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HO-UCTOpPUYECKOTO HacneacTBo; KynTypHo-uctopuye-
CKOTO HacneacTBO KaToO MHCTPYMEHT 3a MeCTHa U pe-
rMoHanHa, couuariHa U MKOHOMUYecKa YCTOMYUBOCT;
KynTypHO-UCTOPUYECKOTO HAcneacTBO B rpaackuTte u
CEeJICKM pPavoHMU; YA3BUMOCT Ha KynTypHO-UCTOpuU4e-
CKOTO HacneacTBO cpelly NpUpoaHM 6eacTBUSt U npe-
BaHTUBHU MEPKU 32 HEroBOTO CbXpPaHsIBaHe.
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Social and economic integration of culture heritage;

Culture heritage for local and regional social and eco-

nomic stability; Culture heritage in urban areas; Vul-

nerability of culture heritage to hazards and preventive
measures.
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THE QUEENSBORO BRIDGDE, 1909 - 2019

Bojidar Yanev, D. Sc., P. E. 1

Adjunct Professor, Columbia University, New York University, New York City, USA

Abstract: Queensboro Bridge is one of the four East River crossings in New York City. Its
5-span cantilever truss structure opened in 1909 and over the ensuing century has
undergone several modifications. Today it carries 9 vehicular lanes and one pedestrian /
bicycle lane on two levels, averaging 180 vehicles daily. The forthcoming replacement of
the upper deck must accommodate the complex, and sometimes contradictory structural
and logistical constraints of the structure and its essential service. The condition and
capacity of the many fracture-critical details had to be determined by the most advanced
non-destructive techniques available. The article describes highlights of these projects,
essential to extending the useful life of the bridge into the 21* century.

Key words: Bridge, deck, eye-bars, grid, orthotropic, rehabilitation, ultrasonic.

1. Introduction: design, construction, and management

The Queensboro Bridge (QB) in New York City is a five-span cantilever truss, connecting
the boroughs of Manhattan and Queens with two piers in Roosevelt (formerly Blackwell)
Island. In 1899 Richard S. Buck submitted a design for a 36 m wide bridge on one level. In
1903 Transportation Commissioner Gustav Lindenthal (1850 — 1935) assumed credit for
modifying the design to two 20 m wide levels with 2 m wide lanes cantilevering outside
the main trusses on the lower level. Figs. 1 and 2 illustrate a general view looking East and
a summary of construction information.

On August 27, 1907 the Quebec cantilever truss bridge experienced the first of its two
collapses during construction. Its main span, with a suspended portion between the
cantilevers, was to have a record length of 550 m. There is no suspended span at the QB.
Its five spans are 143 m, 361 m, 384 k, 300 m, and 140 m long, respectively. Despite the
fundamental differences between the two bridges however, two investigations halted the
Queensboro construction for a year. The results [1] were mostly favourable. Provisions for
train and snow loads were increased. The bridge opened in 1909 with 2 subway and 4
trolley lines, 3 vehicular lanes, and 2 pedestrian walkways. The trolley service included an
elevator connecting to Blackwell Island. Figure 3 illustrates consecutive traffic
modifications. By 1955 all rail tracks had been removed. A proposal for light rail on the
South cantilever for access to the airports did not materialize in the 1990’s. That lane and

! Bojidar Yanev, D. Sc., P. E., bojidaryanevl@gmail.com
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the 8 inner lanes carry an estimated average daily traffic (ADT) of 180,000 vehicles. The
North cantilever currently serves pedestrians and bicycle riders. Fig. 4 illustrates the
current cross section and service.
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Fig. 2. QB: Construction information
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Fig. 3. QB: Service history and number of users, two lanes closed for reconstruction

Downstream across East River, Manhattan Bridge is purely suspended, with four
parallel-wire cables, each composed of roughly 10,000 high strength wires. It was designed
by Ralph Modjeski (1861 — 1940) and Leon Moisseiff (1872 — 1943) and extended John
Roebling’s (1806 - 1869) innovations at the adjacent Brooklyn Bridge into the 20"
century. In perfect contrast with its contemporary neighbour, the Queensboro is dominated
by Gustav Lindenthal’s trademark eye-bar chains, typical of 19" century truss design at its
peak. At the time of construction, the longest span in the world was the cantilever truss at
the Firth of Forth in Scotland. By 1967 the use of eye-bar chains in long spans had long
been discredited. Then, on Dec. 15, the 39 — year old Silver Bridge over the Ohio River at
Point Pleasant, West Virginia, collapsed due to a brittle fracture of one eye-bar in the
suspension chain. All eye-bars on the QB are in multiple parallel groups, providing greater
redundancy, but the condition of any primary members with eye-bars will remain a
primary concern.

The conversion of rail to vehicular traffic had reduced the live load, allowing the QB to
perform without major incident through the 1980’s. Primarily due to the neglected
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maintenance of the preceding decades however, by then its roadways were heavily
deteriorated, and major capital expenditures became necessary. The rehabilitation
contracts executed on the structure since 1984 are enumerated in Table 1 [2]. The total cost
adds up to an estimated total of $1.05 to $1.20 billion (not corrected for inflation). Two of
the most recent tasks in Table 1 are briefly described herein.

Table 1. Capital improvements on QB 1984 — 2025 (cost not adjusted for inflation)

QUEENSBORO BRIDGE REHABILITATION ITEMS  TOTAL ESTIMATED COST
SCOPE OF WORK YEAR MILLION §
Repair lower outer roadways / reconstruct two ramps in lower Queens. 1984 18.80*
Reconstruct south upper roadway, replace inspection platforms, lighting.1986 ~ 31.50*

Interim rehabilitation, repairs to lower deck and main bridge approaches.1984 2.80*
Interim rehabilitation, repairs to lower deck, main bridge,
and new median barrier. 1985 3.00%*
Reconstruct north upper roadway and Queens approaches A & B,
rehabilitate bearings at Queens approach. 1989  50.00*
Reconstruct ramps C & D (Queensboro only, not Thompson Avenue). 1988  10.40*
Rehabilitate bridge bearings, pier tops, and truss lower chords. 1989  18.00*
Rehabilitate Queens approach trusses, lower inner roadways
on the main span and approaches. 1996 172.00*
Rehabilitate lower outer roadways main span and approaches,
(bikeway) cleaning and painting. 2001 227.05*
Cleaning and painting main bridge upper trusses. 2009 168.24*
Installation of aviation lighting 2010 1.76*
Miscellaneous Items — Component Rehabilitation. 2016  43.88*
Eye-bar investigation. 2016 0.62°%#*
Replacement of Upper Roadways 2020 150.00 - 250.00%***
Seismic Retrofit. 2025 150.00 - 200.00%***
TOTAL: 1,048.05 - 1,198.05_

* Complete; ** In Construction; *** In Design

As Table 1 indicates, the upper roadways were reconstructed in 1986 - 1989. They
consisted of concrete filled grids, supported on the original steel stringers. During the
1990’s, their wearing surfaces began delaminating, and their modular joints were
malfunctioning. A new deck replacement was planned for 2020. As a first step, the
condition and load-bearing capacity of the many fracture-critical elements had to be
assessed accurately and realistically.

2. Non-destructive investigation of eye-bars and pins
2.1. Fabrication

The upper chords of the main trusses at the QB consist of eye-bar chains. In an innovative
application for a long-span bridge, these members were fabricated of nickel steel [1], [3],
[4]. That steel was about 70% stronger than carbon steel, allowing for slimmer, lighter
members. The less highly stressed eye-bars in the tension diagonals are fabricated from the
commonly used carbon steel. The QB is one of the few bridges where the nickel steel eye-
bars were forged. On later bridges, eye-bars are cut out of flat plates.

Originally the eye-bar heads at the pins were spaced at 3 mm. Over the years, corrosion
fused them together. Figure 5 illustrates a typical eye-bar configuration. Interior eye-bars
and pins are entirely inaccessible for visual inspection. Moreover, visual inspections of
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such fracture-critical elements are inconclusive. Hence, an in-depth investigation by the
most advanced non-destructive testing system available had to be conducted.

