanbul in IV — VI century. This is the time of significant social and religious
constructions in the city, where still, from the time of Constantine I Great after 324 year,
participated variety of masters from all over empire, but mostly from minor Asia. During
this period are built and more of the aqueducts in city water supplied system, few of that
are preserved in ruined, or rebuilt condition. And like in Minor Asia, and here, there are in
parallel with cylindric vaults are fact and needlepointed. For example, such type is Aivat
Kemeri near the neighborhood Gyotkyurk Merkez, built up with needlepointed vaults, for
which building are used roman shuttering consoles released out in the heels of arches. Due
to Minor Asia manner of building, accepted from Roma, the bases are fortified with
pilasters, in this case sloping towards the main corpus, outside surfaces, the same way as
the aqueduct of Valens.

) e

Aqueduct Aivaz Kemeri (V — VI century) I neighbourhood Gyoktyurk, Istanbul
Aqueduct Kodja Kyopryu (VI century, rebuilt around 1152 year) above river Samia near Ferre,
Aegean Thrace, Greece

The big needlepoint arch, like a part of aqueduct, prebridges river Samia near the
greek city of Ferre, in Aegean Thrace. It is accepted, that the aqueduct is built up during
the second half of XII century, for the needs of ,here built up, in 1152 year from emperor
Isaac II Komnin (1057 — 1059), monastery. But the late antique type of forming, the arch
and mostly presence, in the bases of roman shuttering holes, shows, that may be in XII
century only was renovated. On the question where it has carried waters, the answer could
be hidden in mentioned in monastery typikon created by Isaac Komnin, neighbor fortress
that was built in order to protect the monastery.

It is interesting to mention, another image on the coin curved in the time of emperor
Arkadius I between 383 and 388 year that is main city gate of Thessaloniki (Bulgarian
Solun), in the shape of needlepointed arch, with the same minor Asia architectonics.

Obviously the spreading of needlepointed vault constructions on the Balkan
Peninsula is continued on the west from the emperor capital. Example for this spreading is
a bridge from the territory of today Bosnja and Hercegovina. It is one arch, not that big in
sizes, preserved till today even in very bad condition, near village Klinchici, county Olovo,
north-east from Saraevo. Built up above the small Orlia, it has shy river 8,50 m length, to
2,20 m width. Its vault construction is constructed from trapezoidal large kvadras with
rather big size in the zone of fundaments and bases above them, as well as up to the
needlepointed top, the arch gradually is getting thineraro. The interesting part is that, key
stones and from the both facades are curved with wedge forming below, so that in it are
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lined the tops of vault needlepointing. In the same time, the left Minor Asia bridges with
needlepointed vaults in most of the case, have not key stones, and in its top is lined a
vertical fugue between two finishing the each of side curve stones, or brick rows, as well
as, it is in Akkyopryu. The corpus holding the vault of the bridge from village Klinchici
has lost almost the whole face surface, but from one-two survived pieces, is still seen, that
it was built like kvadra. On its place in later are made a few repairs with large and small
river stones, that are used and for the filling of the original roman bridge. It is dating from
IT — III century, but I think, it could be and later.

Main gate of Thessaloniki, on the coin from the time of emperor Flavius Arcadius I
(between 383 and 388 year)
Bridge above the river Orlia (IIT — IV century)
near village Klinchici, Bosnia

The exsistance of transfer on this Minor Asia in origin, form of bridge vault
construction in east Europe, has its historical explanation in known, from the historical
sources information, not only for migrations of minor groups, but and more compact
masses Syrians and Armenians V and especially VIII century, when Arabian invasion
towards these territories from Byzantium are forced. The most massive from the
migrations is realized in 789 year emperor Leo IV Hazarski, when he has transferred in
Thrace 150 000 Syrians and Armenians. Archeologically, constantly is establishing that,
not a minor part in church building on the Balkans is dated from IV — VI century, owes all
features of Syrian early Christian architecture, stone plastic and mosaic. Some of the
survived, or known as more older engravings and photos building constructions, also carry
the features of Minor Asia building practices, for example two- and three rowed vaults and
on the needlepoint constructions.

From the made review is clearly defined the areal of spreading up to VI century of
needlepointed vault construction, prevailing on the northwest territory of Minor Asia from
late — antique Armenian lands up to northern Palestina. It is an issue for mainly Syrian
lands from this age, or for Syrian architectural features, when the buildings are out of them.
It should not be forgotten, that this is the time, when Armenians and Georgians are trained
in the stone construction technics, exactly by Syrians. And that’s why later, they will be the
main builders of Seldhzuk sultanate, using massively needlepointed vaults. And long
before Assyrians, Armenians and Georgians will implement this type of vault constructive
system in Iranian lands, and later among the territories of early Arabian caliphate, in order
to convert into a main element, from the Islamic architectonics.
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Abstract: The most common basic structure of facade walls of buildings belonging to
the cultural heritage, consist of two typological groups, or two types of walls
structure. The first group belongs to single homogeneous walls without thermal
insulation, the second constituted a double-layer walls, three-layer and multi-layer
walls with a adequate thermal insulation designed and dimensioned according to the
then applicable regulations and standards. So generally speaking, there are at least
two reasons for the structural transformation of facade envelope, which can be
defined as a works on cultural heritage and energy-efficient revitalization. Recent
trends of conversion in architecture, whether it is a whole or only some part of the
building, also generate adequate implementation with regard to energy efficiency.
Aware of the fact that it is pointless to resist the application of new technologies, an
attempt to bar the initiation of discourse analysis on the topic of achieving adequate
authenticity for the purpose of sustainability of construction and architectural value
of the buildings, would be more than enough reason.

Key words: cultural heritage preservation, architectural authenticity, energy
efficiency, thermal envelope

1. Introduction

A large number of buildings, in statistical terms, was built in the times when there
were no adequate standards and regulation, concerning thermal protection of buildings.
Many of these buildings belong to the category of cultural heritage and buildings under
protection. The result of such condition of all buildings from this period, is their design
without any thermal insulation. The external walls, which have the most important role in
the thermal balance of the building, were most frequently constructed of traditional
materials having high density, such as bricks, stone and concrete combined with those two
previous materials. In terms of position and function, the external walls are exposed to
various external (and internal) impacts. Due to their action, there variety of negative
consequences may occur, causing various forms of structural damage. The most frequent
effect is the impermissible condensation of water vapor inside the building and on the wall
surfaces. This physical phenomenon results in the reduction of thermal-insulation capacity
of material and deterioration and decay of material and its destruction.

It is not difficult to assume that such walls do not meet the prescribed requirements
of energy efficiency. The importance of this view, from the aspect of energy saving, is
emphasized by the fact that 25%-30% contemporary buildings is constructed as energy

! Assoc. Prof. Miomir Vasov, PhD, architect; GAF, University of Nis, Serbia; e-mail: vasov@medianis.net
* Academic Prof. Nikola Ceki¢, PhD, architect; University of Nis, Serbia; e-mail: ncekic@yahoo.com
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inefficient, and without sufficient thermal-insulation properties. Regarding the previous
facts, it is a logical conclusion that it is necessary to restore and revitalize such buildings in
terms of energy. One of the most implemented principles is designing and construction of
thermal insulation systems for external walls (WDVS; ETICS). There is a limitation, in
terms of implementation of these thermal insulation systems on the structures that have the
status of cultural monuments, since the facades and their architectonic and formal
characteristics must not be amended authenticity. Apart from this primary limitation, there
is a certain number of cases when the external insulation is not practicable for technical or
regulation reasons.

Fig. 1. Remodeled architectural authenticity with ETICS
“A historic brick building in Germany covered with EIFS (ETICS) on the right side”

Therefore, if we want to keep the authenticity of the heritage architecture, the only
possible method of application of thermal-insulation layer of the facade (external walls), is
to place it on the interior, “warm” side of the wall. Proper design of this layer ought to
primarily prevent the harmful effects of impermissible condensation of water vapor. The
proper design and construction of appropriate of structures of walls with internal insulation
also brings about rapid heating of interior space (schools, churches, office blocks, etc.) A
special problem (and an unsolvable one too, according to data available to the author) pose
the buildings whose interior is protected along with the exterior. [2]

2. About thermal rehabilitation of the cultural heritage

In the article published in the Federal Office for the Protection of Monuments,
Austria, on the topic: Historical building between thermic renovation and conservation,
Johannes Sima head of Department for Architecture and Building Technology Vienna,
presents the “Guidelines” and basic principles for the optimization of energy efficiency in
historic buildings, through the following observations:

In the field of monument preservation we are faced with two major but apparently
irreconcilable problems — the legal requirement to preserve monuments in an authentic
manner on the one hand and the high targets of reducing energy consumption on the other.
In the preservation of monuments measures have to be taken, with regard to energy
efficiency, which use the existing fabric, such as drying, optimised interior insulation or
heating of building components be used. The restoration methods which are used, have to
be evaluated and, if necessary, adapted. Only in this way can the level of knowledge and
wealth of experience grow continually and preserve our monumental heritage from
irreversible damage.
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“Energy-saving” is an urgent challenge for Europe’s future and one that calls upon
each one of us to make our own contribution to dealing with it. Large numbers of
individuals from a broad section of the population have now committed themselves to
taking responsibility. It is a challenge that can only be met with appropriate measures and
with activities that in part have to be radical in character.

Those involved in the conservation of historical monuments and the protection of the
environment are bound to share the common goal of long-term, sustainable progress. This
means that we have to be extremely careful in the way we handle not only the resources
available to us but also our historical monuments, which are by their very nature “non-
renewable”; and ideally we also have to take measures that promote both the best possible
energy-related technology and also the goal of authentic conservation (Fig. 2a. [1]

Fig. 2. An example of: a) Conflict between thermal revitalisation and architectural
authenticity; b) Stone walls with substantial mass have high thermal inertia

3. Characteristics of the cultural heritage external walls

The most frequently implemented traditional building materials for external walls of
the buildings belonging to the cultural heritage category have been constructed as a
masonry building of the following basic materials:

-Stone (stone wall),

-Brick (brick wall),

-Brick and stone (mixed wall of stone and brick)

In the Table 1 are given thermal protection characteristics of the materials of the
system of analyzed external walls in: density p, specific heat c, thermal conductivity
coefficient A and relative water vapor diffusion resistance .

Table 1. Thermal protection characteristics of materials of masonry walls layers

Material p (kg/m3) ¢ (J/kgK) A(W/mK) |p(-)
Stone / S/ 2700 920 2,33 65
Brick / B/ 1800 920 0,76 12
Lime mortar 1600 1050 0,81 10

The presented calculation and analysis includes masonry walls made of brick and
stone, that is, constructed and mixed type masonry walls formed by combining these
materials. Densities p (kg/m3) used in calculation and analysis of basic building materials
were selected according to the case study principle for the certain type of external wall
(EW). Accordingly, the appropriate coefficients of heat conductivity A and the relative
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resistance to water vapor diffusion p were chosen. Standardization of the analyzed walls,
according to the assumed characteristics of the basic material, brick, stone and concrete is
also provided in a table (Table 2).

The table of external wall which are made of bricks with the density p=1400kg/m’,
which is in the analysis reflect in the coefficient of heat conductivity and relative resistance
to water vapor diffusion which used in the calculation, is provided in the table 2.

The standardized walls included in the calculation are:

-Type (EW-S) external wall of stone,

-Type (EW-B) external wall brick,

-Type (EW-SB) external wall of brick and stone

Table 2. Standardized analyzed external masonry walls

Wall type label Wall material | Dy (cm) d; (m) A (W/mK) u(-)
EW-S stone 40 0,40 1,16 22
EW-B brick 38 0,38 0,76 12

stone 0,40 1,16 22
EW-5B brick 32 0,12 0,76 12

One of the most important parameters for the quality of walls, from the aspect of
thermal protection is heat passage coefficient U (W/m’K). The valued of heat passage
coefficient Uy (W/mzK) for certain structural elements of the building, according to the
code of energy efficiency building must be lower or equal to the maximum permissible
value Umpax (W/mzK). The values of heat passage coefficient U, were calculated for the
analyzed standardized walls, which are recognized as the walls most often occurring as a
type of external walls of the cultural monuments buildings. The results were provided in a
table, along with the maximum values of heat passage coefficient Uy, depending on the
building category (existing or new building).

Table 3. Heat passage coefficient Uy, of the typified external walls of masonry buildings,
belonging to the cultural monuments category

Wall type label Usw (W/m’K) Umiiv(;/. gl?\;(;/lrt;%K) [}Enzii[gni ?\l;}f;?é)
EW-S 1,942 no no
EW-B 1,493 no no
EW-SB 1,486 no no

On the basis of the values of calculated heat passage coefficients, presented by the
previous table (Table 3), it can be concluded that none of the assumed examples of the
existing walls does not meet the maximum permissible values according the Code on
energy efficiency of buildings (,, Official Gazette of the R Serbia““ No. 61/2011). 3]

4. General characteristics of internal thermal insulation covering systems

Structure, characteristics, materialization and the form of the fagade envelope of the
building, including thermal properties, are exposed to constant transformation due to the
accelerated technological development. As a consequence, there has been a development
of thermal insulation systems which can be easily and rapidly applied to the facade walls
on the outer side and their increasing application in contemporary engineering practice.

The most frequent methods of application are by adhesion, by adhesion and plug
anchoring or by fixation by rails and anchors to the wall. However, in case of the buildings
belonging to the cultural monuments category as mentioned and elaborated in the
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introductory section, application of these systems is very limited, and in a large number o
cases almost impossible. Therefore, conventionally proper location of thermal insulation
material (as close to the external “cold” side) within the cross-section of the facade wall is
in case of these buildings unfeasible. The reason for such designing-architectonic approach
of installation of thermal insulation on the interior side of the facade wall which was
almost axiomatic in case when the building was under protection (“protected facade”) is
very clear and more than obvious. From the aspect of theory of heat technology and
thermo-dynamics it is, to say the list — disputable, but not impossible.

The paper will include the design of the internal insulation system for three different
thermal insulation materials, two of them being very often used in construction. In the first
variant mineral rock wool was used as thermal insulation material, in the second variant, it
was the extruded polystyrene, and in the third variant it was the glass foam thermal
insulation, which, unfortunately is barely present in our building practice (according to the
facts available to the authors).

The analysis will include the design parameters which are, in methodological terms,
based on the current regulations in the area of building thermal protection. Thermal
stability criterion of the walls will not be analyzed because the walls have a large surface
mass (Figure 2b). Therefore, evaluation of each of the analyzed variants of internal thermal
insulation will be performed according to two criteria:

a) Permissible heat passage coefficient criterion,

b) Permissible condensation damp criterion.

Internal thermal insulation covering system is placed on the interior side of fagade
walls, and except the thermal insulation layer, it comprise the mechanically protective
layer of materials of appropriate characteristics. The most frequently applied finishing-
protective layer is the gypsum-cardboard panels. Apart from GC panels, the internal layers
can consist of mortars base on artificial or silica resins, mineral mortars with reinforcement
meshes, wooden panels, PVC material but also the brick-ceramic elements and similar.
The data used in the calculation, were defined by the code on EE of buildings, standards,
building purpose, i.e. by the functional use of a room in the building. The adopted values
of input data for temperatures and relative humidity are presented in the table 4. [3]

Table 4. Data values for the calculation

. Temperature Humidity
ZONE (acording [6]) 01 °C) 0e (°C) i (%) oo (%)
A 20 -5 55 90
B 20 -10 55 90

4.1. Variant A — Internal Thermal Insulation Covering System with MW

In the first variant of ITICS.MW the thermal insulation layer was the mineral rock
wool d=10cm thick, and as a finishing-protective layer GC panels d=12.5mm thick. The

heat protection characteristics of used materials are provided in table 5.

Table 5. Heat protective characteristics of finishing-protective layers of IT ICS-MW
Variant A Material p (kg/m3) | A(W/mK) | p(-)

MW — mineral rock wool 85 0.035 1,1

ITICS MW GK - gypsum wallboards 900 0,21 12

a) ITICS.MW - Criterion of the permissible heat passage coefficient
Based on the results presented in Table 6 it can be concluded that all the analyzed
standardized walls, with the added internal thermal insulation of MW-mineral rock wool,
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meet the requirements of thermal protection based on the maximum prescribed heat

passage coefficient Up,y, both for new and for the existing buildings.

Table 6. Heat passage coefficient Uy, of the standardized external masonry walls

New buildin Existing buildin
Wall type Usw Wim'K) =03 (W/m%K) Umaxzoi (W/m21§)
EW-S + ITICS.MW 0.291 yes yes
EW-B + ITICS MW 0.279 yes yes
EW-SB + ITICS.MW 0.279 ves yes

b) ITICS.MW - Criterion of the permissible condensation damp

In all the analyzed examples of walls in the first variant the total condensed damp
(xuk) is higher than the maximum permissible value (Xmax). However, according to the
calculation for the required number of days for drying (z) in case of zone B the number of
days is higher than the maximum number of days (Zmax). The results according to the
criteria of permissible condensation damp are provided in table 7.

Table 7. Values of total and permissible material humidity and number of drying days

——— .
Wall type Zone Humidity (%) Draying (days)
Xuk’ Xmax V/ Zmax
EW-S + ITICSMW 2 182,822 72,024 80,978 90
B 218,427 72,024 97,905 60
A 2,024
EW-B + ITICS.MW 172,014 72,0 73,868 90
B 209,222 72,024 91,098 60
A 2,625 65,574 90
EW-SB + ITICS.MW 2,832 : :
B 2,91 2,625 81,194 60

4.2. Variant B — Internal Thermal Insulation Covering System with XPS

In the second variant of ITICS.XPS the thermal insulation layer was the extruded
polystyrene XPS d=10cm thick, and as a finishing-protective layer GC panels d=12.5mm
thick. The heat protection characteristics of used materials are provided in table 8.

Table 8. Heat protective characteristics of finishing-protective layers of ITICS.XPS

Variant B Material p(kgm3) | A(WmK) | pn(-)
XPS - extruded polystyrene 40 0.034 200
ITICS.XPS GK - gypsum wallboards 900 0,21 12

ITICS.XPS - Criterion of the permissible heat passage coefficient

Based on the results presented in Table 9 it can be concluded that all the analyzed
standardized walls, with the added internal thermal insulation of the XPS-extruded
polystyrene, meet the requirements of thermal protection based on the maximum
prescribed heat passage coefficient Upnay, both for new and for the existing buildings.

Table 9. Heat passage coefficient Uy, of the standardized external masonry walls

New buildin Existing buildin
Wall type Use (W/m’K) Unmax=0.3 (W/mgzK) Umaxzo.égl (W/mzé)
EW-S + ITICS.XPS 0,284 yes yes
EW-B + ITICS.XPS 0,272 yes yes
EW-SB + ITICS.XPS 0,272 yes yes
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ITICS.XPS - Criterion of the permissible condensation damp

In all the analyzed examples of walls in the second variant (Var.B) the total
condensed amount of damp (xyx) is lower than the maximum permissible value (Xmay), that
is, the number of draying days (z) is consequently lower than the maximum number of
drying days prescribed by the standard (Zmax). In one case for zone B (EW-B+ITICS.XPS)
there is no condensation. The analysis results are provided in table 10.

Table 10. Values of total and permissible material humidity and number of drying days

o -
Wall type Zone Humidity (%) Draying (days)

Xyk’ Xmax z Zmax
A 13,264 30,357 14,684 90

EW-S + ITICS.XP ’ ’ ’
W-5 CS.XPS B 13,663 30,357 22,353 60
EW-B + ITICS.XPS A there is no condensation 90
B 12,924 30,357 4,925 60
A 13,130 30,357 13,425 90

EW-SB + ITICS.XPS ’ ’ ’
B 13,524 30,357 22,200 60

4.3. VARIJANT C - Internal Thermal Insulation Covering System with GF

In the third variant of ITICS the thermal insulation layer was the glass foam GF
d=10cm thick, and as a finishing-protective layer GC panels d=12.5mm thick. The heat
protection characteristics of used materials are provided in table 8.

Table 11. Heat protective characteristics of finishing-protective layers of ITICS.GF

VARIANT C MATERIAL p(kgm3) | A (W/mK) | n(-)
1 GF — glass foam 145 0.056 10.000
ITICS.GF 2 GK - gypsum wallboards 900 0,21 12

ITICS.GF - Criterion of the permissible heat passage coefficient

Based on the results presented in Table 12 it can be concluded that all the analyzed
standardized walls, with the added interior thermal insulation of GF-glass foam, do not
meet the requirements of thermal protection based on the maximum prescribed heat
passage coefficient Uy, both for now and for the existing buildings, except in the case of
the wall EW-B and EW-SB for existing buildings. In order to meeting the requirements
Us>Unax the thicknes of glass foam in thermal system ITICS.GF must be increased by a
certain value. This increased must be about 60%. Therefore if you increase the thickness of
the thermal insulation layer on d=16cm conditions according to the criterion of the
permissible heat passage coefficient will be met in all cases.

Table 12. Heat passage coefficient Uy, of the standardized external masonry walls

New buildin Existing buildin
Wall type Uswy (W/m’K) Unmax=0.3 (W/mg2K) Umax=0.4gl (W/mzl%
EW-S + ITICS.GF 0,424 no no
EW-B + ITICS.GF 0,398 no yes
EW-SB + ITICS.GF 0,397 no yes

ITICS.GF - Criterion of the permissible condensation damp

In all the analyzed examples of walls in the variant (Var.C) there is no condensation
meaning that the equilibrium state is achieved. The analysis results according to the
criteria of permissible condensation damp are provided in tablel3.
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Table 13. Values of total and permissible material humidity and number of drying days

o i
Wall type Zone Humidity (%) Draying (days)
Xuk’ ‘ Xmax VA Zmax
A there is no condensation

EW-S + ITICS.GF

there is no condensation

there is no condensation
EW-B+ ITICS.GF

there is no condensation

there is no condensation

EW-SB+ ITICS.GF

W > || > | ®

there 1s no condensation

5. Conclusion

The presented analysis of the walls in the internal thermal insulation system, in
certain conditions, occurrence of water vapor condensation is most frequently the
consequence of impact of the characteristics of water vapor diffusion of thermal insulation
material and of the interior finishing (protection) layer.

Considering their, from the aspect of thermal protection, specific position, it is
necessary that thermal insulation is designed as sufficiently water vapor impermeable. In a
general case, in theoretical terms, whether and in what form there will be condensation of
water vapor inside the partition, depends on temperatures and humidity of interior and
exterior air and structure of the partition.

Based on the analyzed variants of exterior masonry walls (standardization given in
table 2) of the structures belonging to the cultural monuments, which have three thermal
insulation materials applied from the inside, and which are different in terms of
characteristics of heat conductivity A and relative resistance to water vapor diffusion p, it
can be considered that:

- application of thermal protection (VARIANT A) on the interior side of fagade walls,
using thermal insulation of mineral wool is not possible unless special layers are added to
compensate for the emergence of impermissible damp condensation inside the partition, in
any of the prescribed building climate zones.

- application of thermal protection (VARIANT B) on the interior side of facade walls,
using thermal insulation of extruded polystyrene XPS is possible without adding special
layers for compensation for the emergence of impermissible damp condensation inside the
partition, because the total amount of condensed damp XuK<Xmax does not exceed the
highest permissible value, so the damp material is dryed in the prescribed standard time
period Z<zpax.

- application of thermal protection (VARIANT C) from the interior side of fagade walls,
using thermal insulation of glass foam is possible without adding special layers for
compensation for the emergence of impermissible damp condensation inside the partition,
because there is no condensation in any of the prescribed building climate zones, and the
state of equilibrium is achieved. However, the thickness of TI must be increased to correct
the heat conductivity coefficient U (W/m’K) which in analyzed examples is slightly higher
than the maximum permissible coefficient U pay.

Therefore, it is a general conclusion that thermal insulation on the internal side of the
walls, the so called “warm” side, under certain conditions represents the only possible way
of application of thermal insulation for buildings belonging to the cultural monuments, of
course, considering all the requirements including the appropriate thermal requirements.
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OCUT'YPABAHE HA BE3OITACHOCT ITPHU OITA3BAHE U
CBbXPAHSABAHE HA HEJIBUKUMMU KYJTYPHU HEHHOCTH

nmx. Baiino FamlceMOBl

1. BbBenenue

ApxuTekTypara, KaTo €IHO OT Hail-TpallHMTEe U3KyCcTBa IIpelaBa CBOETO
MICTOPUYECKO TOCIIaHWe Hal-NpOABIKUTEIHO BbB BpeMeTo. Besika crpasna e HocuTen Ha
MH(pOpPMAIHs 32 CBOETO UCTOPUUYECKO BpPEME U TOBA 5 IIPaBH € HEOBTOPUMA.

IIpe3 aBrycr 2016 r. ropsixa 4 ckiaga, 4yact oT ,,TFOTFOHEBUA rpan’ B rpax [1nosaus -
MHOIO IOKa3aTeleH ciaydail 3a IpoOieMaTHKaTa Ha HACTOSIIUS JIOKJIAaJ, WIFOCTPHUpALL
JNEHCTBUTENIHOCTTa Ha CHUTyalUsTa 10 OCHUIypsiBaHE Ha O€30IaCHOCT NpH ONa3BaHE U
ChbXpaHEHUE Ha HEJBM)KMMHUTE KYJITYpHH LICHHOCTH B Iis1aTa crpaHa. Koraro He ce B3emar
CBOEBPEMEHHU IPEBAHTHUBHM MEPKH, 3a Ja C€ MPEJOTBPATH YHUINOXXKABaHETO WM, TeE
HUKOI'a HE MOrar Jila ce BB3CTaHOBAT B OpUrMHajeH BHJ. VM Hai-mpodecHoHaIHOTO
U3ITBJIHEHHE Ha HEeroBa peruiMka mo nHpopMalys, KoiaTo € 3ama3eHa B JOKYMEHTHTE, He
MOJKE J1a 3aMEHH M3 TbYBAHETO Ha OpUTHHAJNA U HEroBaTa UCTOpUYecKa cTolHOCT. OTaeneH
€ BBIPOCHT, Y€ HHBECTHLMATA 3a CbXpPaHEHHWE € MHOI0 IO-Majka OT Ta3u 3a
Bb3CTaHOBSIBAHE.

Ilenta Ha TO3M JOKJIan € Ja ce oObpHE BHMMaHHME KaK TaKkuBa Clydaud aa Obaar
HpeAoTBpaTeHu B ObJIElle, 3al[0TO ChbCTOSHUETO Ha KOATO U J1a € Crpajia € MpsiKo CBbP3aHo
¢ O6e30macHOCTTa Ha OOUTATENIUTE, TOCETUTENINTE U NPEMHUHABALIUTE OKoJlo Hesd. Karo ce
¥Ma IpeJBU KOHCTPYKTUBHUTE 0COOEHOCTH (MaTepualli, €JIEMEHTH, BPb3KH, TEXHOJIOTUU
U JIpYTH) Ha HEIBWXHMMHUTE KYITYpPHH LEHHOCTH U NPOIBDKUTEIHOTO MM H3JIaraHe Ha
KJIMMaTHYHHUTE YCIIOBHS, CbBCEM €CTECTBEHO €, Ue T€ I1l€ ca MHOT'O [10-PHCKOBHU U ONACHH.

JloknmaasT oOxBalia caMO HEIBMKMMH KYIATYPHHM LIEHHOCTH B HAaceJIeHHUTE MecTa,
nopaau (QaxTa, ye ca B MHOTO I0-4ECT KOHTAaKT C XOpa, KOETO 3aBHILaBa CTEMEHTa U
BEPOSATHOCTTa OT HMHUMJCHTHU. 3a CBHXKAJICHHE MHOIO TojiiMa 4YacT OT HEABMKUMHTE
KYJITYpHH LIEHHOCTH IIPOABJKABAT J1a Ce pyLIaT, 3all0TO ca CEPUO3HO aMOPTU3HPAHHU.

Pymamure ce HeIBMKUMHM KyIATYPHH LIEHHOCTH Cb34aBaT NAacHMBHA M AaKTHBHA
onacHocT. IlacuBHa omacHOCT MMa 3a OOMTaTeNUTe, MOCETUTENUTE U IMPEMUHABAIINUTE
OKOJIO Hes. AKTHBHA OIIACHOCT C€ Ch3/1aBa 3a JIMIaTa, KOUTO y4acTBaT B raceHe Ha MOXapH
U aBapUIHO-CIIACUTENIHU ACUCTBUS, KAKTO U 32 OOMTATENNUTE Ha ChCETHU OOCKTH.

JIbpkaBara € ppKOBOJUTEN U PEryjaTop Ha Mpoleca 1o ONa3BaHe U ChXpaHsIBaHE Ha
HE/IBWKUMUTE KyJATYpPHH LIEHHOCTH, 3aTOBAa MMa BOJIEIIA POJIi U OTPOMHA OTTOBOPHOCT 3a
B3EMaHUTE OT Hes PELICHMs], 32 HEHHOTO AelicTBUE Win Oe3/1eHCTBHE.

1o ce otHacs 1o ciydas B rpaj [1noBOuB 1 10 OCTAaHKUTE OT CrpajuTe, B MOMEHTA
Hali-HEOTJIOKHOTO U He3a0aBHO HEIIO, KOETO TPsIOBa Ja ce HalpaBU € TAXHOTO yKpEIBaHe.
BbTpemHara KOHCTpyKLMs Ha Beska crpajga ykpenBa (acanute. B MomeHTa Tasu
KOHCTPYKIIMS BeY€ JIMIICBA M MPHU €IUH CHJIEH MOPHUB HA BATHPA WM JIEKO 3eMETPECEHUE

1 o
unxk. WBaino I'amxemoB, cneuuanHocT ,lloxkapHa Ge3omacHocT W 3amuTa Ha HaceleHueTo®, Excnepr mo

3BYT na TUVRheinland ® u CHAPYXHUK B ,,l[eHTHp Mo oxpana Ha Tpyna“ OO/, rpax Bapsa, yi. ,,Jlocrat*
Ne 33, oduc 1; e-mail: ohrananatruda@mail.bg
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Te3u ¢acagHu CTEHUW MOTaT Ja ce CpyTAT. ToBa mie ObJae OIle eIHa roisMa 3aryba ot
KyJITypHaTa CTOMHOCT Ha TO3W KBapTall U CHIO TaKa MPEACTaBIsABA OMACHOCT 3a JIMIATa,
KOUTO Morar ga OpmaT B Ommsoct. TpsiOBa ma ce HampaBU BCHYKO BB3MOXKHO, 33 Jia CE
HpCILOTBpaTI/I TaKOBa pa3BI/ITI/I€ Ha C’b6I/ITI/ISITa.

2. [IpyynHM 32 Ch31aBAHE HA ONMACHOCT OT HEJBUKUMH KYJITYPHH HEHHOCTH

EctrecTBeHO, ue OCHOBHMTE MPUYMHU Ca HEMOIAbPKAHETO U Pa3pylIaBaHETO Ha
HEJBIYKUMUTE KYIATYPHU LEHHOCTH.

IIpean 10 romunam, Ha 19 cenremBpu 2006 T. pyxBa crpana (HeIBWKUMA KYJITypHa
neHHoct) B rpaa Codust, ynuna “Anabun” Ne 39, mpu KoeTo 3aruBaT JABE MIIAAH JKEHU -
Hennna Yennmesa, Ha 26 roaunu u [lerpuna Xpucrosa, Ha 24 roguHu. [1]

Cnopenl TEXHMYECKUTE E€KCIEPTU3U IO JENOTO CPYTBAHETO € IPUUYMHEHO OT TpHU
¢dakTopa - KOHCTPYKTUBHU HEIOCTATHIM Ha Crpajara, HEMOAAbP)KaHETO Ha crpajaTa 3a
IBIITO BpeMe, KaKTO U JOMyCHATH HapYILIECHUs IPH U3BbPIIBAHUTE PEMOHTHU paboTH. [2]

®@ur. 1. Pyxnanara va 19.09.2006 r. crpana B rpag Codwus, ynmuma “Anadun” Ne 39

Ha 13 anmpun 2016 roauna, B ieHThpa Ha rpag Benuko TbepHOBO ce cpriBa METOX Ha
[IpeoOpaskeHCKUST MaHACTUP - HEABIDKMM MAMETHHK Ha KynTtypara ot 1985 roauna.
[ToctpoiikaTa € Ha moBeye OT BEK, HO OT FOJIMHU ThHE B pa3pyxa. Bropeku ue muHanarta
roJIMHA YacT OT Hes Ce € CaMOCPYTHJIa HE ca B3€TU aJIeKBaTHU MEPKH 3a CIIACABAHETO M.

Meuenunero Ha unK. JJluako Koues ot obmmna Bennko TepHOBO, € ue: ,,C roguHuTe
HE € MOJAbPXKAH U Cera MOCJIEeIHUTE METCOPOJIOTMYHH YCIOBUS, TOS JbXK]I, KOUTO MajgHa U

HAOBCII J1a IPCOBJIA’)KHABAHE U 1O CPYTBAHC HA OCTAaHAJIaTa 4YaCT OT KblIaTa. [3]
Y .-

I 2

®ur. 2. PazuncrBade Ha OCTaHKHATE OT METOXa Ha Hp606pa)KeHCKI/I$I MaHaCTHP.

3a Ja 6’]5,[[6 HaMaJICH UJIW CJIMMUHHUPAH PUCKA, TpH6Ba Jla CC ONpeaAcCAT U3TOYHHUIIUTC
U MPpUYUHHUTEC, JOBCJIM 10 OITACHOTO ChCTOAHNEC HA HCABMIKUMUTC KYJITYPHU HCHHOCTH.

2.1. IIpaBHO-HOPMATHBHHU NPUYMHH

Penno e na ce orOenexw, e ciel pyxBaHETO Ha crpagara Ha yiuna "Anadbun" 39, B
rpag Codus, Osxa HampaBeHH 3aKOHOBU MPOMEHU U C€ JAajJie MpaBO Ha OOLIMHUTE Aa
OTHEMAT Crpajiy HeIBUKHMHU KYITYPHU LIEHHOCTH, KOUTO HE CE CTOMaHucBar aoope. Joi.
1-p apx. Mopnanka KaumynkoBa u3pas3sBa CBOGTO MHEHHE 110 TO3H BIPOC B HHTEPBIO 33
www.gradat.bg npe3 nexemBpu 2010 roguna: ,,B 3akoHa 3a KyATYpPHOTO HACJIEICTBO MMa
HOpMa, KOSATO JiaBa JEHCTBEH MEXaHW3bM 3a OCHIIECTBABAHE Ha JbpKaBHA U OOIIMHCKA
Ipuka 3a KyJITYypHOTO HacieacTBO. OCHOBHUTE 33bJDKEHUS ca BMEHEHU Ha COOCTBEHHMKA,
HO aKo TOW € Oe30TrOBOpEH WM HE € B ChCTOSIHME Ja YHPaKHU e(eKTHBHA Tpuxka U
NaMETHUKBT NMPOIABIDKUA Ja C€ PYyIIM, UMa peJ, M0 KOWTO IbprkaBaTa HJIM OOIMHATa
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M3MBJIHABA HEOOXOAMMHUTE ACHOCTH BMecTO Hero. [IbpBO ce maBar mpeamucaHus 3a
aBapuiiHO ykpemnBane. Ciieq1 TOBa ce MPOBEkKIa MEXITYBEIOMCTBEHa KOMUCHS, KOATO JaBa
yKa3aHUs 32 HEOOXOAMMUTE MEPOTPUSITHS 32 3a3/IpaBsBaHe HAa 00€KTa. AKO COOCTBEHUKHT
HE WM3IIBJIHU JAJICHUTE MPEANHUCAHUS, AbpKaBaTa WM CHOTBETHO OOIIMHATA W3BBHPIIBAT
HEOOXOJUMUTE CHACUTETHHU ACUCTBUS, CpEIly KOeTO HIOTEKHpaT MMOTa B CBOS IOJ3a.
Janu uma TakuBa ciiyyau TpsiOBa Ja KakaT M OOLIMHMTE, HO CIIOpE] MEH Ta3u (opmyna
npe3 nociaeauure 20 roAMHW MOYTH HE ce € ciayuBana.” [4] ou. a-p apx. I7lopz[aHI<a
KannynkoBa cuuta, ue: ,,3aKOHBT 332 KYJATYPHOTO HACJIEACTBO € TBBPJE PECTPUKTUBEH.
AKO TO mperjienaTe U CH 3aJajieTe BhIPOca KaKBU ca 3abJKEHHITa Ha COOCTBEHUKA Ha
HEABI)KMMA KYITYpHA LIEHHOCT IIIe BUJAUTE JOCTa TEKCTOBE. AKO ToNMUTaTe 00aue KakBU ca
npaBata My, Ilie BUAUTE, Y€ UMa MpaBo Ja KaHIUAATCTBAT 3a MOANOMAaraHe mo mporpamu,
(MHAHCOBO OCHTYpPEHU OT IbP>KaBHUsS, OOUTMHCKHUS OIO/DKET WM OT APYTrd U3TOYHHIIM U
npaBo Ha KoHcynranuu. Cropea MeH CTHUMYJIHHMTE MEXaHU3MH B 3aKOHA ca Malko, a
MMEHHO T€ ca T€3H, KOUTO KapaT XopaTa /ia BjaraT apuTe CH 3a ONpeAeIeHo Hemo.  [4]

B 3KH nma uMnepatuBHUA MMOCTaHOBKHU, OMPEACIISIIN OTTOBOPHOCTHUTE: ,,/IbprkaBara
OCUTYpsiBa 3aKpujaTa Ha KyITYpHOTO HACJEJICTBO HE3aBUCHUMO OT MECTOHAXOXKICHHETO
My (uneH 1, anmunes 2); KynTypHUTE IEHHOCTH ca OOIIECTBEHO JOCTOSIHUE M CE TOJI3BAT
ChC 3aKpHJIa OT JbPXKABHU M OOIIMHCKH OpraHU B MHTEpEC Ha rpaxaanute Ha P. bearapus.
(unen 3, anmunes 2); CoOCTBEHUIIUTE, KOHIIECUOHEPUTE U MOJ3BATEIUTE HAa HEIBUKUMHU
KYJITYPHH IIEHHOCTH Ca JUTBXHH Ja: ,,JI0JIaraT HeoOXOJUMHUTE TPHIKH 32 TSIXHOTO OTa3BaHe,
ChbXpaHEHHE U MOAIbpPKAHE B 10OPO CHCTOSIHHME IMPH Cla3BaHE Ha pasnopenduTe Ha TO3U
3aKOH U aKTOBETE I10 MpuiiaraHeTo my*. (uneH 71, anunes 1, touxa 1) [5]

3KH naBa MHOro MHTEpECHM pelieHus: ,,Korato 3amopeaure mo wi. 73, ai. 3 u 4.
74 HEe ca W3MBJIHEHU B OMPEIEICHHUS CPOK, HEOOXOIUMUTE IMPOCKTHH YKPEIHUTEITHH,
KOHCEPBAIIMOHHO-PECTABPAIIMOHHU U PEMOHTHU JEHHOCTH WJIM PEKOHCTPYKIHUS IO
aBreHTHyHU nanHu Ha HKI win Ha bacT oT Hesl ce U3BBPIIBAT OT AbpPiKaBaTa, CbOTBETHO
obmuuara“ (wien 76, anuHes 1) u ,,Bb3 OCHOBa Ha 3amoBeaTa MO al. 2 BbPXY UMOTa Ce
BIIMCBA 3aKOHHA WIOTEKa B IOJI3a HA Jbp)KaBaTa, ChOTBETHO OOIIMHATA, 32 0Oe3leueHne
Ha B3€MaHETO MM 3a HallPaBEHUTE OT TSIX Pa3HOCKH * (WIeH 76, amuHes 5). [5]

Ho kak cu xopecnonmupa ToBa c¢ uneH 17, amunes 3 ot KoHcTutyuusra Ha
PenyOnuka bwarapus: ,,YacTHaTta cCOOCTBEHOCT € HEMPUKOCHOBEHA . [6]

Omre Ha 06 nexemBpu 2010 romuHa, pex pernoprep Ha www.gradat.bg, apx. [lersp
JukoB, rnaBeH apxuTekT Ha rpan Codusi, 3aaBsBa: ,,Oka3Ba ce o0aue, ue HsIMa HOTapHUYC,
KOMTO J1a BIMIIIE UIIOTEKA Ha 4yXk/1a COOCTBEHOCT B 110132 Ha 001MHaTa 0€3 ChIIIacCUeTO Ha
coOcTBeHUKa. B 3akoHa HE € SCHO ypeAeHO 0P U J1a C€ HAJIOXKHU MIOTeKaTa KO M KaKBO
me rrama.” [7] ToBa € emHa OT MPUYUHUTE, TOPAId KOETO € CHhbMHHUTEIIHO, Y€ TO3H
3aKOHOB MEXaHU3bM O OWJ ePeKTHUBEH.

Ha 26 Asryct 2016 romuna, Arenmus "®okyc" myONMKyBa HMHTEPBIO C apXx.
bopucnaB WrnatoB, B koeTo TOW cmojens ,, [oBa € €QUH MHOTO CEPHO3€H U CTPOT
MEXaHU3bM, KOUTO ce mpuiara mo cBera u ocodeHo B EBpoma. Y Hac mocera Hsimame
MpeleeHT Ha MpUIaraHe Ha 3aKOHAa B Ta3W cH YacT. .... CMATaMm, 4e ¢ eAWH WU JABa
TaKuBa TpeleeHTa U3BEIHBK KOPEHHO III€ C€ MPOMEHU OTHOIICHUETO HAa BCHUYKHU APYTH
COOCTBEHUIIM KbM TOBA, KOETO IIpUTEkKaBaT. B MOMeHTa Te ca OCTaBeHH HSIKaK BCTPAHU OT
TorJieia Ha M3MBJIHUTETHATA BIIacT.  [§]

2.2. OTcbeTBHE HA COOCTBEHUIIUTE OT CTPaHaTa

WHuTepecHo € onmpaBIaHHETO ,,COOCTBEHUIIMTE JKMBEAT M3BBH cTpaHaTa“. O3HayaBa
JU TOBa, 4Ye TpsAOBa Ja ce OCTaBAT MHOTO OT HEABM)XKMMMTE KYITYPHH LIEHHOCTH Ja
n3ue3Hat. MHOro nokasaresieH IpuMep € npoektupanara npe3 1922 roguna ot apx. [lanko
HankoB crpaga Ha Coduiickara O6anka B rpan Bapna, yn. ,Ilpecnas® No 24, ymmto
ckyantypu ca HanpaseHu oT Kupun IIusapos. Ilpes 1998 roguna e 3akymneHa ot
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,OyBbpcuiic JleBenonmbHT OOJl, coOctBeHocT Ha Maiiksn boxgyporny u Jleonumac
KopGetuc. Maiikbsn bonyporny e Ympasnsai aupektop Ha Allseas Marine S. A., koaTo
nputexaBa 25 kopaba, [Ipesuaent u M3nwaaurenen aupektop Ha Paragon Shipiping u
Wznbnautenen aupexkrop Ha Box-Ships. He mora ma mosipBam, e HsAMAr CpeicTBa Ja
MOJIBPIKAT crpajara, HO MOr'a Ja OBsSIpBaM, 4e HAMAaT UHTEPEC /1a IO HAIPABSIT.

L AR

BHUMAHME! ||

OMACHOCT 0T |
AAAULWA MPEAMET

®@wur. 3. Crpanara Ha Coduiickara 6anka ¢ ®ur. 4. [locraBenata or OOmmHa Bapha
noctaBeHute ot OOmI. BapHa orpaxkienuss  mpeaynpenuTeliHa Tadena

Crpamata e B mera CTENEH Ha OMACHOCT, MpU KOSITO He3abaBHO TpsiOBa na ce
IpeanpuemMaT MEpKH, 3all0TO OCBEH pa3pyLIEHUATA 110 Hesl MMa M HaJlMuKe Ha MOHUKHAA
pacTuTenHocT 1o KoHcTpykuusara. [dur. 5 u dur. 6]

®@ur. 5. Pazpymenusta Ha crpagara Ha ®ur. 6. [loHWKHaMa pacTUTEIHOCT,
Codmiickarta GaHKa. Mo KOHCTPYKIHUSATa Ha crpajara Ha
CoduiickaTa OaHKa.

O my

Ho kakBo ce mpaBu 3a paspemiaBane Ha mpoOiema? OOmuHa Bapaa mocraBu
orpaxkaeHus u npenynpeaurensa tabena ,,BHUMAHUE! OITACHOCT OT ITAJAILA
[MPEAMETU*. [®ur. 3 u dur. 4]

Hamn npenynpenurenHa tabena ,,BHUMAHUE! OITACHOCT OT HNAAAIIU
MNPEJMETHU* [®wur. 3] me cope ,,manammure npeameru’? Kaksa e rapanuusTa, 4ye ako cu
Ha YyJIMIATa, U3BbH OrPAXKICHUATA, HSIMa TO3U ,l1aJal] IpeaAMeT N1a MOMaJHE BbpPXY
OTpakJCHHUETO, J]a IPOMEHU TPACKTOPHATA CH M Ja Te HapaHu? He Moxenn a 3aTBopuil
ydacThKa OT yJIMIaTa, HAMHpAI] Ce MpeJ Crpajara.

A KakBO 7 OM Ce CIIy4MJIO, aKO TaJHe aKIIEHThT Ha IsJ1aTa Crpaja - CKyJInTypaTa Ha
6or Mepkypuii, MOKpoBHUTENs Ha OaHKepuTe, Bb3ceanan open? [Dur. 7] Komnosumusra e
neno Ha Kupun IllluBapoB, aBTOp M Ha cKyinntyputre Ha Opatsta EBinorm m Xpucro
['eopruesu npex Bxoaa Ha CO(bI/HZCKHF;I J'bP’KaBEH YHUBEPCUTET.

@ur. 7. Ckynnrypata Ha 6or Mepkypuii, HOKpoBUTENsI Ha OaHKEPHUTE, Bb3CEAHAT
opedn, neno Ha Kupun [1Iusapos
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Moxxe OM HSIKOM CKEeNTHUK Ie cu Kaxe: ,,E, "4ak mbK Ja TaaHe LsajaTa
kommo3uims...“. Heka na mornemHeM (QpoHTOHAa Ha crpagara. BkopeHsBaHeTo Ha
pa3BuiIaTa ce pacTUTEIIHOCT U HAIMYHUTE Beue pa3pylLIeHUs ca JOCTaThyHa MPEIOCTaBKa

€IMH JIeH ToBa Ja ce ciyuu. [Dur. 8 u dur. 9]

®@ur. 8. BropensBanero Ha pazBuwiata ce @ur. 9. Hanuunute Beue paspylieHUs 1Mo
PacCTUTETHOCT 1Mo (pOHTOHA HA Crpajara. (hpoHTOHA Ha crpajaTa.

2.3. HecBoeBpeMeHHHU A€ CTBUSA OT CTPAHA H IbP:KaBaTa M O0UIUHUTE

Ha 19.01.2016 roguHa ce € chOOPHIIO €THO OT KPWiIaTa, pyXHAI € W MOJIOBHHATA
MOKPHB, a Taka ChIIO Ca YBPEACHM U TaMHHUTE MPOXOAM IMOJA €IHA OT eMOJIeMaTHUYHUTE
crpaau 3a rpaa Bemuxo TwpHoBo Ha yi. ,JIlangenn Kucumo Ne 3 [Dwur. 10]; [10] -
KbliaTa Ha AHacracus X. [leH4oBHY, chmpyra Ha pyCeHCKUSAT HOTabun X. MBaHuo X.
IlenuoBny, U cecTpa Ha U3BECTHHUS JieKap U KHMKOBHUK Hukona CaBoB — [Iuxomno [11]. B
crpajara e orcsifan MHOrokpaTHo Bacui JleBcku.

['maBHuAT apxurekT Ha rpaga Hukomaii ManakoB cwhoOmm, 4e: ,,ToBa € orpomMHa
3ary0a 3a Bcuukd. COOCTBEHUIIUTE Mpeau AEH Moiyduxa onobpenue or MHctuTyTta 3a
HE/IBIKMMA KyJITypHa COOCTBEHOCT 32 PEMOHT".

I'-xa Codus bemueBa, cOOCTBEHHK Ha ChceqHA crpaja 3asBsBa: ,,COOCTBEHUKBT Ha
uMoTa AtaHac ApHayl0OB € 4yakal IOYTH JIBE FOJUHU Ja My HO3BOJIAT PEKOHCTPYKIUS U
KOraTo TOBa Hail-Hakpas CTaHallo, U TpoMaBaTa Ibp)KaBHA MalllMHa Cce 3aJieficTBaNa, Beye
O6uno xbcHO. ToOW miaHyBas Ja s Bb3CTAHOBU M Ja S OTBOPH 3a mocerutend. [Ipenu
cenMuiia 3BbHUXMe Ha TenedoH 112 u B obmuuata. [Ipatuxa excneprt, KOWTO mpeTyma
IIpOBEpKaTa CHM U HU 3asBU 3all0 cMe T'M 3aHuMaBaiu. [loBukaxme ru, 3amoro Kbllara
Hemo* [10].

,Jlanmemn Kucumon Ne 3

HeszaBucumo fnanu nmpuUUuMHUTE ca: HeIOoCTaThueH Opoil paboTely BbB BEIOMCTBATA,
JIolIa OPTaHU3alMsl, JUIICA HA UHTEPEC B ONPEAEICHU CIIYKUTENH, IIPOLECYaaHU NPEUKH,
[IPaBHO-HOPMATUBHU NPOMYCKH, ,,dyBCTBO 3a 0€3HAKa3aHOCT U JPYTH, BaXKEH € KpalHus
pesyiaTar — He BUHAaru ce pearupa J0CTaTbuHO OBP30 OT CTpaHa Ha JbpP)KaBHUTE U
OOLIMHCKUTE UHCTUTYLIUH.

Ha 08 anpun 2016 rommna, mo moBoj 3a0aBSHETO Ha pa3pelIeHUETO, JEMyTaThbT
[Ipod. CranucnaB CranmioB ce oObpHA B IUICHapHA 3aia KbM MuHuctsp Pammmos:
»1 OCIIOIMH MUHUCTBp, BallUTe CHTPYAHULM MHOTO J00pe ca MOAPEAUIH BCHUYKH
0IpOOHOCTH, KOUTO Ka3axTe, HO He pa30pax: KOl KOHKPETHO € OTTOBOPEH 3a TO3H T'OJIsIM
rad. Koii TpsiOBa 1a HOCH OTrOBOpPHOCT, J1a Obae Haka3aH . Bernpeku ye nmaiune nodru 3
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Mecena Ja ce 3amo3Hae ¢ (akTuTe M 0OCTOSTENCTBAaTa OKOJIO BBIPOCHHUS CIyuaw,
peaknusita Ha Munuctsp Pammnos Oeie, ue obelna 1a HapaBu MPOBEPKa KO € BUHOBEH,
Ja ro Hakaxe W na yBenomu npod. Crammnos. [12]. Hemo, koero e TpsOBano ga Obae
u3BbpuieHo npeau [Ipod. Cranunos 1a noBaUrHe BhIIpOCa.

2.4. DuHaHCOBA HEBB3MOKHOCT HA COOCTBEHHIIMTE

AKO TOBa ca BB3pacTHHM X0pa, 0e3 Mmojakperna oT OJU3KUTE CHU, MOTa Jia TO MpHeMa.
Ho, ako ca xopa B akTHBHa BB3pacT — TOBA € ONPaBJaHKE 3a MbP3€J WU IPYT'H UHTEPECH.

Ome na 18.09.2015 roaumna, MUHHCTBPBT HA PETHOHATHOTO pa3BUTHE U
6naroyctpoiictBoto Jlunsna IlaBnoBa 3asBM mpen pernoprep Ha BECTHHK ,,24 yaca®, ue
,»CTapu Crpaay — HEABWKUMHU KYITYPHHM IIEHHOCTH, II€ MOrar Ja ObJaT pecTaBpUpaHU C
napu o OnepatuBHata nporpaMa "Pernonu B pacrex". HoBoTo B mporpamara e, ue 3a
eBpoIapy MoraT Ja KaHAHJAaTCTBAaT KaKTO CrpaJu OOLIMHCKA U JbpikKaBHa COOCTBEHOCT,
taka U yacTHU.“ [13] IloHsAkora ,,pOEKTUTE 3a pecTaBpalMsl IO E€BPONEHCKU U IPYrH
¢uHaHcupam (GOHIOBE Ch3IAaBaT KpaillHO HeraTMBHAaTa NPaKTHKa 3a HaMecH B
KYJITYPHUTE II€EHHOCTM C 1I€J YCBOSIBAHE Ha CpEACTBA 3a CMETKa Ha TAXHaTa
aBTeHTHYHOCT. [ 14] 3aToBa TpsiOBa MHOTO J1a C€ BHMMaBa IIPH 0JJOOPEHUETO UM.

2.5. YMunieHu aeiicTBUs 0T CTPaHA HA COOCTBEHULINTE

Ha 29 ronu 2016 r., B rpan Bapna, Ha 6yn. ,,Kasa3 bopuc " 73 ce ,,camocpyrumna‘
dacagaTa Ha crpaga, KOATO € HEABWIKMM MaMETHUK Ha Kyitypata. [Dur. 11, ®ur. 12 u
®ur. 13] [To To3u nosox, r-H ['eopru Henes, kmeT Ha paiion ,,Oxecoc" criogenu mnpex
penoptep Ha Moreto.net, ye: ,,[laganero Ha ¢acagara e mo-cKOpo MHIIMIEHT, a HE ThPCEH
e(eKT, KaKTO TBBP/IAT )KUBYIIHM U pabOTEIIH B paiiloHa™ U 4e: ,,ca CIIa3eHU BCUYKU yCIIOBHS
3a yKpernBaHe, BIUTHATO € HYy)KHOTO MeTallHo ckene. ToBa mopaxkaa Bbmpoca: ,,Cien kato
BCHYKO HEOOXOIUMO € CIIa3eHO, 3alll0 ce € CpyTuiia gacamara?®.

Cnopen undopmalonHata tabena Ha 00€KTa pPa3peUIMTENHOTO 3a CTPOUTEITHH
nerHoctu € ot toHu 2014 ronuHa, CTpoWTENHA IUIOMIAJ KA € pa3KpuTa B HAYaJIOTO Ha
HoemBpu 2015 romuHa, W3NBJIHHUTEN Ha oOekta ¢ ,,Bwu3paxkmane 2004" EOO/, a
CTPOUTETTHUAT HAJ30p CE€ OCBIIECTBsABa OT ,,Tect Owinunr' OO/l, crpagata € oT Tpera
KaTeropus, KOeTo O3HauaBa, 4€ 3a Hesd € MO3BOJICHO MPHUCTPOSIBAHE U HAJICTPOSBAHE Upe3
3ama3BaHe Ha (pacangara.

,,]OBa € MHOTO TpEIllHa MTPaKTUKa M0 TO3U HA4YMH Jla Ce 3ama3Bar crapure crpaau. Ha
MHOTO MeCTa c€ cliyuBa NojoOHO cpyrBaHe. [Ipu TakmBa crapu (acaaym HaBPEMETO €
HSMano OETOHHU KOJNOHHM. ToBa MpaBU MHOIO TPYAHO Brpa)<IaHETO B HOBa crpaja.",
koMmeHntupa Henes. [15] U Tyk Moxkem na cu 3amazem cieABaiius BBIPOC: ,,3al10, CIIE]
KaTo € MHOTO TPYJIHO BrpakJaHETO B HOBA CTpajia ce U3/aBa pa3pemieHue? .

3a ch)KaJeHue TOBA HE € €AMHCTBEHUAT Cydal, B KOMTO apXUTEKTypEeH MaMETHUK Ha
KYJITypara CTHra J0 I'bJIHA pa3pyXa MpHU CTPOUTEIHU EHHOCTH.

CxemaTa He € ClOXHa. B mpoabbkeHHe Ha HSIKOJNIKO Mecerna ¢acajute Ha CTapu
CrpaJii ce YKpemBaT ¢ METallHa KOHCTPYKLHUSA, Ch3JaBallla BIIEYaTICHUETO, Y€ Ce Imojarar
ycwins 3a 3amna3BaHeTo uM. [Ipe3 ToBa Bpeme ocTaHaiara 4acT OT IMOCTPOMKHUTE ce
peMaxBa JIOKaTo Hali-HaKpas Ipu “‘Bh3HUKBAHE Ha aBapus’ Taja u camara ¢acana. Taka
MaMETHUKHT W34Ye3Ba, a HAJaraHeTo0 Ha CaHKIWM 3a YHHUIIOXABaHETO MYy CTaBa
U3KJIIOYUTETHO TPYAHO. [16]

Apx. Bukrop by3es, rmaBeH apxutekT Ha rpaja BapHa u3kaza MHeHueTo cu, 4e: “3a
ChKaJICHHE TPU ChCTAaBSHE Ha MPOTOKOJ 33 aBapusi HHUE HE MOXKEM J1a HalpaBUM MOYTHU
Humo. Ome npeau roauHa u nojsosuHa TudHo BHecox B HUHKH akTyanusupanusi ciuchbk
HAa TIAMETHHUIIUTE Ha KyiTypata BBB Bapna. Ilo pa3nuunu mpuuuHu obade TOM He e
ChIJIACYBAaH M JO TO3M MOMEHT. B Hero ca BkmroueHn okoso 700 crpazm u cera
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COOCTBEHHUITUTE Ha YaCT OT TAX SIBHO OBP3aT Ja T'U ChOOPAT MpEeau Aa € YTBBPICH CIIUCHKA,
uznparen 1o HUHKH”. [16]

\ )

( 5 : 2 3 ! - 4 e -
: B - P NN Mereto:me - M oretofnet
®ur. 11. Crpanara ®wur. 12. ,,Crpagara“ Ha ®ur. 13, CrpourtenHo-
npeau CPP 29 1Onu 2016 roguna PEMOHTHHUTE PabOTH

Criopen rinaBHUS apxXMTEKT Ha rpaja Bapua obade ciaydasr e TBBbpAE CEpPHO3EH.
WM3nbiaurtensar Ha obexta “Bu3paxnane 2004” EOO/] He mputexaBaia JHIeH3 3a pabota
C NaMeTHULM Ha KyaTyparta. “HeszaBHcHMMO OT TOBa, OPYXKECTBOTO CTPOU NPEAVMHO B
[EHTPATHHS BapHEHCKH paiioH “Omecoc”, KOUTO 00XBaIa HICTOPUUYECKUS IICHTHP Ha rpaaa
U KBJIETO MOYTH BCUUKHU OLEJIENIN CTapH MOCTPOMKH ca maMeTHUIM, 00sacHU apX. Bukrop
byseB. Criopes; Hero B MOMEHTa c€ M3BBpIIBA MPOBEpKa KaK U Ha KaKBO OCHOBAaHUE Ha
“Bp3paxaane 2004"” ca Omin u3gaBaHu CTPOUTENHU KHIKA 3a pabora ¢ HKII mpu numncata
Ha JIMIICH3 3a 000Ha JeHHOCT. [16]

Ha 06 nexemBpu 2010 roguna, I'ans CrostHoBa, qupekTop Ha aupekuus "M3ydaBane
U perucrpanus, JOKYMEHTHUPAaHE M apXuUBHUpaHE Ha MaMETHUIUTE Ha KyiTypara" B
HUHKH 3asBsBa npen Jlunu I'panunka, penoprep Ha www.gradat.bg: ,,o BpemeTo Ha
COLIMAJIU3Ma ca Ce OTACISIN 3HAUUTEIHN CPEACTBa 3a pecTaBpauus - o okojao 20 MJiH. JB.
rogumHo.  CoOCTBEHHIIMTE ca TOEMaJd CcaMO IIOJIOBMHATAa OT pPa3sXoAuTe IO
BB3CTAHOBSIBAHETO Ha CTpaJluTe, OCTAHAJIOTO € OWJIO 3a CMeTKa Ha JbpxkaBaTa“. I'-ka
CrosiHOBa M3Ka3Ba CTAaHOBUILIETO, Y€ IIOBEUETO OT CTPaIUTE: ,,ca CTPOCHH B IIEPUOJIA CIIEN
ocBoOoxkaennero 10 30-te u 40-Te roarHA Ha MUHAIIHSA BEK, KOTaTO CTOMAaHOOETOHBT HE €
OUJI MO3HAT M KOHCTPYKIIMUTE UM ChOTBETHO HE ca MHOTO 37paBH. Cieq] MpOMEHHTE Mpe3
1989 r. ronsiMa 4acT OT CrpajuTe MaMETHUIIM Ha KYJITypaTa, 0sxa PeCTUTYUpaHH, a CIe]
TOBa MpPENpPOAABAHM MHOTOKpaTHO. M Makap ye mo JOKYMEHTH MMaT COOCTBEHUK, Ha
IIPAaKTHKa Te 0sfXa OCTABEHHU Ja Ce camMopa3pyluaT, JeMCTBalKU MO CTAJIMHCKUS MPUHIIMIT
"HsiMa crpaza, Hama npobnem". Taka ce pazuncTBalie HOPeIHUAT TepeH.  [7]

3a pa3uucTBaHE HA TEPEHM MOXKEM caMoO Ja npeanonarame. Jlo cera HsAMa
odunuanHo u3HeceHa MH(OPMAIUS M HE ca JOKAa3aHW TaKMBAa HAMEPEHHUS U JCHUCTBUS,
KaKTO HsMa MH(pOpMaLUs J1a € OChJEH HIAKOW, 110 IpocTaTa MPUYMHA, Y€ YHUIII0)KaBAHETO
c neiicTBue uiam Oe3aelicTBIE Ha HEABMKUM MAMETHUK Ha KyJATypara He ce Kiacuduuupa
KaTO MPECTBILICHUE.

2.6. Haqimume Ha IPyrd NPUYUHHU 32 Ch31aBaAHE HA ONACHOCT

EcrecTBeHO, ChllleCTBYBAT OllE MHOTO NMPUYMHU 33 Ch3JaBaHE HA MPEAINOCTABKU 3a
PHUCKOBOTO CHCTOSIHME HA MHOTO OT HEJABMKUMHUTE KYITYPHHU IEHHOCTH. AKO C€ CIIPEM I10-
moJpoOHO Ha BCSAKA €IHA OT TAX IIE HAXBHPIUM MHOTOKPATHO H3HCKyeMHUs O00eM Ha
JIOKJIaja. 3aToBa, T€ camo Ie ObIaT CIIOMEHATH, JOTOJIKOBA, Y€ Ja ce J0O0Hue MAaJKo IO-
IbJIHA KapTUHA 3a CHUTyaluusTa. 3a IeJdTa 1€ U3M0J3BaMe ONUTa Ha EKHIl
npo¢eCHOHAIUCTH B cdepara Ha KyJATYpPHOTO HACJIEACTBO, KOUTO €KETHEBHO CE CPEIIaT C
mpoOJIeMUTEe U ca Ch3Jali MHTEepHET crpaHuiara http://heritage.bg, B xosTO ca crOpanu
U CHCTEeMATH3UpaIM aKTyaJIHUTE MPOOJEeMH — OT HOpPMAaTHBHATa ypenda 0 KOHKPETHH
WHCTUTYIIUOHATTHYU JePEKTH, KaTo 1E]Ta UM € HE CaMO JIa KOHCTaTHpaT MPOOIeMHTE, HO U
Jla JajaT npeioKeHUs 3a TeXHUTE penieHus. Eto Hakoun ot Tsx: [17]
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v' Jlurcea KOOpAMHAIMA MEXIY 3aKOHA 3a KyJTYpPHOTO HACJIEICTBO, 3aKoHa 3a
KaJacTbpa W HMMOTHHUSI PETUCTBpP, 3aKOHA 3a YCTPOWCTBO HAa TEPUTOPHsTA, 3aKOHA 3a
OOLIMHHUTE U MECTHATa aAMUHHCTpAIMs, 3aKOHA 3a 3€MEIECTTUETO U TOPUTE U JIp.

v' MHOX€eCTBO 0OEKTH C€ M3IIBIHSIBAT C Pa3IMKH CIIPIMO ChITIACYBAHUTE IPOEKTH.

v/ Jluncsar pocrarbueH Opoii ekcriepT. Manbk Opoit xopa 06paboTBaT MPOEKTUTE
3a usia beirapus.

v' JIurcBa CTpaTernyecKo MpeaaBate Ha OMUT MEKITY TIOKOJIEHUS KOJIETH, EKCIIEPTH,
WHCTUTYIIUH.

v' JIuncBaT MECTHH TEPUTOPUAIHM 3BEHA 3@ IMPOYYBAHE Ha OOEKTH KYJITYPHO
HACJIEICTBO M OIIGHKAa Ha TPOEKTH, Ha 0a3a HA 3HAHMUA 32 JAJCHOTO MSCTO, KaTro
eauHcTBeHO B IlnoBauB mMa TakoBa 3BEHO, KOETO € Oe3 MpaBa 3a peajlHa Hameca B
HEraTUBHUTE MPOLIECH HA MACTO.

v O6wuAT 6poii Ha HEABMKUMUTE KYJITYPHH LIEHHOCTH B Bharapus e okono 40000
JlanHuTe obaye HE ca CUTYpPHH, 3aIOTO HE CE M3BBPIIBA aKTyaiau3alus. 1.e. JHEC He
3HAaeM B KAKBO ChCTOSIHHE Ca T€3U OOEKTH.

v/ Jlurncea Crienuaau3upaH KaJacThp 3a KYJATYpHOTO HAcCieACTBO. Pabotu ce ¢
OCTapesu KaJacTpH 3a HACEJIEHU MECTa, CTApU KapTH, CXEMH, TOKYMEHTH U Jp.

v’ JlenoBomHuTe cucTeMd Ha MunucrepcTtBo Ha kyiarypara u HUHKH we ca
00BBp3aHu. Besika MHCTUTYIIMS M3MOI3Ba pa3IMiHa eIeKTPOHHA CUCTeMa.

v’ JlexnapupaneTo u peructpupanero Ha HKI] ca M3IMIIHO YCIOXKHEHH.

3. U3zBoau

Bceuuku mocodeHu B TO3W AOKIA] MpoOsieMu 3a0aBsT JACUCTBHUATA 110 OCUTYpPSBAHE
CcTaOWUITHOCT Ha KOHCTpYKUMHTE Ha crpaaute, obsBeHn 3a HKII, ¢ xoero ru mpaBsT
NOTCHIIMATHO  OMacHW 3a  oOWrarenwre, MNpeMUHABAIIUTe, paboTemuTe IO
PEKOHCTPYKIUATA U PEMOHTAa UM, KOHTPOJIHU OpraHH, ekunure Ha ['paxnaHcka 3ammTa u
[ToxxapHa Oe30macHOCT W 3allMTa HAa HACENCHHETO W Apyru. Jlopu na orpaauM BCHYKH
HKII, nama ma ru HampaBuMm Oe3zomacHu. HeoOxonumu ca crenrHu MEpKU 3a MOETaIrHO
(TpYIIOBO ¥ €AMHWYHO) pPEIllaBaHe Ha MPOOJIEMHUTE, KOUTO T TPABIT PUCKOBH.

Exunbr, KkoOWTO cTOM € cb3nan HHTepHET cTpanunata http://heritage.bg
JaBa MPEIOKCHHS 32 TEXHUTE PEIICHUs M KOHUTO MCKa Jla Ce 3aro3Hae ¢ TAX, MOXE J1a TO
HanpaBu Ha http://heritage.bg/predlojenie/. [18]

A3 1I1e KOMEHTHPaM CaMO HSIKOH OT TSIX:

Crneuunanucture npeanarar ,,JIa ce cb3aane IbJITOCpoyHa cTparerus B cdepara Ha
HEJBIKUMOTO KYJITYPHO HACJIEICTBO M HEroBOTO omasBaHe..“ U ,Jla ce cp3mane u
MIPOBEXk/Ia IeJieHacoueHa JbpKaBHA MOJIMTUKA 32 MOMYJISIpU3HpaHe Ha HACIEICTBOTO Cpe
o01IecTBOTO: KakBo € HenBmknma KynTypHa LIEHHOCT, 3alll0 € IIeHHA U 3aIlo TpsOBa aa
na3uM Te3u oOekTu. Taka 1mie ce ch3laBa HAIIMOHAIHO CaMOUYYBCTBHE M Ha 0a3arta Ha
KYJITYPHOTO HU HacneAcTBo.” [17]

OcHoBara Ha Bb3HHMKBaHE Ha BCEKU MPoOJEeM € B Hepa3OMpaHEeTO U HEOCH3HABAHETO
My. AKO MOTHBHpAIl COOCTBCHHKA Ja C€ TOplee, 4e MPUTEKaBa HEABHKUMA KyITypHA
[IEHHOCT, TO TOM IlIe HAaMEepU HAYUH JIa MOJIOKH TPIKH 3a Hes. Ho He MoTuBanus ot poaa
,»OCBOOOJIEH OT JaHbK crpagu’ [19], 3amoTro WHBECTHIMATA 3a MOMAPHKKA W
BBH3CTAHOBSIBAHE € MHOTO TO-TOJIsiMa OT ,,criecTeHuTe mapu*. Ta3su moTuBanus TpsiOBa ce
U3rpaXkJa oIle OT paHHa JETCKa Bb3pacT. M3rpakgaHeTo ¥ OT cTpaHa Ha POTUTEIUTE €
TPYAHO TOCTHXXHMMO, 3alI0TO B TojsMaTa CH 4acT T€ CaMHUTE HE ca MOTHBHpaHH. ,,Jlo
rojsiMa CTEIIEH TOBAa € HACJCICHO IIOBEJACHHE OT TOTAIUTAPHUS TIEPUOJ, KOTaTo
OOIIECTBEHO-TIOTUTHYECKATa CHUCTEeMa € TOATUCKala TPaXIAHCKOTO OOIIECTBO H
WHMBUIYATHOTO MHEHUE, JIMYHATA TTO3UIUS ¢ Oe3CMHCIICHa, IOPU OIacCHA 32 WHIUBHUJA.
Ot nmpyra cTpaHa B ChIIUS MEPUOJI BIACTTA 3aJIara Ha KyJATypHaTa UACHTHYHOCT B CBOSITA
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6opba ¢ ,,Bpara‘“ Ha 3amaja U IeJICHACOUEHO IMOJIoMara ona3BaHeTo Ha HACIIEJICTBOTO ChC
3aKOHOBM W (PMHAHCOBM MepKH. Taka Ha TpaKkTHKa Mpe3 COIMaTu3Ma C€ MOCTHUTa
e(heKTUBHO Oma3BaHE Ha KYJITYPHOTO HACIEACTBO 03 aKTMBHOTO M3UCKBaHE (M ydacTue)
Ha OOIIECTBOTO 3a TOBa.” 3a CHKAJICHHWE, W CII] Mepuoja Ha T. H .“COUMANU3BM ce
OKa3Ba, Y€ ,,JbP)KaBHUTE MPHOPUTETH Ca Jalied KaKTO OT KyJITypaTa Mo MPUHIUI, Taka U
OT ONAa3BAaHETO Ha HACJIEACTBOTO B yacTHOCT.[20] JlokaTo pbKOBOAUTEINTE HA JbpKaBaTa
HE MIPEOCMHUCIAT MPUOPUTETUTE CH, HAMA J]a MOXE Ja CE MOCTHTHE OCOOCH HAaIpeIbK B
o0nacTTa Ha OMa3BaHETO M ChXPAHCHHETO Ha HEJBIKUMUTE KYITYPHH IIEHHOCTH, KOETO €
NPSIKO CBBP3aHO C OCUTYPsIBaHE Ha TSIXHATAa OE30MaCHOCT.

MHoOro 4ecTo ce BOAAT CIIOPOBE Jajll HEABMKHUMHTE KyATYPHHU IIEHHOCTH TPsiOBa Ja
Ce HaJCTPOSIBAT, IPUCTPOSIBAT U T. H. Te3n cropoBe ca abCOMIOTHO M3IHUIIHU. AKO €IHA
KYJITYpHa IIEHHOCT MOJe JIa C€ CIIacu 4pe3 HAKOE OT Te3U JCHCTBHS, M TOBA J1a sl HAIPaBU
Oe3omacHa, TO TOBa JCWCTBUE TPsAOBa Ja ce MPHIOKHM WIM M3MBIHU. [Ipyn B3emaHeTo Ha
TaKWBa peuieHus TpsiOBa /a ce MOAX0XK/1a MHIUBUIYATHO — 32 KOHKPETHHS 00EKT, KaTo ce
BKJIIOYBAT CIEIHMATUCTH OT PAa3JIMYHUA OOJACTHU: HUCTOPHUS, APXHUTEKTypa, apXeoJiorus,
CTPOUTCIIHO HHIKCHCPCTBO, XWUMMUS, MH3KYCTBOBCIACTBO, pe€CTaBpalus, KINMATOJOI'UA,
noxapHa 0€30MacHOCT, TPAYKIAHCKA 3aIUTa | T. H.

MoskeM aa najieM HAKOJKO TpUMepa 3a YCIEIIHN PEeIIeHUS:

¢ I'pan Bapna, yin. ,,MBan [Ipacos® Ne 10 [®wur. 14 u ®ur. 15]

®ur. 14. 3ananna dacana @ur. 15. IOxna dacaga

% Codus, Oyn. Llap OcBoGoauren 2 [Dur. 16]

>*~'T'
9 .

=1
=
=

—bif/l/==]

A
=

344

@ur. 16. Crpana na banka BHII ITapu6a

¢ I'pan Bapna, yi. ,,bpars Hlkoprun™ Ne 12 [@ur. 17 u @wur. 18]
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®ur. 17. O0u usrnexn ®ur. 18. Yact ot HaacTpoiikara

OcHOBeH NpUHIMI NIpU B3eMaHeTo Ha peuieHue nanu eqsa HKIL na ce Haactpou mnm
IpUCTpou TpsAOBa 1a Obje, Aaiy TOBA 1€ OCUT'YPH OE€30MIaCHOCTTA HA TPAXKAAHUTE.

4. ChkpaiueHnust

HWHKH - HaurionaneH MHCTUTYT 32 HEABMKUMOTO KYJITYPHO HACJIEACTBO

I'’lI MOKH - TI'maBHa nupekuus "MHcnekropar 3a oma3BaHe Ha KYJATYPHOTO
HacjaeacTso"

KHH — KynTypHO HCTOpHYECKO HACIEACTBO

HKII — Henpuxuma KyJiTypHa lIEHHOCT

3KH- 3akoH 3a KyATypHOTO HAcCIJIeJICTBO

CPP - cTpouTenHO- pEMOHTHHUTE padOTH
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VALUE MANAGEMENT IN RESTORATION OF CULTURAL HERITAGE
Eng. Marika Georgieva !, Prof. Dr. Eng. Fantina Rangelova 2
University of Architecture, Civil Engineering and Geodesy

Abstract:

The article is considering the innovative technique for achieving maximum
value of a project — Value management.

The paper explains the essence and main ideas of this technique. The report

considers the applicability of the value management method in the restoration of
cultural heritage. The advantages of the method are analyzed. Difficulties that may
be encountered during the process of restoration of architectural and engineering
heritage assets are also considered. The paper points out different software products
that implement this technique.
The main purpose of this article is to make investors and designers familiar with the
potential of Value management. The technology is an instrument to define clear
objectives, to take optimal decision and to gain the investor’s required value of each
individual project.

Key words: value management, earned value management, cultural heritage

1. Introduction

Value management is a project management method, which main aim is to ensure
that the highest value of a project is achieved. This means that the highest quality and
functionality will be achieved and all of the investor’s requirements will be met, at
minimum cost(funding) and time. When the method is applied in the early stages of the
construction process / research and design / it implies the achievement of excellent results.
This is due to the basic value management principle: a clear definition of the function of a
project and setting of accurate targets for the implementation of the project, which should
be clearly prioritized in the very begining. This project management technique also
stimulates team work, based on the premise that a team usually performs better than an
individual.

Construction projects, which include restoration of cultural heritage are among the
most significant and difficult ones for implementation. In order to achieve the highest
value/cost ratio, those projects require great precision at financial prediction. Construction
sites, which are part of the cultural heritage, require particularly detailed analysis and
planning, including in-depth study of their present state, setting clear goals and
expectations of the project, a comprehensive and detailed plan for the implementation of
restoration of the facility and specific quality of the project. It is necessary to collect a team
of competent professionals in areas as civil engineering, architecture and history in order to
achieve the objectives of the project. Completely overlapping with the above-mentioned
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objectives, value management is an extremely suitable project management method for
restoration of buildings and other facilities, which are part of the cultural heritage.

2. Main techniques for Value management implementation in restoration of
cultural heritage projects

A main principle in Value management is a team of multidisciplinary professionals
with different background and attitudes to be selected. This gives an opportunity during the
planning and design of the project to introduce various points of view and take a better
decision for the implementation of the project itself.

There are a number of techniques for value management implementation. The most
common one are: function analysis, SMART technology (simple multi-attribute rating
technique), cost/worth, value drivers, target costing, value proofing, options selection,
creative techniques, value drivers. This article briefly describes these techniques, which the
authors accept as suitable for construction projects for restoration of cultural heritage.

In the early stages of a project, Value management is an excellent tool for precise
defining of the main requirements for the project. The key objective is to determine the
functions of the project, which usually leads to systematization of a few ideas /functional
analysis/. The desired result is to define clearly the most essential functions in order to
eliminate unnecessary ones. Thus the design of the project is simplified and the
requirements and expectations of investors are mostly satisfied. The functional analysis is
the means to consider in detail the final results and the functions of the final product. Once
the main functions of a project are clarified, variations of solutions for project
implementation can be developed. The solution that brings the highest value should have to
be chosen.

After defining the main functions of the project, they have to be arranged
hierarchically according to their significance. Also a cause - effect relationships between
the functions have to be made. This can easily be expressed by a value tree. It helps the
communication between stakeholders to be improved. The visualization also provides
better understanding of the aims of the project. /SMART methodology/

After creating importance hierarchy for the functions and linking them, the next step
is calculating the cost for achieving each function. The team, which is working on the
project, should also be able to define what the “worth”/value of this function is, taking into
account all the tangible and intangible benefits that it will bring to the project. If the
implementation costs substantially exceed the value of the function, alternative solutions
requiring lower costs should be developed. /Cost/worth technique/

One of the fundamental ideas of Value management is to stimulate implementation
of innovative solutions. Functional analysis can be used to cause and enhance innovation
and creativity. /Creative technique/

When the main aims and requirements of the project are clearly determined, the
decision how the project should be implemented is easily taken. By using an option
evaluation matrix, it is possible to assess the relative benefits of each option using the
weighted value drivers as evaluation criteria. The best option will be the one that satisfies
the value drivers the most. /Options selection technique/

3. Earned value management (EVM)

The earned value management is a technique for measuring the project performance.
With the application of this technique, more accurate forecast for performance problems is
provided. The risk management should be a preliminary focus when architectural and
engineering heritage assets are due to restoration, which makes the Earned value
management method, highly recommended for project management techniques
implementation. Its main aim is to report the progress of the project by measuring cost and
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time. This gives important information to all stakeholders about technical, cost and
schedule performance. The implementation of this technique provides better visibility of
the construction process and identifies problematic areas. For the successful application of
EVM the following features of a project should be provided: project plan; Budgeted cost of
scheduled work, called Planned value (PV); Budgeted cost of work performed, called
Earned value (EV).

3. Analysis of the advantages of the Value management and Earned value
management and the difficulties that might be encountered during the process of
restoration of cultural heritage

3.1. Advantages
The restoration of cultural heritage requires: detailed analysis and preparation of the
construction process; a solution that could reach the highest quality and duration by using
minimum funding; strict and timely progress measurement. Since these are the main
principles of the Value management and Earned value management, by implementing
these techniques in the project management, the following objectives of the project might
be achieved:
e C(Clear definition of the project scopes and functions;
e Achieving best value projects, analyzing worth/ cost ratio: improved quality
and reduced cost;
e Application of innovative solutions, that are more cost-effective and time-
saving;
e EVM gives detailed information about all project stages, time-schedule and
cost;
e Control and monitoring of the project performance;
e Analysis and management reports are summarized, which make the process
visible and more predictable;
e Reduced risk of delay and over-budget execution of the project;

3.2. Possible difficulties
Value management and earned value management are still new project management
techniques. The lack of gained experience and detailed information for the specifics of the
implementation of these techniques can result in meeting some of the following problems
and difficulties:
e One of the main principles of Value management is developing a number of
solutions for the execution, which is time consuming;
¢ Since Value Management encourages application of innovative methods,
there is a risk for unconfident decision making;
e Conflicts between individuals, due to different objectives for the different
team specialists /civil engineers, architects, historians/;
e The earned value analysis takes into consideration mainly the budget and the
time for execution of the project, the quality issue is usually neglected;

4. Software products, based on Value management

The software products, which are based on Value management are applicable during
the execution of the project. They serve as an excellent monitoring tool for the investor.
Occasionally verifications and analysis are performed, that measure the project
performance and progress. A risk analysis is also performed by the software. Their EVMS
components typically include:
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EVM Scheduling Engine
EVM Cost Engine
EVM Reporting Engine
e Accounting system integration
Depending on the main objective of the application of Earned value management,
some of the following software tools can be used:

EVMS Scheduling Engines

There are plenty of Project Management / Scheduling Engines. However the most
typical scheduling engines seen in EVM systems.

e Microsoft Project / Project Server

Primavera P6
Deltek Open Plan
Safran
Artemis

EVMS Cost Engines
The products, that are listed below dominate the market according to Pinnacle
Management Systems Inc. / a leading project management company/. Each of those tools
has its obvious advantages and disadvantages. Most of the decision criteria will be based
on an organizations current EVM / PM capabilities, existing EVM and PM tool
infrastructure, and current and future EVM goals.
e EVMS forProject
e Deltek Cobra
e EcoSys EPC
e Oracle Primavera Cost Manager

EVMS Reporting Engines
wlnsight is the dominant EVM reporting product on the market. Another reporting
engines are listed below.
Deltek winsight
EcoSys EPC
DecisionEdge
Combined EVM Tools

There are a few tools on the market that combine Scheduling, Cost and Reporting
into a single product.
e Unanet
e Safran
e Dekker Trakker

4. Conclusion

The value management and earned value management are very suitable project
management techniques for projects including execution of restoration of architectural and
engineering heritage assets. Their main principles cover all specific requirements and
needs of such projects. The techniques for value management implementation encourage
team work, which generates discussions and development of solutions that will be taken
into consideration for historical, engineering and architectural problems today and in
future. The Value Management method is not only stimulating planning, designing and
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execution of a comprehensive project, but also achieving the best project value: reached
tasks for the lowest cost possible. Earned value management is an excellent tool for
investors to perform control and risk analysis, which are one of the most important
objectives in the lifecycle of a construction project, and especially for the restoration of
cultural heritage. The disadvantages of these techniques could be overcome with
implementation in different projects and gaining more experience and information about
their detailed specifics.
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REINFORCED MORTAR
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Abstract: Externally bonded composites are emerging as an effective solution for
structural upgrade and seismic retrofitting, since their high strength-to-weight ratio
ensures significant improvement of mechanical performances with minimum
encumbrance and mass increase. This paper shows relevant applications of Textile
Reinforced Mortar for the seismic retrofitting of architectural heritage. More
specifically, a technique for the extrados strengthening of vaults carried out in the
rehabilitation works realized in Italy after 2009 L’Aquila and 2012 Emilia
earthquakes is presented. The performances of these system are discussed with
reference to the experimental tests carried out in the laboratory and in situ. On this
basis, the potentialities of TRMs for this strategic field of civil engineering, with
crucial cultural and social importance are highlighted.

Key words: Cultural heritage, Retrofitting, Textile reinforced mortar, Composites

1. Introduction

The performance of cultural heritage building under seismic action is one of the
challenging research topic due to the necessity to withstand safety conditions while
fulfilling preservation criteria. In some cases, traditional techniques, that ensure the
accomplishment of preservation criteria and also provide the adequate durability, are not
sufficient for ensuring a sufficient seismic safety. For instance, recent earthquakes in Italy
have shown the high seismic vulnerability of thin in-folio brick masonry vaults. Due to
their slenderness, these vaults are particularly vulnerable against unsymmetrical service
loads, relative horizontal displacement of the abutments and seismic actions. Therefore, in
numerous existing structures in seismic-prone regions, the vaults need retrofitting to ensure
an adequate safety level according to current standard codes. To this purpose, externally
bonded reinforcements with composite materials have proven to be particularly
advantageous [1-3] since they provide high mechanical performances with minimum
thickness and mass increase.
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In the last two decades, most research activities and field applications have made use
of composites with polymeric matrix (Fibre Reinforced Polymers, FRPs). Nevertheless, a
new generation of composites has been recently proposed that consist of high strength
fabrics (made out of steel, carbon, basalt, glass, PBO or natural open meshes) embedded
into inorganic (mortar) matrices. Mortar-based reinforcements are named Textile
Reinforced Mortars (TRM) or Fabric Reinforced Cementitious Matrix (FRCM) when
comprising carbon, glass, basalt, or PBO fabrics, arranged in the form of open meshes, or
Steel Reinforced Grout (SRG) when making use of steel textiles. The use of mortar in
place of resin ensures the fulfilment of the principles of conservation and restoration, such
as respect of authenticity of materials and structural behaviour, minimum intervention,
reversibility, substitutability and removability, and compatibility with original substrates
and decorative settings. For all these reasons, mortar-based composites appear particularly
promising for applications to masonry structures and cultural heritage. However, inorganic
matrices may entail lower bond strength than epoxy resins and require proper installation
and curing conditions to ensure the bond with the substrate. In the last decade, increasing
research efforts have been devoted to the study of TRMs, fostering a fast technological and
industrial development. At the same time, several applications have been realized for
safeguarding cultural heritage against earthquakes. The TRM-to brick/masonry bond
behaviour has been investigated by a number of studies [4-6] that provided fundamental
information on bond strength and failure modes, and highlighted the role played by the
mechanical properties of the matrix, the layout of the textile, and the roughness of the
surface of the substrate. Nevertheless, a better knowledge still needs to be gained,
especially on some issues (such as durability, design criteria, installation details, etc.) and,
apart from the US document ACI 549.4R-13, no specific guidelines have been developed
yet.

In the present paper, the application of mortar-based composites for strengthening
brick masonry vaults in the rehabilitation works realized in Italy after 2009 L’ Aquila and
2012 Emilia earthquakes is presented and the performances of these system are discussed.
The strengthening design for masonry vaults would require that a deeper knowledge is
gained on the actual bond behaviour of the composites on a curved substrate and on the
key variables that affect it, since in the presence of a curvature, except few recent works
[7], the reinforcement-to-substrate bond behaviour has not been sufficiently investigated.
To this end, an experimental investigation carried out on the application of TRM systems
to the extrados of brick masonry vaults is presented. The tests are devoted to get a deeper
knowledge on effectiveness of the reinforcement when applied to a convex substrate. The
tests have been carried out both in the laboratory and in the field, allowing for investigating
the actual performance of the reinforcement and the resulting increase in load carrying
capacity of the vault.

2. Extrados strengthening of brick vaults

Among the different mortar based composite systems that are available in the market,
in the present case, a unidirectional fabric consisting in very thin cords of Ultra High
Tensile Strength Steel (UHTSS) embedded into a lime-based mortar are used for
retrofitting of the vaults. Steel textile have about 3200 N/mm’ tensile strength and
185kN/mm? Young’s modulus. They were applied with a lime based mortar having 15
N/mm? compressive strength and 22kN/mm” Young’s modulus. With respect to the fabrics
with other fibre materials, steel textiles are stiffer and stronger than glass and basalt and
thicker than carbon, aramid and PBO, are isotropic (which provides better toughness),
more durable in alkaline environment, and need lower cost and energy for production.
Figure 1 shows the installation process of the Steel TRM on the extrados of the vault.
Given the one-directional properties of the steel wires that constitute the reinforcement, the
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application is carried out in two subsequent phases in the orthogonal directions, according
to the double curvature of the vault. The width and the spacing between the strips are
designed to provide the requested increase in strength as well as to prevent any local fall of
bricks during seismic events. The steel wires are directly inserted into drilled holes at the
abutments and injected as to provide a further restraint. Accordingly, if for any reason the
bond between the reinforcement and the extrados of the vault deteriorates, the end
connections would still allow the reinforcement to contribute as unbonded tendons. The
presence of the steel fabric at the extrados of the vault is able to prevent the opening of
cracks, thus inhibiting the four hinges collapse mechanism that would take place in
unreinforced vaults. Additionally, the retrofitting of the vault with this technique succeeds
in preserving decorative settings at the intrados with no changes in the thickness nor
increase in the mass of the structure.

J
7
Jith

e)

Fig. 1. Phases of strengthening brick masonry vaults at the extrados: a) preparation of the
extrados of the vault after the removal of the filling; b) application of a primer for
enhancing the bond between the extrados of the vault and the inorganic matrix; c)
application of the Ultra High Tensile Stress Steel strips; d) end connections at the
abutments; e) application of the covering layer of mortar matrix and of a second transversal
set of strips; f) construction of brickwork spandrel walls for the backing and filling with
granular material.

3. Laboratory tests on extrados strengthening of brick masonry vaults

The tests carried out in the laboratory were designed to simulate as closely as
possible the effective behaviour of the vault, including the contribution of the buttresses
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and of the filling materials. As it is well known, both these contributions are crucial in the
stress transfer and cannot be neglected in the analysis.

Since the activity is currently underway, only some preliminary results are presented
in this note, which however are sufficient to show the effectiveness of the strengthening
system. As a preliminary activity, several double lap bond tests were carried out aiming at
evaluating the bond properties between the composite system and the brick masonry
substrate in the presence of curvature (Figure 2). These tests provided the failure
mechanisms and the increase in bond strength related to the convex curvature, allowing to
design the strengthening of the vault.

The experimental setup was designed to simulate the worst loading conditions that
bring the vault up to failure due to the activation of a four hinges mechanism. The load was
applied over the filling at about one third of the span by means of an hydraulic actuator.
Tests were run under displacement control to follow the whole load displacement post-
peak response up to failure.

Only two tests on the vaults have been carried out to date, consisting of two sections
of the vaults, with 2800 mm span, 55 mm thickness and 500 mm depth. The first specimen
was representative of the actual conditions of the vault before retrofitting, while the second
specimen was retrofitted by applying the reinforcement to the extrados, consisting in
UHTSS with 8 cord/inch, with 150 mm with, having an overall cross section of 25.2mm”>.
The applied load was directly provided by the loading cell of the actuator, while the
displacement filed of the vault and of the filling during the test was recorded by means of
nonconventional contactless measurement methods, such as the Digital Image Correlation.
Strain gauges were also glued to the reinforcement textile to record the stress and estimate
the load carried by the steel cords.

The tests (Figure 3) results can be summarized as follow: the presence of the SRG
reinforcement led to an increase of the load carrying capacity of the vault of 280% (from
5.7 kN to 15.4 kN. In the unreinforced specimen, a four hinge mechanism activated, while
the SRG strips bonded prevented the development of the cracks at the extrados. Failure
occurred by a combination of crushing in the masonry and shear sliding between the bricks
under the load application point. The SRG strips detached from the substrates in some
portions (detachment occurred at the textile-to-matrix interface).

4 - f
T ¢ i ]

Fig. 2. Bond failure between TRM and brick masonry for planar and curved substrates.
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4. Field tests on extrados strengthening of brick vaults

Tests were carried out in an historic building in the city centre of L’Aquila, Italy,
badly damaged by a strong earthquake in 2009, and currently undergoing important
reconstruction and retrofitting works. Testing setup (Figure 5) was designed to simulate the
loading conditions that the reinforcement would experience if a crack develops at the
extrados of the vault, due to the activation of a mechanism, in order to investigate the
reaction that SRG is able to provide up to debonding. The textile was bonded to half of the
vault and subjected to tensile loading at the crown. A 1 m long portion of textile was left
unbonded and gripped to apply a horizontal (tangent to the vault) load. Two steel plates
were used to clamp the textile. A 16 threaded steel bar was welded to the lower plate that
transferred the load applied by means of a hollow hydraulic actuator, that contrasted with
steel beams connected to the side walls.

The oil pressure in the actuator was provided by a hydraulic pump and measured by a
manostat, allowing for deriving the applied load. The relative displacement between
reinforcement textile and substrate at the loaded end (slip) was measured by two linear
displacement transducers. Finally, two 10 mm resistive gauges were glued to the unbonded
textile to record strains and derive a further measure of the applied load. Three tests were
carried out. The first cracks appeared near the loaded end of the reinforcement (i.e., its first
bonded section) on the upper side of the SRG strip, and orthogonal to the load direction.
Longitudinal cracks also developed on the side of the SRG strip. The crack pattern
progressively evolved during load application, up to the detachment of the reinforcement
from the substrate, which occurred progressively starting from the loaded end, and at the
end reached the springing section of the vault and involved the whole SRG tape (Figure
4a). At the springing, the SRG strip was connected to the side wall with mechanical end
pivots (SRG connectors placed in inclined drilled holes and injected with grout). Tests
were never carried out up to the pull off failure of the connectors. At the end of the test, the
entire upper layer of mortar matrix disintegrated and the steel textile detached from the
lower layer, which did not debonded from the substrate.

l
!.

2496 mm

Fig. 3. Laboratory tests on real-scale in-folio vaults retrofitted with Textile Reinforced
Mortar: a) collapse configuration and b) analysis of the displacement field with Digital
Image Correlation.
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Fig 4. Field tests on extrados strengthening of brick vaults: a) debonding of SRG strips at

the end of the test; b) load-slip responses

The load-slip curves of the tests display a good agreement (Figure 4b), considering
the variability of substrate and setup, which is unavoidable in field testing. The response is
characterized by three phases associated to progressively reducing stiffness.

The first phase is associated to an un-cracked behaviour of the reinforcement. The
measured displacements are related to elastic deformations and small settings. The second
phase is related to the crack development of the matrix and the activation of the
detachment of the reinforcement from the masonry substrate. The transition from the first
phase to the second phase can be identified by the occurrence of the first cracks and the
increase of the relative displacement between reinforcement and substrate. Up to the end of
the second phase, the bond behaviour of the SRG reinforcements applied to the vault is
similar to that observed in laboratory tests on small-scale specimens [6]. The third phase is
a peculiar characteristic of the behaviour of SRG reinforcements applied to the extrados of
masonry vaults, since it is related to the very large bonded area and to the curvature of the
substrate. In this third phase, in addition to the cohesive strength, a friction contribution
activates. The former (cohesive contribution) is associated to the bonded textile that, once
the debonding process has initiated, moves away from the loaded end. The latter (friction
contribution) is mobilized on the detached portion of the reinforcement, as a result of the
curvature of the vault. Since the SRG is applied to the extrados, when a tensile load is
applied to the steel textile, normal compressive stresses arise at the reinforcement-to-
substrate interface. As shown by the experimental response curves, the component related
to friction grows with the increase of the tensile load in the steel cords and of the area of
SRG that has detached from the substrate, and significantly contributes to the overall
strength. Table 1 lists the main results for each test, namely the maximum attained load
(Fmax), the corresponding load per unit width (Fpaxy), stress in the textile (Omax), and
exploitation ratio of tensile strength (1)), the mean strain (g,,) in the textile, and the slip (s)
at peak load.

Table 1. Results of field tests.

Test Finax Finaxu Omas n &m_ S
kN kN/m N/mm - 10° mm
1 62.1 414.3 1631.2 56.2% 5.63 15.09
2 54.2 361.6 1423.6 49.1% 4.65 14.88
3 60.9 406.1 1598.9 55.1% 491 12.48
Mean 59.1 394.0 1551.2 53.5% 5.06 14.15
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5. Conclusions

Laboratory and field tests were carried out to investigate the effectiveness of
mortar-based composite systems for the reinforcement of masonry vaults. Lab tests were
performed on full scale brickwork vaults and indicated that the load carrying capacity can
be improved by up to about 3 times with steel cords strips applied over the extrados of the
vault. In order to reproduce actual field conditions, specimens were provided with
buttresses in solid brickwork and filling. Digital image correlation was used to record the
displacement of the brick units as well as the strain field in the fill.

Field tests provided information on the shear bond strength of SRG strips applied to
the extrados of brick masonry vaults: on average, the maximum achieved load was about
60 kN, corresponding to a load per unit width of 350 kN/m, a stress in the textile of
1550N/mm” and an exploitation ratio of the tensile strength of the textile of 53%. The
stress attained at failure proves the need of using a textile with particularly high
mechanical properties, such as the Ultra High Tensile Strength Steel, for this kind of
application. The values of the exploitation ratios are significantly higher (up to 3 times)
than those obtained in laboratory tests on plain substrates, indicating the important strength
contribution provided by the convex curvature of the extrados surface of the vault. The
presence of the end connectors, whose contribution was not mobilized in the tests, could
lead to an even higher strength. Failure occurred by detachment at the interface between
steel textile and mortar, and not within the substrate as generally occurs with the more
traditional FRP reinforcements. Therefore, the result of the test appears basically
independent from the mechanical properties of the substrate (strength and stiffness of the
masonry of the vault). On the other hand, due to the presence of a friction contribution, the
bond strength depends on the curvature of the vault and on the bond length.

It 1s worth highlighting that the performance of the strengthening system strongly
depends on the accuracy of the installation, on the preparation of the surface of the
substrate (whose roughness should be ensured), and on the curing conditions of the
mortars.

A larger number of experimental results is needed to develop a deeper understanding
of the mechanical behaviour of mortar based composites for the retrofitting of masonry
vaults, also considering the lack in the scientific literature of analytical/numerical methods
for the reinforcement design and the assessment of the strengthened vault. Nevertheless,
the studies carried out so far have indicated that SRG can be an effective and cost efficient
solution for the safeguarding of historic masonry structures against earthquakes, and, more
in general, for the conservation of architectural heritage.
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Bb3cTaHOBsIBaHe Ha crpagun ot KyntypHo-uctopmn4eCcKoTo Hacnen-
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ounuTaumsa Ha crpaaun ot KyJTypHO-UCTOPUYECKOTO HacneancrTBo,
Onas3BaHe u CbXpPaHsABaHe Ha HeABUWXUMU KYJITYPHU UEHHOCTMU,
KoHconunpgauusa, Bb3cTaHOBABaHe U YKpenBaHe Ha NCTOPUYECKHU
CTPYKTYpPMU, Crpap,u N CbOpPBXKEHUA NnpuHaanexawun KbMm KynTtyp-
HO-MCTOPUNYECKOTO HacneacTBo - crieq KaTaCTpO(baHHVI cbbuTus:

noXxap, HaBoaHeHUsA n B3ApUBHU Bb34EeNCTBUSA.
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tion of historical masonry, timber and steel structures; Conser-

vation and preservation of historical masonry, timber and steel

structures; Consolidation, rebuilding and strengthening of his-

toric structures; Culture heritage under catastrophic events: fire,
flood and blast loading.
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PROTECTION AND PRESENTATION OF ARCHAEOLOGICAL SITE
MEDIANA

Slavko Zdravkovi¢', Dragan Zlatkov 2 Predrag Petronij evié’, Ana Moméilovié-
Petronijevi¢*

The faculty of civil engineering and architecture of the University in Nis, A.
Medvedeva 14, Nis, Serbia

Abstract: The paper presents the overall planning, technical protection, presentation
and future role of the archaeological site "Mediana" in the tourism of Nis. The most
representative building complex, the Villa with peristyle and nearby structures are
presented. In the first phase, the entire space of the Villa with peristyle, including
Nimfej was covered. The complex was covered by a space structure, using an arched
timber structure of a span of 72.5m with a day height of 1lm which was the
archaeological and conservational condition. The function of the structure is to
protect the archeological remains of the architectural complexes of buildings, and
above all of the very valuable floor mosaics and frescoes from the adverse weather
effects. The entire concept of protection is designed to allow continued unimpeded
research and restoration of all undiscovered archaeological values, as well as to
provide realization of the full tourist potential at the highest level the tourist industry
requires.

Key words: Mediana, protection of site, arch structure

1. Introduction

On the territory of the Republic of Serbia there are 189 archaeological sites that have
the status of immovable cultural property, of which 19 have a category of exceptional, and
25 of great importance [3]. Only five archaeological sites have built protective structures
over some of their parts, and they are: Lepenski Vir, Drenovac, Sirmium, Viminacium, and
Mediana. Design of such protective structures is a very complex and currently topical
issue. Protective structures are mostly used for the protection of archaeological sites with
mosaics, but they serve to protect other sensitive structures, which either cannot survive
outdoors or their maintenance and presentation is difficult [5]. So far, seven protective
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structures have been built in Serbia, three of them are raised above the buildings with
mosaics [7]. The protective structure with the largest surface area of the mosaic that is
protected, was designed and implemented at the archaeological site of Mediana.

2. The archaeological site Mediana

Mediana archaeological site is located in the area which covers 80 hectares. It is
positioned east of Nis, a few kilometers from the present town center. The northern part of
the site is declared the immovable cultural heritage and has a category of great importance,
and the southern part enjoys the prior protection. The Villa with the peristyle is the most
important discovered building in Mediana so far. This is a complex architectural structure
of several buildings which are spread over a total area of about 7000m”. The direction of
the villa is approximately north-south. It is composed of a central part, which contains an
entryway, a large inner courtyard - atrium with a pool and a porch that surrounds it, and
from which residential areas are accessed. On the north side, the porch leads into a large
two-part representative hall "triclinium with an apse," which is separated from the porch
level with three stair heights. On its eastern side a small hall triclinium with a fountain is
located, and symmetrically to the west another structure of similar purpose, “stibadium® is
positioned. On the northwest, the villa is with a single longitudinal corridor connected to
the thermal spa, Representative rooms of the villa were heated by the hypocaust system.
The floors of the rooms were treated differently. What makes this villa prominent is a large
floor area decorated with mosaics, around 1000m®. A large number of rooms had wall
surfaces decorated in the fresco technique [1].

The villa with peristyle is the central and most important structure of the
archaeological site Mediana. The significance of this building is that a large area is under
mosaics, very well preserved,too.. Floor mosaics were intended as decorations for the
porch, triclinium, nimfeum, stibadium, thermal spa and a corridor between the spa and the
villa.

a) b)
Fig. 1. a) ) The mosaic of the apse triclinium, from [4]; b) The villa with peristyle,
the presentation of the river deity (photo P. Petronijevic)

The best preserved mosaic ensemble at Mediana is in Nimfeum (triclinium). The
central hexagonal room and attached niches on four sides have mosaic floors with different
geometric designs. Seen as a whole, this mosaic has a central scheme dominated by a
complex composition of hexagonal mosaic. In the peristyle of the villa there is a number of
mosaics with geometric patterns and a panel with a figurative representation. Peristyle had
a mosaic surface 471.5m?, of which about 70% was saved. Various geometric motifs were
used for decoration. The northern part of the porch is distinguished by numerous and
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complex motifs. In its middle part is the panel of total area about 10m” which contains a
presentation of a river deity in the form of a strong male figure in a sitting position. In the
apse triclinium of the Villa is a dominant mosaic with the image of Medusa [4].

3. Research history and site protection

Mediana is first mentioned as a human settlement in IV century in the writings of the
Roman historian Marcelius Armius. Two centuries later, it is mentioned in a list of cities
that were restored by Justinian the Great. As a suburb Naisa it is assumed that it flourished
under Constantine the Great. The first archaeological excavations started in 1930s. The
museum building over Nimfeum with extremely well preserved mosaics was built in 1936.
The first serious research in the area of this archaeological site began in 1961. Then, about
250 probes were done, thus establishing the spread of the settlement, its borders and its
character. The following year, a thermal spa and a villa with peristyle were discovered and
preserved. During the 70s, along with intensifying the works on the central villa, at the
same time research was carried out on "Horeum", on the route of the Nis-Niska Banja road.
In the area of the factory complex EI Ni§ in 1980s a large water tank for water supply of
the village was discovered [1].

In the period that followed, research works continued. On several occasions the
conservation and reconstruction of some parts of the building was performed. A total of
about twenty structures were explored and the same number was only confirmed by
probes. Of the total number, seven buildings had mosaic floors.

b)
Fig. 2. a) the discovery of mosaics in Nimfeum, 1935; b) a corridor between the Villa with the
peristyle and thermal spa, 1935.(Documentation: National Museum in Belgrade, from [4])

~ A" - > 4

Fig. 3. a) raising mosaic in one piece, 1973; b) work in the western part of the peristyle,
1973. (Documentation: National Museum in Belgrade, from [4])
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a)

Fig. 4. a) Stibadium; b) works on mosaic conservation (photo P. Petronijevic)

b)
Fig. 5. Mosaics in the Peristyle; (Photo P. Petronijevic)

4. Protective structure

The research carried out in Mediana during 1930s was focused on the structure of the
orthogonal layout with an exceptionally well-preserved mosaic (Triclinium - Nimfeum).
Recommendation of the researchers was to protect the mosaic by erecting a hard material
structure above it. In the previous period only research activities were carried out and the
findings were backfilled for protection . One of the first protective structures in this part of
Europe, and certainly the first in Serbia, built to protect and present the part of
archaeological site was constructed right here, way back in 1936. The opening ceremony
of the Museum of Mediana, with a small exhibition setting was performed on Vidovdan,
28" of June, 1936 in the presence of citizens and authorities. Mediana then became the
most visited site and museum [6].

The Villa with peristyle has not been fully explored. The idea of its presentation by
covering was launched in 2009. In 2012 the presentation and protection project was
launched for the second time, which included the construction of protective structures over
all the parts explored so far, and which would allow the presentation of mosaic floors and
other preserved architectural elements. Implementation of protective archaeological
research had preceded the making of protective structures.

Short before the celebration of 1700 years of declaration of the "Edict of Milan" it
was planned to cover the archaeological site Mediana, which would permanently solve the
problem of protection of the villa with peristyle and at the same time mosaic floors would
become available to general public and visitors to the site. The most common form of this
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type of protection is in the form of light, transparent LLD construction that was already
implemented in many locations such as Limassol in Cyprus, Viminacium near Kostolac
and others.

Protective structures at archaeological sites are much more than what their name
suggests. These structures must satisfy a number of very specific requirements, for which
engineers and architects are not prepared by their standard education. Design of the
greatest number of protective structures built in our country is initiated and conducted at
the National Institutes for Cultural Heritage Preservation, because their professional staff
combines engineering and conservation knowledge [8]. Realization of projects themselves
is very often entrusted to the same institutions. In these endeavors, participants in the
design and construction phase should be aware that their word is not decisive or most
important, and that they would meet the experts whose knowledge and views on the issues
are diametrically opposed. Not understanding the construction, the way of design and other
technical issues is a big problem for archaeologists involved in research of archaeological
structures. Use in tourism and visitors needs further complicate the task of designing. By
sublimating all requirements, significantly better results are achieved relative to protection
structures with predominantly only one mentioned view [9].

The construction of the building is composed of two parts: the central capsule and
the annex which have been designed as spatial linear systems with a PVC covering
membrane with taut cable network. The total building area is 10300m’. High-quality
fasteners, industrial production of supports, high resistance to fire, light and easy
installation, unambiguous economy are just some of the parameters that influenced the
choice of materials and structural system. Application of the arched LLD roof system has
been established as the optimal solution for covering this type of structures [10]. Research
in the field of timber structures in the recent decades in the world and in our country made
it possible to design a very bold construction. The main project included the global statical
analysis of the construction composed of linear elements. Given the considerable span of
the construction (L=72.50m), we started with the detailed analysis of stress and strain
relationships and the supporting joints in characteristic nodes. The analysis was performed
using the finite element method (FEM), and nodes and supporting links were modeled
specially.

Fig. 6. a) the base of the structure; b) axonometric projection of the protective construction

According to the concept of architectural design the object consists of two
independent structures. A central "capsule" with dimensions 138.4x72.5m and a
pentagonal hall with a side of 25.6 m. The system is prefabricated constructions. For
architectural reasons, the height of the arched construction (arrow) is limited to 11m so that
the compression of the arch is f/1=1/6.6. The selected double-hinged arch is aesthetically
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pleasing and is slightly sensitive to relative vertical settling of support. Due to the nature of
the site location, for archaeological reasons, excavation works and foundation had to be
reduced to the lowest possible level. Taking into consideration the type of the arch
construction with a relatively small chord in relation to the span, it is the least favorable
combination of a large horizontal force with a small vertical reaction (Hmah/Vmin). By
varying the degree of restraint for the relevant frame, closest to the asymmetric calotte in
which for the symmetrical constellation of loading the asymmetrical field of force is also
formed, the iterative redistribution of static forces was carried out. As the optimal choice of
the restraint degree in terms of the construction economy, we obtained the value of 0=0.25
which corresponds to the footing and the main support beam, dimensions b/d=2.0/3.8m
and b/d=20/150 cm. Thus the chosen level of restraint improves the state of stress in the
cross section of the field, somewhat reducing the length of arch buckling in its level and
foundation dimensions have the minimum increase. Stability analysis showed that the
structure has a satisfactory safety factor, greater than 10.5 for the major support beams in
the central span, and the critical buckling force of Ny, = 4486kN [10].

il

Fig. 7.: a) north entrance; b) museum building (photo P. Petronijevic)

According to the project request of conservationists, it was necessary to build a
classic foundation structure with minimal engagement of mechanisation. Application of
alternative solutions in the form of deep foundations on piles or geotechnical anchors could
not be considered. In the underground part the limitation was the devastation of
archaeological layers. A special request was that in the future the possible removal of the
basement construction should be enabled. On the aesthetic side, such a solution required
reliance on arches to harmoniously fit into existing historic neighborhood, which required
that the visible part of the foundation is minimal, that the only visible part of the
foundation is its neck [11]. As far as authors of this article know, this is an extremely rare
design of the arch with a shallow foundation and with a relatively large span in flat terrain.

For frames foundation the pad foundation of dimensions 2x3.7m was adopted, based
on the depth of founding of 1.50m (recommendations from the geotechnical report). The
terms of foundation have required replacement of the soil and making significant gravel
cushions in order to improve capacity and reduce deformability of the ground. The "neck"
of the foundation is 40cm wide and is adapted to the conditions of supporting the lamellar
arched wooden structure. The foundation of doubled end bearers is 3.0x5.0m. To prevent
slipping and overturning of the foundations, a joggle 60cm wide and 2.20m deep is
designed on the inside, which ensures the activation of the passive earth's pressure for the
most unfavorable combination of reactions.
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[

: 3 "
Fig. 8.: a) foundation of the support beams; b) newly found remains of the structures in the
place of foundations (photo P. Petronijevic¢)

a)

Fig. 9.: a) northeast appearance; b) south appearance

5. Conclusion

In the design and construction of protective structures at the site of Mediana there
were special requirements at all stages of the project. The structure was built in the area
which had a category of great importance as immovable cultural property, but the
structural span exceeded 50m, which in line with current legislation entailed specific
licenses for individuals and legal entities in order to access planned works and activities
[8]. The fact that the site is located in the first zone of sanitary protection of sources areas
and infiltration lakes for water supply of the city of Ni§ further complicated the works of
founding the structure.