Fig. 4. QB: Typical cross section (dimensions in ft)

2.2. Ultrasonic testing

Phased-array ultrasonic testing (PA-UT) was best suited for the purpose. In PA-UT, a
transducer generates a range of ultrasonic search angles. Defects are detected by an
automated dynamic control of the search properties. Corrosion can be mapped. Edison
Welding Institute (EWI) had developed this emerging ultrasonic technology. After a
thorough selection process, NYCDOT retained EWI to perform ultrasonic testing of eye-
bars and pins at eleven representative panel points on the north truss of the bridge. Critical
in the selection of PA-UT was the requirement to distinguish between an “indication” of a
significant defect and insignificant surface irregularities. Since the eye-bars / pin details
occur at over 350 panel points along the truss upper chords, the outcome of the scanning
would have to demonstrate both the capability of the PA-UT technology and the adequacy
of the sample size.

The PA-UT process [5] and a typical scan result are shown schematically in Fig. 6. The
transducer is placed at the outside edge of the eye-bar and the ultrasonic energy is
transmitted over a range of angles into the eye-bar head. From a given position, the beams
may be focused to various intensities for desired scanning resolution. By repeating the
scans at regular distance intervals around the perimeter of the eye-bar head, the entire eye-
bar head can be scanned. The technology is still refined, however EWI was able to show
good correlation between scan results and manufactured defects in a laboratory mock-up,
even locating the root and tip of some cracks in the test samples. The PA-UT could detect
indications down to a minimum length of 6 mm in the laboratory.

In the pins, relevant indications were generally limited to mismatch in the 50 mm
diameter bore hole down the longitudinal axis of the pin. One pin was found to have a
significantly reduced diameter. Figure 5 shows a typical testing of a pin in progress.

In eye-bars, the tests found “indications” of anomalous conditions suggesting potential
flaws or defects at six of the eleven locations. At one location, as many as three eye-bars
showed “indications” less than 6 mm deep in the bore surface. Two pins showed signs of
measurable corrosion and section loss, and one pin was reported as having a “relevant”
indication, possibly a sharp notch. With very few exceptions, the “indications” found in the
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eye-bars occurred at the interface between the eye-bar and pin very close to the centerline
of the shaft of the eye-bar. Only three “indications” were found beyond 30 degrees from
the head of the eye-bar.

2.3. Analysis and further investigation

The initial test findings pointed to a need for further investigation of those “indications”,
which might be service-induced. To that end, NYCDOT directed Weidlinger Associates,
Inc. (WAI) and subconsultant Lucius Pitkin, Inc. (LPI) to study the stress environment of
select bridge nodes in order to assess the rate of fatigue and to determine the possible
effects of stress corrosion cracking (SCC). Because of their multiplicity, not all of the truss
eye-bars are strictly fracture critical, whereas all pins are. Consequently, the study included
analyses to determine whether flaws would propagate and at what rate. The stresses at four
panel points deemed to represent significant “indications” were investigated for possible
fatigue and corrosion cracking by a testing program and analysis.

WAI analyzed the global response of the bridge using the three-dimensional SAP 2000
(Computers and Structures, Inc.) model, illustrated in Fig. 7. The model includes the entire
bridge from anchor pier to anchor pier. Truss members and floor beams are modeled as
frame elements. The upper and lower roadway decks are modeled as shell elements.
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Fig. 6. PA-UT scan of an indication
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SAP2000 1/5/11 13:27:13

SAP2000 v14.2.2 - File:QB_Base_Model. SDB({90%.south.north.addt.wt)_V11_V12 with one truck load 12202010 - 3-D View - Kip, m, F Units
Fig. 7. Global F.E. model of QB for static / dynamic analysis

Global structural analysis was performed to estimate the forces in the eye-bars due to
dead, live, wind and thermal loadings. Finite element models were used to estimate the
complex stress environment within the connection as forces flow through the eye-bar
shank, into the head of the eye-bar and, ultimately, into the pin. The analysis included
excursions in the plastic range.

LPI performed short-term and long-term strain gage monitoring at strategic locations to
record transient stresses in the eye-bars. Armed with the strain gage data and model
results, LPI performed a fitness-for-service assessment and estimates the remaining fatigue
and SCC life. By calculating the rate of crack growth according to fracture mechanics, LPI
was able to estimate the expected useful life.

Very few gages registered peak stresses exceeding 70 kg/cm?. The peak stresses in the
eye-bars were compared to the stress levels predicted in the SAP 2000 global model for the
AASHTO fatigue loading combination. Low as they were, the measured transient stresses
were higher than the model predicted. In some cases, they exceeded 3-fold the AASHTO
value. WAI has observed similar results in previous studies where strain gage
measurements on the floor system of a suspension bridge indicated that the regular truck
traffic was considerably heavier than the AASHTO fatigue truck.

The fatigue life of the investigated critical elements was estimated based on the
findings. Further investigations during subsequent projects were recommended, but no
immediate remedial measures were deemed necessary. The results supplied the stress level
and load-bearing capacity information needed for the design of the forthcoming upper deck
replacement and the seismic retrofit.

3. Upper level deck replacement
3.1. Deck alternatives

The new upper deck would have to be lighter, allow staged installation, and provide a
minimum service life of 40 years. WAI developed the following four conceptual deck
alternatives [6]:
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Alternative 1: A full depth grid deck with half-filled light weight concrete and thin wearing
surface, along with new lighter supporting steel stringers.

Alternative 2: An open rib steel orthotropic deck with thin wearing surface, along with
removal of existing steel stringers in selected locations in cantilever and anchor spans.
Alternative 3: An aluminium isotropic deck with thin wearing surface, along with new
lighter supporting steel stringers.

Alternative 4: Replace in-kind the steel grid with full depth light weight concrete fill and
thin wearing surface.

Alternatives 1, 2, and 3 are shown in Fig. 8. All the four conceptual alternatives
exceed the minimum desired service life criteria. Alternative 1 has a projected service life
of over 50 years period. Alternatives 2 and 3 provide an expected 75 years of life.
Alternative 4 is estimated to have an expected life of approximately 40 years. The
estimated construction costs for all four alternatives are reasonably close, with Alternative
1 being the most expensive. The life cycle costs for Alternatives 2 and 3 are about 20%
lower than that of Alternative 1, primarily due to their longer service life. Alternative 2 —
the orthotropic deck system, provides the most beneficial life cycle cost. Alternative 4
provides the least expensive deck but has the highest life cycle costs, primarily since it has
the shortest service life.

Among Alternatives 1 to 3, Alternative 1 reduces the dead load the least, by 0.74 t/m.
Alternative 2 reduces dead load by about 1.6 t/m at locations where existing stringers will
be removed, and provides almost no reduction elsewhere. Alternative 3 reduces the dead
load most significantly, by 3.1 t /m, throughout the length of the main bridge. Furthermore,
Alternative 3 can reduce tensions due to dead load by about 8% in top chords, and by 7%
in diagonals. Alternative 2 reduces the same by 4% and 2%, respectively. Although the
service life of eye-bars in the top chords and diagonals cannot be quantified at this time,
the reduction in dead load tension should increase their service life, especially if the lower
roadway grid deck is also replaced with a lighter deck in future contracts. Alternative 3 has
the shortest construction duration, as it provides the simplest erection procedure. It also
requires minimum maintenance since aluminium material does not require painting for
corrosion protection. However, the aluminium deck is a proprietary system which may
require a waiver for federal funding.
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Figs. 8. Replacement alternatives: 1. Steel grid with overlay
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Figs. 8. Replacement alternatives:
2. Open rib steel orthotropic deck; 3. Aluminium deck

3.2. Recommendation

The four deck alternatives were evaluated based on the following criteria:

- Estimated construction and life cycle cost including fabrication, installation, floor system
modifications and related incidental work such as deck joints & overlays in the main spans.
- The weight reduction associated with each new deck systems (including deck, overlay,
crossbeams, stringers, and barriers) will improve load rating of trusses and alleviate high
local stresses in eye-bars.
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- Expected performance including reliability/risks of the deck systems and maintenance
considerations.
The total estimated costs associated with the four Alternatives are summarized in Table 2.