Although not fully complete, largely for financial reasons, the protective construction
has multiple positive impacts on the site and buildings that it protects. After a few decades
of the last conservation, the conditions for continuation of mosaics conservation and their
presentation are once again created. Recently at Mediana there was an exhibition
celebrating 80 years of building the museum at this site - the first protective construction
we discussed. The original design planned for the demolition of the museum building, but
because of its historical significance that idea was given up. The new protective structure
has already covered the museum building.

1700 years old mosaics were uncovered, they have been so far under the sand, and
finally made available to the public. 80% of mosaic floors are available to visitors. All
mosaics located in the villa are presented and all the elements of architecture together with
underfloor heating systems are available in several rooms. The visitors can now for the
first time also see one of the most beautiful mosaics located in Stibadium, 72m? of area.
Construction of this protective structure has greatly contributed to the popularization of
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this site. Visitors to Ni§ have recently been able to enjoy all the beauties of the
archaeological site of Mediana. Under the protective structures numerous meetings,
lectures, visits of domestic and foreign experts were held. Mediana is now available to the
public.
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COLONIA ULPIA OESCENSIUM /OESCUS/ TEMPLE OF FORTUNA -
ANASTILOZA, RECOVERY OF ARCHITECTURAL MEMORY

Arch. Julii Farkov'
Arch. Viadislav Kolarov’

“F-DECO’Ltd, city of Kjustendil
., The art of memory works with imaginative spaces,

The culture of memory — with signs in natural space”
/Jan Asman/

Abstract: Twenty six meters of two double-breasted latin building sign with
traditional font ,, capitalis monumentalis *“ in the fields of eleven frizarhitravs from
Corinthian architectural order of the southern portico towards dekumanus maximus ,read
and precision dated by prof.dr.Theofil Ivanov, come us back towards strong years of
rebuilding the temple of Fortuna — 190-192 year at the time of roman emperor Avrelius
Komodus Antoninus Augustus /180-192/. The temple is situated in the southeast end of
Forum architectural ensemble of Ulpia Oescus and its southeast facade is open towards
the main street— dekumanus maximus. Porticos of three sides are forming peristil around
big inner yard,built with stone plates. The real temple is buit on podium with four column
portico, celle and preserved marble statue of the Godess of Lucky fortune. The
architectural research and the project for comservation, restauration,anastilosa and
socialization, in general, is based on exhaustive catalog from 293 architectural fragments
with monumental plastic decoration,stilometric analysis analogues, comparative analysis,
research of proportions, facilities and properties of architectural composition, refers to
the place of the monument in the scale of linear time. A long way from artefacts towards
modelling the first image,towards decoding of creative efforts and excitements of
Ancestors, of architectural creation — scene of everyday life on generations and
vicissitudes of Fortune!

Colonia Ulpia Oescensium /Oescus/ is the biggest antique city from the Roman
Empire in today Nortern Bulgaria, placed in the country area Dolna Mizia on the right
bank of the river Danube /Istros, Hister, Danubios, Danuvios/. The beginning of the city
tradition is established with the revealed relicts of the Thracian invasion of Tribaldi from
the late Bronze age and Early iron ages ,the permanent war camp of IV Scythian legion
/first half of I century/, of V. Macedonian legion /I century and from 271 AD till the end
of IV century/, and from the near camp village of veterans /roman citizens, free people and
slaves/ - canabae. Raised up in a rang of Colonia in 106 year after Dakian wars with
administrative reforms of Emperor Marcus Ulpius Traian /98-117/ like a main structural
element of the defense system of Danube limes of Roman empire. [2]

Oescus is main structural element, sector of the first defensive line of Danube limes,
placed between Hemus /Stara planina/ and river Istros, build up of network horizontal and
vertical military strategic and communicative roads, and supportive spots — war camps of
the legions, castels and ali, kohorts and supportive wars units, burgi and frurii, road
stations — mansio and mutacio, fortified villas and villages of veterans, ranked according
the cannons of the Roman fortification and strategy of defence. Oescus marks crossroads
of the neardanube road /road and sea/, that connects all villages on the right bank of river

! Julii Farkov, Architect, “Dimitar Granchsrov”str., City of Kjustendil, e-mail: f deko@abv.bg
?Vladislav Kolarov, Architect, Parizka komuna” str.. city of Kjustendil., e-mail: vladislav.kolarov@abv.bg
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Istros from Singidunum /today Beograd /till its delta, with roads Filipopol —Augusta
— Meita - Oescus through Trojan pass — connections of Danube road with the Central road
/Singidurum-Serdica-Filipopol-Adrianopol-Bizantion for Anatolia/, so as a comfortable
place for crossing the river Istros for Sukidava /near today village Chelei near Korabia
/Romania/ and Dakia.

The position of Colonia Ulpia Oescus in country Dilna Misia is reproved in the time
of emperor Konstantinos the Great in 328 year. With the building of Konstantinos bridge
above river Danube on the road of White sea and Tracia towards open spaces of Dakia and
the treasures of Karpati mountains. The bases of the bridge are registered by Luidgi Marsili
at the end of XVII century.

In relief from Arc de Triumph in Benevento, Italy, raised up in honor of the victory
on daki tribes, is modeled the realization of standards /flags/ of the five cities, honoured
with the father’s name of the emperor —Ulpii in 106 year, among that nis Ulpia Oescus. [3]

Oescus forum is distinguished creation of roman city planning with three temples
of Capitolia triada — of Jupiter Optimus Maximus, Junona and Minerva, area with three
monumental gates, kuria /local senate/, citizen bazilika /basilica civilis, forenzis/ with
universal functions — bazar, tribunal, common citizen meetings, with build up area 1,8
acres. In the sacral geometry of the forum architectural ensemble avgury and agrimensory
are coded the birth date of the roman emperor Mark Ulpius Trajan — 18 september, in
traditional tracing of the base axis — decumanus /east -west/ and cardo /north-soth/, of
fundamental coordinative system, established by the movement of the sun [4]

In the southeast end of forum architectural ensemble, tangered by dekumanus
maximus — the main street of the city in east west direction, is placed the temple of the
roman goddess of Lucky fortune — Fortuna, sky protector of the Ancient city.

Colonia Ulpia Oescus Oescensium — spacious lined mown meadow... and few
archeological windows with hundreds faned from lichens and mosses white stones
architectural fragments, recumbent in the chaos of ruins. Unploghed celery of opportunities
in this stoned in misery heaven part of modern Bulgaria near lush banks of eternal Iskar
and Danube!

Route! Participation in a project for European programme for transborder
cooperation for development of cultural tourism Bulgaria — Romania, that included
investment project for conservation, restauration, anastilosis, exhibition and socialisation
of the temple of Fortuna,that entirely is based on results from archeological research of
scientific team from National archeological institute and museum at Bulgarian Academy of
science and Regional historical museum — Pleven with research guided prof. dr. Teofil
Ivanov.

The beginning! Detailed catalogue of revealed 293 architectural fragments,
stilometric analysis of architectural structures, architectural research due to method of
mental reconstruction, based on the results of interdisciplined team, to space and time
connections between separated artefacts, tracks of building up and ruins. Building up of
architectural vision in the spirit of Place and Time!

Architectural reconstruction stands on the border between results of scientific work
of interdisciplined team and the project for coservation, restavration, anastilosis and
socialisation. Corrective of hypothesis for reconstruction of first image in the structural
analysis, comparative analysis, analogues, metric analysis, measuring of proportions, tools
and features of architectural composition, due to place of the monument in the cliff of
linear historical time! One long way from the artefacts towards the very first image,
towards decoding of creative efforts and excitements of Ancestors, processes of building
up, destructions, rebuilding of architectural demand, scene of everyday life and vicissitudes
of Fortune!
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Architectural research:

Architectural ensemble of temple of Fortuna is built up of four main objects:

A/. South gate with two lined latin iscription towards decumanus maximus
B/. Peristyle yard

C/. Base temple

D/. Facilities in the north part of the yard — warehouse

A/. South portico has rectangular plan with length 28,80 m and width 4,70 m. The
south side towards dekumanus maximus is limestone monolite colonnade from 12
columns with entrance in the middle, released outside towards the street. North wall of
portico, with width 90cm is built up with double face kvadrova masonry and emplekton
with crushed stones, coupling with mortar and pieces of crushed bricks Krepidona was
lined with rectangular limestone plates.

Twenty six meters of double-breasted latin constructional sign with traditional font
»capitalis monumentalis® in the fields of eleven frizarhitravi of Corinthian architectural
line of the south portico towards dekumanus maximus, read and precision dated by prof.
dr. Teofil Ivanov comes us back in the strong years of upbuilding the temple in the time of
roman emperor Avrelius Komodus Antoninus Augustus /180-192/. With the decision of
Roman cenate name and titles of the emperor are erased after 31 Decemberl92 year —
,damnacio memoria” —,,a curse of mind” in the whole Roman empire. In the constructional
sign of the temple they are damned clumsily, that afford inscription to narrow the dating of
upbuilding in narrow time frames from 190 — 192 year.

One detail from art order creates work hypothesis for dating finishing works on part
of relief to frizarhives of peristilium and apart of south fronton in the real temple with two
goddesses of victory — Victories, holding lavrov crown, that are different strongly in
quality of realisation and art value. It is possible, that these reliefs are entrusted on
mediocre stonecutters after attempt on the emperor, who have submitted and damning the
names and titels on the mentioned building sign, as well as on the column, fallen apart on
three parts on the ground of dekumanus maximus from the opposite portico of pretorium.
This assuming the final completion of temple of Fortuna according to 193 year in the time
of political destabilisation in the reign of emperors Pertinax /I — II1.193/ and Didii Julian
/I - V1.193/, prelude towards establishing the absolute power above Rome from Septimii
Sever /9.VI1.193 —4.11.211r./.

Elements of Corinthian architectural order:
a/. Krepidoma (podium) — Stereobat (stripe fundament) is wide 215 cm and deep
310 cm. The distance from road line till south wall of temenossa i1s 705 cm. The

whole hight of krepidoma is 118 cm.

b/. Silobat-rectangular limestone plates with width 70 cm and width 30 cm, that
step on stereobata and are base of antique base.

c¢/. Column:
e Base with hight 27 cm, atique type, made by limestone. Plinta 63x63 cm.

e Body of the column with hight 350 cm. Lower diameter — 53 c¢cm, upper diameter —
43,5 cm.
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e capitel, corinthian, column with hight

62 cm, diameter 44 cm. Slimness

62:44=1,41.

d/. Antableman :
e frizarhitrav with high 69 cm. Double-breasted building sign on the frieze on the

whole south colonnade of dekumanus maximus is in the base of reconstruction of
architectural fragments on frizarhitravs on south portico.

I row:

BlockNel: [[IMP.CAESARI M. AVRELIO COMMO
Block Ne2: DO AVG. PIO FELICI SARMATICO

Block Ne3:  GERMANICO MAXIMO BRITANNICO
Block Ne4:  PONT.MAX., TR.POT.XV, IMP VIII

Block Ne5:  COS VI, P.P.DIVI MARCI

BlockNe6: ANTONINI PII GERMANICI, SARMATI FIL.,
BlockNe7: DIVI PII NEPOTI; DIVI H

Block Ne8:  ADRIANI PRONEPOTI, DIVI TRAI

Block Ne9:  ANI PARTHICI ABNEPOTI, DIVI

Block Ne10:  NERVAE ADNEPOTI ]] [GNAEO SU
Block Nel1: ELLIO RVFO, LEG AVG PR. [PR.PROV.]
II row:

Block Nel:  [MOESIAE INFERIORIS ......... ]

Block Ne2: [ ]

Block Ne3:  [............ II VIR] Q.Q. COL. ET M.C......
Block Ned: [ ] LVS DEC.
Block NeS5: [ 1,

Block Ne6:  PRAEFECTI ET PATRONI COLLEGI FABROR.
Block Ne7: OB AMOREM PATRIAE ET C

Block Ne8:  [IVIVM TEM] PLVM FORTVNAE A SOL
Block Ne9: [0 CVM PORTICVS ET COLVMN]

Block Ne10: IS ET STATVIS LOCIS EM [PTIS OM]
Block Nel1: NIQVE INPENDIO SVO FE [CERVNT].

In Bulgarian the sign claims:

I row: ,,To emperor Cesar Mark Avrelius Komod August, Pius, Felix, Sarmatik, Germanik
Maxim Britanik, suprime leader, tribune for 15-th time, emperor for 8-th time, consul for
6-th time, father of the fatherland, son of divine Markus Antonius Pius Germanius,
Sarmatik, grandson of divine Pius, grand grandson of divine Hadrian, grand grandson of
divine Trajan Patrik, grand grandson of divine Nerva, when Gnei Suelii Rufus was rulling
the country.

II row: Lower Misia ............. [ i [, duumvir kvinkvenal of the colony and
Matk K /..o, lus dekurion/ ..................... prefects and patrons of
association of craftsmen, due to love towards the country and citizens built up the temple
of Fortuna from bases with porticos, columns and statues on bought lands entirely by their
own assets.”

e cornice — h=37 cm with adhering palmets of simata

e/ the entrance towards the southern portico is issued on 0,75m, south of the fagcade of
the portico. It is consist of four columns, as the frontal two steps on limestone postaments
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with the hight of 86 cm. Between them were placed three steps with average hight 28,33
cm and width. Frizarhitrav above the entrance is destroyed on four fragments with whole
lenght 2,975 m. Behind side is consist of two parts, as well as upper part has a bed
(0,33x0,15 m) for cassette ceiling above the entrance. Rectangular plate of the cassette
ceiling is with reconstructed length 220 cm, width 64 cm and thickness 23 c¢m, secondary
made up from reused frizarhitrav. In the both cassettes are modelled heads of Meduza, and
in the middle a head of bull.

g/. Triangular fronton above the entrance
e Timpani consist of three blocks. Middle block has a form of pentagon with length of

the base 1,93 m and hihgt 0,73 m. Fronton is lined with so called rider and pedestal
for statue or akroterii.

h/. Covering facility with teguly and imbriks, finishing with artefacts on cornicrs.
1/. kalimata — stone cassette ceiling above south entrance.

Metric analysis:

Ik — interkolumnii — 211lcm 181cm

Ax —wheelbase - 260cm 230cm

D —lower diameter of column - 53cm

D —upper diameter of the column —  43,5cm

KH —hight of column — 439cm

AH —hight of emblem — 106cm

PH —hight otkrypydoma —  118cm

OH — hight of colonade — 663cm

d:D —conicity of column — 43,5:53=6,566:8

D:Ik —attitude between thicknessof colonnade and width of the hole —
53:211=1:3,98 53:181=1:3,415

D:KH —value of colonade — 53:439=1:8,28

PH:KH —attitude between foot and hight of column — 118:439=1:3,72

From east and west portico is formed with two intercolumns and palistrov transition
towards south wall of temenos. In the architectural reconstruction of the entrance of portico
are shown results from research of roof wooden construction, based on the tracks from the
beams on existing frizarhitravs and cornice.

B/. Peristyle yard — has rectangular plan with sizes 29,70x19,80 m with
longitudinal axis, oriented north-south, with deviation 24,18° towards northeast-
southwest. Paved with limestone plates, where are fallen architectural fragments from
order of colonnade porticos and the temple. Three masonary canals near east, south and
west three stepped podii of yard lead atmospheric waters towards central canal of
dekumanus maximus .

Porticos of peristyle yard:

Placed on the three sides without northern — monument colonnades in Corinthian
style. Wall plates of porticos were paneled with thin white and grey marble plates with
profiled marble sockets and cornices.

Elements of architectural order:
a/. krepidoma (podii) with hight 59 cm. Stereobat has width 130 cm. Width of west
portico is 350cm.
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b/. column
e athic base with hight 27 cm

¢ body of column with hight 350 cm
¢ Corinthian capital with hight 62 cm

c/. antableman
e Frizarhitravs with hight 69 cm, with heads of bulls and garlands, and plastic symbols

between them. Each frizarhitrav block has Sofitel ornament with plant motive.
Relief images above garlands (sertae) are reflection of everyday life, nature and
religion.

Solving the problems of southern portico of peristil is connected with architectural
reconstruction of middle field, underlined in hight with triangular fronton between axis 7
and 8.

e Cornice with hight 37 cm with ligature palmets

Porticos are covered with onelevel roof. Along the longitudinal axis of peristalic yard
above southern portico, entrance is marked with triangular fronton.

Metric analysis:

Ik —intercolumnii — 200cm 167cm

Ax —wheelbase - 249¢cm  216cm

D —lower diameter of column - 53cm

D —upper diameter of column — 43,5cm

KH —hight of column — 439cm

AH — hight of antableman — 106cm

PH —hight of kripidoma — 59cm

OH —hight of colonade — 604cm

d:D — conicity of colonade — 43,5:53=6,566:8

D:Ik —attitude between thickness of colonnade and width of the hole —
up53:200=1:3,77 up53:167=1:3,15

D:KH — slimness of column — 53:439=1:8,28

PH:KH —attitude between foot and hight of column — 59:439=1:8,28

C/. Real temple — situated on 12,30 m from stilobata of southern portico of peristilic
yard (till first step of monumental stairs). On the level of cript longitudinal walls are
thick in 2,10 m, and the northern side 1,55 m. Built up by limestone quadras and only
the sheets of southern entrance are with mixed masonry (opus mixtum) with two and
three rows of roman bricks. The construction of ceiling of kripta is with cilindric arck,
that holds the floor of paranaos and celle.
a/. Kripidoma (podii) — celle and the open hall-pronaos are placed on a common
podii with hight 216 cm (from the ground of peristaltic yard). The difference in the
levels is overcome with 9 steps 37,7/24 cm, as a part of the first two steps are
preserved on the place. Parameters of podium prissume portico with 4 columns —
tetrastyle.

b/. column
e base athic type with hight 28,5 cm
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e body of column with hight 385 cm, with lower diameter 57 cm and upper
diameter 47 cm

e capital, romancorinthian with hight 66,5 cm

¢/. antableman
o Frizarhitrav with hight 79 cm and plastic decoration on the frieze with

eroses and garlands /formind inner corners/

. Frizarhitrav with hight 79 cm,without plastic decoration on the frieze, with
a bed for cassette ceiling, is replaced on the right wing of the west fagcade of the
temple

o Frizarhitravs with hight 79 cm and plastic decoration on the frieze with
heads of bulls and garlands, with a bed for kalimata or girder — whole lenght 17 m

. Cornice with hight 40 cm, with ligature palmets on simata

d/. southern fronton, on the frontal fagade on the real temple - central part of timpan
is with pentagonal form and with length 1,72 m, maximum hight 1,47 m, width 0,60
m. Decorated with two flying Victories (goddesses of Victory), holding lavrov
crown (d=1,33 m), where is situated umbo on shield (d=0,73m). On the top of
cornice is situated so called ,,rider” and postament for acroterii or sculpture

- both corners of fronton were lined by postaments and acroterii with hight 1,02 m,
base 0,82 m and thickness 0,18 m

- door towards celle of the real temple — preserved are sheets, decorated with kima
and astragalli. On the bottom of celle is raised the statue of Fortuna, that today is
placed in the exposition of National Historical Museum - Sofia.

e/. northern fronton, preserved are fragments from timpan and acroterii

Achievment of architectural research of the architectural order of the temple of
Fortuna, and more-specifically on outside and inside architecture of celle, is discover and
research of frizarhitrav — frizcornice, with plastic modelling on frieze with eroses and
garlands, finished with a head of ram (northeast corner of open hall).

Metric analys:

Ik — intercolumnii — 234cm  187cm

Ax — wheelbase — 177cm  130cm

D — lower diameter of columnmonen - 57cm

D —upper diameter of column — 47cm

KH — hight of column — 480cm

AH —hight of antableman — 119cm

PH — hight of podii — 216cm

OH — hight of colonade — 815cm

Ax:KH — proportion of thythm of columns — 177:480=36,88%  130:480=27,08%
KH:AH - attitude between hight of column and antableman —
480:119=24,79%

D:Ik — attitude between thickness of column and width of hole —
57:234=1:4,11 57:187=1:3,28
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D:KH — slimness of column — 57:480=1:8,42
Elements of architectural order of interior to celle (naos):

a/. socket, cladding, marble with hight 20 cm. Probably with such kind of hight,
suppose to be and lower part of postament of cult statue of Fortuna.

b/. wall plate, cladding with marbel plates, with hight 369,5 cm

c¢/. horizontal streak with one row akant leaves, capital, that crowns the wall plate,
with hight 40 cm — element of monolite block of capital - arhitrav

d/. arhitrav streak with hight 265 cm

e/. frieze with heads of bulls and garlands with hight 23 cm

g/. Cornice with ligature palmets of simata — hight 35 cm, after that follows a bed of
girder and decoratyive ceiling with whole hight 514 cm

D/. Facilities of temple architectural ensemble
e inside sizes 26,50 M x 4,7 m under common roof. Their purpose is
monstrance.

The project of conservation, restauration, anastylosis and socialization
presumes:

e research and conservation of canal system of peristile yard, dekumanus
maximus and the two tangiraci kardines from east and west ot temenos.

e partly rebuild and nivelation of the original street ground from
limestone plates of dekumanus maximus and both kardines

e conservation and rebuilding of the steps towards krepidoma (podii), as
well as the ground of lime stone plates of portico

e anastilosa of existing architectural fragments of Corinthian order of
portico, to part of roof construction and roof covering. The beds of
beams in the back side of frizarhitravs define their sections.

e Conservation and rebuilding of sacred threshold, the sheets of entrance
gate of the temple towards inner yard space through anastilosa of
original architectural fragments.

Anastilosa of Corinthian architectural order of colonades porticos of
peristelium to base on preservation original fragments — base, body of columns,
frizarhitravs, cornice, as well as on the elements of the entrance with triangular fronton

¢ rebuilding of fragment in the roof construction and covering with teguli

imbrics and antefix in existing model in the southeast part of temenos,
where is presumed to be placed museum trakt with lapidarium,
multimedia information stellas, places for visitors, protected from
harmfulll atmospheric influences

e rebuilding of ground with limestone plates in peristalik yard and three
stepped podii of porticos
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e conservation and restauration of brick wall of temenos with two faced
quadra masonry

e partly anastilosa of portico of pronaos in the temple with monumental
triangular fonton with original timpan with plastic disk and flying
Victories holding lavrov crown, as well as frizarhitravs and antov
capitals.

The temple of Fortuna has lived two earthquakes — political, with the change of
religious doktrina — monotheism, christianity, and probably an earthquake with epicenter
,»Vrancha” (today Romania), proof for the last is the place of architectural fragments in the
frames of themenos — deintergration of architectural language. After ,,God intervention”
recumbent architectural fragments are buried and we are witnesses of continuity and
development of cult place. On the temenos and cellae — the real temple as contra mark is
built up Christian church. This way the temple of Fortuna, of the Lucky fortune is
preserved from the fads of Fortune. The analysis of the architectural masterpiece, whole
or in ruins, on one architectural text is ,,Elite activity, protected from cosy alibi of specific
/Rolan Bart/. The imagination of sign. C.1991. c.442 ,, , visible, obvious ! But to finish
second way, the way towards spirit universe of Ancestors, Fifth demention of Place and
Time, Time and Number, to skip dimentions and overlive woken nights of Creativity,
giving a birth of ideas, curiosity, creative inspiration, imagination, intuition, is purely
human and criminal saga of Theatre of Mind!

Space, Time, Numbers!

The space, that we catch through our imagination, is not insignificant space that is
used by the measures and the mind of geometry /agrimensor/. It is a space, that is living.
And it is not in its positivness, but with all preferences of imagination/ Gaston Bashlar/.
Poetry of the space Sofia 1988, C. 34/

Anastilosa of distructed architectural fragments — words, phrases, discursors of
archaic architectural text in researched reconstructed architectural novel with only new
easthetics, lighten up by the nostalgic taste and poetry of ruin, from one unfinishness of the
sense , measured enigma, that provokes movement of imagination and overwhelming
desire for overbuilding of knowledges for relics on cultural memory of blessed Bulgarian
land!
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1. Colonia Ulpia Oescus-Plan of the city
2. Colonia Ulpia Oescus-Forum-Izumetriya

3. Temple of Fortuna, Forum, Reconstruction 4. Temple of Fortuna Peristilic yard-Perspective

5. Colonia Ulpia Oescus — aerial photo
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6. Colonia Ulpia Oescus- Plan of layout 7. Temple of Fortuna-South

to arcitectural fragments entrance with sign-Vertical section
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8. Temple of Fortuna — plan and sections
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10. Temple of Fortune- Plan.Sections
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11. Temple of Fortuna-South entrance with 12. Temple of Fortuna-South entrance with sign-
sign-Plan-Spotlights-Plan of arhitravs Vertical section
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100 cm

13. Temple of Fortuna-South entrance- 14. Temple of Fortune-South entrance with sign
Architectural reconstruction
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15. Temple of Fortuna.View from south.Archeologicai research

16. Temple of Fortune-southern portico shilouette towards dekumanus maximus-Archeological research
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17. Colonia Ulpia Oescus.Temple of Fortuna
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18. Temple of Fortune.Plan
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19. Cross section-view towards the temple of Fortune
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20. Temple of Fortune - Peristalic yard

254



MEXIYHAPOJHA HAYYHA KOH®EPEHIIUA BAHN’2016
INTERNATIONAL SCIENTIFIC CONFERENCE BASA'2016

APTOXTYIRI0 KA QRIS
RUITICTURAL STUY

TEMPLVM FORTVNAE
-

© powmen omon Huses $oparta | Grophi des Hille Fucboen

R o

;” Sus m’ilm )

1

© 6 6 6 o o6 o 6 o6 e o
21. Temple of Fortune-South portico-shilouette towards dekumanus maximus

T,
AR EE

~ o L, &
O Sttt L sucad Dy o ETG ORI,

" ]mé- -'-".,"v‘"_“’ _4.’ |

23.Konstantin bridge-Design
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QUALITY ASSURANCE DURING RECONSTRUCTION OF THE OLD
BRIDGE MOSTAR, UNESCO HERITAGE

Damir Zenunovicl, Kenan Mandzicz, Adnan Ibrahimovic® , Enver Mandzic*

Faculty of Mining, Geology and Civil Engineering, University of Tuzla, Bosnia and
Herzegovina

Abstract:

The Old Bridge Mostar was demolished in the recent war, in September 1993. The
city of Mostar signed an agreement of financing the reconstruction of the Old Bridge
with the World Bank in 1997. The project was included by UNESCO. The
reconstruction of the Old Bridge finished in 2004. The reconstruction was a
challenge for engineers because of a mix of demands of the modern civil engineering
and the traditional way of construction. Some execution details were given in the
paper. The paper presents the overview of quality assurance plan and specific tasks
during reconstruction of the Old Bridge Mostar with the aim to presents some
experience and challenges of reconstruction UNESCO cultural heritage, which was
completely destroyed.

Key words: demolishing, investigation, reconstruction, quality assurance

1. Introduction

The development of building bridges in Bosnia and Herzegovina began with the
arrival of the Turks. Ottoman Empire declares state interest of building bridges, which
leads to expansion of construction. In particular it can mark off the sixteenth century, when
they built the largest and most important bridges. In this period all bridges were built of
stone and wooden bridges. Wooden bridges are not preserved, because of their durability
and they are only data based on stories that are transmitted for generations. The most
significant bridges of this period are the stone arch bridges: Mehmed Pasa Sokolovic
Bridge in Visegrad, built by Koca Mimar Sinan in the period from the 1571 to 1577, Goat
Bridge, near Sarajevo, the bridge at the mouth of Zepa, Arslanagica bridge in Trebinje, the
bridge in Plandiste, Seher-cehaja bridge in Sarajevo, the Latin bridge in Sarajevo, Old
Bridge in Konjic and Podgradska bridge in Stolac built in the sixteenth century.The most
famous is Old Bridge in Mostar, which is located in the old part of Mostar, listed on
UNESCO's World Heritage List (Fig.1).

! Damir Zenunovic, PhD, Univerzitetska 2, 75000 Tuzla, Bosnia and Herzegovina, damir.zenunovic@untz.ba
? Kenan Mandzic, PhD, Univerzitetska 2, 75000 Tuzla, Bosnia and Herzegovina
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'_“.
ge in Mostar (used with www.mircorp.com)

Fig. 1. Old Brid

"Old Bridge" on the Neretva River in Mostar was built in the period from 1557 to
1566, and to this day represent a symbol of the city of Mostar. The bridge was built by
Mimar Hajrudin Aga, a student of the greatest Ottoman architect Koca Mimar Sinan, and
by order of Sultan Suleyman the Magnificent. The bridge was built of limestone with the
abutments in rock. Abutments are 6.53m from the summer water level of the Neretva
River, and at that point is the span 28.70m with an arch arrow12.02m (Fig.2).
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Fig. 2. Cross-section of Old Bridge in Mostar (used with www.avlija.me)

The thickness of the arch at the crown is 77cm, a width of 397cm. With its
harmonious shape of the white stone arch over the green river and the unique atmosphere
in which there is "Old Bridge" is a centuries impressed observers from around the world.
Unfortunately, the "Old Bridge" was demolished in 9th September 1993, during the recent
war. The city of Mostar has signed an agreement on financing the reconstruction of the Old
Bridge with the World Bank in 1997. The basic requirement was to build the bridge with
same material as was built five hundred years ago. The project was included by UNESCO.
Special attention was given to creating designs for the reconstruction of the bridge.
Selection of appropriate scaffolds for the reconstruction of the bridge was given special
attention. Selected heavy metal scaffolding of the elements of a massive structure, which is
support on temporary cantilever of concrete columns, which were later removed (Fig. 3).
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The opening ceremony of the reconstructed Old Bridge and Tower on the banks of
the river Neretva was on July 23rd, 2004. After expending great effort and knowledge of
all participants in the reconstruction of old (new) bridge has excelled in all their glory to
the delight of Mostar's citizens and many visitors from around the world (Fig. 4).

.

Fig. 4. New Old Bridge

In this paper were presented some directions for preparation and application of
Quality Assurance Plan (QAP) for such specific reconstruction, accompanied the
requirements of the standards EN ISO 9002 [1] and EN ISO 9003 [2]. The QAP should
include an organizational diagram, description of jobs, information on the distribution of
responsibility and authority, and description of internal working relations between the key
personnel. Here is presented overview of the Plan.
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2. Reconstruction procedure

Detailed and all-including visual overview of the structure is normally the first and
basic step, and also a condition for efficient and rational structure. Visually we can
preliminary observe the general structure state, as well as its weak «points», where
particular attention has to be paid. It is important to emphasize here that this particular
attention has to be paid to so-called weak points on objects which are of great importance,
due to avoid of great direct and indirect damage. According to detailed visual examination
it is needed to create a rehabilitation program, which should contain chapters as on figure
5. Details were described in papers [3] and [4].

| REHABILITATION PROGRAM|

[INVESTIGATIONS PROGRAM] | |  DESIGN PROGRAM |
Y
| QUALITY CONTROLPLAN | | ERECTION PROGRAM |

Fig. 5. Structure of rehabilitation program [3]

Scope and content of investigations program should assure the reliable mark of the
bearing structure state with aim of choosing and undertaking other measures of
rehabilitation program. The determined degree of structure damage represents the input
data base for making of economic analysis justification of structure repair.

The bridge is built from Eolithic limestone of the local name ,,Tenelija®, used for
voussoirs, cornices, spandrel walls, parapets and repair of the walls. ,,Tenelija* was
obtained from the quarry Mukosa, south of Mostar (Figure 6a). ,,Tenelija“ is local oolitic
limestone with uniform grains (visible grains), whitish ebony color, or light and warm
color, with compressive strength most often from 20 to 26 MPa (Figure 6b). For the
reconstruction was used the same type, color and resistance as the old one which was
originally used for construction of the bridge, most probably extracted from the same
quarry where the original old stone was extracted (Figure 6c).

Fig. 6: (a) Quarry Mukosa; (b) Oolitic structure of ,,Tenelija®; (c) ,,Tenelija“ blocks for the
reconstruction of the bridge

The arch blocks were connected with iron dowels, poured with led connecting the
structure in such way (Figure 7). Also, the blocks were connected with the iron cramps on
the extrados, which are again poured with led. Bind between the stone blocks was
traditional lime mortar. Pavement of the bridge was constructed from the hard marble
limestone, which becomes polished through time. The pavement was placed in layer of red
soil (terra rossa) and lime, so called Turkish insulation. The iron fence on the bridge, dated
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from Austro-Hungarian period, was renewed in accordance to the original receipts of metal
and building methodology, as well as dowels and cramps.

g

- A

—

Fig. 7. Structure of rehabilitation pr(;gram (used with www.litosonline.com)

Marble limestone was used for voids covers, repairs of walls, masonry filling and
pavement. The massive Eocene limestone blocks, rich in petrification of numulite and
alveoline which become visible due to walking causes its abrasion, was obtained from the
field Opine, southern part of Mostar (Figure 8). The limestone has compressive strength of
170 MPa.

e e

FALE 1 X w5
Fig. 8. The

Old ]:%ridge pavement

In this case the object is completely destroyed. The investigation program was
reduced to diagnose the condition of certain parts of the bridge structure and the individual
blocks. On this occasion, the remains of the bridge were removed from the river Neretva,
delayed on the coast and tested. Quality control was performed using echo method and
ultrasonic test.

The blocks was re-used if cracks was not obtained during visually and sonically
investigations. If damages were purely esthetical nature the authentic block was not
rejected.

Results of tests on site and in laboratory represent the input data for analysis of
preliminary and detailed technical documentation. In this phase of rehabilitation program it
can be influenced the most on the final sanation balance, and that is why very detailed and
study approach is important, including:
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plan.

Possible rehabilitation solution analysis and choice of optimum solution — it is
important to optimise the rehabilitation efficiency and rationality, but at the same
time design engineer should take care about the rehabilitation suitability
considering the aspect of rehabilitation material purchase and technical equipment
of the local firms for construction works;
Analysis of construction technology within the detailed documentation — if it is
possible and acceptable, the solution with flexible approach to construction
technology should be chosen during designing, i.e. such technology which enables
specific shifts during construction, without influence on work dynamics.
It is important to make construction works specification within the rehabilitation
In specific example of The Old Bridge rehabilitation following operations was

performed:

Removal of damaged structure (blocks);

Injection of cracked blocks and preparation of a new blocks from the same quarry
as the authentic blocks;

Execution of scaffolds structure;

Execution steps according to specific requirements for craft works procedures used
during construction of the original bridge.

3. Quality control plan
Contractor should establish and maintain an appropriate Quality Assurance (QA)

System for rehabilitation works. Quality Assurance Plan (QAP) has to be submitted to the
Project Manager-Supervisor for approval. During the performance of the works, Contractor
produce documentary evidence proving that the QA System is respected and that consistent
and required quality of works is ensured. Quality Assurance Plan include an organizational
diagram, presented in figure 9 [5].

EXPERT CONSULTANT FOR

MANAGER OF INTERNAL
CONTROL WORKS

MATERIALS AND WORKS

ASSISTANT TO THE MANAGER
FOR LABORATORY TESTING
OF SPECIAL CHARACTERISTICS

ASSISTANT TO THE MANAGER
FOR "IN SITU"
LABORATORY TESTING

ASSISTANT TO THE MANAGER
FOR LABORATORY TESTING

CENTRAL LABORATORY

V

SITE LABORATORY

CENTRAL LABORATORY

Fig. 9. Organizational chart of a team for internal quality control [5]

Contractor appoints a senior person to the position of Quality Assurance Manager.
He is authorized to liaise with the Project Manager-Supervisor in any quality assurance

matter.

The Quality Assurance Plan must as a minimum include:
— Note about the Site organization;

— Book of procedures that defines the execution of tasks;

— Documents for follow-up of the execution of the Works by the Contractor;

— Quality control Plan.

The quality control of materials has to be conducted in the way presented in figure 10.
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QUALITY CONTROL OF MATERIALS

INTERNAL CONTROL 1 1 PROOF CONTROL | 1 EXTERNAL CONTROL |

Obligation of a Contractor (own expense) Authorized organization at Contractor's expense Project Manager - Supervisor

Fig. 10. Quality control of materials

The Control Plan must include:

Definition of control sections;

Specification of the internal control measures and list of all required quality control
documentation;

Description of hold points that need to be inspected by the Contractor within the
scope of the internal control and within the scope of the external control;
Identification of type and number of tests in each control sections;

Description of sampling and testing methods;

Description of the Contractor's responsibility for the conduct of inspection,
sampling and testing and for the assessment of testing results;

Description of reporting procedures and of the report format.

The Quality controls presented on figure 10 include:

Control of basic components,
Production control,

Quality compliance control,
Control during execution,
Control after execution.

The control of the basic components relates to the following:

Tenelija for for voussoirs, cornices, spandrel walls, parapets and repair of the walls;
Limestone for voids covers, repair of walls, masonry filling and pavement;
Conglomerate for repair of masonry walls and masonry filling;

Lead for sealing dowels and cramps;

Metal for cramps and dowels;

Laying mortars and mortars used for filling;

Wearing course under pavement;

Mortars used for the joint;

Grout mixtures for injection of masonry walls;

Products for injection of micro cracks in voussoirs;

Basic components for mortars such as limes, sand, gravel, additives;
Products used for the patina.

Production control includes all testing that needs to be conducted during the

production of different mortar types and grout mixtures. Production control must to be
done at the Contractor's expense. If the material is produced at the construction site, the
control is done at the location of the batching plant or grout mixer.

Quality compliance control takes place upon the completion and approval of the

production control test by the Project Manager-Supervisor. Quality compliance control
consists of carrying out specific tasks under the conditions of real execution in order to test
the procedure, assess the conditions of execution and possibly improve them.

Quality compliance control includes the following:

Definition of procedures for the course of the execution of specified tasks;
Agreement on the control testing (during and after the execution) and the execution
of the tests;
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— Definition by the Project Manager-Supervisor of the hold points;
— Tracking of events in the course of the Works execution;
— Preparation of testing reports;
— Preparation of conclusions, recommendations and corrections of the procedures for
the purpose of the execution by the Contractor;
— Acceptance by the Project Manager-Supervisor.
The following quality compliance tests were done:
— Assembling of the arch;
— Pavement (new and restoration);
— Injection of the masonry walls;
— Repair of the walls, ashlar walls and its cornices;

The control during the execution encompasses all visual, in situ and laboratory
testing which will be carried out by the Contractor and approved by the Project Manager-
Supervisor during the execution of the tasks.

It includes more specifically:

— Control of the respect for tolerances;

— Visual control and ultrasonic tests on ashlars during the Works on platform;

— Testing of laying mortars (mechanical characteristics, setting time, creep,
workability);

— Testing of masonry filling and its components;

— Testing of wearing course under pavement;

— In situ testing of grouting (inspection of boreholes, mechanical characteristics in
situ, permeability, endoscopy in boreholes).

The aim of testing after the execution of works is to guarantee to the Contractor and
the Project Manager-Supervisor that the objectives defined in Technical documentation
have been reached. If results indicate that the objectives have not been reached, the
Contractor will in agreement with the Project Manager-Supervisor and at his own expense
undertakes the appropriate measures or complementary works in order to meet the
objectives. The control after the execution mainly consists of visual inspection and control
of the geometry — intrados, positioning of the joints, level of pavement, level of cornices
and parapets. It also includes possibility of loading tests.

The Contractor has to establish site laboratory to carry out all the tests on the site that
are required in Technical Specifications. Installation and equipment of this laboratory, as
well as the technician who will be responsible for a correct execution of the tests, have to
be approved by the Project Manager-Supervisor. This laboratory must be fully accessible
to the Project Manager-Supervisor who will use it for the execution of his own control
tests. Final approval will be given by the Project Manager-Supervisor after trial period.
Quality control dates must be record and stored in digital and paper version.

4. Final remarks

Since the reconstruction of historical heritage is specific construction work, which is
regularly financially demanding, detailed plan for quality assurance is very important. The
aim of this paper was to present the experience of the elaboration of the quality assurance
system at the demanding reconstruction of the destroyed historical heritage. The
experience shows that systemic approach is necessary to achieve rationalization of
demanding and expensive construction work.
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Abstract: The aim of this article is to approach the reconstruction method of the load
carrying system particularly decorative column. The priority of the monument care
of the bearing steel structure in the greenhouse at the Lednice chateau was to protect
the greenhouse vegetation. For this reason, the special and complicated technologies
were chosen. The timing of the works respected the health of the vegetation.

First came the analysis of the actual condition of the monument and conservators
prospecting report. The preparation of the design documentation and conservators
project followed. In the second stage the monument care project was realized. The
structure of the greenhouse and its interior was reconstructed, then the exterior
reconstruction was realized. The final task consists in reconstructing the catacombs,
the burial place under the greenhouse.

The restoration of the Lednice greenhouse was awarded by GRAND PRIX prize of
architectural associations.

Key words: Monument care, Lednice Chateau, GRAND PRIX prize, greenhouse
bearing system

1. Introduction
The greenhouse at the Lednice chateau in the Czech Republic is part of the Lednice-

Valtice complex, a UNESCO monument. The structure, which was built in 1845, was
proposed by the architect Geore Wingelmiillerem on behalf of Alois Joseph II of
Liechtenstein. It is one of the oldest and largest historical greenhouses on the European
continent. The restoration was supervised by The Heritage institute in Brno. The company
OK-DESIGN, Ltd. was both the provider of the design documentation and the general
constructor, the authorized conservators were in charge of the actual reconstruction works.

The monument care process went in three phases. First came the analysis of the

actual condition of the monument and conservators prospecting report. The preparation of

" Assoc. Prof., Ph.D., Veveii 95, 602 00 Brno, Czech Republic, e-mail: bajer.m@fce.vutbr.cz
? Assoc. Prof., Ph.D., Veveii 95, 602 00 Brno, Czech Republic, e-mail: kala.j@fce.vutbr.cz

267



MEXAYHAPOIHA HAYYHA KOH®EPEHLIUA BAHN’2016
INTERNATIONAL SCIENTIFIC CONFERENCE BASA'2016

the design documentation and conservators project followed. In the second stage the
monument care project was realized. The structure of the greenhouse and its interior was
reconstructed, then the exterior reconstruction was realized. The final task consists in
reconstructing the catacombs, the burial place under the greenhouse. The final task consists
in reconstructing the catacombs, the burial place under the greenhouse. For this, the
documentation has already been prepared.

The priority of the monument care of the bearing steel structure in the greenhouse at
the Lednice chateau was to protect the greenhouse vegetation. For this reason, the special
and complicated technologies were chosen. The timing of the works respected the health of
the vegetation.

2. The chateau palm greenhouse — historical context

The history of cultivating foreign thermophilic plants in Lednice reaches back to the
17th century. The chateau in Lednice boasts many fascinating features that illustrate the
fame and ability of its builders, the Princes of Liechtenstein. The chateau itself ranks
among the masterworks of architecture. The palm greenhouse, however, is unique. The
Lednice-Valtice area, therefore, has quite properly been placed on the UNESCO List of
World Heritage Sites. In 1642 Prince Karl Eusebius of Liechtenstein (1611-1684) began to
built first know orangery. The orangery, described also in period literature, was the pride
of the Lednice garden.

In 1715 Prince Anton Florian of Liechtenstein (1656-1721) preparations for building
large wooden greenhouse with northern wall of masonry; it was built on the site of today’s
palm house. The orangery became an integral part of the presentational areas of the
chateau after 1817. Prince Johann Josef I (1760-1836) had a new wing designed by
architect Josef Kornhdusel (1782-1859) added to the chateau. The new arrangement
reduced the size of excellent transition area to the landscape park built not long before
(1805-1811). The orangery was repaired several times, and ceased more and more to
satisfy the requirements of the growing assortment of warm-climate plants. Prince Alois
Josef II (1796-1858) decided finally to tear the orangery down and build a modern
greenhouse. English architect Peter Hubert Desvignes started working for the prince in
1838, among other jobs, Alois Josef II entrusted him with the task of drawing up plans for
the renovation of Lednice chateau. Why Desvignes’ design was never realized is unknown.
Part of the plan — evidently a fragment of the overall plans — is on deposit at the Vienna
family archive of the ruling Princes of Liechtenstein. English construction principles, as
transmitted through P.H. Desvignes, were put to use in the new design, the author of which
was Georg Wingelmiiller (1810-1848). The plans for building the greenhouse date from
1843-1846. Wingelmiiller’s drawings of the layout, cross-sections, front view, and roof
structure, show the date 1843. The architect Poppelack implemented the plans without
major changes.

The first step (1842) was to tear down the Baroque orangery, the Temple of the
Muses, and the chateau theatre; the actual construction started in 1843 and was finished
in1845. In 1937 (date of design] the upper part of the structure was replaced according to
plans by Opava engineer K. Wiche. The elongated structure of the greenhouse is made to
point east-west. This is quite an interesting fact. That is how greenhouses with half roofs
are usually oriented, with the northern side formed by a wall, often of extra thickness, the
better to protect the greenhouse against the north wind and accumulate the sun’s energy.
All-glass greenhouses with ridged roofs like the Lednice greenhouse usually point north-
south, so that both sides are equally exposed to the morning and afternoon sun. Facing
north and south with the narrow and prevents passive cooling and overheating.
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2. Steel bearing system

44 load-carrying columns form the structure bearing system. The columns support
the half-cylinder vault made from steel ribs. Both columns and steel ribs form the arch
bearing system, the part of which is the glass tile cladding. The number of glass tiles is
approx. 65000.

The bearing columns are located in the interior in two longitudinal rows, the
longitudinal distance between them is 3900 mm, in the lateral direction 4300 mm, see
figure 1.
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(q STAGE | STAGE |
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| =
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Fig. 1. Ground plan with stages of reconstruction

As part of the conservator prospect, one column was extracted from the system and
mechanically divided. The shape of the decorative bamboo tree was respected. This
column (7072 mm high, octagonal shape footing) is bold anchoraged into the
600x600x400 mm marble block. The block is surrounded by brick deck with calcareous
plaster, see figure 2.
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Fig. 2. Column footing

The bearing column center is countersunk into the cast iron footing. The wrought
iron center is of circular cross section, its diameter is 72 mm, and the upper end head
serves as the connection with the vault, see figure 3.

The column head is hinge joined to the longitude truss girders. The center is cladded
by six cast iron members imitating the bamboo tree shape. The bottom shaft part is covered
by zinc banana tree foil; unidentifiable foils and flowers cover the head.The space between
the bearing center and the cladding was filled by gypsum. Wrought iron ribbing made by
smithing forms the half-cylinder vault bearing system. The distance between the double
ribs is 3900 mm, see figure 4. These profiles are fixed into longitude girders. In the bottom
side, they are anchored through the portal in the brick base.
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Fig. 3. Column detail

Fig. 4. Vault steel ribs section

The single ribs are put between the doubled ribs in the distance of 250 mm. The ribs
support cladding glass tiles by jigger and pin connection. The tiles prevent the ribs from
lateral buckling. In the lateral direction, the upper longitude girders are joined by the
timber cross member. This connection is made in the place of the double ribs. The timber
greenhouse loft structure lies in this system. The participation of each member can be seen
in figure 5.
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3. The rehabilitation of the load bearing column

Primarily, the greenhouse was used as the orangery. The plants grew in containers
and the columns stood freely in the air, not exposed to humidity and subsoil weight. When
the orangery was converted into a greenhouse, the subsoil was spread in a layer of the
height of up to 750 mm. Since the columns were not insulated from the subsoil humidity,
the water crept up through gypsum the whole column height, creating - together with air
humidity - conditions for the shaft and cladding corrosion.

After the columns were taken away from the greenhouse and replaced with
temporary supports, the cladding had to be carefully removed from shaft. The steel pole
was heated in a tempering furnace to loosen the rust and burn off the original filling
material. Then, the sleeves were gripped, and using a hydraulic device, an attempt was
made to strip them from the shaft. As the shaft and the sleeves were solidly bonded
together by corrosion, this procedure failed. For this reason, a reverse procedure had to be
used. The columns were submersed in a 10-15% bath of hydrochloric acid for 12 hours.
Afterwards, they were sprayed with water under high pressure, and stabilized. In this way,
the gypsum softened. Then the column was gripped and the bearing shaft was pushed out
in a horizontal direction and the undamaged cast iron sleeves were freed. Against the
primal theory, all shafts could be used without change. As the gypsum did not prove to be
a suitable filling material, it was substituted by a two-element epoxy laminate resin Ebalta
AH-110 with filler F-B (modified chalk). The resin has good mechanical characteristics.
The adherent is designed to be removable — in case of need the resin is heated to the proper
temperature and the sleeve is removed. After the corrosion was removed mechanically, the
original coat was blasted, galvanized, and four times painted by Hempel colors. Originally,
the material used to connect the sleeves was tin, now the sleeves were glued.

3.1 Non destructive experiments

Non-destructive experiments were applied on load carrying columns shafts in
Kralovopolska strojirna in Brno. The testing was done by the magnetic dust method and by
ultrasound. The magnetic dust method shows surface flaws, while ultrasound finds inner
flaws in the material. The magnetic dust method is founded on principle of the flow of the
magnetic field through material. In the case of damage to the tested material, the flow of
the magnetic flow is disrupted. The shape of the magnetic field in the tested material is
found by magnetic suspension (in this case water was used as the support medium, and a
concentrate as the electromagnetic material). The concentrate is colored with fluorescent
dye. While the magnetic filed is going through the tested sample, it is submersed in a
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magnetic suspension that copies the shape of the electromagnetic field, which is visible
under ultraviolet light. The size of the disruption shown by the magnetic suspension
corresponds exactly to the size of the disruption in the tested material. The electromagnetic
field was introduced into the test sample by a horseshoe-shaped electromagnet — type TS
230 S TESTIMA running on alternating current of 220 V. The detection element in the
magnetic suspension was type FLUOFLUX (TIEDE). Water as a support medium was
used because of its relatively harmless effect on the test sample. The purpose of the test
was to show that the test sample did not reveal linear cross indicators (faults) of more than
3 mm in length. The ultrasound waves were introduced into the test sample by means of a
B 2 SN probe, with a frequency of 2 MHz. The readings were taken on a USM 2 MT
(KRAUTKRAMER) instrument, the range of which was set at 100 mm. The purpose of the
test was to show that the tested sample did not reveal internal indicators (flaws) longer than
7 mm.

Fig. 6. Specimen for strength laboratory test

3.2 Numerical simulation

As a part of the project documentation “Monument care of the greenhouse” the static
analysis of a stand-alone shaft was made. Since the slenderness of this member (of the
length of 7072 mm) is too high, it was necessary to consider the participation of both the
iron shaft and the sleeve. In this way, the slenderness ratio is 200. We assumed that the
shaft is loaded by the axis force of 28,9 kN and that the cladding prevents the column from
buckling. The shaft damaged during the conservators project was replaced by the stainless
pipe 73/7.1.

The load carrying capacity was recalculated by the ANSYS program system. The
detailed model where the participation of each member of the column (shaft, sleeve, epoxy
laminate) was exactly defined. The anchoraging and the connection by the longitude girder
were also taken into account. This control calculation approves the statical reliability of the
columns in the greenhouse at the Lednice chateau.
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4. Conclusion

The greenhouse is a very special structure requiring great efforts in creating an
interior microclimate. The primary task of the greenhouse is to protect the plants against
the negative effects of the exterior environment, and provide optimum conditions for
growth. For this reason, the special and complicated technologies were chosen. The timing
of the works respected the health of the vegetation.

The restoration of the chateau greenhouse in Lednice may for many reasons be called
a unique event both Czech and world monument preservation. Above all it was
extraordinary standing of the greenhouse among other structures of its kind from the
historical and technical aspects, and the maximum effort devoted to preserving its
authenticity on the creative and material level, which compelled everyone who took part in
its restoration to search for new solutions to its problems, and select the best of them. All
work was undertaken with consideration toward the plants, which for the period of the
reconstruction remained in the greenhouse in order that their vegetative cycles be
interrupted as little as possible. No small problem was the handling of the other plants
including transplanting, as some of them have been growing here since the greenhouse’s
founding, and were brought here already as adult specimens, meaning that some of them
are over 200 years old. It was also necessary to use technology and materials in such a way
as not to endanger the plants during the reconstruction or after.

The process of the monument care can be seen in the figures. The restoration of the
Lednice greenhouse was awarded by GRAND PRIX prize of architectural associations.

Flg 7. Column h
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CASE STUDY: DESIGN FOR CONSERVATION, RESTORATION,
EXPOSURE AND RETROFIT OF CHURCH “ST.ATANASII”, BOBOSHEVO
TOWN , KUSTENDIL REGION

Ivan Geshanov'
EQF Bulgaria AD, Sofia, Bulgaria

Abstract..
Current paper aims to present structural measures and design solutions for

’

restoration and structural upgrade of Church ‘“St.Atanasii”, Boboshevo town ,

Kustendil Region.
Church consists of three structurally independent parts, erected in different
historical periods.
The oldest one according to written text on the south wall, had been constructed
around 1600 year.

At the end of 19th century and beginning of 20th century an open narthex has been
added and later — around 1927 year, new narthex with refectory have been erected.
Technical conditions of all parts currently are creating certain risks for valuable
wall paintings inside of the oldest part and for human safety and normal service of
all parts.

Therefore, according to approved by Bulgarian Orthodox Authorities architectural
and restoration design, certain structural solutions have been adopted to put the
bearing masonry and timber structures into adequate condition with regard to
restored and increased bearing capacity, durability and stiffness.

The vault arch of the oldest part has been structurally upgraded by unloading and
installation of protective new steel covering structure, together with replacement of
broken and in poor condition tension elements.

The old narthex timber structure, in poor condition, has been replaces by a new
timber structure with increased bearing capacity, stiffness and durability.

The most recent part — additional narthex with refectory and clock tower has been
generally retrofitted and structurally upgraded by new RC elements and new timber
roof and clock tower. Again the new structures have been designed with adequate
bearing capacity and stiffness for the intended use.

Finally, structural strengthening and retrofit measures have added additional and
sufficient bearing capacity, stiffness and durability to the existing building
structures, thus allowing preservation and protection of the valuable historical,
architectural and art elements.

Key words: conservation, restoration, repair, historical masonry, timber structures

'Iv. Geshanov, PhD, M.Sc.Str.Eng, EQE Bulgaria, ihg@eqe.bg; ivgesh@gmail.com;
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1. Introduction

The Church is declared as architectural- construction monument of material culture,
category of local importance and architectural-artistic monument of material culture
category of national importance (now immovable culture value).

1.1. Historical reference

Church “St.Atanasii” is located on a wide terrace at the city’s cemetery and is
determined as a small, one single hull church with half-circle apse.

According to hardly readable text at the south wall the temple has been erected
during 1590 year. Until year 1862 this church is the main temple of the city (village). The
building is 9.16 m long and 4.9 m wide (external dimensions). The walls are 0.70 m thick,
made of stone masonry. The church has been painted fully from inside, and also outside on
the western facade according to established canon.

During 19 th century and beginning of 20th century an open narthex has been added
and later — around 1927 year, new narthex with refectory have been erected. Thus total
length of the church is 20.22m and the width of the western part is 12.44m, external
dimensions.

During year 2009 church is partially renovated (external insulation and painting,
PVC window frames have been installed), but without coordination with responsible
Authorities, and as a result the general authentic view of the building has been substituted.

General view from eastern apse can be seen in the next pictures (Figure 1).

b) Apse view after renovation

a) General view before 2009 renovation

Fig. 1.a) View before renovation; b) Current view
Wall paintings inside of the church are in poor condition, covered with thick layer of
dust and soot. No restoration and repairing works have been performed.

1.2. Technical condition of the building structures

17" century church

Structures of the vault and walls are in generally stable; long cracking is observed
along vault key resulting from improper loading from the new roof — see Figure 2.

One of the two tension elements at the base of the vault is missing; the other is in
poor condition.

Floor cover has been repaired by cement putty not complying with certain
requirements; and due to this capillary moisture raise can be observed.

2
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Fig. 2.Cracking in the vault ke

Old narthex

Massive masonry 19 century walls are in stable condition, but the loose ramshackle
timber structures at the upper parts of the walls and roof are in close to failure status. See
the next Figure 3.

g. 3.01d narthex condition

Fi
New narthex and refectory
Similarly to the old narthex structure, wall and roof ramshackle structures are in a

poor condition and close to failure status — see Figure 4a) and 4b).

External walls to the cemetery park are built from 60 cm stone masonry and at least

150 cm are embedded in the ground. Due to lack of draining system, adequate

waterproofing and protection as well as permanent earth pressure on a vertical cantilever

walls, closing walls of the refectory are in emergency state — see Figure 4a).

Bell tower is also in close to failure condition — see Figure 5, also refer to Figure

It can be concluded that wooden supporting structure of the Bell tower is in very
poor status, damaged, rotten and suffering big deformations; in result Bell tower is visually
tilted to one side and close to full collapse.
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a) General view b) roof structure
Fig. 4 New refectory status

1a).

Fié. 5.Bell tower status

2. Architectural conceptual design

2.1. Introduction

Based on determined in architectural part theoretical, methodological and legal
criteria and requirements, the following measures shall be applied:

Regarding 17" century church

-Removal of facade insulation and restoration of authentic roof level and covering;

-Restoration of original facade texture- stone masonry at equal joint; restoration of
authentic late medieval floor cover from hexagonal ceramic tiles;

- Restoration of authentic window openings and closing of additional openings.

Regarding narthex and refectory

-Reconstruction, replacement and structural upgrade of near to failure ramshackle
structures of walls, ceilings, roofs and bell tower;

-Exposure of original stone masonry texture and architectural details; improvement
of service conditions and design solution providing optimal possibilities for protection and
exposure of old wall structures dated from 17" century;

2.2. Architectural layouts and sections
Figures 6 and 7 depict general restoration and reconstruction measures according to
architectural design solutions.
4
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Fig. 7.Longitudinal and cross sections
3. Structural upgrading design for 17" century church

3.1. Technical solution

Based on conceptual architectural design objectives and observed problems in some
structural elements, the following measures have been chosen:

a. Removal of existing roof and unloading of stone masonry vault from unnecessary
materials and coverings;

b. Injection of cracks with suitable compound/ resins ;

c. Installation of new tension elements instead of old ones; these works shall be
realized through execution of anchoring pockets in vertical direction from the top surface
of existing walls. Anchors (tension elements) are designed from round steel rod with
d20mm and shell be installed hidden in timber strut 100/100mm;

d. Execution of strengthening RC lintels on the top surface of existing walls with the
purpose of safe anchoring of the tension elements and support of the new roof structure.
Before pouring of fine grained concrete, internal surfaces of the pockets and grooves for
lintels are covered with lead sheets.

e. Execution of protective and conservation coverings on the top surface of the vault;

f. Installation of new roof steel frames by glued anchors to the concrete lintels,
leaving at least 30 mm gap between them and vault top face; installation of steel braces and
struts for spatial stability;

g. Istallation of separation bitumen membrane layer (5 mm) on the top face of the
steel roof frames; mounting of timber laths and sheeting by mechanical fixing; installation
of waterproofing and other insulation layers as per architectural details;

e. Installation of final stone roof plates covering as per architectural details
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3.2. Graphical presentation of structural upgrade design

g !

-

a) New RC lintels and anchor pockets at +3.63  b) New roof steel frames at +3.81
Fig. 8. Installation of new RC lintels, anchor pockets and roof steel frames

H 8 0000 T
-~

Fig. 9. Typical cross section Fig. 10. Longitudinal section

4. Structural upgrading design for new narthex

4.1. Technical solution

Based on conceptual architectural design objectives and observed problems, the
following measures have been chosen:

a. Removal of existing wall and roofing timber structures;

b. Execution of strengthening RC lintels in grooves on the top surface of existing
walls with the purpose of safe support and anchoring of the new wall and roof structures;

New bearing timber structure is designed as a row of timber strut frames space at
1200 mm and roof trusses between. Global stiffness and stability are achieved by properly
located and designed bracing elements from round steel rods, ridge beam and timber struts.

4.2. Graphical presentation of structural upgrade design

5. Structural upgrading design for new refectory and bell tower

5.1. Technical solution
Based on conceptual architectural design objectives and observed problems, the

following measures have been chosen:
a. Removal of existing building and excavation to reach the existing floor level of

narthex;
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b. Execution of draining external system, RC strip foundations and bearing retaining
walls of the new two story building;

c. Execution of new floor flat slab 20 cm thick, serving also as lateral support to the
retaining walls;

d. In order to execute new vertical elements (columns and walls) at the edges of
existing stone masonry walls special grooves are foreseen. In these grooves required
reinforcement shall be installed and concrete poured. In this manner new structure of the3
refectory shall stabilize existing walls of the new narthex.

e. New roofing structure of the refectory is designed as a row of timber trusses,
bound by system of ties and struts in one stiff and stable spatial structure. New timber
structure is supported on the new RC structure;

f. New bell tower is an integral part with new timber roof structure and is supported
in vertical direction on edge bearing wall and on the other side on a specially designed RC
beam.

7
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5.2. Graphical presentation of structural upgrade design
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Fig. 18. Cross sections through retaining wall, floor slab and stair

6. Main design parameters

Structural design has been performed according to [1], all applicable parts and main

requirements of [2] and [3].
Timber material

C24 according to BZIC EN 338; Timber and wood-based materials shall either have
adequate natural durability in accordance with EN 350-2 for the particular hazard class
(defined in EN 335-1, EN 335-2 and EN 335-3), or be given a preservative treatment
selected in accordance with EN 351-1 and EN 460.
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Fixing elements

Screws for timber, DIN 571, hot dip galvanized,

Plates and connectors, S235 JR, hot dip galvanized 150 um,;

Structural steel

S235 JR, hot dip galvanized, 150 um;

Concrete

C20/25 according to BJIC EN 206-1;

Exposure class for foundation and underground structures: XC2;

Exposure class for above ground structures: XC4;

Concrete cover (minimum):

-foundations: 50 mm,;

-beams (to stirrups): 35 mm;

-slabs: 20 mm;

-columns (to stirrups): 35 mm;

-walls (to external rebar layer): 25 mm.

Reinforcing steel

B 500B, according to B/IC EN 10080;

Ground base and backfill

Foundations and ground base are designed for allowable bearing pressure 200 KPa.

Backfill material shall be compacted to 97% Proctor density and shall posses at least
25° angle of internal friction.

Geometry tolerances for execution, control and acceptance

-Concrete structures: BJIC EN 13670;

-Steel structures: 5JIC EN 1090-2;

REFERENCES
[1] Eurocodes :
Part 0 B/IC EN 1990: Basis of design;
Part 1 B/IC EN 1991: Loads and actions;
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[2]Cruz,H., Yeomans, D.,Tsakanika, E., Macchioni, N., Jorissen, A., Touza, M, Mannucci,
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STRUCTURAL SOLUTIONS FOR PRESERVATION AND
REHABILITATION OF MASONRY ARCHES

J.Tsenkoval, E.Abdulahadz, F.Rangelova3

UACEG

Abstract: Masonry arches are an important structural element in many buildings,
treated as architectural and cultural heritage. Due to various reasons, many
representatives of these elements are compromised and at risk of destruction. This
raises the need to be sought methods for rehabilitation and / or strengthening, on the
one hand to ensure their safety and safe exploitation, and on the other to ensure their
compliance with the original, constructive function and aesthetic appearance.

This article discusses different options for protection, restoration and strengthening
of brick masonry arches, as this is the basis for the preparation of an experimental
project, which will be investigated for effectiveness and applicability of some of the
reviewed methods.

Key words: rehabilitation, strengthening, masonry arch

1. Introduction

The architectural heritage in the world and their preservation for the next generation
is crucial. The exact definition of architectural heritage is given in the UNESCO
Convention in 1972 and it states that the architectural heritage includes architectural
works, elements or structures of an archaeological nature, and groups of separate or
connected buildings. The masonry arch is often a structural element in structures that are
treated as architectural heritage. An arch structure can be structural elements in churches,
sports halls, bridges and buildings of architectural heritage because it combines structural
and aesthetic functions. The stability as well as the safety of curved structural members
under a given loading condition is strongly dependent on the geometry of the structures
and on the mechanical characteristics of the constituent material.

According to the geometry of arches are divided into several types. Common
representatives are the segmental (parabolic) and semi-circular (Roman). According to the
geometry

2. Define the necessity of preservation of architectural heritage in particular
masonry arches

Rehabilitation of heritage buildings has become an issue of great importance around
the world. It is the result of the need to improve existing buildings for new conditions of

' Jolina Tsenkova, PhD student, jolina _cenkova@abv.bg ;

2 Emad Abdulahad., Assoc. Prof. Dr. Eng., UACEG,Dep. of Reinforced Structures, FCE, Corpus B, study
430; georgosing@gmail.com ;

} Fantina Rangelova, Prof. Dr. Eng., UACEG, Dep. of Construction management and Economics, FCE,
Corpus B, study 1038, fantina_frp@abv.bg ;
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sustainable development of the World, and of the recognition of the importance of
conservation of the architectural heritage.

One or more of the following reasons usually, motivate the need for structural
rehabilitation of heritage buildings:

e The visible defects in the building;

Damages after natural disasters and accidents;
The change of the use of the building for most severe conditions;
The movements in the abutments;
The change of the static scheme;
The erosion of the materials;
The need to be in accordance of the Requirement of regulations for
construction (Euro codes);

A Dbasic point in considering structural rehabilitation of a heritage building is
establishing the performance level to be fulfilled, particularly, the requirements in terms of
structural safety and the level of the structural safety.

3. Choice of the intervention

Many historical structures continue to offer services and historical values; and as
such, it is important to understand their structural behaviour and collapse mechanism when
developing a plan for their preservation and retrofit. New restoration and retrofitting
methods should be preferred where traditional methods are insufficient. New technologies
that can be appealing to historical structures are emerging with current advancements in
materials and construction techniques.

An important part of any intervention is: first: understand the structure; how it was
built, materials it was built from, geometry, properties of materials, condition of the
materials, past interventions, structural behaviour and loading conditions. The whole
documentation for structure, such as any past documents, drawings and photos must be
investigated. The basis of all this information it can be considered various options for
strengthening and repair. According to the different problems there are developed various
techniques for strengthening and repair. The particular choice is not an easy task. When
selecting and designing an intervention, it is recommended to taken into account the
following requirements specified by S. W. Garrity [4]:

* Respect the authenticity. Aesthetic appearance should be maintained or improved;

* Increase load-bearing capacity;

* Provide a compatible and durable intervention;

* Avoid over-strengthening or over-stiffening;

* The intervention should improve resistance to cracking, developing hinges,
material degradation and other damages or faults;

* Avoid significant increases in dead load;

* Create a safe working environment. Many strengthening methods may create
temporary instability during construction;

* Accommodate multiple types of defects;

» Accommodate previous interventions;

* Avoid local stresses from applied interventions;

* Minimize the impact on the environment;

* Provide methods with rapid gains in strength; This is important for safety and
stability during construction and prevents unpredictable phenomena from occurring during
a slow strengthening technique;

* Be cost-effective within these requirements
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4. Different Strengthening Techniques

Masonry has a well-known negligible tensile strength. The stability of masonry
arches is provided by the coincidence of the line of thrust and funicular polygon and the
line of thrust is kept in the section of the arch itself. The formation of cracks and the
increasing of deformation happen, when the resultant of the internal forces outside the
central section. This results in the formation of a plastic hinge, which exhibits the crushing
of a limited portion of the masonry at the compressed edge of the arch. If sufficient hinges
form to turn the arch into a mechanism, then collapse is possible. The aim of the methods
of rehabilitation and strengthening is to protect the structure from collapse by increasing
the load-bearing capacity or modifying the failure mode.

4.1. Traditional techniques for repair and strengthening

a) Saddling has proven to lead to an adequate increment in strength and stiffness, but
is labour-intensive. This technique has some significant advantages: low cost, no visible
effect and effectiveness for multiple defects. The concrete saddles may be variable and
constant width of the cross section. It is important to connect the new arch and the existing
arch, to transmit the forces. This will increase the effective thickness and improve
distribution of loads. Recently, this technique is improved by the addition of fibers in
concrete. Polypropylene fibers give resistance to surface shrinkage cracking, where
stainless steel fibers give considerable strength and structural ability to unite arches and to
bind cracks.

b) The shotcrete or single or double-sited jacketing with cast in-situ reinforced
concrete increase the thickness of the arch in an effort to increase load capacity and to
stabilize and protect weathered masonry. Usually, these techniques violate the aesthetic
conservation and restorations requirements.

¢) The injection fill can increase load capacity by improving load distribution to the
arch. It can also be a preventative measure to slow further deterioration of the structure.

d) Anchoring (Fig. 2) and radial pinning (Fig. 1) are suitable for longitudinal cracks
and also can be used to restore the ring separation and to prevent further separation.
Anchoring and radial pinning will increase the stiffness and the elastic properties of the
arch and limit movement. It can be an economical alternative to methods requiring
extensive dismantling like saddling and is invisible after completion. The major
disadvantage is risk of corrosion.

e) Iron tie-rods used in the arches of many historical structures (Fig.3) The main
purpose of tie-rods is to prevent the increase of tensile stress on the arch [7]. The tying
increases the bending capacity and limit movement. The method is cheap, but corrosion is
possible. Other significant issue is that a single steel rod or cable may cause too high
bearing stresses.

4.2. New techniques for repair and strengthening

a) Retro-reinforcement or Near-surface reinforcement (Fig.4), a cost effective
method of increasing the tensile strength in near surface zones with the higher tensile
stresses from external loads and ductility of existing masonry using stainless steel
reinforcement The reinforcement also helps improve lateral load distribution and increases
the transverse flexural strength of the arch. By this method, the corrosion is possible. It is
recommended to place many smaller sized bars to avoid the corrosion.

b) In the last years L. Jurina developed a new method called “RAM—Reinforced
Arch Method” (Fig.5). This technique consists in modifying the loads acting on the
structure through the placement of post-tensioned steel cables, either at the extrados of the
arch or at the intrados. The main purpose of the RAM is to modify the distribution of loads
acting on the arch.
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masonry
arch

—— anchorage

Fig. 1 Radial pinning | Steel bar

U; concrete

bulb

Fig. 2 Anchoring of a vault
(EU-India cross program)

Fig. 3 Example of the use of tie-rods in historic structures (Suleymaniye Mosque in
Istanbul)

This new load distribution induces a pure axial compression between the blocks and,
consequently, the thrust line is re-centered, avoiding or, at least, retarding the formation of
plastic hinges [5]. The method has no visible effects and no significant impact on the
weight of the structure. The experimental tests have shown that there is an increase in
ultimate load. Compared to the traditional system, which makes use of concrete layers, the
RAM reinforced arches showed a higher ductility and a lower residual inelastic
deformation, when discharged.

c¢) Other innovative method is the applying fiber reinforcement polymers (FRP). FRP
sheets can be applied extrados and/or intrados. The FRP’s can be applied by one of the
following three different systems: pre-cured, wet lay-up, or prepreg. Each system can
provide slightly different mechanical and geometric properties. Application of each system
is quite easy and only requires a simple bonding to the surface at the pre-defined locations.
The application of FRP sheets to an arch modifies the classical mechanisms of collapse in
masonry arches, this modification depends on the location of the FRP (extrados, intrados
or both) [2]. To assure the maximum load-bearing capacity of the arch, the reinforcement
must prevent a fourth hinge from occurring, only allowing the following failures: (1)
crushing, (2) sliding, (3) debonding, or (4) FRP rupture. These failure modes are dependent
on the limits of strength of the constituent materials and on the structural interactions of
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them at a local level [8]. FRP strengthening is simple and lightweight method, and is not
labor-intensive. The technique is more expensive than traditional, but has longer life.

Fig.5 Intrados reinforced arch method
applied at San Cristoforo Convent in Lodi,
Italy. (L. Jurina, 2000).

Fig. 4 Placing bars in pre-drilled holes

d) Prefabricated liners are typically made of corrugated metal or glass reinforced
cement and attached to the intrados of the arch. The space between the liner and arch ring
is filled with concrete or grout. The liners provide an increase in load capacity by
supporting the arch and giving it more resistance [2]. The liner must be manufactured in
compliance with the shape of the arch. This method is simply and quick, but is
inappropriate for arch with historical or cultural value to which the appearance is
important.

e) Steel reinforced polymer (SRP) and steel reinforced grout (SRG), based high
strength steel filaments twisted to form cords and embedded in either an epoxy or mortar
matrix, are fairly new technologies. SRP/SRG composite materials are easily applicable
and adaptable to different surfaces. Subsequent to the experimental studies, A. Bori at et.
[3] conclude that, steel cords performed better than CFRP in terms of ultimate load
capacity and ultimate deflection for both intrados and extrados strengthening applications,
in spite of their lower mechanical properties versus carbon fibers.

5. Conclusions and future work

With the development of technologies and materials, each of the proposed methods
are improved and modified. All methods have advantages and disadvantages. Their
successful application in a particular case depends on the expertise of the team of the
detailed information about the site and circumstances of the environment.

The actuality of the problem of strengthening and rehabilitation of the buildings of
cultural heritage gives to us reason to prepare one experimental work at the UACG for
evaluating the strengthening techniques of masonry arch structures with application of the
traditional and advanced FRP materials and systems. Comparison between the two
methods will be made and recommendations will be given.
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REHABILITATION AND RECONSTRUCTION OF OLD DORMITORU OF
BOGOVADJA MONASTERY (BUILT IN YEAR 1858.)

S |
Nenad Kirstivojevi¢
Construction Company ,,Greda”

Abstract: Old dormitory Bogovada monastery was built in 1858. in the form of the Cyrillic
letter ,,I1,, length of 31.50 m, up to 11.60 m central nave, a parallel ships are 21.00 m/ 8.40
m. It has 1/3 basement height of 3.20 m and ground floor height of 3.80 m. It was built in
brick without reinforcement. Since the earthquake caused significant damage to the walls
of the ground floor, foundation, roof structure and roof cornices. Completed the project of
rehabilitation and reconstruction of the building: reinforcing the existing roof structure by
introducing new elements to existing real new wooden roof truss and replacing bad beams,
concreting of shallow foundations and rehabilitation of damaged walls dormitory
introduction of new reinforced concrete ring beam level with a wreath under the attic and
rehabilitation of damaged walls network with anchors and new mortar. The works on
rehabilitation and reconstruction were carried out in 2013 and 2014.

KEYWORDS: recovery, new wooden roof truss, concreting under the foundations,
reinforced concrete ring beams, cracks

1. Introduction

Old dormitory Bogovada monastery was built in 1858. Structure is under protection
Organization for monuments protection of Valjevo city. That is jagged building shaped in
Cyrillic letter ,,M,, and it is height is 1/3 basement and ground floor. Tall facade walls make
it impressive, especially north-west view. In constructive sence that is brick crafted
structure with rock foundations. Floor, atic and roof construction is made of wood
elements. Roofing is done by interlocking tiles, except on one section where smaller angle
where asbest pannels were placed.

Usable height in basement is 320cm and at the a ground floor 380cm, while on attic
there is jamb wall of only 40 cm. Structure was built in mid XIX century in style of
masonry walls without steel reinforcement in ring beams.

Building is recorded in detail on start of October and at the end of December of 2011,
because is was damaged during earthquakes 1999. and 2010. Research work were done by
opening three probes by south-east wall and then it was established that depth of
foundations is only around thirty (30cm) centimeter from upper level of sidewalk.
Foundation is being done with crushed or squared stone. Width of brick walls in basement
goes from 65cm to 90cm, and in ground floor goes from 35 to 60cm. Floor constructions
are wooden with massive joists and filled charge on laths and boards. Joists above
basement wasn’t possible to measure, but wasn’t even real need for doing that, because

' Nenad Krstivojevi¢, B.Sc.Civil eng., Construction Company ,,Greda”, street Karadordeva 165, Valjevo,
krstivojevicn@sbb.rs
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floors undamaged, and basement ceilings as well, what indicates on good condition of that
construction.

Joists above ground floor are on a main carrier with dimensions 19/19cm to 20/25¢cm
on axle distance from 63cm to 83. On the rest parts are with dimensions 12/14cm and
16/16cm on axle distance from 78cm to 106cm. On some areas there are beams above
joists with dimensions 15/12 cm with distance of 5.30m. Ceiling construction above
ground floor is made of mortar on reed wich is hitched with laths.

Roof wooden construction is made with levels, with slope of 35 degree. Rafter rely on
truss plate with straining beams and these on pillars wich are with their roof tie and roof
truss are an integral part of double hangers.

At the top are rafters without peak beam, and on the bottom aren’t relying on wedges,
but on wooden element here called ,,paroske” which lays on jamb wall from wedges.
Hangers are placed on facade walls over attic’s jumb wall and pillows — pilars made of
bricks above supporting walls.

Originally dormitory was built in shape of Cyrilic letter ,,I” and later was added south-
east part, what is visable at dilatation and cascade at foundation at the spot of extension,
diference of stone during building of stone foundations, diference at attic leveling of older
and newer section, as well at diference of roof surfaces and roof tiles.
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Fig 1. Schematic view facade of the dormitory with disabilities

2. Condition and Description of Building Damage

Roof and roof construction: outside tiles skidded on some spots and some of them are
cracked. Roof purlins are damaged a lot, but there are and broken ones. On some of edge rafter
ridges skidded and left without mortar, sheet metal on cove are dilapidated and rusted. Some
of rafters are very small cross-section, with significant deflections and damages. Rafters above
south-east area of dormitory have layers of soot because it seems like they were burning
during fire. Roof on three levels over main nave of dormitory (south side) has deflection along
the entire surface.

Walls: Most damaged are facades walls facing south-east part of structure, where
foundations are founded very shallow. Cracks on that wall are mostly slantwise above window
to the horizontal gutter. There are also and cracks at the parapet part of the window. At the
joint of south-east and north-east wall there are vertical cracks. All the cracks are mostly wide
in a range of few millimeters to a centimeter somewhere. There are cracks all over walls in
height above window to wreath of jamb wall. In north-western facade wall there are number of
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cracks under and above ground floor windows. At the joints of facade walls there are
significant cracks at the joint it self, especially at the wright height and over hanged part of
,,31ims” in which ,,paroSci” are placed for acceptance of rafter landing. In south-west facade
walls most numbered are vertical slantwise in gable walls which are brick-worked by placing
half brick. At all inner supporting walls there are numerous slantwise and vertical cracks,
which at some places forming earthquake crossed ,,X,, cracks and significant cracks are facing
above the doors as well. There are numerous cracks at the joints of walls and ceiling mortar,
which are on somewhere covering whole surface in room cracked.

Floors and ceiling construction: mostly are visible cracks in mortar of ceiling of attic on
joint with walls and on some areas thru entire room. There aren’t spoted any cracks on the
basement ceiling. All of those cracks which aren’t indicate that base wooden construction is
somewhere damaged floor neither ceiling. Mortar from reed mostly felt off because of
humidity or earthquake influence.

Foundation construction: With opening probes on south-east side of building it’s being
seen that from that side founded and it’s been notified existence of old and new section of
stone foundations which indicate on already mentioned that building have been upgraded
sometime in the past. On the rest sections of the structure there aren’t visible cracks or
damages of stone foundations.

Fig. 2. a, b, c, d, e, f Photos of damage to the dormitory of the earthquake

3. Measure of the Static Constructive Rehabilitation and Reconstruction

3.1 At the roof construction:

Because lack of means Organization for monuments protection decided to change only
damaged and static misfit roof elements replace namely not to change entire roofing timber
and roofing tiles.

Rafters: By static calculation it comes that is necessary for rafters to be on larger distance
than 3.00m and to be in dimensions 10/12cm, and on smaller distance than 2.30m in both
cases be in dimensions 10/10cm. Rafters with misfit dimensions for given span and rafter
damaged and with big deflection need to be changed with new ones with different dimensions
according to static calculation.

Purlins: carrying rafters between hangers and they have webs. By static calculation that for
smaller distance (at the end on south-east wing and north-western wing) from 2.60m need to
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be 14/14cm, but mostly there are already purlins 12/14cm and it is acceptable to satisfy
demanded conditions.

By static calculation for larger distances, (on middle main nave) from 3.30m needed to
be 14/20cm, so it’s needed to replace misfit purling with new specified cross section.
According to larger distances of existing purlings 12/14cm misfit dimensions according to
static calculation, whose is’t impossible to replace with new ones with right dimension
matching without taking complete rafters, roofing felt and roofing tiles. So it is best to use
existing purling as upper zone, existing web as starting diagonals, existing queen struts as
start support verticals for new form grid with add of new bottom zone 2x6/12cm, new
middle verticals 12/12cm and new diagonals 2x6/12cm in all according to static
calculation and drawing details. All connections of new elements and existing elements of
wooden grids achieve with nails, screws and iron plates.

Fig.3.a, b, ¢ ,d Photos of damage roof construction

Tie-beam: for shorter distances from 5.30m it’s needed according to static calculation
16/16cm, to meet existing tie-beams 16/16cm For larger distance than 6.50 ml by calculation
20/20cm are needed ,to achieve existing tie-beams 20/25c¢cm and 19/19cm with binders.

It is necessary just eventually to replace burned tie-beams and rooten roofing felt under tie-
beams from humidity.

Hangers: through the static calculation of hangers 1; 2; 3: 4 achieving existing collar
beams, struts and bridles as elements of hangers. It’s necessary to add new collar beams
14/14cm where missing. Through static calculation of hangers 6; 7; 8; 10; 11; 12 they are not
achieving existing collar beams so it’s needed to place a new set of double tenon joints
2x8/12cm and struts and bridles as elements of hangers achieve requirements.

Through static calculation hanger 9 achieving existing collar beam, double tenon joints and
bridles as elements of hangers. Through static calculation of hangers 13; 14; 15 achieving
existing collar beam, double tenon joints and bridles as elements of hanger.

Replacing of damaged elements and adding of new wooden elements need to be done with
conifer timber. Timber need to be dry and protected with adequate impregnation coating to
prevent rotting and insects.
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3.2 On the walls:

Model of structure have been made in program Tower 6 to get on easiest way to total
vertical load at the ground level and total seismic capacity at the ground level. By calculation
of main tensile stress at ground floor it comes to little bit value than it allowed, because walls
of ground floor are massive enough. However, walls of ground floor are 380cm tall and that is
great height without any reinforcement, according to that on a top of walls need to be added
reinforced concrete beams b/d= 15/15c¢m through all outer facade and main carrier inner walls
in level of collar beams, according to details from static calculation. Bond beams are
reinforced with 4Re12, Ug6/20. First holes need to make in one wall to make space for bond
beams section by section, than section by section being reinforce, concreting and anchorage
with next wall and connect into a unit. Alternately that way it’s possible to work at more than
one place parallel .It’s necessary to provide continuity of rebars to accept tensile force with
overlapping with min 60cm. All perpendicular bond rings is necessary to connect with
anchorage. During constructing provide needed support wall mass above bond ring. Also,
bond rings need to be done on a top of gable end wall b/d= 20/20cm with 4Re12, Ug6/20.

Most spottable cracks are above and around windows at fagade walls, especially at the
south-east facade wall and in all inner carrying walls exist numerous slantwise and vertical
cracks. At sections where cracks are bigger than 10 mm on vertical wall, which are not
spotted at the originally recording, but upon mortar removing, need to be injected and
place bar grid Q131 as reinforcement with anchorage Re10/40 in both directions and
shotcrating with cement mortar. For millimetre cracks form 4-10 mm do injecting with
premixed injecting mass on base of cement emulsion. All cracks needs to be pre cleaned,
from face of the wall cracks needs to be secured with cement mortar on each 40cm and
place injection pipes. Injection with overpressure with max 0.50 bar. For smaller
millimetre cracks of 3-4mm need to be rehabilitating with casual mortar and smoothing on
already prepared surface.

3.3 At foundations:

Under entire south, east and north part south-eastern wing of building, according to
details from designing documentation, under existing foundations of building wall under-
concreting 1s being done of existing shallow founded building foundation. Under-
concreting is being done in tunnel linear, possiton ,,Kp’’, at alternately segments made of
reinforced concrete according to details from static calculation. Excavation for
reinforcement of foundations do in linear tunnelling from 1.00m are min distance of 2.00
m alternately, like it is marked in documentation with serial numbers. Segments position
,,Kp’’, which are with ,,L,, cross-section 80/50+30/12cm and reinforced with horizontal
bar 10Re10 and vertical bars Uk Re 10/20. Sidewalk is being done parallel as reinforced
concrete slab with thickness of d=12cm with grid bars Q335 and founded on foundations
made of concrete on pure distance of 3.00m 1. Crushing strength of concrete works is
,,MB20’” and bars RA400/500 i GA240/360, reinforcing grid MAG500/560.

3.4 At the floors and ceiling constructions:

All aged wooden floors in rooms need to be replaced with new boards. Visible cracks
in mortar of ceiling need to be removed and do mortar work again. Those entire cracks are
not indicating that base wooden floor and ceiling construction is damaged.
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Fig.8. a, b, ¢ Rehabilitation and reconstruction photos damaged woodworm ties hanger no.15
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!
Fig.10. a, b, ¢, d ,e ,f, g, h Rehabilitation and reconstruction photos of the walls of the building
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7. Conclusion
Building was damaged a lot from earthquake influence and ages. Structure rehabilitated
at fall /winter 2013 and during 2014. With full time supervising during construction works
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REHABILITATION, RETROFIT AND MAINTENANCE AT THE
BROOKLYN BRIDGE, NEW YORK CITY IN THE 20™ AND 2157
CENTURIES

Bojidar Yanev'

Department of Transportation, New York City, Bridge Inspection and Management.

Abstract: The Brooklyn Bridge is iconic. It was designed by John Roebling (1806 - 1869)
and completed by his son, Washington and his daughter in law Emily Roebling, between
1867 and 1883. Its main span of 1595.5 ft (486.6 m) nearly doubled the record of its time.
A number of features, such as the caissons used in the construction of the towers, the
hybrid suspension/cable-stay system, and the air-spinning of the suspension cables were
innovative in size and method or entirely unique. The Roebling Rope Company continued
to produce high strength steel cable wires into the second half of the 20™ century. On the
onset of the 21°" century the Brooklyn Bridge remains a critically important example for
the design and construction of new record-breaking spans. Over the many years of service
the bridge has received a number of significant structural and service modifications. In
every such case Roebling’s foresight made it possible to conduct rehabilitation and
maintenance with minimal service interruptions. At 133 years of age the bridge carries
approximately 200,000 daily passengers and remains a world champion among examples
of engineering art and science.

Key words: Brooklyn Bridge, Roebling’s redundancy, remaining life, rehabilitation,
retrofit, maintenance, service modifications

1. Introduction

The Brooklyn Bridge (Fig. 1) is iconic. It was designed by John Roebling (1806 -
1869) and completed by his son, Washington and his daughter in law Emily Roebling,
between 1867 and 1883. Its main span of 1595.5 ft (486.6 m) nearly doubled the record of
its time. A number of features, such as the caissons used in the construction of the towers,
the hybrid suspension/cable-stay system, and the air-spinning of the suspension cables
were innovative in size and method or entirely unique. The Roebling Rope Company
continued to produce high strength steel cable wires into the second half of the 20th
century. On the onset of the 21st century the Brooklyn Bridge remains a critically
important example for the design and construction of new record-breaking spans.

Over the many years of service the bridge has received a number of significant
structural and service modifications. In every such case Roebling’s foresight made it
possible to conduct rehabilitation and maintenance with minimal service interruptions. At

! Bojidar Yanev, D. Sc., P.E, Executive Director, Bridge Inspection and Management.
Department of Transportation, New York City, E-mail: byanev(@dot.nyc.gov
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133 years of age the bridge carries approximately 200,000 daily passengers and remains a
world champion among examples of engineering art and science.

Figures 2 — A and B show the general data of the structure and the evolution of its
service until the present. The first significant modifications were the elimination of all rail
service and the light trusses introduced by David Steinman after World War 2. As the
bridge approached its centennial in 1983, the need for rehabilitation and retrofit of critical
structural elements became urgent. The scopes and costs of projects conducted by the New
York City Department of Transportation, beginning at that time and still in progress today
are summarized in Table 1. Several of these projects are briefly described herein.

Fig. 1. Brooklyn Bridge

Table 1. Brooklyn Bridge rehabilitation items and estimated costs (NYC DOT, 2014)

Description (million US$)
Brooklyn tower protection of new sign gantries (1981) 2.72%
Rehabilitate promenade between towers (1983) 0.94*

Rehabilitate cables in anchorage and replace short rod suspenders; rehabilitate
balance of promenade and construct bikeway and new pedestrian ramp (1988) 22.68*

Rehabilitate main bridge deck overlay and paint approach structures (1988) 6.21%*
Replace suspenders, cable posts, stay cables, hand-rope necklace lights, main

cable wrapping; paint suspended spans (1991) 53.57*
Rehabilitate ramp E, concrete piers of ramp C and abutment at ramps C & 1,

and rehabilitate Sands and Washington Street structures in Brooklyn (1991) 4.73*
Rehabilitate ramps D and H in Manhattan; permanent improvement of

promenade at Manhattan approach (1993) 17.92*
Rehabilitate floor systems, stiffening trusses, roadways of suspended spans

and Franklin Square trusses (1994) 66.30*
Rehabilitate Manhattan traveler (electrical work) (1997) 1.83*
Rehabilitate ramp D and widening along the FDR Drive (1996) 11.50%*
Arch supports for Franklin Square truss structure 9.50*
Resurfacing of the main spans (1998) 6.67*
Replacement of suspended span deck (2000) 36.20*
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Replacement of travelers 22.34*
Improvement of Manhattan end of promenade (2001) 4.50%*
Rehabilitate Brooklyn approach & ramps (B, S, F), rehabilitate Manhattan

approaches and remaining ramps (A,B,C,F,G,LJ), paint entire bridge (2010) 508.61%*
Seismic retrofit and Arch Block rehabilitation (2019) 300.00 to 325.00%**
TOTAL 1,076.22 to 1,101.22

1. Cables, suspenders and diagonal stays

In 1981 one of the diagonal stays on the Brooklyn side of the Bridge broke and in
falling down killed a pedestrian on the walkway. A subsequent inspection revealed that all
the suspenders and stays in the trademark hybrid suspension system (Fig. 1) were
extensively corroded and near breakdown. The emergency contract for their replacement
was greatly facilitated by Roebling’s foresight. Critics of the original design had objected
to the triple redundancy of the bridge stiffening truss, suspension and cable-stay systems.
Given the record length of the bridge and the fact that dynamic analysis of suspension
structures took another century to develop, such caution was (and remains) highly
appropriate. Roebling silenced his detractors with the now famous statement that if any of
the three systems would suffer damage, “the bridge may sag but shall not fail”. The theory
of large deflections developed by Joseph Melan (1853 — 1941) was interpreted differently
by bridge designers in the United States. David Steinman who translated Melan’s theory
into English opted for very deep stiffening trusses and resistance to “infinite” wind speed.
Leon Moisseiff reduced them to girders, leading to the collapse of the Tacoma bridge
under moderate wind in 1940. In later decades, the cable stayed bridges became
independently popular, but hybrids are considered again in super-long new spans as for
example at the proposed Messina crossing.

M 86-0"
| Tgpical Cross Section |

— 4%%%

=—— e e e —— Procklyn |
230’0’ ~ sesio” 300" ]
| 1
Construchion of masonry commence d Jan’y 3 1870 Diameter of each cable 152 inches Cost of constraction of Bridge $17,909412.44
Constr ion of steel work ¢ { May 29,1877 Total number of wires in each cable 5296 Cost of land % 7,185,165.00
Opened 1o traffic. Magy 24,1883 Total length of wire in the four cobles 14357 miles Total Cost #5 25,094,5774%
Total length 6016 fect: The dear height over river channel is 133f+. obove mean high watzr .
Length of main span 15958 » Height of towars T2 s om e
Length of each of thefour cables  3578% »» Total weight of sheel and iren inbridge fapproaches 24000 fons s sioneD
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Fig. 2. a) — Brooklyn Bridge construction information, b) — Bridge service (1883 — present)
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Roebling’s redundancy allowed the contractor to replace suspenders and stays one at
a time, providing shielding for traffic protection and without service interruption. The load
redistribution between stays and suspenders made it necessary to readjust their tension one
more time after all of them were installed.

The main cables were unwrapped, wedged for inspection and rewrapped. The typical
Roebling Rope Company wires, with yield strength of roughly 15 t / cm?, diameter 5 mm,
and galvanic zinc coating were found in mostly good condition. Special provisions were
made for regular maintenance of the anchorages and the wrapping.

2. Bridge deck

In recent decades the design of the decks on the East River suspension bridges had
settled on steel gratings with concrete fill. The traction of the exposed top of the gratings
was not satisfactory. Welding steel studs to the grating worsened the performance. A
resurfacing was scheduled for 1998, however that work revealed deterioration of the
grating. An emergency contract to replace the bridge deck superseded the resurfacing one.
The concrete fill in the new deck (Fig. 3) extends above the steel grating and has a thin
overlay. Periodic resurfacing is anticipated.

L2l e

Fig. 3. Typical steel deck grating under construction

3. Dynamic analysis

On May 24, 1883, one week after the bridge opening, a crowd of pedestrians
panicked and rushed towards the exits. Several were trampled to death. No structural
deficiency was found. During the East Coast electrical black-out in 2003 the Manhattan
bound traffic lanes of the bridge were closed to traffic and open to pedestrians. Once again
they reported extensive motion. The overall structural stability was never in question,
however the public perception is considered as an important performance indicator. The
bridge was already scheduled for seismic reanalysis, but the popular concern accelerated
the process. Figure 4 illustrates the instruments attached to the bridge for this purpose. The
bridge was excited at various locations in the main span with a two-ton actuator. The
obtained response frequencies were compared with analytic values obtained from a finite
element model (Fig. 5). Typical response modes are shown in Fig. 6. The frequencies of
one torsional and one deflection mode are relatively close in magnitude and potentially
could influence each other. Passive dampers were designed to correct the dynamic
response of the bridge.
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Fig. 6. Typical lowest modes of dynamic response
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4. Approaches

The 73 approach spans are decisively overshadowed by the three main spans
between the anchorages. Nevertheless, they have absorbed at least 50% of the past
expenditures and future estimates in Table 1. John Roebling designed them with his typical
attention to detail, even anticipating that some of them should serve as gathering places for
the future communities.

The Franklin Square trusses in Manhattan required an unique solution. As parts of
the original bridge, the trusses enjoy landmark status. Analysis of the bottom chord eye-
bars questioned their capacity. Design specifications (AASHTO) recommend the use of
700 kg /em® (10 ksi) as limit load on iron pre-dating steel production. Tests suggested that
the Brooklyn Bridge material might have resistance of up to 1400 kg/cm” (20 ksi),
however the pinned connections of the eye-bars gave greater cause for concern. The
selected design supported the 6 trusses with 6 steel arches, as shown in Fig. 7.

During a current contract two spans of the Brooklyn approach were completely
replaced. The Brooklyn — Queens Expressway (BQE) runs under one of the spans. Tall
trucks on the BQE frequently strike the bridge fascia girder causing structural damage and
extensive traffic delays (Fig. 8).

The replacement structure was designed with an orthotropic deck and girders of
reduced depth. For two nights traffic on the BQE was stopped and the spans were installed
(one in each direction), as shown in Fig. 9.

The Manhattan side approach of the bridge consists of numerous brick masonry
arches with numerous fairly large cracks. The cracks are generally attributed to settlement
at some time close to the original construction, however they are still under intense
scrutiny. Visual inspection is unsuitable because of the small motions involved. Hence, the
arches are perfect targets for monitoring by a high-precision, low-maintenance, real-time
web based technology such as the fiber optic sensors.

Fig. 7. Franklin Square arches under the Brooklyn Bridge
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Fig. 8. Traffic delays on the BQE under the Brooklyn Bridge

Spans 36-37 of the Manhattan Approach were monitored with a system of fiber optic
sensors designed and installed by team from the University of Chicago under professor
Farhad Ansari with funding from the Federal Highway Administration in Dec. of 2008.
After two years in use, the system was dismantled to allow access for rehabilitation work.
The rehabilitation included grouting the cracks. That decision was based on the data
provided by the monitoring and indicating that the cracks were not active and moved only
slightly in response to seasonal temperature changes.

Fig. 9. Installation of Span over BQE with full traffic closure
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Based on that experience, a new contract addressed similar cracks in spans 31-34.
The following tasks were included:

- Determine the level of urgency of the cracks.

- Develop a plan for monitoring with threshold values of displacements and
corresponding plans of action.

- Assess the available equipment, consisting of the computer and fibre optic gauges
used in spans 36-37.

- Determine needs for purchasing additional equipment.

- Determine means for remote access to data and storage of information on DOT
Servers

- Install system.

- Test operation and instruct DOT personnel on its use.

- Provide troubleshooting support over a test period of at least 6 months.

A recurring difficulty in non-destructive structural health monitoring (SHM) is the
determination of threshold values intended to trigger alarm messages. Weidlinger
Associates who managed the contract are also designing the pending seismic retrofit of the
approach and thus could use the already developed finite element model of the structure in
their assessment of movement significance. So far the structure has shown (again) only
minor movement correlated with temperature changes. Fibre-optic sensors are generally
reliable and do not require compensation under varying temperature, but are extremely
sensitive to ambient humidity. However re-using old ones proved impractical. Some tilt-
meters were successfully re-used. Another SHM vulnerability is the data transmittal and
storage. Experience has shown that this process requires multiple updates and the
flexibility to adjust to perpetually upgrading computer platforms. A typical set of readings
is shown in Fig. 10.

Crack Width changes due to temperature rise
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Fig. 10. Fiber-optic sensor readings correlating crack opening and temperature
5. Maintenance

Apart from the maintenance of special emphasis structural details, the Brooklyn
Bridge demands considerable traffic maintenance. During a heavy winter New York City
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streets use up more than 300,000 tons of salt. The costly rehabilitations of the East River
bridges (Fig. 11) demonstrated that eliminating the highly corrosive salt at least from these
highest-maintenance structures is cost-effective. After roughly 10 years of negotiations,
planning and various tests, including an automatic spray system, traditional de-icing salt
was replaced by the costlier anti-icing potassium acetate. In contrast to salt which can be
applied on top of snow and ice, potassium acetate must be applied prior to the
precipitation, making the operation much more sensitive. Because of its long-term benefits,
the task is considered eligible for capital funding.

Fig. 11. Brooklyn and Manhattan Bridges, New York

6. Conclusion

Bridge managers are often required to estimate the remaining life-spans of their
bridges. In the view of the author, detailed in Yanev (2007), Yanev (2014), and Yanev
(2016) the question must be answered on (at least) two levels. The structural life is limited
not so much by the passage of time (the commonly used dimension), but by the volume of
the service. That service, however is perpetual. The role of bridges in a functioning society
can be compared to that of ideas in the thinking brain. Once the bridge provides a shortcut
in the transportation network, the community adjusts to the new topography and the change
becomes irreversible. The more meaningful question becomes not whether to replace the
bridge but how and when to optimally extend the service. It is already possible to replace
short single and even numerous spans with minimal service disruptions, virtually
overnight. In contrast, the needs for replacements must be minimized at iconic large
structures. Structural enhancements and modifications must be planned decades in
advance. As intelligence, bridge service requires continuing maintenance. Society must be
prepared to bear its cost.

Disclaimer
This article does not represent the views and positions of any organization or agency.
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HISTORIC REINFORCED CONCRETE BUILDINGS STRENGTHENED BY
TIES UNDER SEISMIC SEQUENCES: A COMPUTATIONAL APPROACH

Ang. LIOLIOS ', Ant. MOROPOULOU * and Ast. LIOLIOS *

Democritus University of Thrace, Xanthi, and National Technical University of
Athens, Greece.

Abstract: A numerical approach is presented for the seismic response of existing
historic industrial reinforced concrete (RC) structures, which are elements of the
recent Cultural Heritage, have been damaged due to extreme actions and are to be
seismically upgraded by using cable elements (tension-ties). A double discretization,
in space by the Finite Element Method and in time by a direct incremental approach,
is used. The unilateral behaviour of the cable-elements, which can undertake tension
stresses only, is strictly taken into account and results to inequality constitutive
conditions. Finally, using damage indices, the optimal strengthening version of
cable-systems is chosen for the case of multi-storey RC frames under seismic
sequences of multiple earthquakes.

Key words: Cultural Heritage Industrial Buildings, Reinforced Concrete (RC)
Frames, Seismic Upgrading by Cable-Elements, Earthquakes Sequence.

1. Introduction

As well-known [1-3], non-usual extremal actions (seismic, environmental etc.) can
cause significant strength degradation and damages on existing historic industrial
reinforced concrete (RC) structures, which are elements of the recent Cultural Heritage. To
overcome such strength degradation effects, various repairing and strengthening
procedures can be used, which are similar to ones used for the seismic upgrading of
existing RC buildings [3-6]. Among them, cable-like members (ties) can be used as an
strengthening and repairing procedure [7-8].

The above cable-members can undertake tension, but buckle and become slack and
structurally ineffective when subjected to a sufficient compressive force. So, in the
mathematical problem formulation, the constitutive relations for cable-members include
also inequality conditions. Such inequality conditions govern also the piece-wise linearized
constitutive relations describing the non-linear behavior of the usual RC structural
elements.

' PhD Candidate, MSc, Democritus University of Thrace, Dept. Civil Engineering , Xanthi, Greece, (e-mail:
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Taking into account the above considerations, the full problem of the earthquake
response of RC structures strengthened by cable-elements bracings has as governing
conditions both, equalities as well as inequalities. Thus the problem becomes a high
nonlinear one. For the strict mathematical treatment of the problem, the concept of
variational and/or hemivariational inequalities can be used and has been successfully
applied [1, 9-10]. As concerns the numerical treatment, non-convex optimization
algorithms are generally required [1,10-12].

In the present study, a numerical approach is presented for the earthquake analysis of
existing historic reinforced concrete (RC) building frames under seismic sequences. The
considered old RC building frames have been environmentally degraded and after their
seismic assessment have to be strengthened by cable elements. The unilateral behaviour of
the cable-elements and the non-linear behavior of the RC elements are taken strictly into
account and result to inequality constitutive conditions. The finite element method is used
for space discretization in combination with a time discretization scheme, and damage
indices are computed in order the optimal ties-system to be selected.

2. Method of analysis

2.1. Problem formulation and numerical treatment

First, the historic RC frame structural system is discretized in space by using finite
elements. The usual frame elements are used for the reinforced concrete frame. On the
other hand, for the cable strengthening system, pin-jointed bar elements are used. The
behaviour of both, the cable elements and the non-linear RC elements, includes loosening,
elastoplastic or/and elastoplastic-softening-fracturing and unloading - reloading effects. A

piecewise linearization of the above constitutive relations is shown in Fig. 1, see also
[18,19].

E/ Fyield

@
g non-negative ‘
& (hardening) negative
&
g ~ Ia T a
.g 1 . h c
e residual plateau
£
=]
& elastic r fracture
0
0 1 He He

ductility, u = § / § Y=

Fig. 1. A piecewise linearized constitutive diagramme (backbone) concerning the
constitutive law connecting a generalized force with a generalized displacement [18,19].

All the above characteristics of the constitutive laws

can be expressed
mathematically by non-convex relations of the general form:

5. (d) € 0S(d) (1)
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Here s; and d; are generalized stress and deformation quantities, respectively, o is the
generalized gradient and S; is the superpotential function, see Panagiotopoulos [9] and
Mistakidis & Stavroulakis [10]. In specializing details, for the cables, s; is the tensile
force (in [kN]) and d; the deformation (elongation) (in [m]), of the i-th cable element.

Next, the dynamic equilibrium for the structural system, considered as
unstrengthened, i.e. without cables, is expressed by the usual matrix relations of Structural
Dynamics:

Mi +Cu)+K@)=f 2)
Here u and f are the displacement and the loading forces time dependent vectors,
respectively. The damping and stiffness terms, C(a) and K(u), respectively, concern the
general non-linear case. Dots over symbols denote derivatives with respect to time.
When cable-elements are taken into account, equation (2) for the assembled system
considered as strengthened, becomes

Mii +C (@ )+K (u)=f+Ts 3)

Here s is the cable elements stress vector and T is a transformation matrix.
The system of the above relations (1)-(3), combined with the initial conditions,
provide the problem formulation, where, for given f and/or %, the vectors u and s have to

be computed. The relevant computational approach is described in [1, 9-13].
By applying a time-integration scheme, in each time-step At a relevant non-convex
linear complementarity problem of the following matrix form is eventually solved :

v>0, Av+a<0, v'.Av+a)=0. 4)

Here v is the vector of unknown unilateral quantities at the time —moment t, v' is the
transpose of v, a is a known vector dependent on excitation and results from previous time
moments (t- At), and A is a transformation matrix.

An alternative approach for treating numerically the problem is the incremental one.
Now, relations (3), taking into account also second-order geometric effects (P-Delta
effects), are written in incremental form:

M Aii+C Ai+(K+G) Au = -M Aii g+ T As (5)

Here G is the geometric stiffness matrix, by which P-Delta effects are taken into account.

On such incremental approaches is based the structural analysis software Ruaumoko
[14]. This software uses the finite element method and permits an extensive parametric
study on the inelastic response of structures.

2.2. Choice of the optimal system of ties by using damage indices

The decision about a possible strengthening for an existing RC structural system,
damaged by a seismic or environmental event, can be taken after an assessment realization
[5,6]. Here the assessment is based on a relevant evaluation of suitable damage indices
[16]. After Park/Ang [15], the global damage is obtained as a weighted average of the local
damage at the section ends of each structural element or at each cable element. First the
local damage index DIy is computed by the following relation:
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pr Mo, P g (6)
u, FEd,

where: [, is the maximum ductility attained during the load history, p, the ultimate
ductility capacity of the section or element, f a strength degrading parameter, F, the yield
generalized force of the section or element, Er the dissipated hysteretic energy, and d, the
ultimate generalized deformation. As known [5,6,17,18], ductility concerns the metelastic
behaviour, see e.g. Fig. 1., and in terms of a generalized deformation d is defined by the
relation:

=— 7
H a (7

where d, denotes the yield generalized deformation and it holds d 2 d,.
The Park/Ang global damage index is a weighted average of the local damage
indices and the dissipated energy is chosen as the weighting function. The global damage

index is given by the following relation:

iDILiEi
DI, ==

i=1

where, DIg is the global damage index, DIy; the local damage index after Park/Ang and E;
the energy dissipated at location i and » the number of locations at which the local damage
is computed.

For the choice of the optimal system of the strengthening ties, various virtual such
systems can be proposed respecting functioning and serviceability aspects of the existing
building system. Further, various parameters, e.g. section area of ties, economic cost,
target displacement constraints concerning the RC system performance can be taken into
account. Finally, under above such constraints, the minimum value according to (8) is
sought, that is the optimization problem DIg—min. has to be solved

(8)

3. Numerical example

3.1. Description of the considered RC structural system.

The historic reinforced concrete frame FO of Fig. 2. is of concrete class C20/25, has
dimensions L = 7 m and h = 3.5 m and was designed according to old Greek building
codes. The beams are of rectangular section 30/60 (width/height, in cm) and have a total
vertical distributed load 30 KN/m (each beam). The columns have section dimensions, in
cm: 40/40.

The frame was initially constructed without cable-bracings. Due to various extremal
actions (environmental etc.), corrosion and cracking has been taken place, which has
caused a strength and stiffness degradation. The so resulted reduction for the section inertia
moments was estimated [17] to be 20% for the internal columns, 40% for the external
columns and 60% for the beams, providing the effective stiffness. Three cable-braces
systems, shown in Fig. 3, have been proposed and investigated in order the optimal one to
be chosen. The first system, denoted as F1, has descending diagonal cable-elements. The
second, denoted as F2, has X-bracing diagonal cable-elements. The third, denoted as F3,
has inverted V bracing diagonal cable-elements. The cable elements have a cross-sectional
area F. = 18 cm’ and they are of steel class S220 with yield strain &, = 0.11 %, fracture
strain & = 2 % and elasticity modulus E. = 200 GPa. The cable constitutive law,
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concerning the unilateral (slackness), hysteretic, fracturing, unloading-reloading etc.
behavior, is depicted in Fig. 3.A.
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Fig. 2. The initial old industrial RC frame
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Fig. 3. Numerical example: A) The unilateral behavior of the cable-elements.,
B) The F1 two-ties-system, C) The F2 four-ties-system X,
D) The F3 four-ties-system inverted V.

3.2. Multiple Earthquakes input

The systems FO, F1, F2 and F3 of Fig. 2 and Fig. 3 are considered to be subjected to a
multiple ground seismic excitation, presented and discussed in [13]. The complete list of
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these earthquakes was downloaded from the strong motion database of the Pacific
Earthquake Engineering Research (PEER) Center and appears in Table 1

Table 1. Sequential earthquakes data

Seismic . . Magnitude  Recorded Norm.

No sequence Station Comp Date (Time) (gl\;]IL) PGA(e) PGA)
1980/05/25 (16:34) 6.1 0442 0.200

. 1980/05/25 (16:49) 6.0 0.178  0.081

1 Mizllg;‘s)th 3 409&5@1“‘”“ N-S  1980/05/25 (19:44) 6.1 0.208  0.094
1980/05/25 (20:35) 5.7 0432 0.195

1980/05/27 (14:51) 6.2 0316  0.143

,  Chalfant 54428 Zack [ 1986/07/20 (14:29) 59 0285  0.128
Valley Brothers Ranch 1986/07/21 (14:42) 6.3 0.447 0.200

. 1983/07/22 (02:39 6.0 0.605  0.165

3 Coalinga 46T04 CHP NS 1083/0725 522:33 53 0733 0.200
4 Imperial 5055 Holville  HPV  1979/10/15 (23:16) 6.6 0221 0200
Valley P.O. 315 1979/10/15 (23:19) 52 0211  0.191

s Whittier 24401 San N 1987/10001 (14:42) 59 0204  0.192
Narrows Marino 1987/10/04 (10:59) 5.3 0.212 0.200

3.3. Representative results

Representative results of the numerical investigation are presented in next Table 2. In
column (1), Event E; corresponds to Coalinga seismic event of 0.165 normalized PGA of
Table 1 and Event E; to 0.200 normalized PGA. The sequence of events E; and E; is
denoted as Event (E;+ E»).