Table 2. Cost estimates and construction schedule for the 4 alternatives ($ in millions)

Option | Main Bridge | Approaches | Total Cost | Deck, Contin. | Project
(2018) Support | Closure | Duration
Closed Struct. Months | Months
Lanes Removal | Lanes Lanes
2 1 2 1 |2 1
1 Grid Deck | Replace in | 233 | 273 84 16 |26 |32 |44
with Overfill | Kind
& Stringer ["Repair 186 [217 | 63 12 20 |28 |36
Replacement (Overfill &
Joint Rep.)
2 Steel Replace in | 220 | 259 75 16 |26 |32 |44
orthotropic | Kind
Deck & | Repair 173 | 204 55 12 |20 |28 |36
Remove (Overfill &
Stringers in | Joint Rep.)
Select Spans | Replace 225 | 264 79 16 |26 |32 |44
Orthotropic
deck
3 Aluminium | Replace in | 233 | 271 86 14 (24 |30 |42
Deck & | Kind
Stringer Repair 186 | 215 66 11 |18 |26 |33
Replacement | (Overfill &
Joint Rep.)
4 Grid Deck | Replace in | 201 | 240 64 14 |24 |30 |42
Replacement | Kind
in Kind &
Maintain Repair 159 | 190 44 12 20 [28 |36
Exist. Floor | (Overfill &
System Joint Rep.)

The steel orthotropic deck system (Alternative 2) is recommended. Included is the
removal of stringers in approximately 40 spans. The dead loads of the bridge and hence,
the forces in the existing overloaded truss members are reduced. The aluminium deck
reduces the weight more effectively, however, it is not recommended, due to the lack of
comprehensive design guidelines and long-term records of performance on comparable
long-span bridges. Maintenance and repair information is almost entirely lacking.

The existing grid decks in the approach spans and ramps will be repaired in this contract
to extend their service life until available funding is in place to replace them in the future.
The deteriorated and failed concrete overfill and deck joints will be replaced.

In general, V or U shaped closed rib orthotropic decks are torsionally stiffer than open
rib decks, leading to more effective lateral distribution of wheel loads. However, their
fabrication requires technology and facilities not commonly available in the U.S. and the
costs are significantly higher than for the open rib option. Despite its poor torsional
stiffness, the open rib deck has the advantage of relatively easy fabrication by many
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domestic manufacturers. It is taken into account that the deck carries mostly cars and
sporadic buses.

The open rib deck fits best the existing geometry and has a simpler transverse
diaphragm design (Fig. 8 — 2.). The bolted connections will utilize existing rivet holes. The
open rib deck offers the same capability as the closed rib system and provides more
flexibility to keep the deck depth shallow over the floorbeams. The critical vertical
clearance could be compromised with a closed rib configuration.

The dead loads of the proposed deck alternatives were input into the finite element
model (Fig. 7). All 4 proposed decks reduce the total number of overstressed truss
members. Of the 65 over-stressed members per truss in the existing condition, the partially
filled grid deck, the steel orthotropic, and the aluminium option eliminate 20, 36, and 54
members, respectively. The steel orthotropic and the aluminium options offer more
substantive reductions in overstressed members than the grid deck option. The aluminium
deck results in 11 members with some overstress, although only one member per truss
would have a Demand / Capacity ratio D/C > 1.05. No alternative eliminates overstress
completely, because the deck of the upper roadway accounts for less than 9% of the
superstructure weight of the bridge. Consequently, a 50% reduction of the upper deck
weight reduces the dead load at the trusses by only 4.5%. To fully relieve the trusses from
overload, a future rehabilitation contract should replace the lower deck with a light-weight
alternative.

3.3. Deck overlay alternatives

Only thin overlays are considered in order to minimize the weight of the deck and to
maximize the travel clearance above the wearing surface. Polyester polymer concrete and
epoxy asphalt concrete are not considered due to their greater thickness and weight. Four
thin overlay products are considered:

A. Micro-Surfacing; B. Bridgemaster; C. Flexogrid; D. Flexolith
A. Micro-Surfacing

Micro Surfacing is a proportioned mixture of polymer modified emulsified asphalt,
mineral aggregates, mineral fibre, and other additives. This system was installed on the
grid decks of the Brooklyn Bridge in 2000, and was replaced in 2007 after some
delamination occurred. It was also used on the North Upper, South Upper and Lower
Roadways of Manhattan Bridge. On Manhattan Bridge the performance has been good,
except on the South Upper Roadway where it was placed over a spray-on waterproofing
membrane. Combining micro-surfacing and spray-on waterproofing membrane is not
recommended. Overall, Micro-surfacing has performed well, however not particularly on
steel orthotropic decks.
B. Bridgemaster

Bridgemaster is a fast curing, Methyl Methacrylate (MMA) resin-based screed
combined with an aggregate over scatter and sealer. It has curing time of less than one hour
to a dry surface restoring service at temperature below 32°F. Moreover, damage can be
easily repaired throughout the life of the structure. At the Bronx-Whitestone Bridge
Bridgemaster replaced the deteriorated Flexogrid in 2012, and at the RFK Triboro Bridge it
replaced the deteriorated T-48 in 2011. The Triboro Bridge and Tunnel Authority (TBTA)
reports good performance on both bridges.
C. Flexogrid

Flexogrid is a thin, impervious polymer overlay consisting of copolymer, formed by an
epoxy and a urethane molecule. The urethane molecule keeps the copolymer flexible at
low temperatures, resulting in better fatigue performance. The system is installed in two
layers manually or by machine. Flexogrid was installed on the Bronx-Whitestone Bridge in
2005. There were areas of widespread cracking, delamination, and loss of aggregates.
Moreover, the material seems porous. In 2012, it was replaced by Bridgemaster.
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D. Flexolith

Flexolith is a low modulus, moisture insensitive, thermoset epoxy binder, combined
with aggregates over scatter and sealer. It is normally used for rapid strength development,
low temperature applications, and increased skid resistance of concrete and steel decks. It
is on the polymer material approval list of NYSDOT, presumably after passing laboratory
and field tests.

34. Recommendation

Bridgemaster overlay system is recommended for the steel orthotropic and concrete-filled
grid decks, due to its good performance on similar decks in the New York City area.
Flexolith overlay system is recommended for the aluminium decks, since it has performed
well on them.

4. Conclusion

Managing a critically important heavily used vehicular bridge in a major metropolis after
110 years of service presents many unique challenges. Every such structure has specific
needs and accommodates highly particular communities. The condition and operation of
the Queensboro Bridge (recently re-named after the former Mayor of New York City, the
late Ed Kotch), has received, and will continue to receive continuous attention by the
managing engineers. The projects reported herein are steps in this perpetual process. As
such, they are advancing the state of the art in two critical areas: Non-Destructive
Structural Testing & Evaluation (NDT&E) and bridge rehabilitation with minimal service
interruption. Conclusions are never final, but some are forming so far.

The Phased-array Ultrasonic Testing (PA-UT) is a powerful NDT technique, requiring
highly specialized expertise. To the extent possible, it must be accompanied by alternative
corroborating methods and by thorough analytic evaluation. Shor-term monitoring
invariably falls short of satisfying all expectations. Sampling of test locations at a large
bridge presents particular difficulties, because the measurement method and the measured
conditions combine to different degrees the uncertainties attributable to randomness,
ignorance, vagueness, and locally induced systematic errors. Thus, any such investigations
must plan for adjustments along the way. Deliverables typically include recommendations
for future (improved) measurements. The information gained in the NDT&E project was
essential in the design for the replacement of the bridge upper deck.

Before the final selection, NYCDOT directed a Value Engineering (VE) team,
consisting of experts from different consulting firms to evaluate alternatives 1, 2, and 3,
and propose possible improvements in the following areas: bridge and deck durability and
maintainability, constructability, construction impact, riding quality, cost, and schedule.
The VE [7] team presented numerous ideas in the following alphabetically ordered groups:
extend life; join sections, manage traffic, match profiles, prevent corrosion, reduce weight,
stage construction, support drainage. The team confirmed the cost estimates. It revisited
the grid options, including an open grid, and one half-filled with lightweight concrete, and
a closed rib orthotropic deck, fabricated in the U.S., as well as repairing, rather than
replacing the approaches. Many recommendations addressed construction scheduling and
traffic management.

NYCDOT is taking into account the VE recommendations, and proceeding with
Alternative 2 of the original proposal. The steel orthotropic deck alternative provides a
long service life expectancy of more than 75 years. The alternative comparison shows also
that the orthotropic deck is the preferred alternative resulting from the life cycle cost
evaluation. It provides a smoother riding surface durable against de-icing salts. Welding of
the deck panels allows for minimal joints reducing risk of water leakage and potential
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under deck steel deterioration in comparison to the other alternatives especially the grid
deck that requires concrete closure pours.