Table 2. Representative response quantities for the frames FO, F1, F2 and F3

FRAMES EVENTS Dl DI, Uy [cm]

0 @ 2 3 )

Event E, 0.134 0.179 2227

FO Event E, 0.301 0.474 3.398

Event (E,+ E,) 0.334 0.481 3.410

Event E, 0.133 0.185 1.715

Fl Event E, 0.256 0.354 3.149

Event (E,+ Ey) 0317 0.385 3.813

Event E, 0.068 0.007 1.126

F2 Event E, 0.097 0.136 1.447

Event (E,+ E,) 0.108 0.154 1.471

Event E, 0.054 0.009 1.069

F3 Event E, 0.082 0.128 1.313

Event (E,+ E,) 0.085 0.137 1.314

In column (2) the Global Damage Indices and in column (3) the Local Damage Index
DI, for the bending moment at the left fixed support of the frames are given. Finally, in the
column (4), the maximum horizontal top displacement u, (absolute value) is given.

As the table values show, multiple earthquakes generally increase, in an
accumulative way, the response quantities. Based on the values of the horizontal top
displacement uy,, = uw,™, it can be concluded that the optimal global strengthening version
is that one F3 of Fig. 3.D.
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4. Concluding remarks

Historic reinforced concrete structures, which are environmentally (e.g. seismically)
degraded and strengthened by cable elements, can be numerically treated by the herein
presented numerical approach under seismic sequences. As the results of a numerical
example have shown, the optimal strengthening version of cable-bracings can be decided
by computing suitable damage indices.
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ASSESSMENT, COMPUTATIONAL ANALYSIS, REHABILITATION AND
TRADITIONAL STRENGTHENING TECHNIQUES OF TIMBER STRUCTURES
IN BULGARIAN CULTURAL HERITAGE STRUCTURES

Doncho Partovl, Bohumil Straka’ and Milen Petkov’

University of Structural Engineering and Architecture, VSU “L. Karavelov”
University of Technology, Brno

Abstract: Timber is one of the most used materials in the roofs and floors of
monumental constructions in Bulgaria. Complex timber structures, such as those
belonging to the roofs of large monuments, are often not easy to understand in a
expedite way. Load bearing timber structures are exposed during their life to
some degradation factors which lead, in the absence of appropriate maintenance
interventions, to the loss of their structural integrity and serviceability. The
objective of this paper is to present some experience in this field, regarding the
case studies of timber roof structures of the church St. Dimitar in Kustendil. Based on
computational analysis and detailed visual inspection results, scope and general
methods of works construction ensuring adequate rigidity and load capacity of the
structure were determined.

Key words: : timber structure; degrading factors, strengthening; wood, traditional
materials;

1. Introduction
In Bulgaria, wood constructions have a vast occurrence, and an old tradition in the
civil, industrial and bridge domains[5,7,17](Fig.1a,b,c).

Fig.1a,b,c Wood in roof construction in the civil: a), industrial: b) and bridge domains: ¢)

Most of the buildings built till the beginning of the XX century in Bulgaria is made of
masonry, mainly stone (exterior and some interior walls), and timber elements (floors,
roofs, ceilings, interior and some exterior walls). According [5, 6], if properly connected,
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these elements promote a good global behaviour: the masonry walls support the floor
beams and roof trusses which, on the other hand, act as horizontal braces, inducing a more
uniform distribution of stiffness and loading throughout the structure. Thus, if properly
designed and in good conditions, these systems constitute efficient structures. This type of
construction is disseminated all over the country and represents most of our built heritage,
justifying the increasing interest on its preservation as memory of culture and
identity.(Fig.1,a,b,c). Unfortunately, most of it is degraded and abandoned, demanding
urgent intervention[5]. In general, direct intervention on the elements, avoiding
substitutions, not only results on heritage preservation, but also on the minimization of the
necessary actions and their impact. In this field, and particularly for old timber structures,
NCREP’s option[10] (Nucleus for the Conservation and Rehabilitation of Building and
Built Heritage), respecting the International charts and ICOMOS[10], has been mostly
oriented to techniques using traditional materials, like wood and steel. These techniques,
consisting in the addition of timber elements and steel plates, have been applied in the
rehabilitation of old buildings with very good results[18,19]. One examples with old timber
roof construction will be analysed in this paper, namely: Church Sv. Dimitar in Kustendil,
beginning of end of 1866 year[11]. According [14] the success of wood, as a first class
construction material, was proven since the time of the first villages; its applications were
varied and intense due to its wide spreading, workability, high strength, and low specific
weight. Among the meaningful accomplishments in our country, the churches and
monasteries represent a real value for the cultural heritage and conserving them is an
important step in our evolution. The preservation of original timber parts makes it possible
for them to fulfil design restrictions, reducing the structure alterations to a minimum in a
rapid and efficient manner. Considering the fact that the strengthening is applied to
buildings with a remarkable cultural value, their aesthetical characteristics must be
preserved and emphasized. This can be easily done by using made of traditional materials.
Traditional materials like metal, wood or concrete have been used in strengthening systems
worldwide and don't disregarded the aesthetical aspect. Nowadays, the modern age brings
up in front the easily tailored, thin, high-strength and light-weight traditional materials,
whose advantages especially in this domain are impressive. Steel and wood elements do
not only bring an increase in the strength of the members they work with, but also reduce
their size and self-weight and increase their ductility and fatigue performance. The
necessity of using such materials is therefore reflected in the need of more subtle yet
higher quality strengthening works[ 14].

2. Wood deteriorating factors

According[14] the main goal for the civil engineer is to improve the load capacity of
specific elements. Before strengthening structural wood elements, one must firstly
understand the reasons for which these elements are deteriorating. There are a number of
factors determining the durability of structural wood and they will be shortly presented
hereinafter. Timber is a natural building material which ages and deteriorates in time, even
without the influence of external factors. Its properties depend on the specific wood
species, the geographical location where the wood has grown and furthermore on the local
growing conditions of every single part of a tree. All the natural imperfections and
irregularities are points of weakness in sustaining loads or resisting to other deteriorating
factors[14,13]. Moisture(Fig. 2.1a,b,c) is the most important factor of influence for all the
physical-mechanical properties of wood and it creates favourable growing conditions for
agents responsible for wood degradations. Bellow the fiber saturation point, the wood will
shrink when losing moisture and swallow when absorbing moisture [14]. When exposing
wood to temperatures higher than 150°C, its strength will be affected.
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c) A
Fig. 2.1a, b, ¢, d Moisture in purlins in axis B and V

From the biological agents point of view, wood is highly susceptible to the attack of fungi
and insects or, in some cases, by some marine borers[14,13](Fig.2.2a, b) .

Fig. 2.2a, b Massive timber roof elements with different stages of wood destruction

When analysing this aspect, it is important to realize that, if fungi attack is linked to the
moisture content of the wood, insects can attack in any conditions[14]. In optimum service
conditions wood can last without noticeable deteriorations. Special protective measures
and chemical treatments are used when the working conditions are not suitable for the
timber elements. Protection against fire, fungi, or insects includes chemical treatments
which must consider the nature and severity of the risk, the wood type, the eventual
previous treatments, and the possible secondary effects of the chemical products[14].

3. Mechanical Failure of the Timber Structural System of the Roof

According [16] the stability of the existing roof timber structures of the church is
commonly studied with the general methodology of the Structural Mechanics, the Theory
of Timber Construction, the Theory of Materials applied to the wood, the Technology of
the Timber Constructions (see for instance the European Codes). The most common causes
of failure of the our timber structural systems are inadequacy of configuration (geometry of
the structure, sizing of the members, kind of connection of the members, bracing etc.) in
relation to the actions, both static and dynamic loading; besides slenderness, instability,
defects of the wood laid in place, severe biotic damages, accidental factors. No doubt, that
the decay of the wood caused by beetles and fungi is a major problem both for members
and structures too. In fact mechanical failures can also be caused by biotic factors that
reduce the strength of the material. The failures can hit the structure at any hierarchic level,
1.e. that of the members, the units, the whole structural system and the connections. The
widespread habit of replacement of the damaged parts of the ancient structures or their
total demolition and rebuilding is, unfortunately, extended up to the present days though
only by a restricted number of culturally unacquainted operators who rely on a supposed
tradition[12]. This habit has the effectual alternative, required by the contemporary cultural
instances, of the repair and strengthening with minimum disturbance of the ancient
complex. This new vision demands for an updated scientific and technical approach[16]. If
repair and strengthening must be planned in order to recover the lost efficacy of the system
and, at the same time, avoid modifications or at least minimize them, in any case without
significantly altering the general concept of the same system, the mechanical failures as
well as the causes of their presence must be known and interpreted; a general evaluation of

321



MEXAYHAPOJHA HAYYHA KOH®EPEHIIUA BAHW’2016
INTERNATIONAL SCIENTIFIC CONFERENCE BASA'2016

the efficiency and of the safety of the system will then be possible[12]. Planning the
strengthening will subsequently follow in a natural way as the activity, meant to take the
right measures and put in place only those remedies judged adequate to counteract the
recorded effects of each failure, avoiding the assumption of the generic remedies featured
and recommended in the handbooks and in the dépliants of companies without a specific
reference to the real nature of the damage, and cancel or at least neutralize the causes that
are responsible of the problem. A quite specific failure mode is to be considered the
longitudinal break of the extremity of a member where a pin or nail is inserted in order to
apply the tension. The wood divides along the fibres, (in other words it splits), and the
holding device slides along the borders of the split thus allowing the tension to release.
(Fig. 3.1a,b)

Fig. 3.1a, b Wood divides along the fibres

The cutting of the lie in three-hinge frame leading to the catastrophe consequences for the
whole behavior of the wood construction(Fig.3.2a, b). This fact lead to the displacement in
the connection between column and horizontal beam in place of the missing lie in three-
hinge framework.

a) ‘ b)
Fig. 3.2a,b Reversal in the connection between column and horizontal beam in place of the missing lie in
three-hinge framework

The most considered stresses in design of wood elements are the bending moment, tensile,
compressive and shear forces. Nevertheless, there are other strength properties that are less
important but that can also be used, like the torsion, creep or fatigue resistance[14],cracs
in the vertical and horizontal elements(Fig.3.3a,b,c).

Fig.3.3a,b,c,d Torsion of purlins: a,d) Horizontal displacement in the top of columns: b), vertical
displacement of purlin in axis B-caused the creep: c), and cracks in the column and purlins:c)
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4. Strengthening Methods Implying Traditional Materials

4.1 The Structural Intervention and Case studies for strengthening works of beams
and columns using traditional materials and methods

According [5] the need for the intervention on timber structures is usually related to the
existence of damages or alterations of use with load increase. Between the most common
damages, one can refer the natural ones (knots, splits, etc.) and those resulting from biotic
attacks (insects and fungi) and from incorrect constructive details or structural
interventions. These causes not always originate the collapse of the structural elements or
structures, but are often associated to their deficient behaviour, with high levels of
vibrations and deformations. Consequently, in order to ensure the safety and, at the same
time, the proper performance of the structures, it is necessary to intervene in the damaged
structural elements through rehabilitation actions. The decision about the type of
intervention should be taken only after a rigorous and careful survey of the structure[15].
According to the results obtained in the survey and to the circumstances of each situation,
the intervention on a particular element or structure can take two different ways:
Rehabilitation or Substitution. Rehabilitation can be seen as the natural solution that allows
the maintenance of the element or the structure. This option may involve a strengthening
action, particularly when the original structures are improperly designed or when changes
of use (with higher loads) are expected, demanding a higher strength. In a limit situation,
the intervention can consist in the Substitution of the element or structure, a solution that
should be carefully analysed taking into account the percentage and intensity of the
damage[5] .

4.2 The choice of rehabilitation techniques

The rehabilitation of timber structures can be done using different techniques, with pros
and cons concerning effectiveness, compatibility, intrusiveness, etc. when choosing the
techniques and materials to use, there are, among others, two criteria linked to heritage
protection that should be respected: Compatibility and Reversibility[5]. Compatibility is
linked to the physical and chemical interaction between the existing structure and the
intervention solution. In particular, the elements, materials and (or) techniques
implemented shouldn’t react with those of the existing structure or introduce higher
stiffness in localized structural areas. This criterion avoids the introduction of new damage
in the structure through the intervention. A good example of that are the glued or very rigid
connections in timber elements that may induce concentration of stresses in the interface
area, i.e. the occurrence of new damage. Reversibility is linked to the will that the
interventions be substitutable so that they can give place to more efficient and (or)
protective interventions in the future. Generally speaking, the less intrusive solutions are
often the more reversible ones[5].

4.3 Techniques with traditional materials

There are many different ways of using traditional rehabilitation techniques in old timber
structures, namely: - the fixation of timber pieces or thin steel plates, with varied
configurations, to the sides of the element ; - the introduction of thin steel plates in the
interior of the element; - the installation of steel belts around the element; - the installation
of new structural elements (timber or steel) parallel to the existents, among others[5]. To
increase knowledge on the efficiency of these techniques in order to give useful
information to designers and constructors about the suitability of each technique to solve
specific situations, in Prague [1,2] and NCREP[10] is developing a laboratorial testing
campaign. As a matter of fact, the information related to research on rehabilitation
techniques on old timber structures using traditional materials is quite limited. In the case
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of traditional carpentry joints, despite of being widely used, the number of studies on their
mechanical performance and on possible strengthening techniques is scarce. With few
exceptions, research on timber joints has been oriented towards new engineering
configurations. Simultaneously, only few studies were developed in elements subjected
mainly to bending; some authors performed bending tests in beams reinforced with steel
elements, but reaching contradictory results. The majority of the studies was done in
elements with high axial or shear forces. Strengthening techniques on floors to improve the
diaphragm behaviour have also been analysed, proving experimentally its efficiency, but
advising that further refinement is still needed for the technology to be applied in the
construction practice. Concerning the connections between timber structures (roof, walls
and floors) and masonry walls, although it is usually appointed as a key![element to the
overall behaviour of a building[5], in particular under seismic events, no significant efforts
have been spent on their study.

5. Interventionations with Timber and Steel Elements

The use of timber elements in the rehabilitation of old timber structures is a very common
solution. However, in these interventions it’s important to have timber elements of the
same wood species and with similar characteristics: density, strength and stiffness, to those
of the original structure. In [5] is refers the convenience of using old timber elements, with
the drying process completed, and the importance of having compatible moisture contents
between new and old elements to avoid physical incompatibilities. When it’s not possible
to obtain similar wood, timber elements retrieved from the demolition of old buildings can
be used or, as alternative, the new elements, already dry, can be previously placed in the
constructions where they will be installed to acquire a moisture content in equilibrium with
the construction environment. On the other hand, solutions with steel elements are
commonly used in interventions on old timber structures, particularly on timber floors,
leading to an increase of strength and stiffness. Even though, when using these elements,
two questions should be analysed: the compatibility with the timber elements (the
behaviour of wood and steel is considerably different) and the fire resistance of the
metallic elements. In fact, timber structures support temperatures for which steel structures
would have already failed. Therefore, to avoid the steel elements to become the weakest
point of the strengthened structure it’s important to improvement their fire resistance,
which can be done through physical barriers or fire retardant products. Simultaneously,
steel elements should be protected against corrosion[5]. Strengthening wood structures
involves various methods and techniques depending on the final purpose for the
intervention, the elements and materials involved, and the importance of the work. Explicit
objectives must be set like the intention of keeping the original material and structural
concept, the conservation by maintaining the aspect of the elements and structural solution,
the modification, restoration or improvement of the bearing capacity, rigidity and other
characteristics of the elements and structure [14]. No matter what method of strengthening
is chosen, the works must be compatible with the existing structure, so that the coherent
assemble to be easily performed. The repairs can be made on the whole length of the
element or on certain degraded parts. Due to environmental factors and biological agents,
surface degradations like holes and cracks can appear. Therefore, the repair techniques
must imply the injection of wood with resins that fill up these openings and so restoring the
wood mechanical characteristics. Timber structures, more than those made of other
materials, show a very complicated deformational behavior, mainly because of the
property of the visco-elasticity that wood belongs, in an accentuated way, if compared to
other materials, due to the nature of the tissues and the longitudinal position of the fibers.
Therefore often it is difficult to assess the cause, the kind and the entity of the stresses

324



MEXAYHAPOJHA HAYYHA KOH®EPEHLIUA BAHW’2016
INTERNATIONAL SCIENTIFIC CONFERENCE BASA'2016

which are responsible for the deformations detected[14,4,9,8]. In the case of eccentric
compressive loads, when the elements become subjected to both compression and bending,
the supplementary efforts that appear are extremely dangerous, compromising the integrity
of the entire element. Different strengthening methods have been developed to partially
reduce the deformations and enhance the rigidity of the member but, for all of them, the
considered elements must be discharged.

5.1 Element subjected to bending

For elements subjected to bending, the considered degradations are either cracks situated
especially in the middle span area or excessive deformations caused by the change of loads
or by long lasting loads. In these cases the local interventions are meant to stop crack
propagation or to enclose it. One solution includes the utilization of metallic elements that
induce compression perpendicular to the crack and stop its propagation[14]. Two holes are
drilled at both ends of the crack and two metallic plates are disposed on parallel sides of
the element, bonded with bolts, as shown in Fig. 5.1.

N |
a) S NN

Fig. 5.1 a, b, ¢ — Local strengthening of beams: longitudinal cracks[3]: / — drilled holes, 2 — clamp, 3 —
crack, 4 — plate, 5 — bolts.

5.2 Total strengthening of beams and columns

Total strengthening of beams can be made with or without increasing its transversal
dimensions. To change the cross-section, new elements of wood, metal or concrete are
added above, below or lateral to the existing members[14]. E.g., placing new wooden
elements under the existing beams does not influence the secondary elements or the floor;
they are linked with metallic anchorages, (Fig. 5.2 a). The same type of anchorages is used
for the laterally added elements (Fig. 5.2 b).

y
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Fig. 5.2 — Beam strengthening using wood and steel elements[14]: / — existing beam, 2 — new beam, 3 —
secondary beam, 4 — metallic anchorage, 5 — air, 6 — lateral beams.

When keeping the initial beam dimensions, the strengthening involves the insertion of
metallic profiles, which have a lower height than the actual beam(Fig.5.3a,b,c). The
metallic elements must be proofed with epoxy resins. A first layer of resin is poured after
the longitudinal pockets for the metallic elements are made. Then, the metallic elements
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are inserted into the pocket (for the metallic profiles case, bolts can be used) and filled up
with resin[ 14].

b) ) i

Fig. 5.3a,b,c — Beam strengthening using steel profiles

When the damage of the beam consists in the rotting of its ends, usually caused by water
absorption through the joints or from meteorological water, the degraded material can be
removed and replaced with a new one or it can be strengthened using epoxy resins. This
second procedure involves only a partial removal of the material at the ends [14].

5.3 Support rehabilitation

The rehabilitation of the timber beams supports was performed through the fixation with
steel triangle and steel bolts. Additional connection between roof rafters and horizontal
floor beams using steel triangle guarantee the global behavior of the building and their
correct connection to the stone masonry wall(Fig. 5.4 a,b,c,d). The extremities of the
beams was treated against biotic attacks.

c)

Fig.5.4 a, b, ¢, d. Connection between floor and roof beam using steel triangle

Anchoring of purlins to the outside wall is recommended to be done using the steel lashes
and steel bolts(Fig.5.5a,b,c)

Fig. 5.5a,b,c. Anchoring of purlin to the outside wall by steel lashes

Strengthening of the damaged structural element(console-pillow and beam-purlin) with
steel are performed by steel lashes and steel bolts also(Fig.5.6, a,b,c).
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Fig. 5.6 a,b,c. Strengthening of the damaged structural element(console-pillow and beam-
purlin) with steel lashes and steel bolts

5.4 Correction of Deformation

After the rehabilitation of the supports and removal of the heavy load from the roof
surface, the existing deflection in the purlins can reduce throughout a system of
swept(Fig.5.7a,b,c).

c)
Fig.5.7a,b,c. Support of the purlins throughout swept
In certain situation it is necessary to substitute partially the damaged elements using

prosthesis, with the fixed connection between the new and existing part of the wood
elements from M16 threaded rods and screws(Fig.5.8a,b,c).

a)

Fig. 5.8a,b,c. Construction of wooden prosthesis at the top of the column

6. Numerical Analysis of the Timber Roof of the Church

The main purpose of this part of the article is to show the potentials of a three dimensional
computer modelling and simulation of a building structure. We would like to show how the
science of engineering in particular, and advanced computer modelling including finite
element methods(FEM), can be used to increase the understanding of a structure. We
intend to show more than simple strength calculations, which is the most common range of
application of the finite element method. We will also demonstrate how to apply this
method to a historical building structure. This includes a comprehensive study of the
structure in mind, which is done not only to be able to reveal the geometry, but even more
to learn to understand the structure and its behaviour. This knowledge is necessary to be
able to judge the truth of the results. When the static behaviour of the structure is found we
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will illustrate this in a way that is simple to understand even for the less experienced
viewer. A historical wooden framework is very likely to be highly complex and machine
of time. That is why it is very important to be able to study the results of a calculation
when dealing with the framework as an entirely. This includes plots of deformations and
reaction forces on the complete structure, as well as special examination of smaller
sections of the structure. With the computer model needed for the above analysis it is easy
to go further and simulate damage to the structure or exposure to special load cases. This
can be done either to include realistic or probable damage in the dimensioning when
restoring the building, or to verify observed damage. This will not be demonstrated
explicitly in this work, but the possibility will be obvious. As an additional purpose we will
also discuss different methods of analysing building structures, especially old historical
wooden structures. Originating in the different tools, computer calculations and hand
calculations respectively, used in Bulgaria we will try to investigate how the norms and
regulations are used. We are interested in whether the rules must be completely obeyed or
whether they may in some cases take advantage of the calculation method in question.
Within the structural analysis of the historic timber structure, a model is built(fig.
6.1.a,b,c).

a)

Fig. 6.1a,b,c Church St. Dimitar — (a) Main Truss, (b) Longitudinal Truss, (d) 3D View

Of course at all time, the structural model is a compromise between a scheme close to
reality, but too complex to calculate and a scheme, easy to calculate, but far away from
reality. The better the model is in line with reality, the more reliable the diagnosis will be.
Therefore, a step-by-step procedure within the modelling is used. Initially, with the
information available from a visual inspection, a first structural model is made, often not
accounting for detailed information on material degradation, missing structural elements,
actual deformed shape of the structure. The outcome results of the structural model are
compared with the deficiencies identified on site. This initial analysis is worth full since it
better aligns additional research efforts. According[5,6] the updated model therefore
should ideally account for: overall geometry of the timber roof, cross-sections of the
structural elements, nodal details, displacements, missing elements, structural
interventions, alterations and weakening; actual material properties, taking into account the
rate of decay (mechanical and physical-chemical-biological), instead of the material
characteristics specified in the original design or provided by codes; the correct nature of
connections and boundary conditions, including differential settlements of the supports; -
the uncertainty associated with the validity and accuracy of the models. In general,
following remarks can be made: the structural analysis software used (Supperstat, Tower)
is mainly developed for the design of new timber structures, according to the limit states
design principles, using partial safety factors; there is no software available that accounts
for the time dependent (creep) behaviour of timber. The general frame analysis software
mainly used within practice does not account for the non-isotropic material characteristics
of the timber. Within the analysis different types of nodes are encountered. The outcome of
the analysis results strongly depend on the nodal stiffness assumed and their actual
restrained(fig. 6.2 ).

328



MEXAYHAPOJHA HAYYHA KOH®EPEHLIUA BAHW’2016
INTERNATIONAL SCIENTIFIC CONFERENCE BASA'2016

”‘Lw “ __ZZ D, o '})_["L <

L LT 7T

A AE g

Fig.6.2 Different types of nodes modelled as hinge joints within the structural analysis

7. Conclusion

In the practice, a wide combination of the failure presented in the above mentioned
text here can to be found. It is demonstrated that the failures of the timber structures are
very peculiar, certainly depending on the kind of action, and different from those of the
constructions of other materials, besides characterized by a larger number of types.
Technicians must be acquainted with them and be able to recognize and interpret them on
the spot. They must be able to express an immediate judgement about the level of safety of
the construction in the observed condition, take the immediate measures to avoid collapse,
delaying to a further accurate survey the full evaluation of the general situation. The full
understanding of the failures of an existing structural system can greatly help to interpret
its behaviour, inconsistencies, shortening of the level of serviceability. Similarly, the full
understanding of an old structural system, reducing the number of unknown factors, allows
a direct and appropriate design of the strengthening measures and devices, the cutting
down of the extent and quantity of the intervention with evident advantage for the costs but
more for the conservation of the authenticity of the ancient surviving specimens. The risk,
otherwise, is to make useless or, worst, harmful interventions. To prevent this regrettable
situation, the strengthening measures must be designed only by technicians who are
familiar with the peculiar way of failing of the timber structures and capable to enter into
their conception[16]. In general, the preservation of the structural elements results in
benefits, not only in terms of built heritage preservation, but also in minimization of the
interventions and their impact. Even though, when this strategy is followed, the
implementation of traditional rehabilitation techniques has been commonly passed over by
techniques which use modern materials, frequently expensive and with doubtful efficiency.
This situation is particularly common in old timber structures, namely roofs and floors,
which exist all over the World, in some cases with many centuries. Therefore, an effort
should be done to change this situation i.e., to show the community that it is possible to
preserve timber structures and, at the same time, to use traditional materials and
techniques, leading to more sustained interventions[1,9,10,11,12].
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TWO HISTORICAL COVERED TIMBER BRIDGES IN GELNICA
Balaz Ivan', Kolekova Yvona®

Slovak University of Technology in Bratislava, Slovak Republic

Abstract.

Probably the oldest set of 30 photographs of the timber covered bridges on the
Slovak territory may be found in the book of the Czech author [1]. A large
investigative study of the historical covered timber bridges on the Slovak territory
was consequently done by two professors of Slovak University of Technology in
Bratislava Dutko, P. and Ferjenc¢ik, P. in the 1954 and 1980. Also their results
enabled to the authors to identify all bridges and their details on the more than 100
photographs of originally unknown bridges, which are property of The Monuments
Board of the Slovak Republic in Bratislava (PU SR — Pamiatkovy trad Slovenskej
republiky). The aim of the authors is to perform a study and analysis of all historical
and modern covered timber bridges on the Slovak territory.

Keywords: historical bridge, timber covered bridge, structural system, construction,
details

1. Introduction

The authors of [2-8] found that in 1954 there were 9 bridges from originally 29
timber covered bridges (Fig. 1). The most bridges were built over rivers Hnilec — 10,
Poprad — 5 and Hornad — 5. The only bridge which survived till today after several
reconstructions is the bridge over Hornad river at Kluknava.

The authors of this paper have collected historical data from archives, chronicles,
owners, the oldest inhabitants, contemporary engravings, veduta paintings, old
photographs and various publications. It was very difficult to gain or to verify some data.

In this paper only two historical covered timber bridges over river Hnilec in Gelnica
are described: (ii) Bottom bridge near railway station, (ii) Upper bridge under the hill with
castle ruin (Fig. 2).

2. Bottom Bridge over River Hnilec in Gelnica (Fig. 2-7)

This bridge replaced the similar older bridge in 1901. It was built near railway station
in Gelnica. It had red roof. During repair the structure original queen-post truss was
strengthened by two pairs of steel rods with @ 30 mm. There are different data concerning

! Balaz Ivan, Prof. Ing. PhD., Department of Metal and Timber Structures, Faculty of Civil Engineering,
Slovak University of Technology, Radlinského 11, 810 05 Bratislava, Slovakia, ivan.balaz@stuba.sk

? Kolekové Yvona, Assoc. Prof. Ing. PhD., Department of Structural Mechanics, Faculty of Civil
Engineering, Slovak University of Technology, Radlinského 11, 810 05 Bratislava, Slovakia,
yvona.kolekova@stuba.sk
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its length: in 1901 — 25.75 m, in 1925 — 25.10 m, in 1954 — 25.30 m, or 24.60 m in other
sources.

After repairing in 1953 the load carrying capacity of the bottom bridge over Hnilec
river in Gelnica was limited to 1 ton. In Fig. 6 it is possible to see a Canadian Military
Pattern (CMP) truck Ford F15 with weight 3572 kg, produced in 1940-1945. The
photographs were made in fifties after World War II.

Biela Voda 1

Hanusovsky potok 1 Lukavica 2

Breznik 1

Vah
<
;ﬁx

Ruine of g &
a castle |

Fig. 2. Upper and Bottom covered bridges located in the past over river Hnilec in Gelnica
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Fig. 3 Bottom bridge over Hnilec river in Fig. 4 Bottom bridge over Hnilec river in
Gelnica. Side C-D. Built in 1901, repaired ~ Gelnica. View B-C. Dismantled in 1960.
in 1953. Photo: summer 1925 [1] Photo: summer 1925 [1]

Fig. 5 View B-A-D Fig. 6 View A-D-C Fig. 7 View Side C-D

2.1 Global Analysis of the Main Girder of the Bottom Bridge in Gelnica

The two main girders are trapezoidal queen post truss girders with panels lengths
8.65 m, 7.8m and 8.65 m. The main girders are strengthened by strut No. 2 (Fig. 8). The
middle panel is without diagonals. The struts No. 1 and No. 2 are located in the end
panels (Fig. 9). The strut No. 1 is supported by beam at its end. The strut No. 2 intersects
the beam and is supported by masonry support (Fig. 9). The width of the bridge is 3.9 m.
Deck of the bridge is supported by 5 longitudinal beams, which are supported by
transverse beams. Spacing of the transverse beams is 1.5 m and 1.75 m. There are rigid end
wind portals at the both bridge ends. Ridge of the roof is horizontal only in the middle
panel. The height of the ridge of the roof at the bridge ends is 0.25 m lower comparing
with the height of the ridge in the middle panel of the bridge.

The complete results of globla analysis are given [9]. They were obtained with
the help of computer program IQ 100 [10]. Here are presented only distributions of the
axial forces (Fig. 10) and bending moments (Fig. 11). The results of global analysis show
that the Bottom bridge in Gelnica near the railway station was in 1901 perfectly designed
by carpenter Kriwacsy. The bridge design was based on his knowledge and experience.
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COVERED TIMBER BRIDGE IN GELNICA AT RAILWAY STATION SECTION a-a
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Fig. 8 Covered timber Bottom bridge over Hnilec river in Gelnica [1]
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Fig. 9 Statical scheme, member dimensions and values of the actions

-454.8 kN

Fig. 10 Axial forces. Negative in compression, positive in tension
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Fig. 11 Bending moments

3. Upper Bridge over River Hnilec in Gelnica (Fig. 2, 12-17)

The bridge was built in 1831, probably repaired in 1881, later strenghtened according
to Fig. 11, dismantled in 1957. Length was 35,79 m, width was 4,8 m and height 5,1 m. It
was located at the end of the city. In 1954 it was the greatest of covered timber bridges.

Fig. 12 View A-B. Fig. 13 Upper bridge in Gelnica. View A-B-C. In [7],

a) Originally Howe truss, and [8] is mistakenly called as Bottom bridge
b) strengthening by strut frame & queen-post truss,
¢) added support

Fig. 14 Upper bridge over Hnilec river in Fig. 15 Upper bridge over Hnilec river in
Gelnica. Side A-B. Built in 1831, repaired ~ Gelnica. View B-C. Dismantled in 1957.
in 1881 and 1934. Photo: summer 1925 [1]  Photo: summer 1925 [1]
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UPPER COVERED TIMBER BRIDGE IN GELNICA UNDER HILL WITH CASTLE RUIN
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Fig. 16 Covered timber Upper bridge over Hnilec river in Gelnica [1]
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Fig. 17 Cross-section and details of Upper bridge over Hnilec river in Gelnica [1]
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4. Conclusion

The authors of the paper have collected historical data about: erection, opening,
strengthening,  reconstruction, destroying of bridges, geometry, details and other
characteristics of bridges and their designers from archives, chronicles, owners, the oldest
inhabitants, contemporary engravings, veduta paintings, old photographs and various
publications. It was very difficult to gain or to verify some data. Probably the oldest set of
30 photographs of the timber covered bridges on the Slovak territory may be found in the
book of the Czech author [1]. A large investigative study of the historical covered timber
bridges on the Slovak territory was consequently done by 2 professors of Slovak
University of Technology in Bratislava, Dutko and Ferjencik in 1954 and 1980. They
published their results in the fifties [3, 4, 5], sixties [6], seventies [7] and eighties [8]. Also
their results enabled the authors to identify all bridges and their details on the more than
100 photographs of originally unknown bridges, which are property of The Monuments
Board of the Slovak Republic in Bratislava (PU SR — Pamiatkovy urad Slovenskej
republiky). The aim of the authors is to perform a study of all historical and modern
covered timber bridges on the Slovak territory. The photographs of historical and modern
bridges made of various structural materials built on the Czech and Slovak territory may be
found in [9-19].

In this paper only two historical covered timber bridges over river Hnilec in
Gelnica are described: (ii) Bottom bridge near railway station (Fig. 2-11, (i1) Upper bridge
under the hill with castle ruin (Fig. 2, 12-17).

Fig. 9-11 show part of the results of preliminary analysis of the main girder of the
Bottom bridge. The results were obtained by computer program 1Q 100 [10]. The
distributions of the axial forces (Fig. 10), bending moments (Fig. 11) confirmed that
historical covered timber Bottom bridge in Gelnica over Hnilec river located at the railway
station was perfectly designed. The effective bridge design by carpenter Kriwacsy in 1901
was based on his knowledge and experience. The results of detailed analysis of all
structural elements of the Bottom bridge in Gelnica and global analysis of Upper bridge in
Gelnica will be published in another paper.
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RESTORATION OF SELECTED HERITAGE IRON AND STEEL BRIDGES
IN POLAND

Mariusz Maélakl, Marek Pantak’

Cracow University of Technology

Abstract:

In the paper some restoration techniques used to repair the selected historic bridges
made of iron or steel and completed in Poland in the 19th and also in the first half of
the 20th centuries have been presented and discussed. The considered structures are:
the cast iron suspension bridge erected in 1827 over the Mata Panew River in
Ozimek city near Opole, the oldest iron suspension bridge on the European continent
with a span length of 31.6 m and the steel welded bridge built in 1929 over the
Studwia River in Maurzyce city near Lowicz, with a span length of 27.0 m, the
world's first fully welded road steel bridge.

Key words: historic bridges, suspension iron bridge, first welded bridge

1. Introduction

Historia est magistra vitae (History is life's teacher). History is a story about the past
that is significant and true. History helps us understand who we are, helps us understand
changes and how the society we live in came to be. History is what we inherit, what we
make, and what we are fated to become a part of it. We live in a time of rapid changes, a
time of progress but we must remember where we come from.

The profession of engineering has a long, rich, and important history. The history of
engineering, provides essential information about what was once the state of the art and
hence what should be recognized as being fundamental to the latest state of the art. We
should take care to preserve the historical heritage for future generations.

Two bridges characterised below are a great testimony of the development of
technical thought. These restored structures can be a model to follow and inspiration for
both young and senior engineers.

2. The cast iron suspension bridge in Ozimek, Poland

The bridge over the Mata Panew River in Ozimek is the oldest iron suspension
bridge on the European continent. It was constructed between 1825 and 1827 and opened
for use on September 12th, 1827. At that time the bridge was a pioneering work of Karl
Schottelius, royal smelting master, and a worldwide sensation.

' PhD, DSc., Eng., prof. CUT, Cracow University of Technology, Faculty of Civil Engineering,
Warszawska 24, 31-155 Cracow, Poland, e-mail: mmaslak@pk.edu.pl

? PhD, Eng., Cracow University of Technology, Faculty of Civil Engineering, Warszawska 24,
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Fig. 1. The iron suspnsion bridge over the Mata Panew River in Ozimek [4]

The bridge superstructure is formed as a cast iron and cast steel suspended structure
with a cast steel and wood deck. The bridge deck is suspended by iron chains, hingedly
connected to two cast iron pylons, consisting of cast openwork parts, topped with neo-
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gothic style portals. The deck is shaped in a vertical arch of radius 430,00 m. The pylons
are 5.3 m high. The axial distance between pylons, measured longitudinally to bridge axis,
1s 31.50 m, the span of the bridge deck is 29.13 m. The usable width of the bridge deck is
5.60 m while the horizontal clear distance between the pillars of the pylon, measured
transversally to bridge axis is, 4.65 m. The distance from the pylons axis to the edge of the
anchorages housing is 13.80 m, the distance from the pylons axis to the chains anchoring
points is 20.20 m. The total length of the bridge is about 75.00 m.

The main tension bearing members are formed with straight bars ¥45 mm, 3,20 m
length made of cast steel. The hingedly connected bars forming the bearing chain. Each
chain consist of two levels of bars (four bars arranged in pairs one above the other). The
bars are connected to each other by means of pins and other plates (clapms). The chain are
arranged in the axial spacing of 5.63 m. Adjustement of the force in chains takes place
through turnbuckles, located in each anchorage niches.

The bridge deck is suspended on chains by means of hangers made of cast steel bars
?35 mm hingedly connected with chains by hat-shaped cast steel elements. The hangers
length varies from 2.50 m to 6.00 m. Oryginally the bridge deck was designed as a grillage
made of cast steel lateral beams, wooden longitudinal beams and wooden surface made of
two layers of palnks (bottom layer with planks 210x115 mm, upper layer with planks
180x30 mm). The wooden surface was placed on 6 longitudinal beams 210x115 mm lying
on 17 lateral beams (300 mm I-section) suspended to main chains. Under the lateral beams
the flat bars 15x80 mm (two parallel flat bars at each end of letaral beams) were placed
The flat bars were conected with letaral beams and anchored in abutments. The lateral
beams were braced by means of lateral bracings made of cast steel bars 920 mm.

7 \

o PN

Fig. 2. Grillage of the bridge deck after restoration and modernization work .

The bridge railings are designed in modular form placed between hangers and are
made of flat bars 8x30 mm for upper chord and 10x35 mm for bottom chord and with
X-crossing round cast steel bars @20 mm conected with flat bars by menas of bolts.

Fig. 3. Selected constructional details: railing, hanger and lateral beam connection, hanger
and main chain connection
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The bridge pylons are made of cast iron ornamental trusses (4 trusses for each pylon)
forming the truncated pyramids with a rectangular base 1660x2370 mm. The pylon heads
are connected by roofed transverse beam with relief of date of completion of construction
“1827” and the name of the steelworks “MALAPANE”. Weight of a single pylon is about
14.8 Mg.

After detailed technical review carried out in March 2006 and further inspection in
Mach — July 2008, after 181 years of bridge exploitation, damages of the bridge elements
was classified as directly threatening the safety of users of the object, as well as the
structure itself. Main damages identified during technical review and inspections are as
follows: strong corrosion on the contact elements of each pylons (due to lack of anti
corrosion protection as well as the lack of proper maintenance), transverse cracks in parts
of pylons caused (probably reason for this is an accident, which took place at the end of the
World Wa 11, in 1945 when Soviet tank tried to cross the bridge), advanced corrosion
elements of the chains, significant reduction of tension in chains (the upper belt of the
chain abutted to the lower belt, while they should be distanced from each other), bending
deformations of the bars of the chains, advanced corrosion of the hangers in connections to
the crossbeams, advanced corrosion of the crossbeams, lack of the bearings on the
abutments under the longitudinal beams of the deck, inadequate protection of the chains
anchoring niche against the inflow of water.

In July 2009 a thorough renovation of the bridge was started. The bridge was
disassembled, renovated, insignificantly modernized reassembled and strengthened.

Fig. 4. View of the bridge and structural elements before and after renovation and
modernization works [4]

After dismantling and detailed inventory control due to the presence of defects the
bridge elements were further examined during ultrasound and radiological testing.
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. T

Fig. 5. Radiograms of ridg-feméﬁts ;md places of defects of the chains saddles [5]

On the basis of the inspection the need of performance of the following works was
found: remove old paint and surface corrosion of the metal element of the bridge by
abrasive blast cleaning, remove cracks in parts of the pylon, replenish loss of material in
pylons, control and, remove cracks in the chain saddles, lubrication of the chain saddles to
reduce friction between the chains and saddles, remove elements that prove the previous
interference in construction, replace roof elements over the transverse beams of both
pylons, replace all bolt connectors, apply corrosion protection on all elements of the
pylons, replace damaged elements of the chains into new identical in shape and material,
remove deformations of the bars in chains, reduce friction at the chains joints by the
application of lubricant, apply corrosion protection of chains anchor blocks and
turnbuckles allowing the regulation of the chains tension, adjust the tension of the chains,
protect the chains anchorage against water penetration, ensure proper drainage of the area
around the chains anchorages, adjustment of the tension in lateral bracings of the bridge
deck, apply an elastomeric bearings under the longitudinal beams of the bridge deck, apply
corrosion protection of metal elements of the deck grillage, adjust the grade line of the
bridge span.

During the renovation process, after additional static and strength analyses, an
insufficient bearing capacity of the main chains was found. Due to significant cracks in
some chains elements the bearing chains were strengthened by additional steel ropes (two
ropes for each chain). Introduced ropes minimally change the original appearance of the
chains, imperceptible to the untrained eye. Additionally to protect the bridge against
vibrations the bridge deck was modernized. The wooden longitudinal beams in the bridge
deck were replaced by continous steel beams (see Fig. 1, 2: two central box beams
200x350 mm and four wide flange H beams HEB120).

Flg 6. General view of the additional ropes strengthening the bearing chains

After renovation, finished in September 2010, bridge was opened for use. The
structure was reclassified on footbridge with possibility of passing, in rare cases, of a
vehicle with a total weight up to 10 tons. Today the bridge is a major tourist attraction of
the city.
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2. The bridge over Studwia River in Maurzyce, Poland

The bridge over Studwia in Maurzyce, near Lowicz is officially confirmed world’s
first fully welded bridge. The bridge was erected during 1928/1929. The load tests of the
bridge was carried out 9 August 1929. Soon after erecting, in the interwar period, the
bridge was an object known all over the world as the first steel, totally welded road bridge.
The designer of the bridge Professor Stefan Bryta, a well-known Polish scholar and
constructor, preceded its designing by many years of studies on the strength of welded
joints, their result being the first scientifically worked out rules of such joints in building
constructions. Originally the bridge was placed during the road from Warsaw to Poznan.
Today the structure is placed next to the road national road 92 (only 25 m up the river) and
is declared as immovable historic monument (‘class 0° monument, most prized historical
monuments of international significance).

1% , ~ %

oA moEy ARSI L
Fig. 7. General view of bridge in Maurzyce during construc

Y
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The bridge was built with ingot steel of strength 360-410 MPa [3]. The structure
consists of two main truss beams, with a straight lower flange and a parabolic upper flange.
Theoretical span of the truss girders is 27.00 m, theoretical height of the girders in the
middle of the span is 4.30 m, the distance between joints in lower flange is 3.375 m. The
width of the bridge between the main beams axes equals 6.76 m and in the clear distance
between the girders it is 6.20 mm. The main beams are joined by cross bars and horizontal
bracings situated in the plane of lower flanges, they have no bracings in the upper flange.
Cross bars are joined with the main truss posts by stiff joints and stringers are fixed to the
cross bars by means of trapezoidal plates. On both sides of the girders (outside the girders)
two sidewalks were designed, each 1.50 m wide.

The total mass of welded construction was 59 tonnes, while the mass of the riveted
structure was supposed to be 70 tonnes, thus the construction mass was reduced by 17%.

Until the late 1970s the bridge was placed during national road no. 2, the Polish
section of the European route E8. However in 1977 due to the increasing traffic and too
small width the bridge was closed to traffic and moved 25 m up the river and a new
composite bridge was built in its place.
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Fig. 8. Longitudinal and cross section of the bridge in Maurzyce [1]

In 2009 the bridge was refurbished. Construction was cleaned of rust and repainted,
and the road surface was replaced with a granite sett. In 2011 a memorial plaque to
Professor Bryta was unveiled in front of the bridge.

Fig. 9. General view of the bridge during restoration work
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In 1995, the American Welding Society honored the achievements of Stefan Bryta by
"Historic Welded Structure Award" for welded bridge on Studwia. In 2010 the Lodz
branch of General Directorate for National Roads and Motorways for the renovation of the
bridge received the award "Well-kept monument" granted by Polish Minister of Culture
and National Heritage and General Conservator of Poland.
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Fig. 10. General view of the bridge after restoration

4. Conclusion

Heritage is the history, unique knowledge, values and traditions. It is a potential
which should be used for future development. Heritage provide the basis for an
understanding in the different subjects: culture, education, science, policy etc. Heritage
tells us the story of progress, story of nations and societies as well as the story of individual
people. The preserved cultural goods allow us build our social identity. Protection,
preservation and maintenance of heritage goods for future generations is a big challenge
and a duty. This is our duty and gift for future generations and for ourselves.
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DAMAGE TO POMBALINO BUILDINGS INDUCED BY GROUND
DISPLACEMENTS AND EARTHQUAKES
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Abstract:

In Lisbon historical centre there is a totally peculiar constructive feature, the
Pombalino buildings, developed after the devastating 1755 earthquake and the
induced tsunami and fire, which almost totally destroyed Lisbon. These buildings
have high heritage value and represent about 25% of Lisbon existing building stock.
They are characterized by external rubble stones masonry walls and by the internal
timber-framed masonry (the so-called ‘‘frontal walls”) which would play a
significant role in the seismic resistance of the building. Despite the cultural and
economic potential of Pombalino buildings, they are vulnerable to different natural
hazards (e.g. earthquakes) and subject to different types of losses. For example, they
are exposed to of ground movements due to the progressive increase in the
exploitation of the subsoil, together with a consolidation of Lisbon downtown
alluvial soil. This paper will assess the damage caused by soil settlements and the
effect of this damage in the earthquake resistance of Pombalino buildings. The
building in study is analysed inserted in the block. The nonlinear numerical analyses
will be performed with the SMURI/TREMURI program.

Key words: Pombalino buildings, Heritage residential buildings, Structural damage;
Soil settlements; Capacity curves.

1. Introduction

Lisbon downtown is an historic urban center composed of old heritage residential
buildings (well known Pombalino buildings) which has an intangible asset value due to
historical, cultural and touristic reasons. This heritage must be preserved and transferred to
future generations in good safety conditions and preserving the authenticity of the
buildings.

However, despite this cultural and economic potential, Pombalino buildings are
vulnerable. Post-earthquake surveys reported cases of these old heritage buildings with
weaker seismic performance than expected. This effect may have been caused by pre-

! Hugo Renda, MSc, CERIS, Instituto Superior Técnico, Universidade de Lisboa, Av. Rovisco Pais 1, 1049-
001 Lisboa, Portugal, e-mail: hugo.renda@tecnico.ulisboa.pt

? Rita Bento, PhD, Assoc. Prof., CERIS, Instituto Superior Técnico, Universidade de Lisboa, Av. Rovisco
Pais 1, 1049-001 Lisboa, Portugal, E-mail: rita.bento@tecnico.ulisboa.pt

3 Rui Gomes, PhD, Assist. Prof., CERIS, Instituto Superior Técnico, Universidade de Lisboa, Av. Rovisco
Pais 1, 1049-001 Lisboa, Portugal, E-mail: rui.carrilho.gomes@tecnico.ulisboa.pt

347



MEXAYHAPOIHA HAYYHA KOH®EPEHLIUSA BAHN’2016
INTERNATIONAL SCIENTIFIC CONFERENCE BASA'2016

existing damages due to ground movements, low quality rehabilitation works, and/or
previous earthquakes. In the future, it is expected that these losses will grow due to not
only natural disasters and human actions, but also to environmental and climate change.

The 1755 earthquake (Mw 8.7), felt all over Europe, completely destroyed the
Lisbon downtown. Lisbon downtown is known to be the joint point of two underground
streams. The soil profile includes a surficial layer of debris from the 1755 earthquake,
laying over a few tens of meters of alluvial sediments transported from those streams.
After the 1755 earthquake, a complex but standardized reconstruction scheme (the
Pombalino system) was imposed in downtown. The Pombalino system included the use of
modern seismic reinforcement techniques and new planning concepts, such as the
Pombalino cage, the orthogonal blocks, the similarity between buildings with regular
openings, buildings with the same number of floors and aligned [1]. The main
characteristics of Pombalino Construction is presented in section 2.

Nowadays, most of the buildings located in Lisbon downtown are still the Pombalino
buildings. In last decades, the area was involved in a large number of construction works,
including building rehabilitation, construction of basements, new infrastructures and
subway lines. In section 3.1 it is referred some of the main causes of differential
movements in Pombalino buildings and the settlement measurement evaluated in Lisbon
downtown.

There are only few studies which report damage of Pombalino buildings due to
settlements. Correia et al. [2] described the damage in a building located in Lisbon
downtown, and measured the building’s movements [3]. However, these reports are
classified and are not accessible. Maranha das Neves [4] and Moreira and Flor [5] analysed
the effect of tunnel construction on the buildings in Lisbon downtown. However, probably
for legal reasons, the differential settlements prior and after tunnel construction are not
indicated.

Pombalino buildings were considerably studied by several authors (e.g. [1,6,7,8,9]),
focusing mainly on their seismic performance. To accurately evaluate these buildings’
seismic performance, the initial state of the building must be characterized and reproduced
in the analysis. Thus, it is very important to simulate the existing damage on masonry
structures that may be due to a combination of different actions. On Pombalino buildings,
the damage induced by ground movements prior to earthquake loading were never taken
into account, according to the authors knowledge.

The building studied in this work corresponds to an original Pombalino building
constructed just after the historic earthquake of 1755 [6]. In this study, the global response
of this building was assessed by using the TREMURI program; the commercial release to
generate the model (3Muri release 5.0.1) and then the scientific version [10, 11].

The Pombalino building in study is analysed inserted in the block. It is studied in
detail and for one level of magnitude and configuration of differential settlement imposed
at the base. Then, for the building damaged due to impact of ground movements, the
capacity curves are evaluated. The results obtained show that ground movements prior to
earthquake loading play a relevant role on the seismic performance of old heritage
buildings.

2. The Pombalino Constrution

The Pombalino buildings of downtown Lisbon have a recognized patrimonial value
both nationally and internationally. They were introduced after the 1755 catastrophic
earthquake as a structural solution that would provide the required seismic resistance.
Based on the know-how of that time and on the empirical knowledge gathered from the
buildings that survived the earthquake a new construction type was proposed; this being
generally referred to as Pombalino construction nowadays. The buildings were designed
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with a three-dimensional (3D) wood truss that provides resistance to horizontal forces in
any direction. The wood truss, called Gaiola (Fig. 1) is the Portuguese word for cage, as
the Gaiola consists on a 3D wood truss that looks like a cage. The Gaiola is constituted by
a set of plane trusses, called frontal walls, connected at the corners by vertical bars that
belong to orthogonal frontal walls (Fig. 1a). Each frontal wall is constituted by a set of
triangles, a geometry similar to the steel trusses of nowadays. Since the triangle is a
geometric figure that cannot deform without variation of the length of the sides, in fact it is
the only one, each frontal wall only needs to mobilize the axial force of its bars to resist to
forces in any direction in its own plan. Therefore, the connection between orthogonal
frontal walls by means of common vertical wood bars yields a 3D truss capable of resisting
forces applied in any direction. Thus, they would support not only the vertical loads but
also horizontal seismic loading and would have a beneficial effect on the out-of-plane
failure of the facade walls since they were connected to them through the floor. In general,
the space between the wood bars of the frontal walls is filled with weak masonry (Fig. 1b),
and the surfaces are covered with a finishing material, therefore the Gaiola in general is
not visible.

Fig. 1 Gaiola a) after removal of cover and masonry b) with masonry filling

This construction type can be summarized as follows (for more detailed see Meireles
[6] and Lopes et al. [1]): Buildings were built in quarters, each block comprising an
average of 10 buildings (Fig. 2a). The foundations consist of a system of wooden piles
over the alluvium layers. The piles are similar and repetitive, on average 15 cm in diameter
and 1.5 m in length. These form two parallel rows in the direction of the main walls, which
were linked at the top by horizontal cross-members attached by thick iron nails. The
construction between the ground and first floors consisted of solid walls and piers linked
by a system of arches. In more elaborate cases, thick-groined vaults spanned between the
arches, which protected the upper floors from the spread of any fire that might start at
ground floor level. From the first floor up this building system has the aforementioned
timber Gaiola structure (Fig. 1). As abovementioned, Gaiola is composed of traditional
timber floors and frontal walls, one of the key characteristics of these buildings. The front
and back facades as well as gable walls of the upper floors are made of rubble masonry.
The gable walls are common to both adjacent buildings.

In downtown Lisbon about 95% of existing construction belong to Pombalino
structural typology (Fig. 2b). However, it is worth to note that significant changes have
been occurring the time they were built until the present day, changing their seismic
behaviour [12].
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3. Settlements

3.1. Settlement measurements

Lisbon downtown is located in the northern bank of the estuary of River Tagus (Fig.
3a). As abovementioned, this area was severely damaged during the 1755 earthquake and
was reconstructed in the following years. As the built area is over the junction point of two
underground streams, the thick layer of alluvium soil and the groundwater close to surface
turns Lisbon downtown in a region which requires frequent and careful monitoring. Two
subway lines cross each other in this region, at Baixa-Chiado station (Fig. 3a), and the
recent expansion of one of the lines was marked by a flooding event in a tunnel under
construction close to Terreiro do Paco (Fig. 3a) station in 1999, inducing a rapid drawdown
that induced settlements in the range of a few hundreds of meters, affecting a large number
of Pombalino buildings. Moreover, in last decades the area was involved in a large number
of construction works, including building rehabilitation, construction of basements, new
infrastructures and subway lines. Also, underground waste piping and/or underground
downspout piping can crack or break and generate local settlements. All these effects
combined produced a complex configuration of differential movements in Pombalino
buildings. These movements induced damage to Pombalino buildings, ranging from
negligible to severe.

Building Typology:

[ Notassessed
[E] concrete
I Pombalino

106200
L

106400
06400

a) b)

Fig. 2 a) Pombalino quarter (modelling with the use of parametric rules [12]; b)
Structural typology of downtown Lisbon’s buildings [12]

Recently, Roque et al. [13] used PS-InSAR strategies [14] to monitor subsidence to
Lisbon downtown that was validated against levelling data. Seasonal effects are identified
in Fig. 4, where it is suggested that they might be related to hydrogeological parameters
and changes in groundwater level, with good agreement with levelling data.

A good agreement between the displacement velocities determined by PS-InSAR and
levelling surveys was verified for both P7 and P8. Although the results only could be
validated for two points, an average difference of 1.0 mm/year was observed. It must be
taken into account that the points where PS-InSAR technique calculated the displacements
are not in the same location of the levelling points, which may contribute to the observed
discrepancy.PS-InSAR detected displacement velocities from -9.7 mm/year to 5.9 mm/year
(Fig. 3b). At the western wing of Praga do Comércio, an increase in the subsidence
velocity is observed towards the river.
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3.2. Imposed differential settlements

In this paper, the level of induced damage to the structure is assessed through the
angular distortion, generally used in current practice, defined as the differential settlement
between two points divided by the distance between them. Two cases are studied: none
angular distortion was imposed with no damage induced prior to earthquake loading;

moderate damage is expected for angular distortion equal to 1/200 [15].

a)

North [mx 1.9]

Ortofoto

East[mx 1.9]

-8 -4 ) 4 8

b)

Fig. 3 Lisbon downtown: a) location of subway stations and levelling points; b)

Displacement velocity in the study area [13].
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One generic configuration of differential settlement was adopted in the analyses. Fig.
5 shows the displacement configuration where the maximum vertical movement is
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Fig. 4 Vertical displacement values for P7 (Fig. 3a) [13].

uniformly imposed to a gabble wall (side wall).