Overall, the steel orthotropic deck alternative offers the most competitive replacement
deck scheme. However, this comparison does not intend to discredit the aluminium deck or
the grid deck options since they are both proven deck systems and have comparable
construction costs, and individual benefits noted within this report.

The alternative selection demonstrates again that spending a quarter of a billion dollars
on a bridge upgrade with and expected life expected to exceeding half a century cannot be
optimized rigorously by a numerical algorithm. The factors influencing the decision
include material properties, some exactly measured, others estimated; the structural
response based on field measurements and analytic models; fabrication and construction
costs depending on variable economy and skills; and finally, the intangible costs to the
users. Many experts in numerous private entities and the public sector, along with input
from the community contribute in order to arrive at a final choice, which will ultimately be
the base line for further life-extension bridge management decisions.
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Abstract: Mediana is an important archaeological site from the late Roman period,
located in the eastern suburbs of Nis. Protection of archaeological findings is a
continuous process aimed at preventing devastation of historic monuments, creating
conditions for work on their conservation and a kind of museum "in situ".

The authors of this paper proposed basic elements for continuous monitoring and an
appropriate method for assessing the effectiveness of existing protective
constructions and assessing changed conditions at the site itself (effects of the water
in different aggregate conditions, instability of micro-climatic conditions,
temperature, humidity and lightening, and biological effects). According to this
methodology, they have carried out a continual multi-year monitoring of the
Mediana shelter, and the results obtained are presented in this paper.

The aim of this paper is to initiate "shelter management system" on archaeological
sites and to form objective databases as well as to point to the necessary conditions
for applying the proposed method for estimation of the shelter success effects on the
archeological findings.

Key words: Shelters monitoring, Methods of assessment, Shelter Management System

1. Introduction

The Roman Nais, today's Nis, is located at the intersection of European roads, where
many civilizations was confronted in the distant past, which made it an exceptional place
of strategic and military-political significance.

Mediana is an important archeological site from the late Roman period, located in the
eastern suburb of the Nis. It represents a luxurious residence with a highly organised
economy. The residence dates to the reign of Constantine the Great 306 to 337AD.
Excavations have revealed a villa with peristyle, thermae, granary and water tower.
Although Roman artifacts can be found scattered all over the area of present-day Nis,
Mediana represents the best-preserved part of Roman Naissus. In 1979, Mediana was
added to the Archaeological Sites of Exceptional Importance list, protected by Republic of
Serbia.
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Constantine the Great (280-337) was born and raised in Naissus. He erected a
majestic residence in one of the luxurious suburbs of ancient Naissus, where he often
resided and attended to state affairs. After Constantine's death in 337, the imperial
residence in Mediana was used by several other emperors, either as a place of rest on their
long journeys or during preparations for war. Thus, Constantine's sons, Constantius
IT and Constans, stayed in Naissus in the winter of 340, for they signed an edict there.

In 364 AD, Imperial Villa Mediana was the site where emperors Valentinian and
Valens met and divided the Roman Empire and ruled as co-emperors [1]. The residence
was abandoned after the city of Naissus was devastated by Attila's hordes in 442.

The residence was erected on flat terrain, on an area which covers over 400,000
square metres, on a high bank, some distance from the river, at the foot of the hills which
frame the Nisava Valley, near a thermal water source. There was a street in the east-west
direction which passed on the south side of the villa with peristyle and the granary located
150 metres from it. From this street it was possible to approach these buildings. The central
area was occupied by the villa with its open peristyle, nymphaeum and thermae; to the
west of the villa was the granary, and somewhat to the north a spacious building with
octagonal and circular rooms. To the south of the villa are the remains of several villas and
functional service structures. What strikes the eye is that the luxurious buildings of solid
material with columns, decorated with marble facing, mosaics and frescoes, are
concentrated mainly around the central villa and its peristyle, while the economic buildings
are located to the west of the granary towards Naissus.

The villa comprises an area of about 6.000 m? (98,6 x 63 m) and included thermae on
the west side and a smaller nymphaeum on the east side. The villa was luxuriously
decorated, to which testify the marble columns, basis and capitals of different sizes, reliefs
on pilaster capitals and parapet slabs, the remains of wall covering of expensive,
multicoloured marble, frescoes, etc. The mosaic floors that covered the whole of the
peristyle porch (450 m?) and the audience room have been well preserved.

The thermae of Mediana were probably used by the owners of the villa, who could
reach them directly from their rooms. The corridor on the way to the baths is decorated by
floor mosaics, with geometric patterns of the same quality as the mosaics in the peristyle.

The Granary (horreum) is located about 150 metres west of the villa. This is a
spacious rectangular building (91 x 27 m), with the longitudinal axis oriented east-west.
Along the west wall there were basins 1.40 m deep, which served for storing liquids, (olive
oil and wine).

A water tower (castellum aquae) was ordinarily found at the end of each Roman
aqueduct. Water was supplied from this reservoir to the wells and fountains, basins,
thermae and maybe the irrigation canals. Its longitudinal axis is oriented north-south.

Two Early Christian churches have been excavated, both built simultaneously
sometime after 378. The first church was unearthed in 2000, when a monogram of Jesus
was found. Only 8 metres south of the first, a second church was excavated in 2007,
among the findings was a bronze ring with a cross. The findings are evidence of Mediana
being a highly Christian community.

2. Mediana Shelters

Archaeological sites in the world covered with modern structures which offer
protection for the sites from the influence of the sun, rain, wind and snow, and at the same
time offer protection for the visitors as well. In our profession these structures are known
as “shelters”.

After systematic and detailed research of the Mediana site, during 1932 and 1933,
numerous and valuable findings pointed to the need to continue digging at this locality
during the summer of 1934, when parts of Roman bath and several important and valuable
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objects were discovered. Persistence, dedication and research passion led in 1935 to the
exceptional discovery of the Roman building with an excellent preserved floor mosaic.
Knowing its significance and value, as well as the fact that it is necessary to permanently
protect the found mosaic before the coming winter, the first protective structure was build -
Museum building, which will become a recognizable symbol of Mediana and the city of
Nis (Figure 1).

-

=

i

dditional

Fig. 1. First Meana shelter: a) look; B) a

ac;hlrap-hic perspective

The architectural form of the building, as a Roman temple, was done by Vladimir
Hodanovic, artist and engineer of the Moravian Banque Administration, and the building
was constructed by the end of 1935.[2]. Thus, the hardest and most important part of the
work has been successfully realized so that the mosaic is protected before winter. Final
works on the building and landscaping of the surrounding terrain were completed in the
first half of 1936, and the ceremonial opening of the Museum on Mediana was held on
Vidovdan on June 28, 1936. years. This is the first protective structure built in our country.

New Mediana shelter (Figure 2a) begun erected in 2013, as yet incomplete. The
excavation of the foundations (Figure 2b and 2¢) was done in September and October, and
their concreting in November of the same year (Figure 3a).

Fig. 2. New Mediana shelter: a) look; b) and c) Excavations for foundations

The construction of the timber frame was done in September and October 2014
(Figure 3b and 3c¢) and the covering was done in April 2015 (Figure 4a).

Fig. 3. New Mediana shelter in construction
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Krajem 2018 1 pocetkom 2019. godine zavrSeni su radovi na montaZzi 1 pokrivanju

nedostajucih ¢eonih strana Mediana shelter (Figure 4b and c).

Fig. 4. New Mediana shelter: a) covering progress ; b) look; c¢) Inside look

The more information about the new shelter is given in the Table 1 - Basic
Identification card of Mediana.

Table 1. Basic Identification card of Mediana -Villa with a peristyle

Archaeological site
Mediana near Nis, Serbia

Characteristics of the site

The ancient settlement erected in the vicinity of Ni§
mentioned for the first time in the 4% century has
been decreed an immovable cultural goods of
exceptional importance. It flourished in the time of
the emperor Constantine the Great. The settlement
is known for its residential objects, and includes
thermae, as well as accompanying facilities
including barracks, servants’ quarters ...

The identification of archaeological remains
The most important object on the location of

"IN e

Photo 2. External view 2015-2019.

(é Mediana is the Villa with a peristyle, which was
7 | mostly covered with a protective structure in 2014.
Period
The end of the 3 and beginning of the 4" century
— | A.D.
S
3 | Excavation and conservation work
(3 The first registered data on the remains of the
O | mosaic and the buildings date back from Felix
Eé Kanitz from the end of the 19" century, while the
8 fist systematic excavations began in the 1930s.
& | The systematic excavations continued in 1959,
< 1979, 2011, and were completed in 2015.
Type
Shelter — Hybrid protective structure
§ b Erected over the archaeological remains.
= i Architect / Construction company
2 { Mile Veljkovi¢, A&E
S i /Institute for the protection of cultural monuments
& I Nis

(architectural phase),
Dragan Zlatkov, MSc., /ProjektInzenjering Ni§

Photo 3. Overlap the two structures
(“old” and “new”
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Year erected Range and covered surface
Begun in 2013, as yet incomplete L=72,5m, P=10.000m?

Function and purpose

Protection from atmospheric influences (sun, rain, snow).

Work on the conservation of the mosaic, presentation to the public.

Principles and project tasks

The project task is based on the idea of implementing very shallow arch constructions made
of plywood with a cover made of textile membranes, with open sides to allow natural
ventilation.

Construction system and material

A shallow arch system with a range of 72,5m with arches each at a distance of e=5m,
b/h=18/150cm

Plywood with segments bound with metal connectors at each third of the range.

A cover with a polyester membrane with PVC protective layers d=1mm.

The north and south dome-like parts are not completed, have not been covered. The
construction is bound with semi-arches in the northern part by means of metal connectors
along the first arch.

Project requirements for the control of microclimatic parameters

No data.

Monitoring internal / external microclimatic parameters

The pilot project of the Central Institute for Conservation from Belgrade from July 2016 has
been monitoring the temperature and humidity of the soil via a probe located immediately
beneath the mosaic in the north-west part of the Villa.

The problems of conservation and possible causes

The National Institute for the Protection of Cultural Monuments does not allow the mosaics
to be put on display until the necessary conditions for it have been met: the relocation of
ventilation openings from which water often drips onto the mosaics in the peristyle of the
Villa, covering the northern part of the cupola and its frontal northern fagade, which allows
the protection of the mosaics in the festival hall and side feast halls, and the prevention of
the penetration of atmospheric conditions by constructing a side north-west wall.

PROTECTIVE STRUCTURE

By inspecting the influences, detrimental effects were noted (of the wind, water dripping
from the ventilation openings and condensation from the membrane and metal parts of the
construction, as well as snow build-up and the penetration of snow and rain from the sides
and from the front). The cited detrimental influences must be dealt with in order to prevent
the devastation of the mosaics and frescos in order for them to be made available to the
public. Until the completion of the structure, the mosaics will remain covered by sand.
Modification of the protective structure to lessen the problem

No modification is planned but it is necessary to prevent vapour condensation on inner side
of membrane

3. The proposed method of evaluation of shelters

Archaeological sites which are protected with shelters differ from one another and
even date back from paleolithic to byzantine archaeological remains, ranging from earthen
structures, to the remains of walls made of clay and rock, to mosaics which predominate
(from the Ancient Greek, Roman and the Byzantine period). The trend of the presentation
of mosaics developed intensely during the 1990s with the primary aim of presenting the
all-encompassing architectural-engineering context and the authentic artistic aims of that
time [3]. At the beginning of the new millennium, was intense work was done on the
development of protective strategies of architectural sites and on the erection of shelters
above them.

A shelter on an architectural site represents a structure which is meant to satisfy the
basic, but also the complex requirements of the conservation of the architectural remains,

27



MEXIAYHAPOJHA HAYYHA KOH®EPEHIIUSA BAHW 2019
INTERNATIONAL SCIENTIFIC CONFERENCE BASA'2019

their interpretation and presentation “in situ”. Considering that we are dealing with
mutually contradictory project conditions, the complexity of the set task is clear.

The basic relevant conditions which the protective structures are meant to satisfy are
primarily their adhering to the characteristics of the site itself (the historical period of the
archaeological remains, the characteristics of the material and the structure which should
be protected, the optimum microclimatic conditions for working on the conservation and
preservation of the archaeological remains), the geo-morphological characteristics in the
vicinity of the site (the relief, the vegetation, proximity of any rivers/seas/lakes), the
concept of the presentation of the sites to a wider audience (education, scientific research,
tourists, marketing), the life span of the protective structure. These structures are meant to
satisfy the strict requirements for the protection of archaeological sites from destructive
meteorological influences for a period of several years.

The proposed method includes all the parameters which define archaeological sites
with protective structures, as well as their status, and includes all the basic items in the
database, as well as the factors of the increased spectrum of the contamination of the
environment and the noted shortcomings.

The method classifies two different groups of elements which are being evaluated.
The first group is made up of elements of the protective structure, the existence and
efficacy of the drainage systems (the roof, surface and drainage of the sites), the efficacy of
the insulation, the type and appropriateness of the ventilation system. The elements of
these groups are quantified with an appropriate grade from a three-level scale, and if there
are none or if they are superfluous they are given the grade 0. The state of the construction
material of protective structures is evaluated on a five-level scale (in good shape, exposed,
threatened, damaged or ruined as a result of age). In addition, in the first group we evaluate
whether there is any superfluous humidity within the protective structure and what the
sources of this increase in humidity are, as well as if the climate is stable in the protective
structure.

What is evaluated is whether the protective structure is damaged from the influence
of birds, insects (wasps, spiders, rodents (mice, rats, badgers), people, microbiological
vegetation (algae, mold, lichen, moss) and vegetation (grass, and other woody plants).

We also evaluate whether there is any monitoring of the protective effects of the
structure by monitoring the internal environment, external surroundings, giving an
evaluation of the state of the archaeological remains and a comparison of the current state
with the one on historical (earlier) photographs, as well as measuring humidity and the
temperature of the air and soil.

These influences are evaluated on a five-tiered scale (never, rarely, sometimes, very
often and always). In addition, a five-level scale is used to evaluate the efficacy of the
protective structure in the protection of archaeological remains and of mitigating the risks
in the surrounding environment.).

The other group of elements which are evaluated include the state of the
archaeological remains located underneath the protective structure. What the
archaeological remains underneath the protective closed structure are and what their
frequency is can be quantified by the factor of frequency based on the percentage of the
prevalence of mosaics, frescos, cement, stone, clay (blocks, bricks) and crumbling of the
structures on the site. The state of the covered remains - ruins is evaluated on a five-level
scale (in good condition, exposed, threatened, damaged and ruined). For mosaics, frescos
and the other structures the phenomenon of deterioration and the severity of the aggravated
state is evaluated on a five-level scale (very serious, serious, moderately serious, mild
deterioration and very mild deterioration, and if there is none the awarded grade is 0).

Visual evaluations are used to identify the damage, and based on the determined state
an inspection is then used to evaluate state which is entered into the formed database. The
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evaluation of the state describes the severity and extent of the damage. Each of the cited
described evaluations was quantified by means of an appropriate numerical value. Based
on that we can calculate the Site Health Index, which represents the basis for the
development of a Shelter management system, and thus the application of stochastic and
other methods [4] used to predict future states.

Inspections are performed every 2 years, even though in some cases evaluations may
be needed over shorter periods of time. For newly constructed objects, the interval between
the initial commission and the first inspection can even be up to 5 years.

The inspection data such as the class of the state, the recommended intervention, the
extent of the damage, details of individual cases of damage are compiled for each level of
the hierarchy, and the inspection report is generated for all the examinations.

The prognosis of the deterioration of the state is calculated within probability theory
with the help of Markov chains [4], which are defined for every type of element and type
of damage. For each damage of a certain type, a catalog predicts an appropriate
intervention. Standard interventions are predefined based on the evaluation of the state and
process of damage (replacement, renewal, repair, etc.). The program provides
recommendations for whether it is necessary to carry out certain interventions, or whether
no measures should be taken. In addition, the owner should of his own volition decide at
which level of the hierarchy certain standard interventions should be implemented, which
is the basis for the formation and development of the Shelter management system. Based
on the proposed method, the first calculated Mediana Health Index is 155, after covering
2015. The first inspection as part of an ongoing multi-year monitoring was done by
authors of this paper at April 25%, 2017. Calculated Mediana Health Index was 157. Last
inspection was done at September16th 2019. Recalculated Mediana Health Index increased
to 169. Despite the improvement of the protective structure properties with the completion
and covering of the front sides of the shelter, deterioration of the condition of the laminated
wood main beams (figures 5a and 5b) was observed, as well as the degradation of the roof
cover membrane received worse grades, which led to an increase in Mediana Health Index
(the higher the HI value, the worse the shelter properties).