4. Case study

The studied masonry building is inserted in a block and has four floors without
structural reinforcement. The ground floor is 4.5 m high, while the upper floors are 3.5 m
high, thus the building is 15 m high. The building has rectangular shape (Fig. 6) in plan

view (11 X 17.3 m?).
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Fig. 5 Displacement configuration analysed for the building in the block

The facade of building has six openings on each floor, 1.68 m or 1.76 m wide. The
ground floor entrances are 3.3 m high, while the first floor balconies are 3 m high. The
windows of the second and third floor are 2 m high.

The openings of the building backwards are 1 m wide. The ground floor entries are
3 m high, while upper floors the windows are 1.5 m high.

The structural elements material type and size are given in Table 1. The facade and
backwards thicknesses decrease along the height of the building.

R TN~ DU S TR SO Y- M -
T T T I

L uﬂ
7@_1,7@J,a__:.7c_4;2“ 176, 1aliive lre ] 1ea los
1

a)

b)

Fig. 6 Plan view: a) ground floor and b) upper floors [6] (dimensions in m).

Table 1 Structural elements: material type and size [6].

Element Material type Area/thickness
Piers (ground floor) Stone masonry 0.70 x 0.70 m?
Facades (facade and backwards):

Ground floor Stone masonry 0.90 m

First floor Rubble masonry 0.85m
Second floor Rubble masonry 0.80m

Third floor Rubble masonry 0.75m

Gable walls Rubble masonry 0.70 m
Staircase and internal walls (ground Brick Masonry 0.24m

floor)

Frontal walls Wood/Rubble masonry 0.15m

The mechanical properties of masonry walls are presented in Table 2. The stone and
brick masonry properties are average values given by the Italian regulation [16].

Several experimental studies were carried out by other authors (see [6]) to
characterize the wood used in Lisbon’s downtown, known as Pinho Bravo Portugués.
Table 3 summarizes the mechanical properties of that wood. The loads used are described
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in Table 4, defined according Eurocode 1 [17]. In the study, the live loads were considered
and applied simultaneously with the displacement of the ground, because the settlements
are long-term actions.

Table 2 Mechanical properties of masonry types [6].

Masonry Average | Average | Average Average | Weight Ultimate | Ultimate
type Young shear compressiv | shear [y shear bending
modulus | modulus | e strength | strength | (kN.m™%)] drift drift
[E (GPa)]| [ (GPa)] [f; (MPa)] | [f: (MPa]] [Der (%] [Ds1 (%)]
Rubble 1.23 0.41 2.50 0.043 20 0.40 0.60
masonry
Stone 2.80° 0.86" 7.00 0.105 22 0.40 0.60
masonry
Brick 1.50° 0.50° 3.20 0.076 18 0.40 0.60
masonry

% In the simulations these values were reduced by a factor a 2 to consider the stiffness decrease due to
cracking.

Table 3 Mechanical properties of wood used.

Average | Average | Average Average Young | Average Weight
Young shear compressiv | modulus compressive [y (kg.m™%)
modulus | modulus | e strength perpendicular to | strength
[E (GPa)] [G (GPa)] [f. (MPa)] | the perpendicular to
fibres the fibres
[Eso (GPa)] [feso (MPa)]
Wood | 12.00 0.75 18.00 0.40 6.90 580
Table 4 Load types (Eurocode 1 [17]).
Element Location Value®
- Floors 2.0 kN fm= (1)
- Stair floor 4.0 kN fm= (1)
Stairs Stair floor 0.7 kN /m? (dI)
Internal walls Floors 0.1 kN /m* (di)
Wooden floors Floors 0.7 kN fm= (dI)
Ceilings Floors 0.6 kN /m? (dI)
Frontal walls Frontal walls 30 KN fm (d])
Vaults Masonry walls of the ground floor | 3.5 kN fm (d])
Gable walls roof Masonry walls of the fourth floor | 17.3 kN /m (d])
Roof Masonry walls of the fourth floor | 4.4 &N fm (d])

Load type: if live load (/I) or dead load (dI), respectively.

As referred, the Pombalino Building was modelled in TREMURI program, where the
Equivalent Frame method is employed for the analysis of standard masonry wall structures
with openings. The wall is discretized in a set of masonry panels, which are deformable
and where the non-linear response (damage) and deformation is concentrated, connected
by rigid nodes. The deformable panels (macroelements), which undergo damage, are
classified into two main types: the piers (the principal bearing elements carrying vertical
and horizontal loads) and the spandrels (secondary horizontal elements providing coupling
between the piers). The frontal walls macroelements implemented by Meireles et al. [6] are
used in this work. TREMURI software is specifically oriented to the seismic analysis of
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masonry structures and explicitly models flexible horizontal diaphragms, very common in
old masonry buildings.

The global model of the building is shown in Fig. 7a, while Fig. 7b shows details of
the ground floor.

Legend

Opening
Wood
a) Frontal wall

- Stone masonry

Rubble masonry
- Brick Masonry

D)
I

— B
I
b)

Fig. 7 Building model: (a) building; (b) ground floor.
5. Results and discussion

5.1 Numerical simulation of damage to the building due to ground movements

Fig. 8 shows the damaged in the fagade and the backwards of the building when
subjected to angular distortion, f, equal to 1/200. It can be seen that the spandrels are the
most damaged due to the vertical displacements. For f = 1/200, which corresponds to a
relative vertical movement equal to 8.65 cm, almost all spandrels from the fagade and
backwards collapse by bending.

5.2 Influence of damage induced by ground movement on the capacity of the
building

In this section, the capacity curves with and without prior ground movement are
compared. The capacity curves are obtained through a pushover analysis in the two main
directions (along the facades and the side walls) with uniform (pattern of forces applied to
each node of the building and proportional to its mass) and pseudo-triangular (pattern of
forces proportional to the product between the mass of the node and its height with respect
to the base) horizontal loads distributed in height and the control node located on the top
floor near the centre of gravity.

Fig. 9 shows the results of the capacity curves of the building inserted in the block
(total base shear Fb vs. relative top displacement) under the action of displacement
configuration considered herein (B = 1/200) and without being subjected to imposed
displacements on the base (B = 0). It is depicted the curves for the both main directions
(YY along the side walls and XX in the direction of the facades) and for both distribution
of lateral loads: uniform and pseudo-triangular). The pushover curves provide essential
information about the behaviour of the building in terms of stiffness, overall strength and
ultimate displacement capacity. The curves for # = 0 are the reference curves, because
none relative movement was induced at the building’s base. The capacity curves for
B = 1/200 show similar evolution to the curves obtained for B = 0, but always with
lower values of maximum Fhb (decrease of strength between 3% and 20%).
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Legend: Rigid node Shear yielding damage Bending collapse
No damage Bending yielding damage

Fig. 8 Damage pattern in the facade and backwards of the building subject to displacement
at the base - § = 1/200 (scale factor equal to 10).
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Fig. 9 Capacity curves of the building subject and not subject to imposed
displacements on the base (YY —load applied along the side walls; XX load applied in the
direction of the fagades). Moreover, in the X direction the effect of the imposed
displacement on the base lead to a decrease of the initial stiffness while in the Y direction
this imposed displacement reduce the ultimate top displacement.

It is evident that X direction has lower strength in all cases studied. These differences
are related to the presence of external blind walls (no openings) in the Y direction, where
the external walls in the X direction are characterized with the higher number of openings.
The initial part of the capacity curve, which corresponds to the elastic phase, has greater
stiffness in Y direction than in X direction. The type of load distribution influences de
capacity curve. The uniform load distribution lead to larger values of Fb, with larger
deformation for Y-direction.

6. Conclusions

A Pombalino masonry building, inserted in a block and built after the 1755
earthquake subjected to imposed base displacement was analysed. The capacity curves of
the structure without and with damage due to base movements were assessed; for this,
horizontal loads, reproducing the inertial forces that are generated when an earthquake
occurs, were applied at the level of the floors.
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When the movement imposed to the base produces an angular distortion equal to
1/200, the capacity curves clearly show a reduction of the ultimate shear force and
deformation capacity of the building, proving that it is very important to consider the effect
of the initial deformation of a building to assess their actual seismic performance.

This paper presents the first stage of an ambitious work under development to assess
the seismic vulnerability of old heritage buildings to ground induced displacements.
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REMEDIAL WORKS AND REPAIRS OF A HISTORICAL MASONRY
BRIDGE

Vladimir Kristek 1, Iva Broukalova®

Czech Technical University, Prague, Czech Republic

Abstract: In addition to describing repair of the Charles Bridge, the paper presents
the general lessons learned: multi-decade response of a masonry structure,
assessment of damages, failures and deterioration processes related to materials,
environment, climate, structural arrangement and detailing, assessment of the
masonry bridge with respect to heritage, historic and structural aspects, discussion
on appropriate strategies for refurbishment, restoration, conservation and
preservation corresponding to location and significance of the historical bridge and
ways to increase durability and long service life of historical bridges ensuring that
they will be protected against harmful effects for many years to come.

Key words: repair, refurbishment, restoration, conservation, Charles Bridge

1. Introduction

Fig. 1. Present appearance of the Charles Bridge. View from the right Vltava

riverbank
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Originally Stone Bridge, now the Charles Bridge in Prague (CHB) was founded in 1357
and hand built by primitive means of the fourteenth century in less than 50 years. The total
length of the bridge is about 500 m, its average width is 15 m at its 16 bridge spans contain
as much as 100 000 tons of stony materials, including 60 000 pieces of accurately worked
sandstone blocks (Fig. 1). Over 600 years of its existence, the bridge survived a number of
serious accidents caused mainly by floods of the river Vltava (Fig. 2) as well as
construction changes due to urban development of the city. For five centuries the bridge
was the only fixed crossing over the river in Prague and in the adjacent 100 km of the
river.

Currently, the CHB is the world-renowned cultural and technical “celebrity” and the
yearlong sightseeing goal for millions of visitors to the Czech capital.

-
B - -

25

il N :
AR S L Y

Fig. 2. The bridge had been seriously damaged by numerous floods.

Like any building, the CHB requires a systematic professional care, maintenance and
repairs corresponding to structure aging, to operation and external conditions, especially to
climatic influence (Fig. 4). The aim of the last major repair of CHB in 1965 — 76 provided
by the large-scale bitumen insulation was to prevent the stonework from eroding by
leaking rainwater (Fig. 4).

Fig. 3. Bitumen insulation from 1970 fails Fig. 4. The proof of rainfall water leakage
to perform the expected function after a through the bridge masonry in the
very short time wintertime

But already in 1983, it was confirmed by probes that the insulating layer fails to perform
the expected function (Fig.3) and a new, substantially sophisticated compensation is
required immediately. The investor’s project had suggested significantly improving the
overall technical condition of the bridge by replacing all structural layers over the vaults
without taking into account their historical value (Fig. 5).
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bridge repair — the replacement of the repair —used technology of prestressing
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1080-1330

The proposal of such “radical” solution, however, evoked categorical disapproval of the
Czech Association of Civil Engineers (CSSI), especially owing to numerous specific
defects and to the lack of complexity of the solutions. What was, among others, criticized
was the insufficient prevention against foundation undermining, the faulty geotechnical
survey, the inadequate drainage system, the problematic up-to-date design modifications
alien to the Gothic bridge (Fig. 6). The serious rift in the technical evaluation of the quality
of the CHB repairs have resulted in the project dispute carried out by independent experts
coming from the spheres of construction practices and universities.

At the same time, the National Heritage Institute (NHI) also independently assessed the
project of “radical” interventions of the CHB. Its professional opinion flatly refused the
project due to its utter unacceptability from conservation point of view. It is not accidental
that the opponent team of technicians later found not only common language with the NHI
conservationists but also optimal variant of repairs — considerably more suitable and
economical.

Critical evaluation of the existing unsatisfactory course of technical preparation of the
CHB repairs made the investor take extraordinarily vigorous steps:

- Nullify the already approved project documentation of the "radical" concept of repairs

- Replace the authority of direct investor, design and engineering organization

- Based on the dispute findings order to newly elaborate a comprehensive concept of
optimal repair of the CHB carried away in a friendly and economical way and performed
in separate stages.

This final concept adopted in 2005 was approved by "Technical Coordination
Committee for CHB Repair" as a binding basis for the development of new project
documentation. In it, the investors already demand maintaining the public pedestrian traffic
during the repair (Fig. 7). The price for the more difficult working conditions was the
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extension of the total construction time and the necessity to reduce the workplace into
chess-like organized sections located alternately every one-half the of the bridge.

Fig. 7. The concurrence of public traffic with the construction carried out on a
longitudinally separated half of the bridge

Fig. 8. Deepening of pillar fundaments No. 8 and 9 with progressive mechanization
from water level.

The time schedule of repairs was divided into three major stages:
Stage I: Ensuring the static stability of the bridge during the flood emergency by
protecting the shallow-based pillars against the undermining of bedrock foundation joints.
II. Stage: Protecting of the upper bridge structure against the destructive effects of
rainwater leakage, climate and emissions. Establishing durable waterproof system all over
the bridge.
III. Stage: Repair or replacement of sandstone blocks of the facial walls of the bridge
threatened by the loss of load carrying capacity and durability through staling.
After the diving exploration in 2003, the first phase of redevelopment of two shallow-
based pillars foundations on the left bank which were damaged during the 2002 floods was
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included in the work program as a priority (Fig. 8). The new walls of protection
"envelopes" situated around each pillar were made of steel sheet piles, were vibrated into
pre-drilled holes and anchored 1m deep into the bedrock of the river (Fig. 9). Under the
bridge vaults short flat sheet piles were used and they were fixed by jet grouting.

For future safety, a specialized engineering company carried out the necessary change
of the original arrangement of both pillars in an uninterrupted bridge operation in record
time (12/2004-6/2005) with a silent consent of conservationists. A contemporary
progressive technology was used perhaps also because there is no other "historical”
technical alternative (Fig. 8).

Fig. 9. Protecting the shallow-based pillars by steel sheet piles anchored 1m deep into
the bedrock of the river

By the deep foundation of the remaining two pillars in the live stream, the CHB
received, for the first time in its existence, the guarantee of the necessary stability and
aging resistance of the whole substructure to catastrophic flooding. Final building report of
the completed first phase confirmed that the repair was performed in accordance with the
project, the contractual deadline and the quality standards were met and there are good
prerequisites for future reliable functions of the bridge.

These findings opened a way to the next stage of repairs delayed for years. It fully
devoted to the upper structure of the bridge, with the emphasis on waterproofing system
renovation (Fig. 10), the overall statics and the extension of the life of the bridge. The
project of the second phase was discussed for two years in collaboration with consulting
experts of all relevant professions, including the archaeological and heritage protection.

The resulting proposal received, after a very demanding dispute, a building permit and
was applied as a base project for a public competition for a construction contractor.
The actual repair of the upper structure then proceeded to maintain public pedestrian traffic
in a specific working mode in the period of 2007-2010. Public and professionals, as well as
mass media closely followed it. The original project documentation from the time of the
original bridge construction and the repairs of most flood disasters was not maintained.

This is why the detailed structural-historical and archaeological research, along with

checking the current status of the structure was usually performed only during the
construction work.
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Fig. 10. The system of multi-layer sprayed Fig. 11. Spraying the hydro isolation
hydro isolation ,,Eliminator"

Top teams of surveying departments verified the properties and behavior of the bridge
as a whole as well as the physical and technical characteristics of individual construction
materials, which often showed significant disagreement with the assumptions of designers.
What came as a surprise was a very low contamination of leachate, high quality inner
layers from major repairs 1965-1976 (concrete strength, non-corroded reinforcement, low
masonry humidity), strength of filling masonry made of quarry stone and hydraulic mortar,
which, unlike the considered stone riprap, substantially alters its static function in a
structure. The main attention, however, has gradually focused on sandstone blocks and the
joints of the facial walls of the bridge, the different evaluation of which became the apple
of discord between the construction-technical and official preservationist communities.
This conflict of opinions, inspired by the preferential interpretation of Czech Heritage Law
spread by the assertive media campaign, which culminated in the misguided investor’s
accusations of serious damage to this unique national monument.

Despite the adverse development of relationships and aggravated position of the bridge
construction, work continued according to the approved project and the time program.
Successful was also the most important stage of this technology - the multi-layer
waterproofing spray Eliminator (Fig. 11). The choice of this technology was the result of
technical assumptions compared with the available competing methods and verification of
practical experience with its effect on the reconstruction of railway bridges under heavy
traffic. Well handled was also the problem (though feared initially) of parallel construction
and pedestrian traffic on the bridge.

The Czech Technical University experts’ analyses proved wrong the original project
hypotheses about the linearly elastic behaviour of the bridge due to temperature changes
and confirmed the legitimacy and the optimistic prognosis to the future. To clarify the
situation and to defend against false accusations an independent panel composed of
Technical University authorities and representatives of relevant professional organizations
was established. This body was entrusted with an objective assessment of comments and
objections to the implementation of the bridge structure. The result of the detailed control
analyses - a written finding - gave an unconditional technical discharge to the second phase
of the CHB repair on October 30, 2010.

So far, the two stages of CHB repair have fully confirmed the correctness of the
technical concept of the investor. It is going to ensure that this unique structure will be
performing safely in its present form for the centuries to come.
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Fig. 12. The example of advanced phase of staling of sandstone blocks of
facial bridge masonry

Compared to the original technical condition of the bridge, the CHB of today bears
traces of a long development, starting by the change of its foundations, sculptures, the
reconstruction of structures damaged by floods, waterproof insulations, gas and electrical
installations, etc. The CHB structure as a technical unit is now stable and able to provide
investors, conservationists, designer as well as the general public enough time to seriously
prepare for the third, most probably the most challenging phases of the bridge repair - the
rehabilitation and gradual replacement deteriorated sandstone blocks of masonry arches
and facial brickwork. (Fig. 12).

The technical specification (what needs to be done) has been clear from the very start of
the construction. Therefore, what is essential here for the subjects in charge is to be in
synch while dealing with the task within a given time. The conservative desire to return in
the third stage of repairs to the historically preferred applications of the original medieval
building may be, for the contemporary society, an interesting thought, but it is completely
utopian and for ensuring the CHB future, totally meaningless. However, there is no doubt
that the realistic and acceptable solution does exist and it can be, respectively, it has to be,
agreed upon.

None of the existing CHB repairs managed to avoid the problematic phenomenon — the
frequently substantial disagreement on the optimal choice of technical solution of the
construction, which occurred even among the top-level professional builders. This
traditional phenomenon perhaps reached its historical peak during this very reconstruction.
The one-sided interpretation of the superiority of subjective propositions of the Heritage
Act stood against the objective influence of all joint activities forming the common work,
e.g., for instance, the technical, safety, static, transportation, environmental, sanitary,
standardized, and the currently limiting economic conditions and criteria.

This discrepancy was resolved in arbitration by the superior Ministry of Culture, which,
upon the request the City Hall in May 2011, confirmed: "We agree with your view that an
individual stone slab is not an art-craft or a piece of artwork. Adherence to the traditional
craft practices in this case is not to be considered “restoration” in accordance with § 14
section 8, Heritage Act, but instead, a qualified craft repair.”

In the clash of conflicting philosophies of professional bridge repair there is no realistic
justification of the faulty thesis proclaimed by the state cultural institutions. It claims that
the Charles Bridge should be considered as a work of art and the decision upon the destiny
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of each individual sandstone block is to be entrusted to the ruler's restorers and
conservationists. CHB has been throughout its turbulent history an explicitly purpose-built
public construction. Despite the wish of certain groups of officials, it cannot be anything
else either legally or factually. This fact itself, however, does not weaken the spontaneous
reverence and love which culture-loving Czechs have always felt for “their" bridge.

What seems to be a social problem is the exclusive definition of the future existence of
the Charles Bridge based on a qualified evaluation of the essential technical knowledge of
the existing functionality of the bridge over six centuries, on professional experience and
expertise drawn from contemporary repairs and finally on forecasting application
possibilities of modern and further developing materials and technologies compatible with
the character and dignity of this historic structure (Fig. 13).
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Fig. 13. The vault damaged by staling temporarily supported by wooden
construction

It is obvious that the CHB is completely beyond the balance sheets of stability and
durability of modern bridges in the Czech Republic with their expected lifespan of 100
years. The current technical condition of the CHB justifies the assumption of its further life
for centuries. It is the Prague City Authoritymobil: that carries the responsibility over the
CHB as a part of urban living organism. That is why the world public as well as Czech
preservationists will undoubtedly appreciate it if the maximum lifespan becomes the
investor’s priority within all social requirements in preparing the final stages of repair of
this unique national monument.

In a multiyear-survey, project, and investment preparation the Charles Bridge repair has
been proposed. It will be carried out in three phases over approximately 10 years. Since
2004, in the first stage, the bridge foundations in the river stream have been secured with
no special problems. The second stage, however, brought the escalation of the
confrontation of two diametrically opposed concepts — the objective bridge engineering
technology against its counterpart - fundamental ideas of official representation of
conservationists. Nevertheless, the bridge reconstruction successfully fulfilled its
professional task. The conceptual differences, however, still remain blocking the
continuation of necessary bridge repairs at its third stage, tentatively estimated at 10 years
of work. The article justifies the priority motivation of construction experts - to provide
realistic functional life of the historic bridge for the centuries to come.
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2. Conclusion

Originally forming the only route across the River Vltava, Charles Bridge has played an
important role in the growth of the city. Today it plays a major part in the city's tourism
industry with the gothic structure being an attraction in its own right. In the 14th Century
the construction team used what were then innovative methods and materials, aiming to
increase the hfe of the brldge (Flgure 14, 15)

Fig. 14. King Charles IV founding the Fig. 15. A probable 15" century pillar-
bridge in 1357 foundation technology.

The second stage of the refurbishment included repairs to the upper bridge section,
replacement of the old concrete deck, installation of a new waterproofing system, replacing
stones in sills where required, new drainage and repair to the structure's piers. Like their
predecessors the engineers on the project were keen to use long-lasting solutions for this
work, one of which was the Eliminator waterproofing system, which replaced the existing
leaking system.

Essential to the success of the refurbishment was the chosen waterproofing solution's
ability to achieve a strong bond to the deck of the bridge. Consequently, minimum bond
strength of 1.6MPa to both the new concrete deck and the existing sandstone of the main
structure were required.

The Eliminator system provides a tough, durable membrane that will be tolerant of site
conditions, while offering an extended service life. Being based on advanced methyl-
methacrylate technology enabled the system to be applied in a range of temperatures and
climatic conditions, which meant that installation of the waterproofing could be carried
out throughout the year.
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DAMAGE ASSESSMENT OF THE ROCK-CUT CHURCH IN GOREME
OPEN AIR MUSEUM, CAPPADOCIA
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Abstract: Maltese Cross Church is one of the rock-cut churches in Cappadocia,
Goreme Open Air Museum. The museum is listed as a World Heritage Site by
UNESCO and the rock structures in it have problems on their material and structure,
which endanger their existence. The aim of this study is analysing the problems of a
rock-cut church, Maltese Cross Church, in the museum and suggesting solutions for
damages according to the data obtained with in-situ damage assessment, laboratory
and in-situ tests which were done during the winter and summer season in 2014.
Rock samples of the church were assessed to have their mechanical, physical,
chemical, petrographic and mineralogical characteristics and the deteriorations of
the rock material was searched. And, suggestions to overcome the problems are
proposed.

Key words: Maltese Cross Church, Rock-Cut Structure, Cappadocia, Goreme Open
Air  Museum, Physical-Mechanical-Chemical-Petrographic and Mineralogical
Characteristics of Rock Material

1. Introduction

Cappadocia is a place that is located in the Central Anatolia, Turkey. Cabinet
Council of Turkey determined the borders of Cappadocia and announced the region as
“The Privileged Region for Touristic Development” in 1973. The whole area of Nevsehir
and Soganli Valley of Kayseri comprise the region (Fig. 1).
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Fig. 1. Approximate borders of Cappadocia Region
Man-made carvings and structures are integrated with nature and history in that
region for thousands of years. Three types of structures exist in Cappadocia according to
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construction types of buildings’ structural systems. These structures are masonry, rock-
cut&masonry and rock-cut. The building in the scope of this study is a rock-cut church.
Rock-cut structures were categorized according to their usage as religious, military and
civil architecture buildings (Fig. 2). The church is in the religious buildings group as a

temple and it has tombs, too.

I— Rock-CutIStructures —|

Religious Buildings Military (Defense) Buildings Civil Architecture Buildings
- Tombs « Castles - Living

- Temples + Redoubts -Overground Areas
-Underground Cities

« Warehouses
« Water Tunnels

Fig. 2. Types of rock-cut structures according to their usage [11]

1. Goreme Open Air Museum and Maltase Cross Church

Goreme is a town where a part of the area is in the UNESCO World Heritage List,
Goreme National Park and the Rock Sites of Cappadocia. "Korama" is the first known
name of the town that is found in a document of 6th century. The name was changed as
"Korama Matina", then "Maccan", ultimately the name of the town is changed as
"Goreme" with the decision of Council of Ministers in 1975 [6].

Goreme is in the 3" degree seismic zone and there was no earthquake which caused
detrimental effects since 20th century [4].

After Cappadocia is listed as a world heritage, Goreme Open Air Museum and
Goreme town became a touristic centre. The museum consists of rock-cut structures, which
were built between 4th and 13th centuries to live the Monasticism. Massive rocks form a
valley that house refectory, room of monks and nuns, churches, chapels, monasteries and
living spaces carved in rock.

Nevsehir Museum Director, Murat Ertugrul Gulyazi, stated the church is called as
Maltase Cross Church due to type of mural paintings in it, which have maltase cross shape

and are more than twenty.
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Fig. 3. a) Facade and the entrance of the church b) Plan of Maltase Cross Church

Church is cross-planned in a rectangular (Fig. 3b). There are two graves in the
ground of outer narthex and one grave in the ground of inner narthex. Five domes and four
columns exist in the nave area. Church has three apses. There are more than twenty mural
paintings in the church and all of them are Maltese cross shaped.

368



MEXIAYHAPOJHA HAYYHA KOH®EPEHIIUA BAHW’2016
INTERNATIONAL SCIENTIFIC CONFERENCE BASA'2016

This church is one of the worth preserving rock-cut structures. To assess the
deteriorations and damages on this structure tests for material characterization as physical,
mechanical, chemical, mineralogical and petrographic characteristics of the rock were
done. Preserving original material and suggesting compatible materials was possible with
such material characterization.

2. Damages and Deterioration on the Maltase Cross Church

Cross-planned Maltese Cross Church consisting of outer and inner narthex, nave and
three apses is carved into the rock like other churches in the Goreme Open Air Museum.
The surface of the Church rock has biological colonization like lichens and mosses and
there is exfoliation on some parts of the surface. Repair damage due to cement and
inappropriate materials like railings exist on the stairs of the church (Fig. 3).

Discoloration is seen on the dome of the inner narthex (Fig. 4). There are three
cracks and fragmentation on the SW wall of this narthex. There is weathering on the top of
the wall, behind the arch (Fig. 5). Scratching type vandalism on the door of northwest
(NW) wall of inner narthex and cracks around that door are seen in the BB section (Fig. 6).
There are inappropriate materials hiding the original shape of the door.

MASONRY

Af¥% R. CONCRETE
%7 STEEL

FRAGMENTATION
SPALLING

: EXFOLIATION

[ CRUST
EFFLORESSENCE
DISCOLOURATION |

.......... BIOLOGICAL

“COLONIZATION

7777 REPAIR DAMAGE
INAPPROPRIATE
(I MATERIAL

® ULTRASONIC
TEST AREA

EP
L o4l oo 1s

Fig. 4. Damages and deteriorations on the plan

There are damages like scratching due to vandalism on the decorated horseshoe
arches that are near the entrance of the church. Cracks are seen on the entrance and on
some horseshoe arches on the east wall of the outer narthex. Also, discoloration exists
around the entrance door. These damages are shown in the CC section in Fig.5.

On the southwest (SW) wall of the outer narthex, there are discoloration, biological
colonization, crust and crack, which continue throughout the wall (Fig. 5). In addition,
there is a crack on the SW wall of the entrance, between inner and outer narthex (Fig. 4).

Discoloration and fragmentation exist on the south east (SE) wall of the inner narthex
and cracks in different sizes are seen in the EE section in Fig.6.
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Fig. 5. Damages and deteriorations in the Fig. 6. Damages and deteriorations in the
section GG and CC section FF-BB and EE

There is no damage on the A dome of the nave but crack and discoloration are seen
on the B dome. There is discoloration on the vault that is between A-B domes. Cracks exist
on the K column and there isn't any damage on the L column. Efflorescence is seen on C
dome and D dome has fragmentation, efflorescence and crust. Discolorations exist on the
vault between B-C domes and on the arch between K-M columns. There are different sized
cracks on the M and N columns. Fragmentation is seen on the N column. Efflorescence
and crusts exist on the vault between A-D domes. There are discoloration and
efflorescence on the E dome, which is in the middle of the nave (Fig. 4).

There are efflorescence, discoloration and crack on the SW wall of the nave which is
numbered with 3 in the GG section view, Fig. 5. Weathering and discoloration are seen on
the SW wall that is numbered with 2 in the GG section. Besides, there are spalling and 3
cracks on this wall (Fig. 5).

There is spalling on the northeast (NE) wall that is numbered with 1 and 2 in the FF
section in Fig.6. Also, there are weathering and discoloration on the NE wall that is
numbered with 2. Cracks and discoloration are seen on the NE wall that is numbered with
3 (Fig.6).

Discoloration is seen on the NE wall of the nave that is numbered with 1 and
weathering exists on the NE wall, which is numbered with 2 in the AA section on the Fig.
8. There are discoloration, a crack and exfoliation on the NE wall that is numbered with 3.

The walls between the nave and apses are considered as outer walls of apses. Semi
dome of the central apse that is seen in the DD section (Fig. 8) and on the plan has crust,
efflorescence and fragmentation, and crack damages. There are efflorescence and
discoloration on the outer wall of the central apse. When the picture in Rodley's [12] book
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is compared with the current situation, there is no difference in deteriorations on the outer
wall of central apse for 30 years (Fig. 7a-7b).

a)
Fig. 7. Outer wall of central apse a) in 1985 [12] b) in 2014

There is a crack on the east wall of the north apse (Fig. 4). On the outer wall that is
between this apse and central apse, a crack and discoloration can be seen (Fig. 8).

| |EXFOLIATION DISCOLOURATION 55 VANDALISM

Fig. 8. Damages and deteriorations in the section AA and DD
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There is not any damage on the ceiling and SW wall of the south apse (Fig. 4).
Fragmentation can be seen on the edge of the entrance. Spalling and discoloration exist on
the outer wall between south apse and central apse (Fig. 8).

The church does not have any damage on the floor in general. Wooden walkway and
railings are built to protect the ground from weathering and erosion. Visitor circulation is
done on the wooden floor. It is thought that this walkway and railings are compatible with
the space.

4. Material Characterization of the Maltase Cross Church

Numerous on-site and laboratory tests were made for the assessment of the material
characterization of Maltase Cross Church samples. In order to identify samples, each test
sample was named as MHK-1, MHK-2 and so on.

4.1 On-Site Tests and Results

On-site measurements on the accessible spaces of the church were made during the
February and July of 2014. Moisture and temperature measurements and ultrasonic pulse
velocities (UPV) were taken on the rock surface.

Rock surface temperature (T, °C) and moisture (R, %) were measured with the
Protimeter Surveymaster device. Temperature (T, °C) and relative humidity (RH, g/m’) in
the space were measured with thermometer and moisture meter. Value of the test results
given in Table 1 is the mean values. Outdoor mean temperature in February is 0,9 °C,
mean relative moisture is 68,3 g/m’. In July, the outdoor mean temperature is 20,1 °C,
mean relative moisture is 48,0 g/m’. Surface temperature is higher than space temperature
during the summer and winter in the church. Surface moisture value is lower than the
space's relative humidity in winter, while it is high during summer (Table 1). Unlike these
values, moisture value of the cracks on the nave walls and ceiling is between %70 and
%100 during the summer and winter.

The device used for Ultrasonic Pulse velocities is as identified in ASTM D2845 [2].
According to values of UPV in Table 1, values of summer measurement is approximately
four times higher than winter measurement. Based on this data, it is thought that pores of
the rock material are full during summer than winter.

Table 1 Mean temperature, moisture, relative humidity and ultrasonic pulse velocity

values
Bl Suriics Space - Ultrasonic Pulse
Place Mean Surfa(ze .\‘Iea_n Surfa;e Mean tefnperarure .\‘Iear? I_(elam.'e Velocity (m/s)
Temperature(°C) Moisture (%) (°C) Humiditv (%) )
Winter | Summer | Winter | Summer | Winter | Summer | Winter | Summer | Winter | Summer
MHK 5.60 28 31.8 37.16 5.3 25.8 52 34 214 006.9

4.2. Laboratory Tests and Results

Samples were taken from the top of the church. Samples’ physical and mechanical
tests were done in the Yildiz Technical University Building Material Laboratory.
Chemical, petrographic and mineralogical characterization tests were completed by the
Istanbul Technical University Geological Survey Laboratory team.

4.2.1 Physical- Mechanical Characterization and Results

Physical features as apparent and real density, compactness, total and open porosity
of samples were found with the methods defined in TS EN 1936 [17]. Obtained results are
shown on the Table 2. Saturation (open porosity / total porosity) was found with the values
of open and total porosity [13]. Color values specified with Konica Minolta CM, defined
with the methods of TS EN 15886 [15] and Munsell Color Chart.
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One of the mechanical characteristics of samples, uniaxial compression stresses,
were determined with the methods defined in TS EN 1926 [16].

Mean apparent density of the samples is 1,67 g/cm’ and mean real density is 2,28
g/em’. MHK-2 sample has the highest open porosity with the amount of % 12,13 and
MHK-3 has the highest total porosity with the %28,11. Also, MHK-3 has the lowest
compactness with the percentage of 71,89. Saturation level is important for deciding on
freeze-thaw resistance of materials. The saturation ratio under % 80 means durability
against freeze-thaw cycles [13]. Accordingly, all samples have freeze-thaw durability.
According to mean values, physical characteristics are similar (Table 2).

Table 2. Physical and mechanical characteristics of the samples MHK-1-2-3

Physical Characteristics .\Iechanu.:al.
y Characteristic
Sample Apparent| Real |Compact| Total Open Saturation Compression

density | density ness porosity | porosity

D¢, %) Color (value)
Bg/em’) | (rglem’) | (%) | @.%) | (As.%) | 07

strength , N[Pa

MHK-1 1.73 75.88 24.12 9.92 41.12 orange-yellow 24.62
MHK-2 1.65 2,28 72,32 27.68 12,13 43.83 orange-yellow 2241
MHK-3 1.64 71.89 28.11 11.64 41.40 orange-vellow 19.59
MHK-mean 1,67 228 73.36 26.64 11.23 42.16 - 2221

Uniaxial compression stresses of samples change between 19,59 and 24,62 MPa. Mean
strength is 22,21 MPa. According to Yildinm & Gokasan’s [18] classification of rock
compression strength, MHK is in the semi-hard rock group.

Capillary water absorption capacities of samples were found according to methods of
TS EN 15801 [14] (Fig. 9a). Samples’ water desorption (Fig. 9b) is specified with the
method in the ICCROM Laboratory Handbook [8].

Capillary water absorption capacity (Qi, kg/m2\s) of samples were obtained from
the graphic curves of the changing amount of water absorption of each sample from unit
area (kg/m2). Ascending sort of samples’ capillary water absorption capacity is MHK-1
(0,013) < MHK-2 (0,024) = MHK-2 (0,024). Open porosity values support this result.
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a) b)
Fig. 9.a) Capillary water absorption of MHK-1-2-3 b) Water desorption of MHK-1-2-3
The changing percentage of water desorption of each sample in unit of time is shown on
the Figure 8. The quickest water desorption ratio belongs to MHK-2 and MHK-3 and

MHK-1 has slowest desorption. If the sample has low open porosity, its water desorption is
low, too.
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4.2.2 Chemical-Petrographic and Mineralogical Characterization and Results

Chemical, petrographic and mineralogical characteristics of MHK sample was
investigated through thin section, x-ray diffraction (XRD) and x-ray fluorescence (XRF)
analyses.

MHK macroscopic analysis: The sample has speckled appearance due to minerals.
The sample has fine-medium grain sizes. Its hardness is 6-6,5 Mohs except matrix part.
There was no reaction when aqueous solution with HCI dripped onto the sample as a sign
of non-being or too little amount of calcite and dolomite [9].

Fig. 10. Photomicrograph of MHK sample (double Nicol, width 4mm) [9].

MHK microscopic analysis: It contains approximately 30 percent of mineral-crystal
and rock spall and 70 percent of matrix (binder). Sample has a characteristic of rhyolitic
tuff. Aggregates consist of plagioclase, quartz and sanidine (a type of K- feldspar) and
biotite. Most of the matrix consist of volcanic glass and pumice fragments. There are
secondary conversions in matrix. Conversion of silica, mica, chlorite, zeolite and clay is
common in the matrix (Fig. 10), [9].

The major oxide amounts of samples, were supplied with XRF analyses, are shown
on Table 3. SiO, amount is the highest of major oxides in the sample. According to
igneous rock type classification of Helvact & Ersoy [7] if the rock has an amount of SiO,
more than % 66 of total major oxide, it is an acidic (felsic) rock. Therefore, the sample is
acidic. It is foreseen that albite (a kind of Na-Feldspar), quartz low, illite or amorphous
minerals that contain silica constitute the SiO, (Table 4). Al,O3 has the second highest
ratio. It is perceived that albite and amorphous minerals constitute Al,Os ratio and the
proportion of other oxides in the samples.

Table 3: Major oxides of the MHK sample [9].

Formula $i0, | ALO; | Fe,O; | MgO Ca0 Na,0 K,0 TiO, P,0- MnO Ba LOI
Concentration (MHK) | 7430 1043 2,57 0,29 1,99 1.33 3.00 0,26 0,04 0,04 |SI3PPM| 473

Mineral ratios of the rock samples of Ortahisar Castle, were obtained with XRD analyses,
are seen on the Table 4. Illite and smectite have the feature of swelling due to water or
cation exchange and illite may turn to vermiculite or montmorillonite. The illite ratio of the
sample 5 percentage and smectite ratio is %10 (Table 4). Swelling is possible for this rock
according to mineral ratios. Moreover, existence of quartz low indicates that the rock was
formed at various temperatures below 573°=1000°C [1].

Table 4: Mineral ratios of the rock sample MHK [9].

Sample Opal Quartz Albite illite e Smectite Calcite Dolomite

Mineral

MHK =5 ~45-~50 ~15:220 5 ~10 ~10 2-3 3-5
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5. Conclusions

Rock carvings constructed in the Cappadocia was implemented for thousands of
years and many of them are still in use. Some of them are listed as World Heritage Site by
UNESCO like Maltese Cross Church. Although many problems are observed in these
structures, some interventions had even damaged the structure as they are made without a
full investigation. Damages and deteriorations on these structures have to be minimalized
and the rock-cut structures have to be conveyed to the next generations safely.

It is thought that UPV wvalues is higher during the summer because of moisture
retention features of swelling minerals in the sample or due to high moisture effect of
visitor circulation. To minimize the type of deterioration like spalling, weathering (erosion)
and discoloration on the rock structures, it should be checked if there is the cation
absorbent minerals, water and/or high visitor ratio in the structure. If these damages
occurred outside of the structure, they should not be intervened to protect oxidation shell,
which occurs naturally [10]. Applying water-repellent agent to the rock surface is not
beneficial for rock and may causes cracks [5]. In addition, surfaces with harmless lichens
may be provided to mitigate spalling and weathering. Although mosses, algae and lichens
cause biological deterioration on the rock-cut structures, removing them from the surface is
not recommended. These biological formations especially lichens constitute only 1 cm
thick in 300 years [19] save structure from spalling, exfoliation, crumbling and weathering.

To prevent the rock from crust and efflorescence, the presence of absorbent minerals
in the rock-cut structure has to be investigated. Efflorescence develops if nitrate and sulfate
salts are on the structure.

Cracks in the rock-cut structures are very significant damages in terms of rock falls
and damages and deteriorations around cracks affect it adversely. The reason of cracks
may be ground subsidence, intrinsic properties of the rock or natural disasters. In the
church it seems that cracks are due to intrinsic properties and neglecting. The reason
should be identified with endoscopic examinations if needed. After the cause of the cracks
are identified, the condition of crack whether the movement goes on or stabilized should be
monitored. If the cracks are moving, temporarily annex underpinning or partly grouting
can be used. It is not recommended to use the materials which can corrode due to moisture
like steel because its thermal expansion coefficient is not same with rock [20]. Bolting or
pricking cracks with steel plaques is not recommended due to low hardness of rock and
non-compatibility between steel and rock [21]. If there is risk of freezing water inside the
cracks like in the church, it is suggested that cracks should be filled with a compatible
mortar. After and before this process, cracks must be monitored. Fragmentation usually
occurs around the cracks. Similar methods to minimize cracks can be used for
fragmentation, too. Controlled separation has to be the last option for fragmentations.

To avoid the repair damage, intervention decisions should be taken under the
supervision of experts. Materials with salty content should not be used in rock-cut
structures. Limiting the number of visitors in places might be useful in reducing damage
resulting from moisture.

Rock-cut structure is a structure type continued to function in Anatolia and all over
the World. Rock-cut building regulations and standards must be established for transferring
its value to the future generations.
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THE HABICHTSBERG AERIAL STEEL TOWER - FROM HERITAGE TO
MODERN REQUIREMENTS

Hartmut Pasternak’

Brandenburg University of Technology, Cottbus, Germany

Abstract: This paper deals with a case study of a former TV tower, built before the
Olympic Games in Berlin in 1936. After assessment of conditions (concrete
foundations, steel construction) and after the analysis on a FE model, details about
refurbishment and how to limit the horizontal deflections are given. The
refurbishment of the aerial tower seems to be an economical and environmentally
friendly solution. Now it is used by a mobile phone company.

Key words: Template, formats, instructions, length, Times New Roman, 12 pt, Italic,
Justified

1. Introduction

The aerial tower "Habichtsberg" in Stiilpe, Germany - south of Berlin - was designed
and built as a part of the line between Berlin and Leipzig around 1935 for the Summer
Olympic Games in Berlin, 1936. After Word War II till 1990 it was part of the Party and
Eastern German Army microwave network.

The lattice tower was constructed mostly from angle sections with bolted
connections and with an extension tube on the top of the tower. The original height of the
structure reached 88 m. In the seventies the upper part of the tower was dismantled and the
main struts of the lattice structure were partially strengthened. In the last years the tower
was out of service.

Figure 1 shows the state of the structure with a height of 56 m in December 1995
before refurbishment.

The condition of painting is important and may indicate the extent of corrosion and
cracks. Paint shad to be carefully checked around bolt heads. Connections and gusset
plates are particularly susceptible to corrosion (Figure 2). These areas are not easily
accessible, but frequently they are spots where corrosion begins (Figure 3). The diagonals
of the structure are battened sections, critical is the condition of coating between the
members and at the connections between the contact surfaces.

The bolt holes are critical areas for cracks and also for corrosion (Figure 4). Special
attention had to be paid to the connection between the steel structure and the concrete
foundation. The exposed concrete foundation can be examined for the presence of cracks
and other signs of deterioration.

! Prof. Dr.-Ing. habil. Hartmut Pasternak, BTU, K.-Wachsmann-Allee 2, D-03046 Cottbus
E-mail: Hartmut.Pasternak@b-tu.de
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Fig.1. The Habichtsberg tower

2. Preliminary Investigations — Assessment of the Existing Structure

For the first step, it was necessary to examine the existing structure very carefully.
This general inspection involves the control of the geometry, the check of the physical
condition of the structural members and the determination of the material properties.

The examination began normally with a visual inspection along the whole structure
to detect any imperfections - either vertical or horizontal - of all members. The dimensions
of the structure and the elements were measured.

Fig.2. Corroded structure

At the "Habichtsberg" tower a special examination team worked. The elements were
checked usually in their original place but some elements and gusset plates were
dismantled and checked extensively on the ground.

The material were have been identified by material testing.

The laboratory tests showed that the structural material of the tower is not weld able
low-strength steel.

The investigations allowed to declare, that the tower was in a good condition. The
bolted connections were not sensitive for fatigue, cracks couldn’t be detected. Only some
members had to be changed or strengthened because of corrosion. The corrosion protection
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Fig.3. Joint without gusset plate Fig.4. Gusset plate

3. Analysis of the Structure

The aim of the analysis was to decide if the structure is able to fulfill the new
requirements or some parts of it to be strengthened. For the Mobil phone company, 10
parabolic aerials had to be placed at the upper part of the tower, and for the future

developing place for more aerials should be allocated. The governing requirement is the
limitation of the deformations on the top of the tower.

Fig.5. 3D-model of the structure
The structural analysis was performed with the computer program "Sofistik", using
the structural geometry and material properties from the preliminary investigations. The
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computed deformations of the tower were unacceptable. This led to the need of change of
the supporting structure for the aerials. The final version of the supporting structure is
working together with the original mast to resist the wind forces and to reduce the

deformations on the upper part of the tower.

4. Constructional Details
Because of the non-weld - ability of the material of the old mast, the connection

between the old and new structures had to be bolted. The details of the supporting structure
for the aerials are shown in Figure 6. The bolt quality is 10.9 (prestressed) and 4.6 (normal)
for other connections. It should be mentioned that this solution is very sensitive for the

structural uncertainties and requires exact in-situ measurements.
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Fig.6. The supporting structure for the aerials

The new access ladder is an advanced construction: light, aesthetic, without safety-
ring around the ladder, but safe. It works with a special rolling device with safety-belt, this
device can roll up but one catch inhibits the accidental rolling down. (Figure 7-8).

Fig.8. Rolling device

Fig.7. The access ladder
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Fig.9. Scheme of the tower after rehabilitation

4. Conclusion

Figure 9 shows the "Habichtsberg" tower in its final form. The original structure is
drawn with thin line, dashed lines indicates the structural members to be dismantled. The
new elements and the bars to be strengthened are drawn with thick lines. The weight of the
new elements are only 6% of the original structure. According to the approximate costs,
the refurbishment of this old steel tower can be characterized - in spite of complicated
constructional technology - as an economical and environmentally friendly solution.
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RECONSTRUCTION OF CEJVAN — CEHAJIN HAMMAM IN MOSTAR
Maja Roso Popovac!, Suada Hasanagié¢?, Sanela Klarié,

Univerzitet Dzemal Bijedic¢, Mostar, Bosnia and Herzegovina
GD Arhitekt, Mostar, Bosnia and Herzegovina
International BURCH University, Sarajevo, Bosnia and Herzegovina

Abstract:

After the Old Bridge complex, reconstruction of Cejvan — Cehajin Hammam in
Mostar was the biggest reconstruction project after the war in 1992 -1995. It was an
international project funded out of local, French and Turkish assets. As the Hamam was
not in function for at least 100 Years, and that some parts of it were irreplaceably gone, it
was impossible to reclaim it's original function, so it was reconstructed as an exhibitioner
facility. Nevertheless, all original elements such as hipocaustum floor with heating
channels were preserved. In this reconstruction we used only materials that were found in
situ — stone blocks of same quality, mortars of same components, hand made bricks
identical as the ones found in the vault, glass and lead. The condition of Cejvan — Cehajin
Hamam was very poor in the moment when the reconstruction started. Years of neglect,
new surrounding structures ignorant towards Hamam and severe war damage left huge
wounds on this beautiful monument. As this project started in autumn 2003 and it had to be
finished until the opening of the Old Bridge on 23.07.2004, it was a hard task to do.

Key words: Hammam, Mostar, reconstruction, Cejvan-Cehajin,

1. Hammam in Bosnia and Herzegovina

Hammam as a building type and custom was brought to Bosnia and Herzegovina by
the Ottomans. This was not the first bath-type structure in B&H — during the Roman
period, as the country was rich in thermal wells of the highest quality, one of the settlement
types was in vicinity of the Baths. From that period we have several big and important
locations: Dolmavium in Srebrenica, Aqua S in IlidZa, Fojnica and many others.

The location, form and layout of Bosnian Hammams was similar as many throughout
the Ottoman Empire, and although it had close connection to obligatory Islamic rituals of
washing, it was also a place for social interaction. It was free for everyone, male, female,
young, old, rich and poor. There were two types of Hammams: “tek-hamam” (single) and
“Cifte-hamam” (double). The “tek-hamam” women were allowed to come in during
daylight hours, and men early in the morning or evening. In “Cifte-hamam” parts for

! Maja Roso Popovac, Associate Professor PhD, Sjeverni logor bb; maja.popovac@unmo.ba
2 Suada Hasanagi¢, , MBA architect, Rudanova 2a, suada.hasanagic@gmail.com
3 Sanela Klari¢, Assistant Professor PhD, Francuske revolucije bb, sanela.klaric@ibu.edu.ba
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women and accessories for men were completely separate. Some baths in Bosnia and
Herzegovina were complex, but in addition to the male and female parts, had a part for
non-Muslims.

Hammams were paved with large stone slabs, domed or coved with barrel vaults
made of tufa stone or brick, with lead cladding. On the vaults and domes there were small
openings, usually hexagonal, octagonal or star-cutted and arranged in rows or circles,
covered with massive, rounded, convex glass lid (an elephant's eye).

The main materials for the construction of the Hammam were limestone, travertine,
brick and lime mortar mixed with kece (especially processed hair scraped from bovine
skin) served as mortar. The walls were 70-155 cm thick, outside always somewhat thicker
than in the interior.

Each hamam had at least three rooms: Sadrvan - Fountain (Apodyterium) that served
as a waiting room and dressing room and there one could usually get tea or coffee,
Kapaluk (Tepidarium) where the body is wash with soap and water, massaged and rubbed,
hot room Halvat (Caldarium), in which the body was exposed to steam. In addition to
these, each Hammam had three additional rooms: Hazna or water tank, and Culhan for
heating and toilet. Bigger Hammams also consisted of Mejdan — big squared room for
massage, depilation or resting.

T . ‘ e

- R

.'Fi. 1 Arial view to Hammam and surrounding area from 1993. h

2. Background of Cejvan — Cehajin Hammam Reconstruction

Full view to Cejvan Cehajin hammam was possible after the demolition of
residential building from Austro-Hungarian period which was almost completely destroyed

in the last war (1992-1995). It was not a rare example that large scale buildings from
Austro-Hungarian period were interpolated into the small-scale fabric of Ottoman

384



MEXIAYHAPOJIHA HAYYHA KOH®EPEHIIUSA BAHW 2016
INTERNATIONAL SCIENTIFIC CONFERENCE BASA'2016

settlement throw-out the Bosnia and Herzegovina cities. That was also a proof that the
Hammam was already not in function at that moment.

After the devastating war in 1992-1995, Mostar, especially its Old Town, suffered
major destruction. Not just that the Old Bridge, the symbol of Mostar was destroyed, but
also the majority of the buildings on both banks of the Neretva River.

a)

Fig. 3. Cejvan — Cehajin Hammam in 2002: a) main room; b) dome

The ruins of valuable historical buildings were outspreaded all around the city
waiting for reconstruction. First years of that process comprehended the repair of smaller
buildings, mostly by assets of the users and without the consultations with professionals in
the field of reconstructions. Available materials were also inadequate, which in
combination with lack of knowledge and need to speed up the reconstructions was
devastating for many valuable structures. One of the problems was also the ownership —
most of these buildings had more than one owner, and City governance and donors were
not in the position to invest in that kind of arrangement. Looking from the professional side
— the worst problem was the lack of satisfying basic documentation and projects. The
archives were mostly lost in shelling and fires, many architects, historians and engineers
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was depopulated to other countries during the war, so the situation for drafting the proper
projects and deliver quality reconstruction was poor. The time was important so there was
no space for proper investigations and archaeological survey in-situ, most of the projects
were just an extension of sometimes inadequate interventions from 60, °70, and ’80.
Moreover, the jurisdiction, competency, and hierarchy was completely unintelligible.
Before the war, Bosnia and Herzegovina, within the Federal Yugoslavia had several levels
of monument protection institutions, with clear organization and hierarchy. After the *90’s
war, and Dayton peace agreement and its Annex 8, the Commission to Preserve National
Monuments was formed on the state level. Nevertheless, two entities formed had Institutes
for Protection of Cultural, Historical and Natural Heritage of Bosnia and Herzegovina.
Instead of establishing good relations and distribute the jurisdictions and engagements,
these institutions started the conflict that led to many misunderstandings, bad judgments
and quarrels, that led to serious problems in the real situations.

2 14
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Fig. 4. Cejvan — Cehajin Hammam - layout

Hammam of Mostar was one of the monuments that suffered a lot because of all
these problems. Although the reconstruction in 1954 was unsuitable and inadequate for
contemporary standards, it managed to consolidate and preserve the remnants of the
structure for following years. Archaeological excavation were absent than, but
unfortunately they were also not part of the survey before the last reconstruction. That led
to many problems due to different theories between the experts: on one side UNESCO
(with Mr. Bernard Fonqurnie as engaged expert) and Institute for Protection of Cultural,
Historical and Natural Heritage of Bosnia and Herzegovina, and on the other side the
Commission to Preserve National Monuments (with Mrs. Zeynep Ahunbay as engaged
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expert). During the reconstruction, the most challenging part was to balance the relations
between these parties and to keep the site functioning. At the end, although the Hammam
is one of the most valuable and most important monuments in Bosnia and Herzegovina, it
is not on the list of national monuments, but on the other hand it is a reconstruction
performed under strict UNESCO regulation and patronage.

This was obvious example how politics and personal egos unfortunately can
counteract professionalism and benefits for the heritage, which is our common human
treasure that we all should nominate as first goal in process of protection.
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Fig. 5. Cejvan — Cehajin Hammam — roof plan

3. Description of Hammam

3.1. Layout

The building of Hammam kept all of its basic layout elements except Hazna and
Culhan at the north side. These parts were demolished probably during the 19th century
and become part of a private estate on the north and west side. They are recognizable only
in segments of the stone arch that was made of beautifully carved travertine and whose
vertical dimensions was significantly lower than the rest of the building. By comparing
with similar structures it was concluded that this space was covered by stone slab on slope
roof structure. Due to the devastation of the west wall, ceramic water pipes, functioning on
the principle of connected vessels, were visible.

South facade and two rooms on the south west were heavily devastated by the
building from Austro-Hungarian period. By the survey of the pipes in the western wall, we
could determine that small devastated room on that side was probably toilet with only cold
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water available. That room was probably covered with groin vault made of tufa stone.
Central south room was probably an entrance — no pipes were found in the walls and it was
covered by barrel vault also made of tufa stone. From this room it was possible to enter the
central space (Sadrvan), through the narrow doors.

Central space of Sadrvan was divided by the pointed arch to two separate ceilings -
dome on bigger span, and small barrel vault on the north side. Entire structure of the dome
is based on four pointed arches made of beautifully chiseled limestone. On three sides the
arches were within the massive walls.

The layout of the Hammam was symmetrical — on the western and eastern side from
Sadrvan we have two rooms with groin waults, from where we can enter two separate
rooms on the north-west and north-east corners covered with domes.