It should be noted that there has been an increase of only partial HI construction,
while the partial HI archaeological site has remained unchanged since the mosaics
preserved and covered with a protective film and a thick layer of sand.The aim of the paper
is to evaluate the implemented method for the evaluation of the efficacy of the shelter for a
specific object.

Fig. 4. Degradation of the main girders
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4. Conclusion

Based on the proposed method, database formed in 2017" was upgrated in 2019.

Discovering of the monitoring project on the Mediana archaeological site indicate partial
deterioration of the shelter structural elements, while the state of the historical remains is
unchanged because they are covered and inaccessible to visitors and adverse impacts. By
remodeling the existing protective structure in Mediana can prevent formation of
condensation on the interior surface of the roof membrane which is the main adverse
impact. If the conditions for achieving dew point been eliminated next inspection results
will decrease Overall Health Index to open Medana site in full capacity.

[1]
(2]
(3]

(4]

(3]
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SOME NEW EXPERIENCES IN BUILT HERITAGE RESTORATION
Nadja Kurtovi¢-Foli¢!, Radomir Folié¢?

University of Novi Sad, Faculty of technical sciences

Abstract: In the last few decades, the restoration of the built heritage has undergone significant
changes due to the new opportunities provided by new principles, methods, materials and
technologies. At the same time, the use of traditional restoration materials has been significantly
improved and is now available in more creative ways. It is now insisting on a clear, but subtle
distinction between the old, original and new elements of the building. That is very difficult to achieve.
In order to overcome this problem and to ensure that adding materials and applied technologies
would act as integral parts of the restored building in each, even aesthetical way, and the
conservators started with the application of new and old materials and technologies not only to
ensure stability of the old buildings, but also to express new aesthetics in restoration process. There
are many examples of applying new principles and new methods that are not so conspicuous and do
not diminish the dominant shape of the to-day state in which the architectural monument existed
before restoration. The paper examines the applicability of new and old materials and technologies
for stabilization and historic buildings appearance and assesses the results of this concept in terms of
architectural compatibility, reversibility and aesthetics.

Key words: Built heritage, New materials, Conservation, Restoration, Extensions.

1. Introduction

In all areas of work, including certainly work on cultural monuments, the question
arises from which of their past we begin to consider the problem. Is it a total past, or is it a
past of cultural monuments that we find today when we begin to deal with it? The reason
for this question is the evolution of restoration concepts that has left a mark on the legacy
that we find today in a particular physical state. Here we can recall some of the most
influential views.

Starting with E. Viollet-le-Duc (1814-1879, learning about the structures and
researching old texts and construction documents were of great importance. During the
first half of the 20th century, different attitudes towards new materials and their uses
emerged. C. Boito (1836-1914) believed that modern materials and modern techniques
should be used to a minimum. G. Govanonni (1873-1947) was of the opinion that modern
techniques, especially the use of reinforced concrete, should be used where traditional
methods and materials are not sufficiently reliable. A. Evans (1851-1941), who canned the
palace in Knossos, used concrete in large quantities and thus significantly influenced the
increased use of this material by other conservators. N. Balanos (1860-1942) accepted
reinforced concrete, considering it a useful, solid and durable tool for the restoration of
most important Greek architectural monuments. These views were merely a preparation for
final acceptance and recommendation for the use of all available modern techniques and
materials, especially reinforced concrete, as concluded in the Athens Charter in 1931.

! Nadja Kurtovic Folic, Dr.Ing. University of Novi Sad, Trg D. Obradovica 6, nfolic@uns.ac.rs
2 Radomir Folic, Professor emeritus, University of Novi Sad, folic@uns.ac.rs
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The most important document adopted after the World War II, the 1964 Venice
Charter, recommends the use of traditional materials for structural stabilization and general
restoration. New materials and techniques should be used only in cases where traditional
materials cannot be applied. The 1989 Italian Restoration Charter showed distrust in the
use of new, mostly hidden, materials such as steel, grouting with cement mortar or various
resins, and concrete []. They indicate their limited durability, incompatibility with original
materials, and therefore the commitment to traditional materials that are easier to control
and change can be emphasized. Today it does not raise the question of uses new materials
and technologies. They have become indispensable, because their composition and method
of application is such that it can fulfill the basic principles of protection of the built
heritage [12].

2. Some new experiences in built heritage restoration

Certain conservators still believe that it is best to use original materials, which means
traditional wood, stone and brick (as well as iron and glass in original processing).
However, when analyzing the processes of work on such treated buildings, it is almost
certain that at least one part of the jobs in which materials and techniques have been
applied will always be found. It should be emphasized that, in addition to new materials,
traditional materials that are technologically innovated and preventively protected are
nowadays also included in the work process and should be accepted as a specific form of
new experience in conservation and restoration of the built heritage.

New materials and technologies are being applied in several of the most significant
processes of conservation and restoration work such as:
- structural stabilization of the historic building or its remains;
- architectural conservation, restoration and reconstruction;
- during major interventions on the whole cultural monument or on extensions they are
most often needed due to a new functions or the incorporation of smaller historic units
within most new complexes of buildings [18].

The limited length text does not allow to specify all new materials and technologies
that are being applied today in the protection of cultural heritage. One can only point to
materials and procedures that today produce good results by meeting three basic technical
protection criteria:

- minimal intervention: means that the expressive qualities of the building and
environment resulting from its original form and all other significant changes that
have followed over time must not be destroyed by new works on heritage.

- compatibility: means that the characteristics of the materials used in the
conservation and restoration work, especially new materials, must be harmonized
with existing materials. Compatibility must be checked over a long-time period to
avoid undesirable side effects.

- reversibility: means that all applied works can be removed and replaced with new,
appropriate measures if new knowledge about the advancement or innovation of
conservation materials and techniques is obtained. If it is not possible to achieve
complete reversibility, contemporary work should be done in such a way that it
does not compromise some future interventions [25].

2.1. Some inovations in soil improvement techniques

Reinforcing the soil above which the historic buildings were erected is a very
delicate task. Some soils are expansive because they contain minerals such as brown clay,
which absorbs water and varies in volume (shrinks and expands). As a result, forces occur
that cause cracks in foundations, floors, and walls in lower zones. This is a problem for
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which innovative techniques and materials have been devised in recent years that depend
on the use of natural materials that strengthen the soil, do not pollute the environment and
significantly strengthen the historic character of the building. At the same time, these are
approaches that successfully mitigate the risk of an earthquake.

Very simple and good method is explained in the paper “Soil improvement and
Foundations Strengthen Methods for Preservation of Syrian Islamic Historical Heritage”
from which is the following citation with clear explanation of the process.

“LIME PILES TECHNIQUE

The method of soil improvement using lime piles technique consists of screwing a hollows
in the ground to the desire depth and at the time the direction is reserved, the prepared
quick lime is injected. After lime column installed, the lime or calcium is pumped into soil
surround the lime pile and that will change the soil properties around lime column resulted
by the chemical reaction between lime and soil. For an efficient stabilization, calcium and
hydroxyl ions should migrate through the clay, because hydroxyl ions cause highly alkanic
conditions give rise to the slow solution of alumina-silicates which are then precipitated as
hydrated cementitious reaction products (Fig. 1.)

CONPRESSED AR ARPUED 10 DISCHARGE LIVE
RO HOLE ASCASING EWITHDRAAN

Fig. 1. Lime piles technique (after [4])

This mechanism will control the strength of the soil surround the lime column. Lime
is an excellent choice for short-term modification of soil, and it can modify almost all fine-
grained soils, but the most dramatic improvement occurs in clay soils of moderate to high
plasticity. Modification occurs because calcium cations supplied by the hydrated lime
replace the cations normally present on the surface of the clay mineral, promoted by the
high pH environment of the lime-water system. Thus, the clay surface mineralogy is
altered, producing the following benefits: 1. Plasticity reduction; 2. Reduction in moisture-
holding capacity (drying); 3. Swell reduction; 4. Improved stability” [4].

Another ground improvement through a natural process was developed by the
company Soletanche Bachy. This is a method which use biocalcification, called Biocalcis®.
This process respects the environment and delivers a major increase in the mechanical
resistance of soils and in their cohesion, without a significant change in their initial
permeability. Biocalcis® mimics the natural process of calcification. The procedure is based
on enzymatic hydrolysis of urea in the presence of Sporosarcina pasteurii bacteria, followed
by precipitation of calcite in contact with a calcifying nutrient solution. Biolcalcis® won the
French National Public Works innovation award in 2015 (Fig. 2) [23].
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Fig. 2. Microscopic slide showing soil calcification (after [23])

2.2. Conservation and restoration of built heritage architecture and
construction

In this area of technical approach, one of the biggest problems is protecting the walls
from moisture and salting, which is characteristic of traditional materials. Over the course
of time, a number of different coatings have been tried that could be slowed down or
completely prevented. Today, the most commonly used cement mortar is almost
completely discarded, and in some countries it is banned. It is constantly experimenting
with mortars that should be able to remove portable salts from the mass of the wall while
maintaining its durability. Some of the most significant experiments are related to the
influence of natural zeolite as an additive in lime mortars. Basic physical and mechanical
properties such as absorbability, capillary absorption, density, total porosity, compressive
and flexural strength were tested in the laboratory and the results were compared. Specific
additives such as: hydrophobizer, methylcellulose-water retaining additive, vinyl acetate
and ethylene copolymer powder, the redispersive additive for improvement of adhesion
have been used. Experimental results have shown that mortars modified with natural
zeolite stand out due to their good sorbtion properties and can absorb a sufficient amount
of salt. Lime mortars with natural zeolite are completely complementary to traditional
materials and can, without fear of bad consequences, be used in the restoration of built
heritage (Fig. 3) [13].

Other experiments have shown that when added to lime mortars and lime-metakaolin
mortars, synthetic zeolit pellets can act simultaneously as pozzolanic material and water
reservoir. Thus modification of lime mortar with synthetic zeolit could be used for
restoration of medieval wells and tanks in fortresses, monasteries and town squares [7]
[20].

In order to obtain the highest quality coatings and protect for the wall tissue of the
architectural heritage, very complex laboratory experiments are carried out with the latest
generations of nanomaterials. Some of those materials are already known and are used in
other fields, such as, for example, titanium. A water dispersed Titanium
dioxide/poly(carbonate urethane) nanocomposite was prepared by means of cold mixing of
single components via sonication. The work was aimed at achieving a new material with
properties suitable for eco-sustainable applications in cultural heritage as protective
coating. Interrelationships among structure, properties and uses in conservation of this kind
of nanomaterial were appraised [19].

In addition to the TiO> nanoparticles dispersed in an aqueous colloidal suspension, a
range of new nanomaterials are being used, based on the advancement of some of the
already known particles and compounds (Fig. 4) [22].

34



MEXIAYHAPOJHA HAYYHA KOH®EPEHIIUA BAHN’2019
INTERNATIONAL SCIENTIFIC CONFERENCE BASA'2019

Fig. 3. Condition of the plaster samples after examination on resistance to salt crystallization
Fig. 4. Static contact angle of a water drop of untreated (a) and (b) treated limestone by a water repellent
product based on nanomaterials (after [22]

In addition to new solid wall coatings, recipes have been refined to protect the
original elements. One of the highest quality recipes, the composition of which is not fully
known, has been used for years for the protective coating of elements of the wooden roof
structure of the Church on a hill in Sigisoara, Romania. The Romanesque Church,
originally dating from the 13th century, restored in the Gothic style, this refined piece of
religious architecture has an exceptional high-rise roof construction, which is mostly
original and protected solely by coatings (Fig. 5.) [17].

Fig. 5. Church on a hill in Sigisoara, Romania

When it comes to stabilizing whole structures or debris of built heritage, the use of
reinforced concrete is almost completely replaced by various metals and fiber-reinforced
plastic (FRP).

Steel reinforcement elements are used as visible or hidden depending on the
principles that the conservator accept. Two examples are presented here to address this
difference in approach (Fig. 6) [4].

The aforementioned titanium, laboratory-processed in coating, is used in its original
form, as a metal that is embedded to stabilize historic buildings. It is widely used in the
protection of ancient Greek buildings, of which the writings Vayas and Papadpoulos are
very exhaustive: “One of the most characteristic aspects of the modern restorations of
ancient monuments in Greece is the extensive use of titanium for: i) the reinforcements of
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broken architectural members, and ii) for the new connectors constructed to replace the
ancient wooden poles and empolia in columns interfaces and the iron clamps and dowels of
the stone blocks. Titanium was chosen for these applications due to its high resistance to
all types of corrosion and its high strength in combination to its low weight” (Fig.7) [26].

Fig.6. Visible and hidden use of steel elements for reinforcment of the floor beams
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Fig. 7. Drawings presenting the connectors between adjacent drums of classical columns (left) and the
new titanium connectors for the columns of the temple of Apollo Epikourios (after [26])

Much has been written about the use of FRP materials and their application has been
shown through numerous examples, so here it is only referred as a form of protection that
is constantly being improved for a variety of cases. The composite fibres with high
modulus of elasticity and tensile strength can increase the in-plane and out-of-plane
strength of the masonry wall, columns, vaults and domes. Fibre-reinforced plastic is also
useful in terms of corrosion protection such as stress corrosion cracking. Fibre-reinforced
plastic is produced using a wide range of fibres depending on the final usage requirements.
Fibers can be sourced from glass, carbon, aramid, basalt and other sources. It is vital to
ensure that the fibre source of fibre-reinforced plastic suits the application that it is to be
used in. (Fig. 8) [6] [1].
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Fig. 8. Different uses of FRP reinforcement (after [1])

2.3. Large-scale modern interventions on built heritage

Basic factors affecting the restoration design of built heritage are: architectural style,
actual state of the building, type of the building material, the condition of the building
material and construction and the exposure conditions. Especially in case of low-strength
constructions exposed to the natural and man-made activity disasters [15]. The most
important problem is obtaining adequate insight into and feeling for the requirements that
play a role with regard to the restoration. In the last few decades, the professional attitude
has significantly changed in relation to the restoration of the architectural heritage. It is
now insisting on a clear, but subtle distinction between the old, original and new elements
of the building. That is very difficult to achieve, In order to overcome this problem and to
ensure that adding materials and applied technologies would act as integral parts of the
restored building in each, even aesthetical way, and the conservators started with the
application of new materials and technologies.

Repair of built heritage take place in the context of a set of requirements, which range
from philosophical to purely assumptions and constraints:

- The basic approach implies an objective evaluation of all the properties and the

authenticity of the built heritage;

- The next step is definition of conceptual requirements that include checking of
compatibility, retreatability and reversibility of the works that will be done during
restoration;

- At the same time, functional requirements are also considered as they could be
subjected to certain limitation;

- The technical requirements are in the focus of this paper because new materials and
technologies that considerably change the relationship to some principles of
restoration are being considered, and

All the above requirements influence the advanced methodology of the mixed design.
Before starting the discussion on restoration of and historical building with large
interventions or extensions many aspects have to be evaluated in conjunction with one
another. The justification for this are several, as above mentioned. Practice has proven that
approximating the restoration of built heritage solely from as a technical point of view, will
easily lead to the interventions, where basic aspects such as authenticity and the historical
context are neglected or insufficiently seriously considered.

The need to change the function or increase the capacity of a historical building is
currently the most challenging reason for specific forms of restoration followed by large
extensions of the structure. Changes in buildings, which allow them to gain a new purpose
or use, often represent the only way to ensure survival and a sustainable future. Getting the
right balance between development requirements for conversion, construction regulations
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and special needs of cultural monuments is a very demanding task that is solved with the
help of numerous specialized expert teams, as well as negotiations between different
stakeholders in the venture.

During the interventions, the type of functions that the architectural heritage is gaining
is significantly expanding. The traditional selection of new functions such as museums,
galleries, cultural centres, souvenir shops is also overcome and the number and type of new
purpose of old structures is very wide. Today, it is no longer surprising that churches are
converted into comfortable living quarters or industrial halls in shopping malls, town
houses in gym. In this way, preserved and renovated historic buildings enrich the city's
cultural image and lifestyle. It turned out that such a transformed heritage is not only
attractive for residents but also for tourists [16].