Fig. 6. Cejvan — Cehajin Hammam — cross-section

3.2. Construction and Materials
Foundations of the Hammam were made of big limestone blocks and their depth is
approximately 130cm and width 100.110cm. They are well preserved except under

demolished parts of Hazna and Culhan.

The base of the entire structure is stone wall, 80cm thick made of chiseled blocks
on both sides with filling of crushed stone. As the stone blocks on the outside face of the
walls were not representative, it is most probable that it was plastered with lime mortar. All
original mortars were lime mortars, cement mortar was used to consolidate and build
elements from 1954 reconstruction.

Big dome and all barrel and groin vaults were made of tufa stone, and two small
domes were made of thin brick blocks. North-east small dome was reconstructed in 1954
and was made from contemporary brick in cement mortar. Under all domes and vaults
there is one row of thin brick that was placed on top of the stone walls.

The entire structure was originally covered with lead coat with convex openings,
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but the lead eventually disappeared and in 1954 they covered the domes and the vault with
cement mortar.

The interior of the Hammam was plastered with lime mortar except pointed arches
that were made of quality limestone, painted white.

The floor of the Hammam was heavily destroyed. The survey showed that it had
system of hypocaust heating with channels for hot air. The floor was paved with 8cm thick
limestone pavement blocks.

Fig. 7. Hammam in 2003: a) north-east dome; b) ceramic pipes

4. The Reconstruction

The project for the Reconstruction of the Cejvan — Cehajin Hammam took into
consideration archeological survey and current layout of the building. As it was impossible
to reconstruct the two missing parts important for the functioning of Hammam (Hazna and
Culhan), it was decided that the building is going to be reconstructed as multi-purpose
facility. The main entrance to the building was from the south fagade. Entrance hall was
equipped with the installation for possible bar on the west part (water and sewage). The
toilet was positioned in south-west room where it probably was originally. Other rooms
were multi-functional, equipped with electrical installations and lighting. Because of the
new allocation, the building was equipped with air-conditioning system, with distribution
of air through the hypocaust channels. The main unit was installed above the toilettes.

The works on the Hammam started with careful cleaning of the demolished parts
and removal of remnants of Austro-Hungarian structures within the body of the walls.

First it was important to consolidate the foundations on the south side. After that it
was possible to start with masonry works on the south wall. Clear distinction of the new
and old wall was made by performing the line between them in form of wider joint. After
the wall was finished, the layer of thin bricks was laid as the base for the barrel vault made
of tufa stone. With that, the Hamam was ready for the winter — the works inside of the
Hammam could start. As the walls inside of the Hammam were partially unstable and
some of the arches needed serious repair and change of the blocks, it was necessary to
build the scaffolding and centering for the arches.
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Fig. 8. Hammam in 2004: a) repaired pointed arch in main room; b) entrance barell vault

The domes and vaults were repaired and covered with thin lime mortar coat under
the lead shroud. Special convex glass elements were ordered for the openings on the roof,
and above the central dome we installed the skylight similar to the ones on same structures.

The important issue was also the capillary moisture we noticed in all the walls, but
as the Hammam is now surrounded with other structures, it was possible to install the
drainage pipes only on small part of the west walls. That is why it was decided to plaster
the bottom part of the walls with lime mortar with addition of bauxite earth — in order to
make waterproof layer at least from the inside. The entire interior of the Hammam was
plastered in traditional way by the thin layer of lime mortar. The floors were paved with
8cm thick slabs of tenelija limestone (same as the one used for the Old Bridge).

5. Conclusion

Instead of being one of the most popular reconstructions in post-war Mostar and
Bosnia and Herzegovina, the Reconstruction of Cejvan — Cehajin Hammam was put to
margins because of unsolved relations between two institutions. That is why the Hammam,
twelve years after the reconstruction, still did not make its way to the List of National
Monuments in B&H.
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THE STRUCTURAL DEFINITION OF
EIFFEL’S BUDAPEST NYUGATI PALYAUDVAR,
LINKED BY ITS ARCHITECTURAL DESIGN
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Abstract: Budapest Nyugati Palyaudvar is one of the four railway stations in
Budapest. It is in the West part of Budapest, Hungary. Its iron-steel framing system is
a unique one from the point of steel architecture through its structural solution, and
it has to be learned with its all details. It was constructed by Eiffel Company and
opened in 1877.

In the paper, the structural definition of Eiffel’s Budapest Nyugati Palyaudvar,

linked by its architectural design will be explained through its main framing system,
with column, beam and roof detailing. Also its site plan will be discussed to catch
how Nyugati Train Station is still in use from the point of sustainability.

Key words: Nyugati Railway Station, Budapest, Gustave Eiffel et Cie., Polonceau
Truss

1. Introduction

Nyugati Palyaudvar is the Western Railway Station in Budapest, Hungary. It stands
up at the intersection of Szent Istvan krt. From Margit Bridge over Duna, with Terez krt. in
the same direction and in the other direction, with Bajcsy-Zsilinszky from Szent Istvan
Bazilika and with Vaci ut. The front entrance of Nyugati Railway Station is from Terez
krt.(Fig.1), while the other entrance from the main road is from Vaci ut [1].

August de Serres planned the station and the Eiffel Company built it. There was
another station, built in 1846, in the same place. It was the end station of the Pest-Vac, the
Hungary’s firt railway line, and later it was demolished. The present station was opened on
28™ of October in 1877 [2]. Nyugati Palyaudvar is in the service just for 139 years.

The new plan was matched with the old plan to be able to use the tracks for trains[3].
The gable-shaped central hall spans 42 m.[4], and at both ends it has glazed facades,
surrounded by brick pavillions with traditional ornaments [5] and also supported by iron
structural elements especially in the corners of the pavilions.

2. Structural features of Nyugati Railway Station

Nyugati Railway Station has several buildings with different function at the same
site. There is a central hall for trains and masonary pavillions around this central hall for
passengers to depart from Budapest or to arrive to Budapest.

! Prof Dr.architect Yesim Kamile Aktuglu, yesim.aktuglu@deu.edu.tr
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Fig.1. The front facade of Nyugati Palyaudvar from Terez krt.
(photograph taken by Yesim Kamile Aktuglu, 05.09.2011)

2.1 Central Hall

The main part of the railway station is its Central Hall, which has a height as 25 m. and a
width as 42 m. and a length around 189 m. as covered area over train tracks. There are 16
portal frame with Polonceau trusses at both sides of the gabled-shaped roof [3] [5] [4].

Fig.2. The view of Central Hall of Nyugati Railway Station, from the entrance
(photograph taken by Yesim Kamile Aktuglu, 05.09.2011)

2.1.1 The Columns

The columns of the portal frame is built with two parts, which one part is the real
iron column in I- form, cladded by prefabricated iron pieces, up to the starting point of the
Polonceau trusses. The thickness of the frontal flange of I-form, facing to inner hall, is
more than 100 mm. where the width of the next flange touching with the wall behind,
where it stands up, is wider than the frontal flange. And the name of the company which
constructed the columns is on the base of this column composition as G.EIFFEL & Cie.
(Fig.3 and Fig.4) that was found as a limited company under the name of “Gustave Eiffel
at Cie.” [6].
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There are double rainwater pipes at both sides of the columns under the cladding for
the column (Fig.5). In every two columns, one has these pipes.
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Fig.3 The name of the company over the cladded iron
(photograph taken by Yesim Kamile Aktuglu, 20.08.2014)
Fig.4 The place of the name of the company over the base of the column omposition
(photograph taken by Yesim Kamile Aktuglu, 20.08.2014)
Fig. 5 Double rainwater pipes to down at both sides of the column
(photograph taken by Yesim Kamile Aktuglu, 20.08.2014)

2.1.2 The Polonceau Truss

The Polonceau Trusses are letting the inside space having a clear view through the
most economical way to solve the structural system. The upper chord of the Polonceau
system is a lattice beam, to make the structural solution be stronger and more transparent.
By using the Polonceau truss, it is being let to be easy to follow the load transfering
through the structural elements, which saves the unneeded expenses also. The cables are
connecting with the eave level supporter of the beam with a dog-bone connection, letting
the whole system an easy movable feature (Fig.6 and Fig.7).

The Polonceau Trusses were spaced at around 10.5 m intervals and firmly braced by
lattice girders in between the lattice girder top chords of Polonceau truss, under the solid
roof top and then by knee-braced lattice girders over the lattice girder top chord of
Polonceau truss, when the roof cover was transparent to get daylight in and also in the area,
from covered to transparent, knee-braced lattice girders were used (Fig. 8).

2.1.3 The Front Wall of the Central Hall

The Front Wall of the Central Hall is having two parts. One part is the masonary part up to
height around 1.0 m as a parapet wall or a basement wall for the glass part over up to the roof top.

393



MEXIAYHAPOJHA HAYYHA KOH®EPEHIIUA BAHN’ 2016
INTERNATIONAL SCIENTIFIC CONFERENCE BASA'2016

IS

FIg.6 The end part of Polonceau truss over column
(photograph by Yesim Kamile Aktuglu, on 20.08.2014)
Fig.7 Dog-bone connection of the Polonceau Truss
(photograph by Yesim Kamile Aktuglu, on 20.08.2014)
Fig. 8 Polonceau Truss with lattice girders in between the
trusses and also knee-braced lattice girders over the trusses.
(photograph by Yesim Kamile Aktuglu, on 05.08.2011)

This wall materlal seems to be sandstone, due to its damaged views. There are nine
parts to compose the glass facade, to be carried by columns in between these parts. These
nine parts also mainly 4 parts, carried by stronger mullions than the others, form the next
two parts inside these 4 parts. Finally in every piece, there are 8 partitions to compose it.
The top part of these glass facade is having arch mullions for every 4 segment to define
better. And at the bottom of this glass wall, there is an ending lattice girder with crossings
in every segment of the girder to close the whole surface in a stable manner. What is very
interesting is the balcony part, in the mid of this facade, both inside and outside. In the
outside part, its function is to cover the entrance as a shed. For this roof balcony is from
one brick pavilion to the next brick pavilion at the ends of the glass facade and also the last
egde is being carried with at least 10 columns, ending over the colomns on the walls, this
part is supporting the whole facade in a very magnificent way of structural solution
through architectural design to create a very transparent welcome for the passengers to
come in. Also the daylight is able to go inside directly. The outside columns are also giving
a service to be a vertical way to down for rainwater.

For the inside part of the glass facade, there is a balcony, continues along the facade
and also turns over the masonary walls of the brick pavilions at both side of the glass
entrance facade. Even though the width of the balcony is around 1.0 m., there are columns
in rectangular form to support the balcony and also there are supporters over the every
facade columns to the bottom of the slab of the balcony.

At the top of the glass facade, there is a Vierendeel Girder as the top part of a Portal
frame for the whole glass entrance wall. There are also bracings inside the every part of
Vierendeel Girder. There are two Vierendeel Girders, from the columns on the walls of the
brick pavillion to the top point of the roof, from two inclined surfaces, where later they are
carried by the Polonceau Trusses (Fig.9 ).
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Fig. 9 The total view of Entrance facade from inside,
with the Vierendeel.Girder at the top of the facade
(photograph by Yesim Kamile Aktuglu, on 05.09.2011)

2.1.4 Entrance Facade for Trains

This entrance facade for trains is also a glass facade, having a structural system,
different from the front entrance facade for passengers. There is a deep solid I-beam from
smaller brick tower pavillions at the end of the central hall at both side, spans 42 m. with a
two columns at the distance around 10.5 m. from the tower pavillions. In this facade, there
are balconies at both sides to stabilise the system better, as pillow beams in a manner at
both sides. Additionally, there is a real Portal frame with Vierendeel beams starting from

the solid beam, passing the span (Fig. 10).
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Fig. 10 The Entrance facade for the trains from inside of the central hall
(photograph by Yesim Kamile Aktuglu, on 05.09.2011)
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2.1.5 Lateral Walls of the Central Hall at both sides

There are walls in between the columns at around 10.5 m intervals, constructed by
sandstone up to around 1.0 m height from the ground level, till the ground floor windows,
having I beams as lintel to span the openning. Behind the damaged parts of the sands, it is
seen that the Stones are connected to each other with lead. And also behind the damaged
plasters, it seems they are double I-beams and also there may be three I-beams connected
to each other over the window opennings. Also it has the same structural solution for the
first floor windows. This is the pattern for the outer perimeter walls surrounding the whole
complex. Here there are [-beams at the first floor level to span the opennings, then the rest
is a complete structure, composed by mullions for windows and doors altogether (Fig.11,
Fig 12 and Fig.13).

Above all, there are transparent glass walls up to the eave of the gable-shaped roof in
5 sections. All sections have 2 smaller sections, may have a width a little more than 50.0
cm. in distance. At the top of these glass windows, composed by 5 parts, having an arch
ending, just under the Vierendeel Girder, continuing at the top of these arched window
mullions, along the side walls (Fig. 14 and Fig.15).

For there are two storey high masonary buildings for housing the waiting rooms and
other facilities, at both longitudinal sides of the area, there is no need for additional support
unless for the three columns having no masonary building behind.

What is excellent is these supporting double iron supporting frames outside of the
buildings, seen from the garden. The defined road map for the loads coming from the anex
of the building through Polonecau truss to the columns, then from the columns down to the
foundations through the supporting framing can easily be seen with bare eyes, from far
away (Fig.16).

Fig.11. The columns and the walls behind the columns (photograph by Yesim Kamile
Aktuglu, on 20.08.2014)
Fig. 12 The I-beams over the opennings (photograph by Yesim Kamile Aktuglu, on
20.08.2014)
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Fig.13 Lead connection between the sandstones. (photograph by Yesim Kamile Aktuglu,
on 20.08.2014)
Fig.14 Top windows with Lunette design, under the Vierrendeel Girder (photograph by
Yesim Kamile Aktuglu, on 20.08.2014)

Fig. 15 The top windows inside one interval from column to column, in 5 pieces, with 4
sub-pieces to compose Lunette-windows, and all with the Vierendeel Girder at the top of
these windows, (photograph by Yesim Kamile Aktuglu, on 20.08.2014)

Fig. 16 The supporting structural frame outside the wall, is in connection with the
column, to get the loads coming through the Polonceau truss inside
(photograph by Yesim Kamile Aktuglu, on 20.08.2014)

2.2 Other Parts of the Railway Station, mainly brick pavilions

There are additional buildings besides Central Hall, constructed with iron framing
together with masonary system. The roof heights are also supporting the whole (Fig.17).

There are brick pavilions, especially at the corners of the central Hall and nearby the
Central Hall, where there are corridors, connecting the spaces in a covered manner, with an
iron-framing system, similar to waffle system for the ceiling level. The outer wall of the
corridors are totally constructed by glass, supported iron structure and also there are some
supporters, for the longitudinal glass walls also (Fig.18).
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Ticket Office Pavilion has cantilevered sheds for protecting the entrance, from rain and sun
in a way. This part is hanged from the columns going up for the perimeter walls (Fig. 19). In the
inner part of the Ticket Office Pavilion, there are iron columns, connected by iron beams in arch-
form. The large opennings for windows and doors are supported with iron circle designs to get the
stability of the perimeter wall around (Fig.20 and Fig.21).

Fig.17 The view of the roofs behind the complex
(photograph by Yesim Kamile Aktuglu, on 20.08.2014)
Fig.18 The corridors in front of the waiting rooms at right
(photograph by Yesim Kamile Aktuglu, on 20.08.2014)

Vet | 4 .

Fig.19 The outside view of the ticket Office (photograph by Yesim Kamile Aktuglu, on 20.08.2014)
Fig.20 Inside of the ticket Office with iron coloumns in front of the wall, connected with iron arch-
formed beams at the top (photograph by Yesim Kamile Aktuglu, on 20.08.2014)

Fig.21 The perimeter wall of the ticket Office (photograph by Yesim Kamile Aktuglu, on
20.08.2014)

The canopies for the passengers are cantilevered towards both sides from a double
beam composition, connected with columns, composed by 2 rectangular columns, with
sheet metal pieces to act as one column. And the cantilevered roof are carried with 6 iron
bars hanged from every column top also (Fig.22).
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Fig.22 Tha canopies for the passengers
(photograph by Yesim Kamile Aktuglu, on 20.08.2014)

The oldest part of the Nyugati Railway Station has an entrance canopy over the
columns with small diameters to carry the roof (Fig.23). There is a shed to protect the
entrances for the station, in between this old pavilion and the next pavilion in Terez krt.
(Fig.24). This protection has transparent parts to get the daylight down (Fig.25). When the
long cantilevered shed touches the brick pavilion in the front line, this adds stability to the
shed, because the total structure is in the mid of masonary walls, even though it is hanged
from the columns of the building, behind (Fig.26).

Fig.23 The oldest part of the complex, the entrance canopies are being carried by slim iron
columns, connected with the core through iron castellated beams.
(photograph by Yesim Kamile Aktuglu, on 20.08.2014)

Fig.24 The cantilevered and hanged sheds to protect sunshine
(photograph by Yesim Kamile Aktuglu, on 20.08.2014)

Fig.25 The cantilevered sheds also get daylight
(photograph by Yesim Kamile Aktuglu, on 20.08.2014)
Fig.26 The sheds are connected between two brick pavilions, which are supported with
iron framing, exposed. (photograph by Yesim Kamile Aktuglu, on 20.08.2014)
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The difference between the roof levels over the central hall lets the fresh air in. With
the next lower roof level of the nearby building and then the lower roof level of
cantilevered shed give a nice picture not only to see all structural elements in the same
row, and also the architectural balance can be easily seen (Fig.27 and Fig.26).

At the main entrance from Terez krt. to the Central Hall, the solid web design of the
beams over and between the slim columns is both logical and also very aesthetic. For there
is a solid web, with flower design, in the Vierendeel Girder, it prepares a very stiff
compositon, where the next beams under this Vierendeel Girder, having less solidity, and
more metal sheets to compose a beam with and arch as lover flange with hidden arch-beam
pieces in between upper and lower flanges (Fig.28).

YA

Fig.27 The differences between the roof levels of the Centrl Hall let the fresh air in and also the

differences betwen the height of the buildings give a nice view for the total frame from the point
of architecture. (photograph by Yesim Kamile Aktuglu, on 20.08.2014)

Fig.28 While the solid web with flower figures to compose the girders, both for the vierendeel

and also for the beam, lower flange is in the arch-form over the slim columns, is supporting the

whole structure, also it offers a delicous architectural touch for the entrance stage.
(photograph by Yesim Kamile Aktuglu, on 20.08.2014)

Even though there are more details about structural solutions of the Nyugati Railway
Station, these are written above, are the main ones.

3. Conclusion

The Nyugati Railway Station is a very important landmark, not only from the
architectural point of view, but also through its structural solution.

When Camille Polonceau invented Polonceau Truss, it was in 1839 [7].

When Gustave Eiffel built Nyugati Railway Station, it was in 1875-1877.

With a very logical truss solution and with a very carefully solved details by the
contractor, today we are very happy to get the service of Nyugati Railway Station by
ourselves in every moment, while we are in Budapest.

To compare the building complex with other examples, some books, [8] [9] were
read to see the similarities with other built examples and also whether there are some more
infos about Nyugati Railway Station.

What is seen in today’s frame of this built example , is it has an encyclopedia about
how to build a central hall with iron framing mainly and also halls with masonary
additionally, to compose a balad, nice to hear always to give the most correct inspirations
for the designers, who want to plan and to build the Landmark of the Universe.

The Central Hall with its non-seen structural solution, can easily get the daylight in, even
though the time may be very late (Fig.29, Fig.30 and Fig. 31). This is the utmost conclusion.
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Fig. 29 The front facade, from inside. (photograph taken by Yesim Kamile Aktuglu,
20.08.2014)
Fig. 30 The back side facade, from inside. (photograph taken by Yesim Kamile Aktuglu,
20.08.2014
Fig. 31 Entrance from Terez krt. (photograph taken by Yesim Kamile Aktuglu,
20.08.2014)
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KOHCTPYKTHUBHATA ABTEHTHYHOCT HA APXUTEKTYPHUA
INAMETHUK B CBETJIMHATA HA CBBPEMEHHUTE BUXJIAHUSA B
OIMA3BAHETO HA HACJIEACTBOTO

Ejaena Mang:kueBa

Yuueepcumem no apxumexmypa, cmpoumencmao u 2eooesus - Coghus

Abstract: Juckycuama evpxy pazdoupanemo na asmeHmMudyHOCMMmMa HA NAMEMHUKA,
0cobeno unmensuena cied nyoauxyseanemo na /lokymenma om Hapa, uecmo ce npedcmass
Kamo u3z00p medcoy mamepusi U Hopma, HALONCEH OM CbLEPEMEHHOMO CbCMOosHUe U
00x8am Ha HACIE0CMBOMO, UNU KAMO OOKMPUHALEH CROP 3d N0OX00A KbM MAmMepuaitHume
U HemamepuaiHume CMOUHOCMU U 3 OMHOULEHUEMO ‘“‘OpUSUHATHO — A8MEHMUYHO ~ 8
onaseanemo Ha Hacieocmeomo. B mazu OucKkycus Ha KOHCMPYKYusAma Ha cecpaoama ce
npuoasa no noopazbupame CMUCHI HA 4ACH OmM MAamepusmd, Kamo ce 3anazéd, Ho U
3HAYUMENHO ce OAHATUUPA HAYYHO-UCMOPUYeCcKama i CMOoUHOCH Kamo 0OKYMeHM.

Ilpeonaza ce eono eudcoane 3a KOHCMPYKMUBHAMA ABMEHMUYHOCH HA NAMEMHUKA,
OCHOBAHO B8BPXY  PA32NEHCOAHEMO HA KOHCMPYKYUAMA 6 08a ACNeKma: HA HeuHama
83AUMOBPB3KA ¢ Opyeume elemMeHmu Ha NAMEeMmHUKA, PA32NeHCOaH Kamo apxXumexkmypHa
meopba, om eowa cmpauma, U Ha CcoOCmMEeHume U MAMEPUAIHU U HeMamepuaiHu
Xapaxkmepucmuku — om opy2a cmpaua.

Taka Oegunupanama aemeHMuUYHOCM NO360A64 HACOYBAHE HA NPOYYBAHUAMA U
ananuzume, a MaxKa Cvuwlo Ha U300pa Ha Hameca 8 ccpadama KvM 3ana3eane Ha 8b3IMON’CHO
HAl-8UCOKA CMeNneH HA A8MeHMUYHOCM HA KOHCMPYKYUAMA U HA apXumeKmypHama
meopba Kamo ysuo.

Cmpemedxncom KoM CoXpaHuasanemo HA KOHCMPYKMUBHAMA ABMEHMUYHOCM HA
cepadama uma 0cobeHo 3Hauenue 8 KOHMEKCmda HA HAKOU CheyupuyHu yeHHOCmu Ha
OB12aAPCKOMO apXUumeKmypHo HACIe0CmE0.

Key words: Authenticyty, Preservation of architectural heritage, Building
construction, Conservation, Structural restoration.

BbBenenue. BbnpochT 3a KOHCTPYKTHBHATA ABTEHTHYHOCT — OCHOBAHUSI M
AKTYyaJIHOCT

BbopockT 3a KOHCTPYKTMBHATa AaBTEHTUYHOCT Ha AapXHUTEKTYpPHHS TAMETHUK
npeJcTaBisiBa 4yacT OT oOmara mpoOsieMaTHKa Ha aBTEHTHYHOCTTa B OIA3BaHETO HA
apXUTEKTYpHOTO HacneAcTBo npe3 XXI Bek.

B eBpomneiickara npakTuka mpobIeMbT ce U30CTpU 0COOEHO BBB BPb3Ka C TOJISIMOTO
mo 06emM M pa3HoOoOpa3HO MO (DYHKIUS apXUTEKTypHO HaciencTtBoTo oT XIX m XX Bek,
KoeTo TpsAbBa na ObAe aganTUpaHO KbM HOBM (DYHKUMH U PA3JIUYHU CHBPEMEHHH
HOpMaTUBHU M3HUCKBaHus. [Ipum ToBa, 0cOOEHO 3a MO-CTapUTEe MaMETHHULIM OT IMEPHUOJa,
NPOEKTHPAHETO Ha HAMECUTE Ce M3BBPIIBA 10 TBBPJE PA3IUYHU METOIM B CpPaBHEHHE C
IpUJaraHuTe B MEpHoja Ha CTPOUTEICTBOTO HA CrpaguTe — Haiuie € o0oco0siBaHE Ha
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APXUTEKTYPHOTO U KOHCTPYKTHUBHOTO MPOEKTHPAHE, HOBUTE MOKOJICHHS CICIHAIUCTH Ca
0o0ydJaBaHH MPEIUMHO 110 CbBPEMEHHU KOHCTPYKTHBHH CHCTEMH U T.H.

AHanM3bT HA W3BBPIICHATE HAMECH W3SBSIBA MHOXKECTBO HETATUBHU SIBICHHUS B
ChBpeMeHHaTa pectaBpanus [1] u Ha GoHa HA Pa3BUTHUETO Ha TPAJAMIIMOHHUTE OCHOBH Ha
OIMa3BaHETO TIOCTaBs BBIIPOCA 3a TPUCIIOCOOSBAHE HA pecTaBpaTopckaTa TEOPHUS KbM
MPOMEHSIIIUTE CE PEaTHH.

B cBeTOBeH Im1aH, HHCIIUPUPAH OT OIHTA C KYJITYPHU U HACJIEICTBO M3BHH EBpora, ce
MOSIBM BB3TJICABT, Y€ OINA3BaHETO HA HACJIEJACTBOTO CE€ OCHOBaBa Ha CBHOTBETCTBAIIO
,yTpaBJICHHEe HAa TMPOMEHHWTE W Ha HapacTBamla pojs Ha MECTHHUTE OOIIHOCTH B
OTIpE/ICNITHETO Ha ONAa3BaHUTE IICHHOCTH. [Ipym TOBa He BCHYKM OOEKTH, NPHU3HABAHH 3a
HACJIEJICTBO MOrar Ja ObJaT Oma3BaHU Ype3 IUIOCTHO ChXpaHsABaHE Ha TsAxHaTa (Gopma u
cyOcraHIMs, a 3aja9aTa Ha pecTaBpaTopa € Taka Ja ymnpapisBa IMpeoOpa3yBaHUsATa, 4e Jia
ObJaT 3amazeHy W30paHH IEHHOCTH, KOUTO IaJeHOTO HACIEACTBO MPEICTaBs, UIH KOUTO
ca pas3no3HaBaHU OT CHBPEMEHHHUTE OONTHOCTH KaTO IEHHOCTH B JAJICHUS CJIEMEHT Ha
HACJIeICTBOTO [2].

Juckycusita BbpXy pa3OupaHeTO Ha AaBTEHTUYHOCTTA Ha IAaMETHHKA, OCOOEHO
WHTEH3WBHaA cien nybOnukyBaHeto Ha Jlokymenta ot Hapa 3a aBrenTmunoctta (1994),
YecTO ce MpeacTaBs KaTto n3bop Mexay marepus u (opma, HaJlOKEH OT ChbBPEMEHHOTO
CBCTOSTHME M OOXBaT Ha HACJIEICTBOTO, WJIM KAaTO JOKTPUHAJEH CIOp 3a IMOAX0Aa KbM
MaTepuaIHUTE U HEMATEepUAIHUTE CTOMHOCTM W 32 OTHOLIEHUETO ‘“OpUTMHAIHO —
ABTCHTUYHO B OINA3BAaHETO HA HACIEJACTBOTO. B Ta3m AUCKycHs Ha KOHCTPYKIMATA HA
crpajara ce mpujaBa Mo mojpa3OupaHe CMHUCHI Ha 4acT OT MaTepusTa, KaTo ce 3arasBa,
HO ¥ 3HAYUTETHO ce OaHaIM3upa HAyYHO-UCTOPUYECKATa i CTOMHOCT KaTo JJOKYMEHT.

BbropochT 3a KOHCTPYKIMSITA KAaTO CBHIIECTBEH €JIEMEHT Ha AapXUTEKTypHUs
MaMETHHUK HE € HOB. TOi ce pa3uckBa B Mpolleca Ha MpEHu3upaHe Ha PECTAaBPATOPCKUTE
METOIM, MOJIOKEHU BBbPXY MNpUHUUNUTE Ha Benenumanckara xapra. B pasButuero Ha
BIDKIAHMSTA, OTpa3eHH B pasnuyHu AokyMeHTH Ha MKOMOC, moxe na ce 3alenexu
TEHACHIIUS KbM NpHUJAaBaHE HA W3BECTHA CaMOCTOMHOCT Ha MpoOJieMHUTE Ha HOcCellaTa
KOHCTPYKIIUS, KaTo ce 3ano4yHe oT 3akiatoueHusta Ha IIl, IV u VII I'enepanuu acambiien Ha
HNKOMOC [3, 4, 5] u ce cTUrde 10 CIEUUaIHO MOCBETEHUs Ha ToBa AOKyMeHT oT 2003 r.
[6]. Ta3u caMOCTOMHOCT ciie/iBa Jia ce mpueMa ¢ HeoOXoAuMaTa CTEeTIeH Ha YCIOBHOCT. Ts
HE 03HayaBa U30JIMpaHe Ha HOCEIaTa KOHCTPYKIUS U3BBH KOHTEKCTA Ha crpanaTal.

OcHoBaHHE 3a TaKbB CICIHAICH WHTEPEC KbM KOHCTPYKIIMSATA HAa MMaMETHHKA ca
MMEHHO METOAUTE Ha UTUpaHaTa Mo-rope MupoKa aganTallMOHHa HaMeca B MAMETHUIIUTE
OT €lIHa CTpaHa, a OT Apyra — (paKTUYeCKH MpuaBaHaTa Ha KOHCTPYKIIMATA CTOMHOCT Ha
JTOKYMEHT (MH(GOpPMAIMOHEH M3TOYHHK) 3a ,,CHICHU(PUUHUTE 32 BPEMETO CH CTPOUTEIHHU
TeXHOIOTHH .

BxurouBaneTo B 00xBaTa Ha OMAa3BAHOTO HACJIEICTBO HA YHUKAIHU B KOHCTPYKTUBHO
OTHOIIIEHWE OOEKTH ChC 3aHW TMPOCTPAHCTBA W TOKPUTHUA C TOJEMHU TOIMOPHU
pascTosiHUs, B KOUTO KOHCTpYKIHATa TmpuaodmBa ¢GopMooOpasyBaiia poisi, ChIIO0
npeArnoara ThpCeHETO Ha CIeU(PUIHO ChAbpPKAHNE HA KOHCTPYKTHBHATA aBTEHTUYHOCT
U pPECIl. Ha KPUTEPUUTE U METOAM 3a HEMHOTO yCTAaHOBSIBAHE U ONIa3BaHe.

KoncTpyknusiTa Ha crpajara Kato 10KyMeHT (MH(OPMAIIMOHEH U3TOYHHK)

Tyk e MACTOTO 3a HAIMsA ONHWT 3a CHhBPEMEHHA, OTHECEHa KbhM HOCeIaTa
KOHCTPYKIIUS Ha CrpajaTa, HHTEPIpeTalys Ha OCHOBHHU, OT/IaBHA BH3MPUETH B TEOPHUATA
Ha OIa3BaHETO KaTeropHH.

' Cps. 1. 1.5 o1 ICOMOS Charter — Principles for the Analysis, Conservation and Structural restoration... [6].
2 Cps. 1. 1.3, nax Tam.
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BoBegenure ot Anouc Purn u gombaHenu ot Bantep ®ponn [7] xareropuu
IIEHHOCTH Ha TMaMETHHWKA MOTaT Ja ObJaT OTHECEHH (C HeoOXOoauMaTa yCIOBHOCT) KbM
HOcelaTa KOHCTPYKIUs Ha crpagata. OcoOEHO ChINECTBEHA OT TJEAHA TOYKa Ha
ABTEHTUYHOCTTA € McTopuyeckara (1mo Purir) u HayuyHO-HCTOpHYEcKaTa (JOKYMEHTAJIHATA
— 1o @pomit) cTOMHOCT HA HOCEIIaTa KOHCTPYKIIMS Ha cTpajaara.

SlcHo e, ue Hall-BUCOKa CTOMHOCT Ha JOKYMEHT HMa 3ala3eHaTa OpUTMHAIIHA
KOHCTPYKIIUA, OT KOSITO KaTo ,,BUJIMMO MaTepHUalHO 3ama3eHo JoKa3areycTBo” [8] morar
Ja ObJaT MPOYETCHH TEXHOJOTHMYHHUTE M KOHCTPYKTHBHHTE METOAHM. ToBa pa3zOupaHe
MOJKPENs CTPEMeka KbM MAaKCHMAJIHO ChXpaHsBaHE HA OpUTHHAja, KOETO Y€CTO C€ BOJAU
JI0 KOHCEpBalMs Ha €JIEeMEHTUTE M TIPEHACcsHE Ha TOBAapUTE BBPXY 3aMecTBallla
KOHCTpyKIMsA. Ho Tyk BB3HUKBA BBIPOCHT KaKBa CTOMHOCT Ha JOKYMEHT MMa €aHa
KOHCTPYKIIUA, KosiTo He ¢yHKuuonupa? I[lo peduHunMs HOcemata KOHCTPYKIHS Ha
crpajata moemMa MW TpeHacss B 3eMHAaTa OCHOBA BCHYKM HATOBapBaHHS, MOPOACHU OT
paznuuHu BB3AeHcTBUs. C Ipyrd AyMH TS UMa cOOCTBEHa (DYHKIHS M JIEHCTBHE, KOETO
MOXXKe Ja ObJe TMpocleAsBaHO WCTOPUYECKM ¥ TPEJCTaBiIsiBA CBHJIETEICTBO 3a
MOBE/ICHUETO I (KaTo MHTErpajHa 4acT Ha crpajara) IO OTHOIIEHHE Ha crenupUYHU 3a
MSICTOTO BBHIIHU BB3ICUCTBUS (3€METPHC, BATHP W T.H.), a OTTaM U HH(POpPMAIMOHEH
M3TOYHUK 32 TPAIUIIMOHHO YCTAHOBEHN HAaYMHU 32 IIOEMaHE Ha T3 BB3JCHCTBHUS.

ACNEeKTH HA KOHCTPYKTHBHATA aBTEHTHYHOCT

3HaueHUETO Ha HOcCellaTa KOHCTPYKIUS Ha apXUTEKTYpHHs TaMETHHK KaTo
WH(GOPMAIMOHECH U3TOYHHK MOXE JIa C€ ThPCH B aCIIeKTa Ha JIBE HEHHU KadecTBa:

—Ha MHTErpajHa 4YacT M CHUIECTBEH KOMIIOHEHT Ha apXWUTEeKTypHaTa TBOpOa

(maMeTHUKa);

— Ha YCJIOBHO CaMOCTOWHA CHCTEMA.

CrpuiecTByBamaTa crpaja, pasriexiaHa KaTo apXUTEKTypHa TBOpOa, MpelcTaBisBa
pealM3upaHO EIMHCTBO Ha KOHKPETHU apXUTEKTYPHO-ECTETUYCCKH, YTUIUTAPEH U
CTPaIOCTPONTENECH KOMIIOHEHTH , B3aMMOOOBBP3aHM M0 crenu(uueH, eIHO3HAYCH 3a
crpagara HauuH. Te3u KOMIIOHEHTH M B3aMMOJICHCTBUS Ce TPOSBSIBAT HA MPOCTPAHCTBEHO
(CTpYKTYpHO) U ACTAMIHO (IUCKPETHO) HUBO.

Ha mpocTpaHCcTBEHO HHBO KOMITOHCHTHTE C€ TPOSBABAT 4pe3 MPOCTPAHCTBEHO-
CTPYKTYpPHUTE CH XapaKTePUCTHKH, a B3aUMOJEHUCTBUATA MEXAYy KOMIIOHEHTUTE Ce€
u3paszsgBaT B CTENEHUTE HAa aBTOHOMHOCT, CBHIOJYMHEHOCT WIH THKICCTBEHOCT
(chBIaZICHUE) HA CTPYKTYPHTE.

Ha  pgeraiitHO  HMBO  apXWUTEKTyPHO-ECTETUYCCKUAT,  yYTHIMTAPHUAT U
CTPaZIOCTPOUTENIHUAT KOMIIOHEHTH C€ TMpPOSBSIBAT Ype3 MPUCHIIUTE WM MaTepHalHU
HOCHTETM W T[apaMeTpu B KOHKpPETHAaTa peanu3anus. B3auMOBPB3KUTE MEXIY
KOMITOHEHTUTE Ha TOBA HUBO C€ M3SIBSABAT B POJISATA HA OTIIEIHUS MaTepHalieH HOCUTEN WU
MapaMeTsp B OCHIIECTBIBAHETO HA KAYECTBO M3BBHH KOMIIOHEHTA, 32 KOWTO € MPHUCHIIL.
Taka B3auMOJIeHCTBUATA HA JIETAIIHO HUBO CHILO U3SIBSIBAT aBTOHOMHOCT, CHIIOAUYUHEHUE
WK CHBIIAJICHHE.

B To3u Monen Ha crpajaTta 3HauE€HHETO Ha HOcellaTa KOHCTPYKIHS (ChIIEeCTBEHA
9acT Ha CrPaJOCTPOUTETHHSI KOMIIOHEHT) ¥ Ha HeWHaTa aBTEHTHYHOCT 3a CTOWHOCTTA Ha
MaMETHHKA JIEXKH B MOJIETO Ha B3aUMOICHCTBUSATA.

B3aumoneiicTBueTo, B3auMHaTa 00BBP3aHOCT MEXKIY apXUTEKTYPHO-ECTETHICCKUS U
CTPaZIOCTPOUTEITHHAS KOMITOHCHTH H35BSBAa OPraHUYHOCTTA HA €IMHCTBOTO KOMITO3HIIAS —
KOHCTPYKIIMSI B CTENEHTa, B KOSTO CHIIECTBYBA B pEAM3UPAHUS APXUTEKTYPEH OOEKT,
Ype3 KOHKPETHUTE H3MEPEHHUS Ha OCBIIECTBSIBAHETO MY.

Ha nmpocTtpaHcTBEHO HUBO T€ c€ JEMOHCTPHPAT KaTo:

3 o
CabriracHo JAAICHOTO NPEeaA BEKOBC U AKTYaJIHO 1O AHEC OIIPEACICHUC Ha BI/IprBI/II/I.
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—CTeMeH Ha CHBIAJCHUE/TIPUMIOKPUBAHE HAa  OCHOBHUTE MPOCTPAHCTBEHO-

KOMITO3UITMOHHH €JIEMEHTU C KOHCTPYKTUBHO-CTPYKTYPHHU €IUHUIU, @ OTTaM

— aBTOHOMHOCT HA  TPOCTPAaHCTBEHATa KOMIIO3WIIMS TIO OTHOIICHHWE  Ha

KOHCTPYKTUBHATA CTPYKTYpA.

Ha ngeraiiiiHo HUBO ce U3SIBABAT KaTo:

— THXKJECTBEHOCT HA KOHCTPYKTUBHU W KOMITO3UIIMOHHH €JIEMEHTH U JCTAIH U

— KOMIIO3ULIMOHHO Bb3JECHCTBUE HA MAaTEPUATIU U CTPOUTEIHHN TEXHOJIOTHH.

B3auMopeiicTBueTo MeXAy CrpaJoCTPOMTENIHUS M YTUIUTApPHUS KOMIIOHEHTHU
m3sBsBa  OOYCJIOBEHOCTTA/3aBUCHMOCTTAa HA  CTPAJOCTPOUTEIIHHTE  pEIICHUs  OT
YTUIUTAPHUTE W3UCKBaHUS U (yHKIMOHATHATa TBHBKABOCT HA KOHCTPYKTHBHATA
CTPYKTypa KaTo CJICICTBHE OT MPHU3HAIIN:

Ha nmpoctpancTBeHO HUBO:

— CTEeMeH Ha ChBIAJCHHE Ha (YHKIMOHAHATA U KOHCTPYKTUBHATA MPOCTPAHCTBEHU

CTPYKTYPH,

— ChOTHOIIIEHHE (DYHKIMOHAIHA EIMHHIIA — KOHCTPYKTUBHO-CTPYKTYpHa €IWHUIA

(KOHCTPYKTHBEH MOJYJ).

Ha neraiinzno HUBO:

— KOHCTPYKTHBHO OCBIIECTBSIBAaHE HA (DYHKIIMOHAIHUTE BPB3KU;

— peanu3upaHe Ha YTWIMTAPHUTE W3UCKBAHUS Ype3 OIPENCTICHH MaTepuaid u

CHUCTEMH; TPUCHIIM HA KOHCTPYKIUATA MaTepualid, JeTalljid, CHUCTEeMH KarTo

€JIEMEHTH Ha cpejata .

VYc10BHO oTAEneHaTa OT Crpajara Hocella KOHCTPYKIUS UMa CaMOCTOMHO 3HaUY€HHe
Ha JIOKyMEHT C Hay4yHa (M Hay4YHO-HCTOPUYECKA) CTOMHOCT B JBa aCIEKTa:

—CbC COOCTBEHHUTE CH OCHOBHU CTPYKTYPHHU M  CTPOUTEITHO-TEXHUYECKU

XapaKTEPUCTHUKU;

—C Ha4yMHa, TO KOWTO pPabOTH B KOHKPETHHUTE YCJIOBUS Ha cpemara, T.e. C

MOBEJICHUETO CU CHPSAMO PA3IMYHU, XapaKTepHU 3a Ta3u cpeda Bb3aeucTBus. ToBa

MOBeJIeHHe, HaOMI0/JaBaHO U ONKCBAHO, NPEJCTaBiIsiBA II€HEH MaTepuanl 3a

M3Yy4YaBaHETO HAa KOHCTPYKLMHUTE, a Taka CbhIIO 3a CbH3/JaBAaHETO HA aJIeKBaTHA

HOpMaTHBHa 6a3a.

OcCHOBHUTE, CBUIECTBEHU IO OTHOILIEHHE Ha aBTEHTUYHOCTTA, XapaKTEPUCTUKHU Ha
HocelllaTa KOHCTPYKIUS Ha crpajaTa ca:

— KOHCTPYKTHBHA CTPYKTypa U KOHCTPYKTHUBHA CUCTEMA;

— KOHCTPYKTHBHA CXeMa’;

— cOOCTBEHA CTPYKTypa, MaTepUaad U 0COOEHOCTH Ha M3IIBJIHEHHWETO Ha OCHOBHHUTE

BEPTUKAIHU U XOPU30HTAIIHU €JIEMEHTH Ha HOCEIaTa KOHCTPYKIIHUS;

— BPB3KH U B3aUMOJCHCTBUS MEKIY OTACITHUTE CIIEMEHTH;

[IbpBUTE ABE XapaKTePUCTHKH, Aa THM HapeyeM aTpuOyTH — KOHCTPYKTHBHATa
CTPYKTYypa M KOHCTPYKTHMBHATa CHCT€Ma, Ca OMNpEAeAlld 3a HayuHa, [0 KOWTO ce
pasnpenensaT yCuiauATa B CUCTeMara. B 3aBUCHMOCT OT BHJA Ha €JIEMEHTUTE, MO0 KOUTO
OpOTUYAT YCWIMSTA — JUHEHWHU WIM TOBBPXHUHHHU, KOHCTPYKTHMBHATa CTPYKTypa c€
orpeziens Karto ,,KIeThYHa — peleTbuHa”’, a KOHCTPYKTHBHATA CHCTEMa KaTo ,,0e3CKelleTHA
(c HOCcemu cTeHun) — ckenerHa”. KoHCTpyKTHBHATa cucTeMa U 0COOEHO KOHCTPYKTHBHATA
CXema OIpenesAT HAaYhHA, 10 KOMTO KOHCTPYKIUATA pearupa Ha MPUIIOKEHUTE BbPXY Hesd
CWJIY, M HAYWHA, 110 KOMTO CE OCHIIECTBsABA HEWHATA IPOCTPAHCTBEHA YCTOMYHUBOCT.

CrpluecTBeHa B TOBAa OTHOIIEHUE € U MaTEpPUAIHATA €HOPOJIHOCT UM Pa3HOPOIHOCT
HAa BEPTUKAIHUTE M XOPU3OHTAJTHUTE HOCEIIM €JIEMEHTH, CIOpe] KOETO Hocelara

* To3n aHANMMTHYEH MOJIE HA CrpajaTa e pa3paboTeH B TPy/a ,,AalTHpaHe Ha MACHBH crpaid ...” [9]
> [puemam omnpenenennsta cropes npod. I1. Terpos [10]
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6
KOHCTPYKLIMS Ha Crpajara ce OIpenesis KaTo ,,MOHOCTPYKTypHAa — IMOJMCTPYKTypHa .
OcraHanuTe XapakTEepUCTUKU C€ OTHACAT [0 MaTepHaliuTe M JeTallliuTe W HMar
OTHOIIIEHHE KbM aBTEHTUYHOCTTA HA CyOCTAHIIMATA.

CreneHy HA KOHCTPYKTHBHA ABTEHTUYHOCT

N3BeneHuTe MOTYK XapaKTEPUCTUKU HAa KOHCTPYKUMSITA, KAKTO W KOMIIOHEHTH M
B3aMIMOJICHCTBHSI Ha apXHWTEKTypHATa TBOpOA, MO3BOJISABAT Ja CE OYEPTASIT CTEICHH Ha
KOHCTPYKTHMBHaTa aBTEHTUYHOCT, PECI. CTENIEHW Ha HEWHOTO OIa3BaHE B KOHTEKCTa Ha
LICHHOCTUTE Ha MaMeTHUKa. Te ca MHCTPYMEHT 3a aHaju3 KaKTO Ha KOHKPETHATa HOCEeIla
KOHCTPYKIIUA, Taka CHIIO U HA METOAWTE 3a HEMHOTO YCHUJIBAaHE W/WJIM BH3CTAHOBSBAHE.
Hanmuunero Ha aBTEHTUYHU anI/I6y'TI/I7 Y B3aMMOJICMCTBHS MOXE Ja C€ pasriexiaa Karo
KpUTEpHUH 32 aBTEHTHYHOCT 3a€/THO ChC ChXPAHEHOCTTA HA OpUTHHATHATA CyOCTaHIINA.

He momnexu Ha CbMHEHHME, Y€ HOCEWIaTa KOHCTPYKLHMsS Ha M3LSUIO 3aIla3eHUs
apXUTEKTYpEH TMMAMETHUK HWMa Hal-TojsiMa CTOMHOCT Karo JOKYMEHT C Hay4HO-
HMCTOPUYECKO 3HAUYCHHUE U Hal-BUCOKA CTEINEH HA KOHCTPYKTUBHA aBTEHTUYHOCT. B Hero ca
ChXPaHEHH BCHUYKHUTE W OCHOBHHM aTpHUOYTH M HEWHATa MHTETPAIHOCT B apXUTEKTypHATa
LSJIOCT € aBTEHTHUYHA.

CrnenBaina, mo-HUCKA CTETICH Ha aBTEHTUYHOCT MPUTEKaBa MaMETHUKBT, B KOMTO ca
PEKOHCTPYUPAHU OTAEIHU €JIEMEHTH HAa HOCELaTa KOHCTPYKLMS, HO Ca 3alla3eHu HEWHUTE
ocHOBHU aTpuOyTu. [lo TO3W HAuMH B MENOCTTa Ha CrpajaTa ca HAJIWIEC ABTCHTUYHHU
B3aMMOJICHCTBUSI HA TMPOCTPAHCTBEHO HHUBO W HapymieHH (B pazIu4Ha CTEIEH)
B3aNMOJEHCTBUSA Ha JETAaNUITHO HUBO.

Cnc 3HaunTenHa 3ary0a Ha aBTEHTHYHOCT OT TIJIe/IHA TOYKa Ha 00CHKIaHOTO MO-Tope
(yHKIMOHUpaHE HAa KOHCTPYKIMSTA HAa TAMETHUKA C€ OTJIMYaBaT OOEKTHTE, B KOWTO
OpUTHHAJIHATA KOHCTPYKIIHS € 3ara3eHa KaTo CyOCTaHIIMsI, HO He IToeMa Hocelln (hyHKIUH,
TE ca BH3JI0KCHH Ha 3aMECTBAIIA CIICMEHTH.

Haii-aucka (wnu HyneBa) CTENEH Ha KOHCTPYKTHBHAa aBTEHTUYHOCT MPUTEX,aBa
MMaMETHUKBT, B KOUTO HOCEIIaTa KOHCTPYKIIMS € U3LSUI0 3aMEHEHA C HOBA KOHCTPYKIHS C
aTpuOyTH pazNUYHU OT TE3W Ha OpuruHana. TakbB € HampuMep ClIy4asT KOrato eaHa
CKeJIETHA Ccrpaja € mpech3faZeHa KaTo crpaja ¢ Hoceu creHu. KpaeH BapuaHT € T.Hap.
»hacagu3zpm”’, MPaKTUKYBaH TPU HCTOPUYECKU CIPagy C HOCEIId CTEHU, B KOUTO CE
BBBEXKJA CKEJIETHA KOHCTPYKIHS, @ ChbXPAHEHUTE HOCEIIN CTEHH HE y4acTBAT B TOEMAHETO
Ha TOBapH OT MpeyCcTpoeHara (He s HapuuaM pecTtaBpupana!) crpana.

Bp3mpuemanero Ha MPEIOKEHOTO JOTYK pa3OupaHe 3a KOHCTPYKTHBHATa
ABTEHTUYHOCT HAa MaMETHUKA 3aJ[aBa OINPEIECICHN HACOKU Ha PECTaBpaTopcKaTa IMpakTHKa
110 OTHOIIIEHHE HA:

— IPOYYBAHETO M JOKYMEHTHUPAHETO HA TAMETHHKA;

—u300pa Ha METOAM 3a YCHJIBAaHE Ha HOcenaTa KOHCTPYKIHS W/WIM HEWHH

eJIEMEHTH;

6 .
Bo3npuemam ompenenenusita Ha B. bopymeBuu [11], koilto pazaenss MacUBHUTE Crpagd Ha

MOJINCTPYKTYPHU U MOHOCTPYKTYPHH, KATO OCHOBHA XapaKTEPUCTUKA Ha KOHCTPYKTUBHHUS OPTraHU3bM.
Crpagute ¢ MOHOCTPYKTYpEH KOHCTPYKTHBEH OPTaHM3bM CE€ OTIIMYaBaT C TOBA, Y€ BCHYKHU TIABHH HOCEIIH
€JIEMEHTH Ca W3ITBIIHEHH OT MAaTEePHai C eIHAKBU MM MHOTO ONU3KHA (PU3UKOXUMHYHH XaPaKTCPUCTUKA U
oOpa3yBaT MOHOJIMTHA KOHCTPYKTHBHA CTPYKTypa. CHJIMTE B TO3M THIl CTPYKTYPH C€ MpeaBaT TUIaBHO OT
€JIEMEHT Ha €JIEMEHT, IOPU TOraBa, KOTaTo HAKOU OT €JIEMEHTUTE IIpecTaHaT J1a AeicTBaT.

Crpagure ¢ TOJUCTPYKTYPEH KOHCTPYKTHBEH OPraHM3bM Ca CB3A3JeHH OT MaTepUaId C Pa3IuIHH
(U3MYeCKH KavyecTBAa M XUMHUYCCKH CBOWMCTBA WJIM OT CITHOPOIHHM MAaTEPHUAIH, HO HOCCIIMTE CJICMEHTH HE
00pa3yBaT MOHOJIUTCH OpraHu3bM. KbM Tasu rpyma crmajar CTpYKTYpUTE ChC 3HJAHH TOAMOPU U MOJOBH
KOHCTPYKIIUU, YUSTO BPB3Ka C MOJINOPUTE HE MOXE Ja Ce TPEeTHpa Karo MOHOJHUTHA (HAmp. TPEJOBUTE
ITOJTOBH KOHCTPYKIWH). OTISITHUTE KOHCTPYKTHBHU €IEMEHTH Ha TE3U CTPYKTYPHU HE Ca TOCTATHYHO TBHPIO
CBBP3aHU, MOPAJH KOSTO MOTAT HE3aBUCUMO JIa CC MMPEMECTBAT U 1ehOpMHUpaT.

"B to3u ciyd4ail ,,aBTeHTUYHO” 03HA4aBa ,,ChIIHOCTHO, IPUCHIIO HA OPUTHHAIHOTO .
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— PEKOHCTPYHMPAHETO HA U3YE3HAIM UM KOMIIPOMETHPAHU HOCEIN EJIEMEHTH.

IIpoyuBaHeTro cieiBa Ja W3BJIEYE U ONMILE OCHOBHHUTE IPHU3HALM HA HOCeIaTa
KOHCTPYKLHS U HEHOTO MSICTO B I[EJIOCTTa HA MaMETHUKA Ha MIPOCTPAHCTBEHO U JIETANIHO
HUBO. B pesynrar or Hero mie ObJe M3BeNEH MOAETBT HA KOHCTPYKIMATA, IIe Obie
U3SCHEHO U OMHMCAHO HETOBOTO KOHKPETHO OCBHILECTBSABAHE B Crpajara M B 3aBUCUMOCT OT
CBHCTOSIHUETO M€ C€ OMNpeAeiH IpeaMeTa Ha Ola3BaHe ¢ [el Ja ObAe ChXpaHeHa
CTaTM4YecKaTa JOCTOBEPHOCT Ha KOHCTPYKIUATA, a C OIJIe]l Ha TOBa IlI€ C€ OIpeaeiu
HEOOXOIMMOCTTA U JOMyCTUMOCTTa Ha MEPKUTE 32 BH3CTAHOBSIBAHE W/WIM ycuiBaHe. ToBa
03HA4aBa, OCBEH BCUYKO, Y€ M3CIIEJIBAHETO HAa KOHCTPYKIUATA TpsAOBa Ja ce HU3BHPIIBA
CbBMECTHO C apXUTEKTa pPECTaBpaTop, a HWHXXEHEPBT KOHCTPYKTOp TpsAOBa na HMa
ChOTBETHATA 3a TAKOBA M3CIIEJIBAHE HArjaca U 3aJbJI00YEHO MMO3HaBaHE Ha UCTOPUUYECKUTE
KOHCTPYKLUH.

HeoOxomumo e cbiio pa3paboTBaHETO M NpPUIAraHeTO Ha METOAM 3a aHaju3,
BKJIIOUBAIIN U PE3YJITaTUTE OT UICTOPUUECKO IIPOYUBAHE Ha MIOBEJICHUETO HA Crpajara npe3
nepuoja Ha HEIHOTO ChIIECTBYBAHE.

Pemenusita 3a ycuiaBaHe W/WiM MOAMSHA Ha KOHCTPYKTUBHUTE €JIEMEHTH TpsOBa 1a
3ama3BaT OCHOBHHMTE aTpUOYTH Ha HOCeIlaTa KOHCTPYKIMS KaTo LSJI0 U HEMHOTO MSICTO B
IIeJIOCTTa Ha apXUTeKTypHata TBopOa. B cioyuanre, Korato ce mpuiarat 3aMeCTBAIU HWIH
paszTroBapBallld KOHCTPYKILMH, KOETO O3HauaBa HEBB3MOXXHOCT 3a 3ala3BaHe Ha
aTpuOyTHBHAaTAa AaBTEHTHYHOCT, CJelBa Ja C€ ThPCH MHHHMAJIHO HapyllaBaHe Ha
POCTPAHCTBEHOTO B3aMMOJICWCTBHE Ha 3ama3eHara KOHCTPYKLHsS, T. €. HEOOXOJUMO €
npuiIarafe Ha JudepeHIpaH Moaxo ] KbM KOHCTPYKTUBHATa aBTEHTHUYHOCT.

[Tpu Bcuuko TOBa ce moapa3dupa, 4e 300pbT Ha HOBA (YHKIIMS W/WIH Mporpama Ha
NpeyCTPOHCTBOTO 1mIe OBb/Ie B CHOTBETCTBHE C AHATUTHYHO ONPEACICHUTE BH3MOXKHOCTH
Ha 00eKTa KaTo LAJIO.

B no-mupoxk minaH ona3BaHeTO Ha KOHCTPYKTHBHATa aBTEHTUYHOCT HA TAMETHULIUTE
mpeanonara JOMyCKaHEe Ha W3BECTHH OTCTHIKM B TpPUJIaraHeTo Ha CbBPEMEHHU
HOPMAaTHUBHU U3WUCKBAHMSI.

Hsaxon mnpo0GjeMu Ha KOHCTPYKTHMBHATAa ABTEHTHYHOCT B ObJITrapcKoTo
APXUTEKTYPHO HACJIEACTBO

[Tpumep 3a HEOOXOIUMOCTTa OT HpUJIaraHe Ha O4epTaHUs AU(PEPEeHIUpPaH MOAXO0]
KbM KOHCTPYKTMBHATa aBTEHTUYHOCT Ca HAIIUTE MAaCUBHHU Crpaju oT kpas Ha XIX Bek 10
20-te roguHu Ha XX Bek. Te umar o011a apXUTeKTypHO-UCTOPUYECKA MPUHAIEKHOCT —
KbM EKJIEKTMYHHUS HCTOPU3BM, U 0OIIa CrpaJloCTPOUTENIHA OMNPENENICHOCT — Crpaau ¢
IIPEAUMHO HOCEIY CTEHU U XapaKTEPHHU 3a IIEPUOJA CIIEMEHTU U CTPOUTEIIHA U3IIBIIHCHMUS.
He Ha mocnenHo MSCTO Te3u Ccrpaau ca 4acT OT MaTepuaiHara KyJITypa Ha o0ocoOeH
UCTOPUYECKH OTpsA3bK — Ha (opMHUpaHETO Ha Objarapckata Jbp)KaBHOCT —CleJ
OcB00O0X/IEHNETO U Ha BH3MPUEMAHETO Ha €BPOIEHCKH KyITYPHH 00pasliu.

Crpoexure 1o kpast Ha 20-Te roguHu Ha XX BEK IPEICTaBAT LisjaTa €BpOIEHcKa
(yHKIIMOHATHA THUIIOJIOTHS B TOAOOHO Ha 3aMaJHOCBPOIECHCKOTO Pa3MpOCTPAHEHHE Ha
TUIIOBETE CIIOPE] FOJEMHUHATA HA IPAJOBETE U CIIOPE PA3IIOIOKEHUETO B TPAICKUTE 30HHU.

[IbpBUTE AUMIOMHUpPAHU APXUTEKTH U MHXKEHEPH, KOMTO padboTaT B bwarapus, ca
qyKJIEHIIM, a IbPBOTO MOKOJEHHE OBJIrapCKU apXUTEKTH, KOUTO 3amoyBaT paboTra B
HayajoTo Ha XX BEK Ca BB3MMTAHUIM Ha 3al1aJHOCBPONEUCKUTE apXUTEKTYPHH aKaJeMHH.
W ennute u npyrute no Hal-eCTECTBEH HAYMH MPEHACAT €BPOINEHCKUTE apXUTEKTypHU U
CTPOUTENHU 00pa3H U KyJATypa — HIKOM CBOEBPEMEHHO, APYTU C U3BECTHO 3aKbCHEHHUE.

JlocTrnxeHusaTa Ha €eBpONEHCKUTE CTPOUTEIIHN TEXHOJIOTMH HABIU3aT U CE yCBOSIBAT Y
Hac B OTHOCUTEIHO KpaTbK Cpok. IIpwiaraHero um 3amoyBa OT TOJEMHUTE IbPKaBHHU
CTPOEXH, IMPOEKTHUPAHW W HAJ3MpaBaHU OT UYXKIU CHELUUAIUCTU, U IOCTENEHHO C€
pasmpoctupa 10 enAHOGaMWIHHMTE SKUIUIIHM crpaad. ToBa ca NOJUCTPYKTYpHHU
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KOCTPYKTUBHU OPTaHW3MHU C TMPEIUMHO KJIEThYHA CTPYKTypa, oOpa3yBaHa OT HOCEIIH,
npeo0iaaBaiio TYXJICHH CTEHH M JIBYCTPAHHO TOJNPEHH TOJOBH W/WIM ITOKPHUBHHU
KOHCTPYKIMU. KOHCTPYKTUBHUTE CXEMHU Ca MPEIUMHO HAMPEYHH U CMECEHU. 3a pa3jimKa
OT  TIOCJCABAIOTO  JIBJITOTOJMIIHO M  IOYTH  IOBCEMECTHO  TMPWIOKEHHE  Ha
CTOMAaHOOETOHHHMSI CKEJIET, TE3U CTPAJIH MPEIICTABAT Oorara CTPyKTypHA TUIIOJIOTHSI:

1. ENHOCTO)XHU M €TaKHH CTrpajd caMO C HOCEIIM 3HJI0BE — €IHO(PAMIIHU H
MHOTO(AMWIHHA SKWJIUIIHA CTPaJH, OOMICKUTHUS © Ka3apMHu, YYHIUIA, OOJHUIIH,
YUPEKICHUS, HIKOM paHHU OAaHKOBU CTPaIH.

2. ETaskHU crpaiy ¢ HOCEIIW 3UI0BE M €JIEMEHTH Ha CKEJIET B IapTepa — KUIHAITHO-
TBPTrOBCKH CTPajad, BKJI. JOXOJTHHU 3JaHUS W XOTeldu. EJeMEeHTH Ha TO3M THII CMECCHa
CTPYKTypa CpeliamMe ¥ B HAKOU YUUJIUIIHHU, YUPEKICHCKH U OAaHKOBU CTPAJIH.

3. EraxHu crpaam ¢ HOCENIW 3WJOBE M E€JIEMEHTH Ha CKeJIeT B OTICJICH TPaKT —
0aHKH, rapu, KJIyOHU U IPYTH CTPAIU ChC CATOHHU.

4. EtaxHu Ccrpagd C BBHIIHA HOCCIIM 3UJ0BE M CKEJIETHA KOHCTPYKIHS BHB
BBTPEITHOCTTA — IPOU3BOJICTBEHU CTPAJIU U CKIIA/IOBE.

5. EnHOeTaXXHU €IHONPOCTPAHCTBEHH CIPaTy C BBHHINHU HOCEHIW 3WIO0BE WM 3aJTHO
MOKPUTHE — MPOU3BOACTBEHH CTPaJiv, THPrOBCKH XM, KYATOBH crpaau u Ap. KeM To3u
THUI MOTaT J1a ObJIaT MPUIHCIICHU W CTPATUTE ChC 3aJTHU MOKPUTHSI B OT/ICIICH TPAKT.

Te3u crpamm ca HOCHUTENM HA HAYYHO-UCTOPHUYECKH IIEHHOCTH OT oOJjacTTa Ha
CIPaJIOCTPOUTEICTBOTO, KOUTO HE Ca Pa3KPHUTH, 3alIOTO HE ca LEJIEHACOUYECHO ThpceHu. Te
Morar J1a Ob1aT ThPCEHH KaTo:

— OO0110eBpONEHCKH CTOMHOCTH — 3alla3eHM ISUIOCTHU PEIISHUs WJIN €IEMEHTH KaTo

HMCTOPUYECKH CBUJETEIICTBA HAa €BpOIEHCKaTa CTPOUTEIHA TEXHUKA, JOKOJIKOTO
0o0pa3muTe, KOUTO ca NPEHACSHW Ha OBJrapcka mouyBa Mpe3 TE3W JEeCETUIICTHS,
IPUHAUIEKAT KbM J0OpUTE TMOCTHKEHUS Ha €BPONEHCKOTO CTPOUTENICTBO.
PasrnexxganuTe crpaad mpencTaBisBaT W 1€ MPEICTaBIISABAT IIEHHO CBHACTEIICTBO
3a MOBEJIEHUETO Ha 3aMMCTBAaHM OT HEMCKO-aBCTpUIMCKaTa IIKOJa KOHCTPYKIUHU B
CEM3MUYHHUTE YCJIOBHS HA HamiaTa cTpaHa. ToO3M aclmeKkT ChII0 MOXe Jaa Oble
pasriiekaaH KaTo HaydHa CTOMHOCT Ha OOEKTUTE B OOIIOEBPONEIHCKY TIIaH.

—IlenHocTn 3a OBJTapcKaTa CTPOHWTETHA HUCTOPHS KaTo HANpUMep IbPBH 3a

CTpaHaTa W/WIM TPOCHIIECTBYBAIM OTHOCHTEIHO KpaTKO W3IIBIHEHUS Ha
KOHCTPYKIIMU U €JIeMeHTU. TakuBa ca MPYCKUsl CBOJl ChC CTOMAHEHHW WJIH IbPBEHU
IpeId, TUIOCKUTE TOJOBM KOHCTPYKIIMM ChC CTOMAHEHW Tpead OT THIA IOJ Ha
Knaitn, mepBu cTomManeHu (pepMu, TBPBU U3MBIHCHHS C €IIEMEHTH Ha CTOMaHEH
CKeJIeT U Jp.

— CBugerencTsa 3a BIMSHHETO Ha OBJrapckara CTPOUTEIHA TpPagulUs TMpU
YCBOSIBAHETO HA  €BPOINEMCKOTO  CrPalOCTPOUTEICTBO, Pa3rJIeXIaHU  KaTo
OBJITAapCKO, HO M KaTo OOIIOEBPONEHCKO JO0CTOsSHHME. Bb3mpuemaHeTo Ha HOBa
CTPOUTEIIHA TEXHOJIOTHUS B CPABHUTEIHO KPAThK CPOK € (aKT, KOWTO 3aciryxaBa Jia
Oblle pasriedaH B CBETJIMHATa Ha ObJrapckara CTpOWTEIHA TPAaJWIMUS C HEWHaTa
KOHCTPYKTHBHA M TEXHOJIOTUYHA crenu]rKa, TakaBa KaKBaTo € OWiia U KakBaro €
npeHeceHa ot CpeaHoBeKoBHETO. JIuIcara Ha CHCTEMHH HM3CJICABaHUS Ha TACHO
CTpaJiIOCTPOUTEIIHATA TPOOJIEMATHKAa HA HAIIETO CTPOUTEJICTBO OT Pas3TiIeKIaHUS
MIePHOJT 3acera He JaBa Bb3MOXKHOCT JIa C€ MASHTU(HUIMPAT MECTHU TEXHOJOTHYHU
0COOCHOCTH, HO CHIO Taka HE JlaBa OCHOBaHHWE Ja C€ OTXBBPIM XHUIOTE3aTa 3a
HaJIM4Ke Ha TaKUBa.

Kazanoto moTyk o3HauaBa, Y€ Ha KOHCTPYKTHMBHATa aBTEHTHYHOCT Ha HAIIUTE
naMeTHUM OT Kpasg Ha XIX Bek m0 20-te roguHu Ha XX BEK MOXE Ja C€ MPUAAE
CreU(pUIHO HAYIHO-HCTOPUUYECKO 3HAYCHHE Ha JOKYMEHT U TS TPsOBa Ja ObJe oma3BaHa
BBB BCHUKUTE W aCTEKTH CIIOPE] TOCOYEHUTE MO-TOPEe HACOKH, KaTo Ce 3alovHe OT n3bopa

411



MEXIYHAPOAHA HAYYHA KOH®EPEHLIUA BAHW’2016
INTERNATIONAL SCIENTIFIC CONFERENCE BASA'2016

Ha aJallTalluOHHU HW3UCKBAHUA, aACKBATHM HAa KOHCTPYKTHBHHUTC BbB3MOKHOCTU Ha
crpamata. B ciywamre, KOrato 3ama3BaHETO Ha OpPUTHHAIHUTE €IEMEHTH Ha
KOHCTPYKIIMSATA € HEBH3MOXKHO, TpsAOBa Jla ce 3ama3d aBTEHTUYHOCTTAa HA HEWHUTE
aTpuOyTH — Ha TIOJHMCTPYKTYpPHA CHCTEMa C HOCEUIM CTEHH C JIBYCTPAHHO TMOIIPEHH
II0JJOBY KOHCTPYKI[UU.

Taka me Obae 3ama3eHO €AHO OOraTCTBO Ha HAIIETO APXUTEKTYPHO-CTPOUTEITHO
HACJIEJICTBO, 32 J]a MOXe Jla ObJIe OlEHEHO MpeIn Aa ObIe 3ary0eHo.
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ARCHITECTURE, IDENTITY AND CULTURAL SUSTAINABILITY IN
CONTEMPORARY SERBIA

Nadja Kurtovié Foli¢', Nataa Zivaljevi¢ Luxor’

University of Novi Sad’, City planning Institute of Ni§’

Abstract: Distinctive architecture is usually considered as one of the crucial
elements for identifying peoples and places. It has now, around the world, been
recognized as one of the forces to determine history. Built environments still reflect
the conceptual, spatial and physical construction of communities, though genuine
correlation between particular forms of architecture, places and people can no
longer be taken for granted. If we try to analyse how definitions of culture might be
differently expressed in the urban context, it is obvious that it is a problem of more
formalized and self-conscious architectural attempts to include tradition and
modernity, as well notions of broader collective identity. But, the issues of
conservation and heritage in Serbia are rendered complicated by the allusive
definition of the national architectural history. The paper deals with the problem
how to ensure that built environments do not become battlefields where national and
cultural identity is tangibly negotiated in a context of globalization, population
growth and migration, and technological progress.

Key words: Architectural force, collective identity, cultural sustainability, built

heritage, Serbia

1. Introduction
Through the history the relative autonomy and sometimes isolation of local cultures

and traditions meant that affiliated buildings could readily be identified with particular
places and groups of peoples. Until now most locations in Serbia, however, have been
overlaid by expressions of ideology and political changes, religious intolerance,
nationalism, transition in different social and cultural fields and consumerism. Built
environments have become battlefields where national and cultural identity is vulnerable
and is tangibly negotiated in the context of transition, globalization, population migration
growth and technological change.

To identify the key issues in the field of cultural heritage, it is necessary to point out that
Serbia has a diverse topology and complex history, resulting in a rich and valuable cultural
heritage. Historically, some parts of Serbia were mainly developed in different ways and at
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different times under the strong influence of the civilization of ancient Rome, Byzantine,
Turkish, and the Austrian or the Austro-Hungarian Empire cultures. Society in Serbia is
pluralistic one, so that in addition to the Serbs, there are ethnic groups of Albanians,
Hungarians, Muslims, Roma, Croats, Slovaks and other minorities, which have their own
identity and cultural heritage. Serbia is one of the independent states that emerged after the
breakup of Yugoslavia, and is still suffering the consequences of this act. The recent
history of the country abounds in conflicts and problems in various fields, social
development, economy, politics, culture, religion, society ethics, and especially in the field
of treatment of cultural heritage. All this and a number of other influential factors which
are acting in the field of cultural heritage could be generally clearly observed, and in some
segments partially implied problems of different nature, from general to regional and to
local. They can be divided into issues relating to the state of cultural heritage in physical
terms, the status of cultural heritage in the context of culture, cultural heritage status within
the state, and political relations in the country, the legal status of cultural heritage, and
cultural heritage implementation in spatial, urban and rural planning. [2]

Built environments, especially those with heritage values, provide locations for complex
negotiations between multiple communities, as they draw on their own cultures and
histories as well as adopting elements from their surrounding and distant environment and
the wider world. Analysing the built environment today the conclusion could be drawn that
it remains integral to the conceptual, as well as the spatial and physical skeleton of
communities, whether these are connected by kinship, shared experience, civic or national
identity iconography, but straightforward correlations between particular forms of
architecture, places and peoples can no longer be kept in compact form. As built
environment constantly continue to develop, however, identity remains contested, as does
the notion of cultural sustainability in relation to architectural values. The problem which
has to be solved is how architecture can be engaged with its traditional role as the
embodiment of cultural symbolism, constantly updated with new cultural flows, while at
the same time remaining open to constant reinterpretation, rearranging and reimagining of
its physical body, its spaces and its surroundings.

2. Context of discordant and dissonant heritage

The heritage architecture has become the subject of numerous speculations, but still
remains the subject of attention when the strategy of sustainable development of a country
is considered. In such strategy, usage of building heritage is most frequently viewed in the
domain of tourism. Offering of the heritage as a commodity for rest and entertainment
cannot ignore the fact the society can confront the consequences of discord of the heritage.
The remembered past, can be dissonant to certain people because it is distorted, unpleasant,
displaced or which has lost the properties of the heritage. This topic is in fact one of the
most complex ones in terms of heritage usage, and it would require much more extensive
explanation than available by the scope of this text. For the purpose of a clear identification
of the problem, a brief explanation of basic groups can be provided here. [1]

2.1. Distorted (changed)) heritage

If we adhere to the point that heritage is neither complete nor authentic evidence of
the past, then it is clear that evidences of the past are always distorted in some way. The
extent of distortion depends on for whose benefit and how the distortion was performed.
Distortion can be performed by selecting which structures would survive and which will be
removed, as judged by the conservationist and as dictated by the market. The tourist
market, for instance, will be more selective for its reasons, and it will employ different
criteria for that selection, than those applied by everyday, domestic users as can be seen on
Fig. 1.
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Fig. 1. Belgrade - Hotel Radisson blu consists of old, but not the most valuable, mill,
and new glass tower which covered one of the most important representative building of
Modern architecture

2.2. Unpleasant heritage

The heritage a society wishes to use in commercial tourism is usually represented as
a “credible” history of progress, harmony and success. In addition, public political heritage
is used for providing legitimacy to the current society and its hegemonistic values, by
featuring appropriate personalities — heroes and places with such characteristics. It is based
on the fact that the long history of Europe is dominated by wars, pogroms, persecutions,
migrations, and acts of vengeance between nations, classes, races and religions. [5] History
of almost any contemporary country and Serbia is an outstanding example, bears evidence
about wild rage, blind prejudice, destructive hatred and malicious cruelty of individuals,
groups and states. Those horrible acts had to remain recorded through architectonic, literal
and human memory; therefore, concentration camps are also an integral part of human
heritage same as monasteries and churches, battlefields and medieval music festivals, and
locations where individuals were tortured or murdered just as monuments to gods, kings or
wise people are, as a rule, part of the cultural heritage. Management of such heritage is
very sensitive and complex, and largely neglected in our country as on Fig. 2.

Fig.2. a) Old Belgrade fair was transformed in 1941 in concentration camp for Jews,
Serbs and Roma-today in process of devastation; b) Complex Crveni krst in Nis was
installed as concentration camp in 1941 for communists and un-loyal citizens-today is
memorial museum but completely neglected
2.3. Displaced heritage
During history, the peoples of Europe have been very mobile, they migrated and
sometimes returned to their original habitats, so that “tide and ebb” of forces, populations
and ideologies left behind itself material and cultural relicts which do not reflect the real
symbolism of a location. The changes in the dominant ideologies act by confronting the

415



MEXIAYHAPOJIHA HAYYHA KOH®EPEHIIUA BAHW 2016
INTERNATIONAL SCIENTIFIC CONFERENCE BASA'2016

memories of previous values with current interpretations. The best example for this is the
experiences in the parts of post-communist Europe, which differently treat the heritage of
the age of socialism. After the fall of communism, there were several ways the individuals
remembered this period. Many preserved symbols or placed them into a new context, while
the others tried to revive them through various presentations and manifestations. On the
other hand, many other tangible examples of heritage (artistic objects, but also
architectonic structures), become moveable, that is, are moved or displaced as spoils of
war, object of trade, collectors’ trophy, into often very distant areas with completely
different culture, relationship towards heritage and attitude towards the value of the
displaced heritage. (Fig.3)

Fig.3. Dudik — detail of Memorial park dedicated to those who fell in WW II was
completely dilapidated during the war between Serbs and Croats, and is renovated in 2016
as historical site of the Republic of Croatia

3. Potential forms of loss of heritage

Possession of heritage by an individual, group or a nation means that some other
individuals or nations lose it. All heritages represent the choice of various pasts, where
some segments have been chosen, while some others have been not. Homogenous national
heritage, as a rule excludes certain social, ethnic or religious groups, by neglecting or
distorting their different or specific historical development by the dominant community.
Whether such a position can be maintained or even insisted upon as desirable one, depends
on the assessment of how much such a procedure is needed for the national common goal
or on the ability of the dominant nation to create an image of itself in comparison to the
others. By all means the result of such procedures represents depletion of the total potential
of heritage of a country. Although majority of the countries declares that they do not
implement the mentioned policy of the relations towards heritage, such procedure is often
implemented in practice, so the loss of a part of heritage seems unavoidable. The only
question is what and whose heritage does not fit the prescribed norms and attitudes, and
how the groups whose historical heritage will be omitted are selected, and what the
consequences of these actions will be like at the moment, and what in the future. [5]
The historical opinions, made upon the long term experience and monitoring of events
mostly in European countries represent the side effects in comparison to the general care
and management of heritage in those countries. An independent observer needs only to
find an answer as to what part of heritage has been selectively omitted and whose history
has been blurred with it. In those countries without wars, considerable migrations for a
long time, and in which the state borders mostly outlined homogeneous national or
religious entities, those actions which throughout history erased the heritage which was
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seen unfitting for creation of an ideal image of the country in question are nowadays
almost forgotten. It suffices to mention the relationship towards the Jews and their cultural
heritage in Spain and England to corroborate the previous statement with facts. In the
recent decades, economic and political changes in central and Eastern Europe brought
about change of the heritage role, which served for various purposes: for providing
legitimacy to creation of new political, social and religious relationships, for the
construction and tourist trades development, etc. In certain countries, there was an
intensive affirmation of heritage, and it was rehabilitated in rapid and quality way, while
on other countries, conversely, heritage was mainly selectively destroyed, and the
principles of heritage protection were deliberately suppressed to the margin of political,
social and economic interest.
Poland, Czech Republic, Slovakia and Hungary can serve as examples of the countries in
which heritage as a whole, and particularly building heritage was directly employed for
political rapprochement of those countries to the European Union. Their heritage, during a
long time, developed along the identical stylistic principles, with local variants, as in the
west European countries. In economic terms, usage of this heritage for touristic purposes
represents one of the most income-generating industries of those countries.
On the other hand, certain areas of former Yugoslavia, Bulgaria and other countries formed
by the dissolution of the Soviet Union underwent gradual degradation of the relationship
towards heritage caused in part by economic decay, and in part by the systematic
destruction of the service dealing in heritage protection, and mostly by the political
intentions to create more nationally homogeneous countries than before. In such
circumstances, heritage suffers from all the mentioned theoretical possibilities of
deterioration. At any rate, diversity of cultural and ethnic intermingling of people, external
intervention in the ideological and religious conflicts, consistent conducting of political
and social fragmentation which creates small environments where heritage is mostly
concentrated in the cities, or is expressed through the value and symbolism of a city per se.
This part of Europe, whose periphery is constituted by the territory of our country,
underwent considerable changes, expanded and contracted throughout centuries. At the
beginning of the 20™ century, it was battleground of the neighbouring forces that projected
their political and military aspirations by including or excluding parts of these areas,
according to their needs and diplomatic interests. The last decade of the 20" century was
characterized by fanning back to life the previously smothered enmities, hatreds, fears and
dreams of “glorious past”. In such circumstances, the area of former Yugoslavia, or at least
a part of it, is treated as a zone of political and economic instability and insecurity. [4]
In such circumstances, usage or abusage of heritage, as required, can be classified in four
distinct modes.

- Heritage in the clash of political options

- Nationalization of heritage

- Suppression of nationalistic heritage

- Re-emergence of nationalistic heritage

3.1. Heritage in the clash of political options

In certain countries of central and southeast Europe in 1919 there occurred changes in
political options, and monarchies were replaced by the republics. It was not the case with
Serbia, which became only a part of the Kingdom of Serbs, Croats and Slovenes, i.e.
Kingdom of Yugoslavia, but the changes were considerable, too. Undoubtedly, there were
certain changes in treatment of heritage, which was the most strikingly evident in the
newly created Soviet Union. Ideological and religious changes, created in our country after
WWII had a direct impact on the attitude towards heritage, which then underwent massive
devastation. Even though immediately after the war, the cultural monument protection
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service was formed, even though legal regulations were passed, even though the state
accepted international charters and declarations, totality of heritage irreversibly withered
away and vanished. The most frequent justification was that it was done in the name of
prosperity and better life of all the members of the state community. The culture of certain
ethnic groups, Germans for instance, was destroyed, because they were classified as
defeated enemies. Churches and other edifices in monastery complexes became deserted
because of the unpopularity of religion in the society which opted for atheism. According
to the field reports, certain structures, in the first decades after WWII, sustained more
damage from the people who deliberately dismantled them than from the ravages of time
and weathering. (Fig.4)

Fig. 4. Beocin - Castle of Spicer family, members of the German minority in
Vojvodina, expelled after WW II. The castle is a remarkable example of Art Nouveau, for
decades in collapse.

3.1. Nationalization of heritage

Political nationalistic movements which triumphed during the talks in Versailles after
WWI are the result of various national movements created as early as in 19™ century.
Development of awareness of national heritage was for them one of the instruments of
struggle for their causes.

Fig. 5. Belgrade — Palace of the Post N2 was built in the Serbian-Byzantine style of the
thirties of the twentieth century. After it was damaged in WW II facades were not restored
because socialist government was strongly opposed to the renewal of reminiscences of
Serbian medieval architecture.
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In our circumstances, if only architecture and town planning is considered, it meant
accelerated destruction of all the oriental elements of architecture and town planning, and
an attempt of the individual to attempt creation of something called “national style
restoration” and whole-hearted acceptance of west and central European cultural styles.
When, after WWII, the attitude towards the national question was changed, and when
because of socialistic and communist ideas, vestiges of monarchy were subjected to
deletion, heritage was either destroyed or altered and adapted to the new ideology. (Fig. 5)
The cities became representatives of national “liberation” although none knew for sure
what they were liberated from and who liberated them. Belgrade, for instance, was in all
tourist guides of the time represented as a city which synthesized total Yugoslav history
and beauty of the country, even though it had become the capital of the state barely twenty
years earlier, by and agreement of unification of several (territorial) entities of different
origin after WWI. [1]

3.3. Suppression of nationalistic heritage

The European countries in which socialism was the political option for more than fifty
years after II World War occasionally used heritage as an instrument to express that
ideology and glorify such a way of life. From the present day perspective, the policy
towards heritage can be defined as ideologically insufficiently determined. On the other
hand, the new states strived to reflect a new society which decisively cut the ties with the
past, which is rejected in most of its manifestations. (Fig.6)

Fig. 6. Belgrade - ascending stairs to the National Museum. Caryatids of plaster were set
after WW II to cover the marble slabs with inscribed names of donors which the socialist
government declared state enemies.

Those manifestations feature prominent or selective suppression of history and physical
destruction or concealment of the parts of heritage which survived from those historical
times. The surviving heritage obtained a new and important educational role. Even the
rejected past could be put to service, by demonstrating the triumph of socialist society over
the misery and poverty and by reminding the people of the “folly” and injustice of the

previous regime.

3.4. Re-emergence of (im)moderate nationalistic heritage
The relatively unexpected and fast disintegration of the Soviet Union, among other
consequences, allowed a number of other countries to abandon international socialistic
fraternalism, which encouraged re-emergence of nationalistic heritage, to the extent which
suited the current ruling apparatus. This ideological overturn brought about partial benefit
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and damage to heritage. The changes of street, towns, cities names, removal of sculptures
and portraits, new interpretations of archaeological findings, reassessment of literary
heritage happened incredibly fast. Certain locations and edifices, which were neglected or
deserted by the official powers, regained their symbolic meaning and importance. In the
long run, it is even more important to observe the double treatment of the preserved built
heritage. The built heritage found itself in this situation due to the attitudes of new liberal
democratic ideologies towards it. On one hand, the number of interested stakeholders who
would engage in professional or amateur salvaging and renewal of building heritage is
growing, while on the other hand, the professional system of study, protection and
rehabilitation of heritage, which was created in a long time, passes through extremely
difficult organizational, legal and economic crises. [4] In certain countries, including our
country, the existing protection of heritage as a whole and especially of the built heritage is
criticized and rejected in ideological and practical terms as a part of the previous system
which is completely rejected by the current administration. The modes in which
marginalization takes place differs in certain countries, varying from dismissal of a large
number of professional conservationists, such as was the case in Bulgaria, to the
declarative support which is not accompanied by the sufficient economic incentive, such as
the case in Serbia. For this reason, there is a need for “renewal of legitimacy of protection
and rehabilitation” of the countries which were rejected in the transition countries as relicts
of the previous system.

4. Final remarks and conclusions

It can be observed that in all the mentioned forms of attitude towards heritage through
which the countries of central and southeast Europe are passing, the most topical ones are
the political, ideological, religious attitudes, which are, deliberately or nondeliberately built
independently of universal values which heritage, in whatever form it is expressed, has for
the people of future generations.

One of the reactions to the long-time created, complex heritage, which was sometimes
unfortunately or inexpertly remodelled, so that it could serve to the legitimate ideology to
dominate a group or an individual is to reject it wholesale. In numerous public speeches,
which have, also, become part of the heritage and which survive in the archives, one may
find the sentence “the past must be buried, and one should turn to a better and more
beautiful future, which should not be built upon such heritage”. Politicians in Serbia often
do not feel how senseless their ironical words of comfort are when a historical building is
devastated.

Fig. 7. Monastery Djurdjevi stupovi — the souvenir shop was built in the hole with the
archaeological remains of the mediaeval water thank
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They, most often, say that a more beautiful one will be built in its place. On the other hand,
many ideas to use the physical remains of the past as economic resources adapted to the
entertainment, recreation and tourism market, can often banalize the attitude towards
heritage, or even worse, represent a potential threat to the actual, original value of the
heritage.
The inexorable argument, which can be observed at two levels, can assist in avoiding the
downside of all the mentioned problems. Past is the main source for existence of tourism,
which is used in creation of different tourist products, and which sustains a very successful
tourist industry around the world. In Europe, can be found the data about the capital cities
entertaining thousands and millions of tourists, selling the visits to museums, galleries,
cathedrals, and to music, wine, folklore and literary festivals or offering only visits to the
building heritage, therefore to the physical structure of the city itself. In such
environments, the past is not used only to generate main economic activities, but to provide
financial and political support for sustaining the very source of income, that is, heritage. In
such an economic process, thousands of people are having a good time, having fun,
learning or just satisfying their curiosity or nostalgia. These results are public and tangible
for anyone who desires to contribute to the number of tourists or economic profit of a
country which skillfully utilized its heritage. In this case, a question can be asked, why the
heritage of our country has not been utilized in the same or similar way. Archaeological,
architectonic, urban, artistic heritage is very abundant, and it can represent a tourist offer
and thus contribute to the economic recovery of the country.
The fundamental precondition is awareness about the fact that the past cannot be erased
from human memory, nor can heritage be denied, much as it is suppressed or deleted, at
some point it will re-emerge. For that reason the present must continuously generate its
past with a goal of realizing and giving sense to its existence. Since one may consider
several “presents” which mutually confront or contend, the past will always be a resource
in conflict. Exactly for this state of mind, the question is not if heritage should be used, but
how. Occasional collective amnesia of the society regarding its own or other’s heritage was
never a long lasting condition. Intellectual and moral dilemmas are increasingly directed
towards the heritage management issue, with several possibilities.
Successful sustainable management of the past cannot pre prescribed, because it depends
on a number of factors, but it should include several items:
- Firstly, one should know what has been done up to date, since heritage is a contemporary
utilization of the past, and not an assumed, fixed and unscathed legacy of the past.
- Secondly, every tourist use of the past is coordinated with other forms of use. Several
forms of use is not only a possibility but a necessity, but as an executive strategy and not as
an automatic response.
- Thirdly, tourism is very selective. A tourist uses the heritage so as to satisfy himself, and
does not consider it as a political or economic support to a museum, archaeological site,
municipal administration or the country in which he spends his time.
- Fourthly, heritage can be exported as any other resource, and made profit from, only if
the clear collective goals were defined, and if the financial and legal instruments were
created with infrastructure and commercial basis capable of responding to the tourist
demands. [3]
Thus, heritage of the countries in transition, Serbia being one of them, can therefore be
observed as a cure which can recover many ailing aspects of life, but also as a problem
which requires delicate decisions within a total sustainable development strategy.
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HERITAGE SCIENCE - RECENT DEVELOPMENTS IN A NEW
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Abstract:

This paper presents a brief history of the application of scientific investigations in art
and architecture conservation. Long-term cooperation between conservation master
craftsmen and interdisciplinary researchers within the natural and technical sciences
has led to the emergence of a self-contained scientific discipline — conservation
science, which has gradually transformed and expanded into heritage science. The
aims and goals of these scientific disciplines are summarized. The history is
illustrated by the development of conservation science and heritage science in the
Czech Republic, where a modern research infrastructure for cultural heritage has
recently been built up, enabling the country to contribute significantly to the growth
and development of heritage science.

Key words: conservation science, heritage science, research infrastructure, history
of conservation science

In recent times, efforts to safeguard and preserve cultural heritage monuments have
made increasing use of interdisciplinary research results and findings from the natural and
technical sciences. This has led to the emergence of a self-contained scientific discipline,
usually referred to in English as Conservation Science. Conservation science involves
more than just conserving monuments. It is a science that supports the conservation of
cultural heritage as a whole.

So what is conservation science? In relation to cultural heritage, this is an
interdisciplinary field of science that applies its methodology to safeguard and preserve
works of art, architecture and other cultural objects. In recent times, it has also focused on
documenting and protecting immaterial heritage. Conservation science generally involves
research on the technological and structural parameters of artistic and historical works and
the materials from which they are made. It applies scientific methods and principles for
conserving and restoring art and architectural monuments, and also in support of caring for
objects of cultural heritage in museums and in other collections. Conservation science
includes identifying the material substance of cultural heritage objects, taking into account
their chemical composition, studying and classifying changes that lead to decay, and also
developing methods, materials and technologies which prevent or retard decay to cultural
heritage.
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Three broad categories of conservation science are typically distinguished: 1)
comprehensive investigations and analyses of a historical object or material, ii) studies of
material or structural degradation and decay mechanisms, iii) research and development of
materials and techniques for safeguarding and preserving cultural heritage monuments.
Cultural heritage conservation science involves first of all chemical, physical, biological
and engineering studies. However, applied research in this field not infrequently makes use
of knowledge and methodologies from fields of humanistic research. Investigations are
often inspired by empirical experience, which however must be used only for formulating
hypotheses. From then on, it is necessary to investigate in a thoroughly scientific way. In
particular, the reproducibility of the results must be verified.

The need for broader interdisciplinary cooperation, and for including socio-economic
relations and links, initiated the emergence of a new, broader scientific discipline in about
2006 in the UK. This development is known as Heritage Science. This science carries out
research that provides access to cultural heritage, together with conservation, interpretation
and management. Heritage science thus involves not only research aimed at conserving
cultural heritage (i.e. conservation science), but also other fields of research. These include
the development of new informatics tools for preserving intangible heritage or for
facilitating access to cultural heritage, research and interpretation of cultural heritage,
including archaeometry, i.e. research into dating or provenience of historic artefacts,
research into cultural heritage management, for example the development of tools and
knowledge in support of strategic decision making, as well as research investigating wider
societal integration of cultural heritage.

In the British approach to heritage science, long-term sustainability of cultural
heritage is the declared aim. It is to be achieved through cultural heritage management and
through controlling changes and risks. Maximized social, cultural and economic benefits
are to be achieved for the present time, and, simultaneously, preservation for future
generations. The most important benefits from heritage science are expected to come
through research for museums, galleries, libraries, archives, archaeology, and research on
the environment of historic architectural and technical monuments.

A researcher working in the narrow field of conservation science thus uses a
scientific methodology to carry out research on cultural heritage buildings, structures, art
objects, historic artefacts and other monuments. Researchers carry out mainly applied
research and scientific investigations aimed at investigating material, structural and
technological aspects of cultural heritage. The results of their research and of the technical
data that they gather are used by conservators, curators and monument care authorities to
decide on the most suitable conservation or restoration interventions for investigated
objects. The results also extend knowledge about monuments, about their material
composition, production or building processes, their authenticity and originality, and about
previous restoration works carried out on them.

Non-destructive or considerately destructive methods are usually used for in situ
testing or on small samples extracted from a historical object. The data that is acquired
often serves for designing preventive measures or a safeguarding intervention on a
monument. In the case of built cultural heritage, the data forms a basis for assessing the
safety and the serviceability of structures.

Studies of material decay mechanisms and of the structural degradation of buildings
is another important research activity. Chemical and physical analyses usually provide
sufficient data for making hypotheses about degradation processes. In modern research,
these hypotheses are tested and verified by means of complex experimental investigations.
Analyses of defects and failures on buildings and structures usually require long-term

2 More references e.g. on https://en. wikipedia.org/wiki/Heritage science , 25.12.2015

424




MEXIAYHAPOAHA HAYYHA KOH®EPEHLINA BAHW’2016
INTERNATIONAL SCIENTIFIC CONFERENCE BASA'2016

monitoring of the response of the monument to external forces or to environmental
influences. Some of these processes can be modelled and tested in the laboratory or in
special testing facilities.

New materials and technologies for restoration or repair interventions are under
constant development, together with tests on ways to reintroduce traditional materials and
modes of construction. The immediate impact and the longer-term impact of new materials
and technologies on historical substances need to be investigated carefully and thoroughly.
This is another very important and very necessary field in conservation science. Research
of this kind helps to safeguard and extend the life of a monument under optimum
conditions in relation to its age and condition. Conservators and cultural heritage
authorities usually rely on the knowledge and skills of scientists in developing new
conservation materials, and frequently require a basis for assessing and evaluating the
efficiency and the safety of new materials and technologies. Conservation science aims to
develop materials and approaches that retard degradation and avoid damaging the treated
object. Many tasks that are undertaken extend from the scope of conservation science into
the scope of heritage science.

Intimate knowledge of special problems in cultural heritage research is a source of
inspiration for further research areas in conservation science. This covers the development
and the design of new diagnostic devices, methods and tools, and/or tools for applying
consolidation materials or strengthening techniques. A substantial part of this work
involves developing new methods for identifying and analysing cultural heritage
monuments or artefacts.

The responsibilities and duties of a conservation scientist are thus remarkably
different from the duties and responsibilities of conservators and heritage protection
authorities, and of curators who need the research results from conservation science, and
use them in practical applications. However, cooperation between conservation
professionals and technicians, on the one hand, and conservation scientists, on the other, in
research on cultural heritage conservation is always useful and always welcomed by
scientists.

Unlike conservation science or heritage science, conservation and restoration work
on monuments has a long history. However, a very sophisticated research infrastructure
came into existence only in recent decades. Before that, repair and restoration works could
be performed only on the basis of craft skills and long-term experience. It is known that in
ancient times people gave consideration to monuments and made conservation
interventions. This statement can be illustrated by a record on a cuneiform tablet about
Babylonian king Nabod, from the 6 Century B.C., who had a sculpture of Sargon, the
father of Naram Sin, which lacked half of the head, repaired by a skilled craftsman [1].
Similar documents are in existence that describe the conservation and restoration of
sculptures and buildings in ancient Greece and Rome?>.

Restoration of paintings throws up technologically complex problems, and this is a
field of conservation science that began to develop very early*. Restoration of paintings,
and especially pictures, was recognised as an independent profession in France in the 18™
Century. However, one of the first known restoration interventions was the conservation of
frescoes in the Sistine Chapel, in 1565. Pigments have been systematically analysed since
the beginning of the 19" Century, and this may be considered one of the starting points of

3 For example, Jukka Jokilehto: A History of Architectural Conservation, D. Phil Thesis, University of York,
1986 http://mestrado-reabilitacao.fa.utl.pt/disciplinas/jaguiar/jukkajokilehto1986historyofconservation.pdf,
25.12.2015

4 Important dates in the history of art conservation:
https://en.wikipedia.org/wiki/List of dates in_the history of conservation and restoration, 18.08.2016
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conservation science’. Between 1850 and 1853, Michael Faraday performed analytical
studies in the National Gallery in London in which he investigated the degradation of
varnishes and studied cleaning methods and also the impact of air pollution on the
discoloration of surface coatings. His results were mostly ignored, but research by
individual scientists continued in Germany and France, namely in the fields of chemistry
and physics, (e.g. Pettenkofer, Pasteur). The first chemical laboratory aimed solely at
conserving cultural heritage objects was established for the museums in Berlin by Friedrich
Rathgen in 1888. This was followed by the research laboratory of the British Museum in
1920, which was headed by Alexander Scott. This laboratory was set the task of improving
the poor condition of the museum collections. This was followed by the first American
research laboratory of this type, which was set up in the Fogg Art Museum at Harvard in
1928. Further similar laboratories were founded with higher intensity after 1930, when the
first international conference on the study of scientific methods for investigating and
protecting objects of art took place in Rome on October 13-17. The laboratories in the
Museum of Fine Arts in Boston and at the Louvre originated at this time (1931). The first
professional journal Technical Studies in the Field of the Fine Arts started to appear in
1932 at the Fogg Art Museum, and survived for ten years. The first educational
programmes were also set up at this time. Later, special institutions were established, (e.g.
Doerner Institut, IRPA in Brussels, and others), focused on scientific support for
conservation and restoration, mostly in connection with collections in museums and
galleries. Other scientific fields then became institutionally involved, e.g. the Laboratory of
Biology for Conservation at the Central Institute for Conservation and Restoration of
Cultural Heritage in Rome in 1957. A series of other milestones in the history of close
cooperation between scientific work and conservation or restoration work followed, and it
can be stated that by the 1980s there was a very serious institutional basis for further
development of conservation science in most of the developed countries all over the world.

The historical developments in the field of conservation and restoration of
architectural heritage are not so clearly visible or so easy to trace, because it took
advantage of general scientific knowledge gained in various technical sciences without
being primarily focused on cultural heritage. However, even here records describing
technologies for protecting or repairing historical objects are known from ancient times,
e.g. protection against fire. Periodic monitoring of the behaviour of buildings for planned
repairs or for conservation interventions can be illustrated by the example of the
Brunelleschi dome for Santa Maria del Fiore in Florence. The dome exhibited active cracks
that originated soon after its completion, the width of which has been monitored since the
16" Century. More intensive research work associated with safeguarding and preserving
monuments started after the Second World War, when many architectural heritage objects
were seriously damaged or partially destroyed. This was an opportunity to gain more
experience and knowledge about historical materials and structures, namely in Central and
Western Europe.

However, cultural heritage monuments have been endangered even without wars, for
example by earthquakes, windstorms, floods, landslides, and also by man-made threats and
disasters. At the end of the 20" Century, air pollution made a substantial contribution to
climate change, and to the weather effects that it has produced. These phenomena endanger
Europe as a whole, so the European Union has supported research aimed at eliminating or
at least reducing the impact of climate effects on preservation of the cultural heritage.
However, long-term cultural heritage sustainability also requires research on other themes,
because the importance and the value of cultural heritage are not limited to the spiritual

5 Pigment studies by Sir Humphry Davy (he had a small portable chemical laboratory and travelled around
Europe, accompanied by Michael Faraday 1813-1815).
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and cultural spheres. Cultural heritage helps in dealing with numerous social and economic
issues. Let us take as an example the Czech Republic, where a long tradition of state
support for cultural heritage research has kept Czech researchers in leading positions in the
world.

After successful programmes in the 1990s and around the millennium, the Czech
Ministry of Culture launched the NAKI Programme in 2010. This was a new grant-funded
National and Cultural Identity research programme, with projects running for five years.
NAKI is a unique programme that reflects the high level of attention that the Czech
Republic pays to its monuments, in the deep belief that they are a permanent source of
spiritual, cultural, social and economic prosperity for the country. NAKI is considered by
many countries to be a paradigm that should be followed. The uniqueness of the
programme can be illustrated by the fact that its budget for the period from 2011 to 2015
was higher than the overall budget for the common pot of EU countries gathered within the
so-called Cultural Heritage Joint Programming Initiative®.

The Institute of Theoretical and Applied Mechanics of the Czech Academy of
Sciences (ITAM), to which the writer is affiliated, has been systematically involved in
research on cultural heritage, and has been contributing to the Heritage Science
establishment. Since 1995, this endeavour has been supported at national level by about 40
research projects and by more than twenty-five international, mostly European joint
projects. We will present recent developments at ITAM as an example of the success story
of a Heritage Science institutional establishment on a national level with a strong
international influence and impact.

The Institute’s cultural heritage research history started as soon as it was founded, in
19217. Major experience was gained from restoration and reconstruction works after the
Second World War, e.g. the Ball Hall in Prague Castle, Emaus Monastery in Prague, and
numerous churches, and also works in relation to the construction of large dams which
required historic buildings to be transferred out of the inundation area [2]. In the 1970s, the
Institute contributed significantly to restoration of the metal Colonnade in the Marienbad
spa [3].

In 1995, ITAM opened the Centre for Historic Materials, Structures and Sites
(ARCHISS), a specialised detached office located in the World Heritage City of Telc.
ARCHISS has worked mainly on studies and analyses of failures of historic structures, and
on studies of the problems of historic cities, and their sustainability and development.

1999 was a breakthrough year, when ITAM succeeded in a very demanding
competition among European Centres of Excellence with its project to establish the
Advanced Research Centre for Cultural Heritage Interdisciplinary Projects (ARCCHIP).
This became the only Centre of Excellence in heritage science among the 25 European
institutions. This three-year project helped to set up a large network of collaborating
research institutions and laboratories all over Europe, and gathered data for the state-of-
the-art project to review research in the eighteen most important problem areas in cultural
heritage sustainability®. ITAM ARCCHIP gained an excellent reputation, not only in the
scientific community but also in the sphere of European research on sustainability planning
and management. ITAM scientists then participated as research partners on numerous joint

6 Joint Programming Initiative Cultural Heritage, www.jpi-culturalheritage.cu/

7 This time under another name Research and Testing Institute for Building Materials and Structures.

8 European Research on Cultural Heritage — State-of-the-Art Studies (M.Drdacky ed.), ISBN 80-86246-21-3
(all), Vol.1 (ISBN 80-86246-22-1) 575 p., Vol.2 (ISBN 80-86246-23-X) 539 p., Vol.3, (ISBN 80-86246-24-
8) 760 p., ITAM, Praha 2004; Vol.4 (ISBN 80-86246-25-6) 599 p., ITAM, Praha 2006; ibid (M.Drdacky,
S.Simon eds.), ISBN 80-86246-21-3 (all), Vol.5 (ISBN 80-86246-28-0) 368 p., ITAM, Praha 2006
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international research projects with important results’ that have also received international
recognition. For example, Noah’s Ark was a pioneering project focused on predicting and
mitigating the impacts of climate change on cultural heritage sustainability. In 2009,
Noah’s Ark won the Grand Prix of the EU for the best research on cultural heritage, and
also the Europa Nostra Prize. Similarly, the STONECORE project, which worked on
problems of consolidating degraded inorganic materials using nanotechnologies, was rated
among the 10 best European research projects in the EuroNanoForum 2013 competition.

Combined EU regional development and national funds enabled the establishment in
Tel¢ of a Centre of Excellence for research on interdisciplinary problems of safeguarding,
preserving and exploiting cultural heritage (ITAM CET) '°,

CET started its research on January 1%, 2014, and is a Heritage Science institutional
base of a new type. Research at CET is carried out on specific and complex problems of
cultural heritage sustainability and integration. However, the Centre’s research
infrastructure and methodologies are also exploited for more general research tasks within
other priority areas of sustainable development. Examples include ecologically considerate
technologies, which are related in many ways with cultural heritage experience and
knowledge; materials research, involving scientific references or protected rights for
innovations in the field of conservation materials; devices and methods for innovative
diagnostics and testing (development of special instruments and tools); the information
society (specialised data, databases, monitoring networks), and also safety and security
(impact, mitigation and prevention of natural and man-made disasters) in the conditions of
expected changes in climate and related weather phenomena, and also in the conditions of
societal pressure for intensified exploitation of cultural and natural heritage, which is
accompanied by increased natural and anthropogenic threats to heritage monuments.

CET is equipped with a powerful and, in some cases, with a unique research
infrastructure. Research is carried out in three broad areas: i) modelling the behaviour of
historical and modern materials and structures subjected to synergic actions of climatic
factors, ii) studies of life expectancy and degradation processes in structural materials and
their surface coatings, using advanced experimental methods, and iii) materials,
technologies and methods for long-term sustainability of cultural heritage monuments and
sites.

The first group of research themes makes use of the Vincenc Strouhal climatic wind
tunnel, which has two test sections. There is a climatic test section for modelling various
wind velocities, rain, solar heating and temperature cycling from -10°C to +30°C, and an
aerodynamic test section, which is very well instrumented for detailed measurements of
various parameters, and is able to model special micro-climate effects, e.g. heat islands.
The research includes creating models of the interaction of complex bodies with the
surrounding environment, taking into account knowledge gained during numerical and
experimental modelling of wind action on building structures, including monuments,

° For example: Safeguarded Cultural Heritage (SAUVEUR Project — M.Drdéacky, M.Chapuis (eds.)), ISBN
978-80-86246-29-1 (all), ISBN 978-80-86246-31-4 (Vol. 1), ISBN 978-80-86246-32-1 (Vol.2), ITAM 2007;
Dupagne, A., Teller, J., Dumont, E., Drdacky, T. et al.: PICTURE — Pro-active management of the impact of
cultural tourism upon urban resources economies (Strategic urban governance framework for the sustainable
management of cultural tourism), ISBAN 2-87456-043-X, European Commission, 136 p., 2007; The Effects
of Air Pollution on Cultural Heritage (J.Watt, J. Tidblad, V.Kucera, R.Hamilton - eds.), Springer 2009;
Sabbioni, C., Bonazza, A., Drdacky, M. et al.: The Atlas of Climate Change Impact on European Cultural
Heritage - Scientific analysis and management strategies, ISBN-13: 978 1 84331 798 2 (Hbk), ISBN-10: 1
84331 798 2 (Hbk), ISBN-13: 978 1 84331 861 3 (eBook), ISBN-10: 1 84331 861 X (eBook), Anthem Press,
London/New York, 146 p., 2010; CHEF - Cultural Heritage Protection Against Flooding - M.Drdacky,
L.Binda, I.Ch.Hennen, Ch.K&pp, L.G.Lanza, R.Helmerich (eds.), ISBN 978-80-86246-37-6, ITAM Prague,
2011, 229 p.

10 www.cet.arcchip.cz
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taking into account the impact of other weather factors, e.g. sudden or cyclic fluctuations
in temperature and rain. Further goals involve gaining new knowledge by long-term
sustainable monitoring and modelling of the behaviour of real structures that are subjected
to the long-term action of weather fluctuations and are sensitive to vibrations and fatigue
damage. The results are reflected in the design of solutions for aeroelastic and aerodynamic
problems, modelling and suggestions for improving the environmental conditions in urban
units and in the surroundings of traffic lines, taking into account knowledge and
simulations of the most important environmental parameters: wind, temperature, solar
radiation, and the impacts of rain and moisture on buildings, historical objects and
monuments.

The second group of research themes focuses on studies of material ageing and
material corrosion of metals, stone and inorganic composites, and on determining optimum
modes for protecting their surfaces. Degradation models are created, and are calibrated and
verified using the research infrastructure, long-term monitoring of weather-exposed
samples and studies of materials in real climatic situations. Data is gathered on the life
expectancy of historical materials, and methodologies for monitoring the behaviour of
materials and structures are developed, including monitoring defects and damage to
historical structures. For its research, CET has developed and operates MONDIS, a special
innovated information system and database of building defects and failures ontology''.
CET has been systematically building up the necessary experimental and analytical
infrastructure, which can also be used for a range of more general tasks. New and
innovated experimental methods are developed, including devices and tools namely for
testing wood and inorganic composites, e.g. [4]. Researchers make use of radiography and
X-ray computer microtomography and also special climatic and analytical laboratories,
including a mobile laboratory for in-sifu testing.

The third group of laboratories investigates, develops and verifies new materials and
technologies that are compatible with historical materials and technologies. Their work is
mostly on problems of consolidating and restoring deteriorated historical materials and on
prolonging the life and the serviceability of cultural heritage structures. In addition,
analyses of the impact of natural disasters and other threats on buildings is carried out, with
special reference to the sustainability of cultural heritage and suggestions for measures and
technologies that will prevent or reduce the damage caused by these hazards. Among
natural hazards, earthquakes, floods, landslides and also weathering effects are considered,
because in the long term they lead to the loss of cultural heritage buildings, and their
impact extends over large territories. This group of research tasks includes investigations
aimed at optimizing emergency interventions during and after natural disasters. A further
important goal is to devise methodologies and tools for assessing and evaluating the
impacts of development programmes, e.g. mass cultural tourism, and new architecture in
historical environments on the sustainability of heritage buildings and on the socio-
economic qualities of historical sites, and also the development of tools for supporting the
integration of cultural heritage into the urban environment.

The Centre of Excellence in Tel¢ provides a unique research infrastructure that is
fully dedicated to cultural heritage research, and is one of the partners of the new ERIHS
(European Research Infrastructure for Heritage Science) European distributed large-scale
research infrastructure which is being set up. The ERIHS project has been included in the
ESFRI Road Map!?, which is a very important contemporary achievement in the
development of Heritage Science.

Uhttp://webcache.googleusercontent.com/search?q=cache: XX2DudRnxT8J:mondis.cz/+&cd=1&hl=en&ct=c
Ink&gl=cz (MONDIS Portal)
12 ESFRI Roadmap, www.esfri.eu/roadmap-2016
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The Heritage Science approach has also been supported by the establishment of the
so-called Joint Programming Initiative — Cultural Heritage®, which has been agreed by
ministers of numerous EU states. This programme should help in planning a joint research
orientation, and in securing funding, generating increased synergies and eliminating
duplication in the field of cultural heritage. The financial mechanisms are based on setting
up a common pot from resources provided by the individual states. However, this system
of funding has led to many difficulties, and the anticipated level of efficiency has not yet
been achieved.

Nevertheless, Heritage Science benefits from a good level of voluntary worldwide
cooperation among scientists within various international associations and programmes.
Let us mention here the International Scientific Committees of ICOMOS! and the
Technical Committees of RILEM'¥, which cooperate to develop Heritage Science on all
levels and in its wide range of research.

Heritage Science is a young and lively discipline, although it deals with ancient
monuments and with history. We are witnesses of its ever-growing development and its
newer and newer achievements. This science is very much involved in the present-day life
of society, and has the potential to contribute to the solution of difficult societal problems.
It is able to react rapidly to adverse situations that may emerge, e.g. illegal mining and
trafficking of cultural heritage, destruction of cultural heritage, or a lack of educational
programmes'>.

Heritage Science thus seems to be a reasonably robust and self-sustaining discipline
with sound development prospects. It profits from a large pool of committed professionals,
a stream of focused activities and bright ideas in response to the enormous range of
problems that need to be solved in connection with cultural heritage.
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