Observed in this way, the preservation of heritage is one of the essential parts of the
modernization and identification of social identity. The community identifies itself with
preserved heritage and supports various ideas on how to present it and use it. Protected
wholes of some areas are among the most restrictive parts of spatial, or urban or rural
planning policies. The feeling that they protection also implies significant limitations in
manifest forms and features of cultural monuments. Such an approach, which stands out as
an attitude in numerous international and national documents, is, however, becoming more
and more flexible, especially from the beginning of the 21st century [10].

Restoration of built heritage is a process that is constantly refreshed with new ideas,
techniques, technologies, and follow the civilization development of the society in which
the events unfold [5]. Many ways to encourage further research on this topic are just
opening up. Current conservation treatments, restoration methods and enlargement of old
historic buildings with traditional materials bear the risk of conjecture between the original
and new elements, whereas the high consolidation demands often result in visually
invasive and irreversible solutions. Nowadays, there are still three options of restoration
method, and there is an international debate which of them is the best one for the historic
building.

The first option is that the aspects of the aspects of materiality and aesthetics
appear as integral parts of restored building. In that case, the observer can be misled by the
look of a building that seems to be completely original, may be only a little cosmetic
dressed and well maintained. In these examples of restorations, original materials are used,
and more and more concrete, modelled and painted to reflect the stylistic features of the
building (Fig. 9.).

Figure 9. Heritage restoration by using concrete elements (https://timberhawkhomebuilders.tumblr.com)
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In the second case, restoration is achieved by the use of extremely contrasting materials
that complete the missing parts of the historic building. Most often brickwork is used to
complete the originally stone-built structure and vice versa. The difference in material can
often be very noticeable and aesthetically unsuitable (Fig. 10.).

Fig. 10.. Golden Gate od Diocletian Palace, Split — missing part is restored with brickwork

Third approach uses new materials and technologies that enables the simultaneous
perception of the historic building in both its original whole and ruinous state. The
emerging technologies have set ground for using several already known materials, but
improved in structural way minimizing the need for substructure and maximizing
transparency, while protecting the existing sensitive historic materials.

Contemporary conservation approach aims to actions that should be distinguishable
in order to reflect their time and avoid falsified interpretations of the original structures. On
the one hand, the stratification of the historic building should not by no means be
concealed and on the other hand the new materials should not be disguised, enabling an
honest dialogue between old and new, the past and present [14]. One of the crucial
principles, the principle of reversibility suggests that every intervention should give the
possibility for future removal, either due to the evolution of conservation philosophy, to
the development of new materials or in case it proves inadequate for a particular type of
historic building. The conservators find themselves in an internal conflict, being asked to
respect and leave the monuments in the state as it is applying reversible method, but at the
same time efficiently safeguard for future generations.

The development of structures in space can not be frozen in time, in spite of the
very often unperturbed conservation approach, but continual development must be
permitted. There is no room here for presenting and commenting on numerous examples of
historic buildings in which the means of accessing large-scale interventions range from
some kind of replicas, imitations, associations, restrained creative activities to extreme
excesses in space. In residential buildings, space for a more comfortable life is required in
upgrades for modern needs (elevators, balconies, fire stairs, etc.). Medieval churches turn
into luxurious housing, libraries, hospitals.

The objective is clear: to emphasize the imposing historical building by adding a
new layer to the landmark, a fashion statement in the form of a complex building
overlooking the city. More and more designers and conservators together decide that old-
new combined structure does not try to blend in or to hide its modern extension
appearance. They threated this approach as a fitting apotheosis for what was, until recently,
a heap of crumbling structure.

Modern materials are very different from historic ones regarding their improved
physical, mechanical, chemical, and expressive properties. The emerging technologies
allow for their implementation in a smart way to order to achieve a better performance. As
original materials were chosen to satisfy a purpose in a certain context, which no longer
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exists, the use of contemporary materials and techniques appears more pertinent reflecting
our time, our social relations and culture. Artistic restoration show a trend towards
transparent means in order to complement the original volumes and express the “authentic
image” without imposing on it. One way to generate transparency is to give the outline of
the general shape of the missing parts of the historic building using frameworks [21].
Wood, as an old building material, has significantly changed its properties due to
the technological innovations. It is very flexible and prepared so that it has become
resistant to climatic, chemical, physical and biological effects and is used in the restoration
of historic buildings at places unusual for its use through history (Fig. 11, Fig. 12.).
Various iron elements were also embedded into buildings throughout history, but
now iron and other metals are processed so that they are perfectly complemented with their
structure and surface treatment with the remains of historic buildings [24]. In 2011. the
same architects, Fidone and Messina, have designed structures with eight layers with steel
profiles and oxidized copper plates to recall the geometries of the cross vaults of the side
chapels of the same church in the Convent of S. Maria del Gesu in Modica, Sicily (Fig 13).

Fig. 11. Wooden barrel vault of the church of S. Maria of Gest, Modica, Fidone and Messina, 1996.
(https://www.bta.it/txt/a0/06/bta00699.html)
Fig. 12. The new wooden dome of San Filippo Neri, Bologna, Cervelatti, 2018.
(http://www.cantabo.it/oratorio-di-san-filippo-neri/)

Fig. 13. Interior and exterior of the side chapels of the Church of S, Maria del Gesu, Modica
(https://www.bta.it/txt/a0/06/bta00699.html)
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The Basilica of Santa Maria Maggiore di Siponto in Mandfredonia has become one
of the great attractions that have been visited by hundreds of experts and tourists since
2016. The artist Tresoldi did very bravely majestic architectural sculpture of steel wire
mesh that tells the volume of the existing early Christian church and update the
relationship between the ancient and the contemporary (Fig. 14.).

Stone as an old building material is now used in different, creative way. A former
warehouse in Wiirzburg now accommodates the municipal collection of art and the Peter
C. Ruppert Private collection of Concrete Art. Cubic structures were added at both ends of
the building to enlarge the existing floor area. The facades of these new tracts consist of
open-spaced horizontal lime stone strips that harmonize with the old stone facades and
also allow light to enter the linking corridors (Fig. 15.).

¥

Fig. 14. Restoration with the wire mesh — Basilica of S. Maria Maggiore, Manfredonia
(http://www.italianways.com/a-wire-mesh-paleochristian-basilica/
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Fig. 15. Extension of the old warehouse in Wiirzburg with lime stone strips
https://inspiration.detail.de/cultural-centre-in-wuerzburg

In architectural restoration the transparent elements should contribute somehow to
the consolidation of the damage historic building. The prerequisite discourage the
exclusive use of non-transparent materials (steel, concrete, stone, bricks) and encourages
the use of materials with inherent transparent and structural properties. When such
materials come into discussion, glass is the only one that creates an almost dematerialized
intervention due to its transparent properties, durability and highly compressive strength
[3] Restoring a damaged building by glass is the closest action of not restoring it at all. ‘All
traces of history are free to narrate their own story as ‘wounds that are healed but not
hidden’ [8]. Trough transparency of the glass, the historic buildings are related in a direct
and honest way to their surrounding the present setting. The present setting and the way it
has been shaped trough the passage of time is what reflects their importance and values
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their cultural significance. Considering the challenges and potentials in the use of glass for
the restoration of historical buildings (structural compatibility aesthetics, reversibility), it is
important to decide which type of glass should be used in a particular case. The available
glass used for architectural and structural applications today is limited to float, cast and
extruded glass types with respect to configuration, scale, and transparency. Further
divisions of, for example, float glass affect the impression that leaves the building as a
whole after adding the glass elements. In restoration practice it could be used float glass
that could be matte, translucent, transparent, textured, tinted, and with optical quality, with
different thickness.

The use of glass in the restoration of historic buildings can be twofold. The first
approach could be called the conventional use of glass as a protective structure, the most
common archaeological finds (Fig. 16. Fig. 17.). The second approach is very creative,
imaginative and it brings to light all the qualities of glass as a restoration material.

Fig. 16. Abbay of Saint Maurice de Auguno, Switzerland
(https://www.archdaily.com.br/br/01-54296/)
Fig 17. Bayazit Library, Istanbul
https://www.metalocus.es/es/noticias/biblioteca-beyazit-por-tabanlioglu-arquitectos

One of the finest example of creative use of glass could be seen in Pozzuoli, Italy. The
ruins of the Augustus Temple are restored with a glass facade that consists of fins and
plates outlining the shape of the original columns. Some details are really very original

such as detail of the current entrance with pronaos columns serigraphied on the plate glass
(Fig. 18.).

Fig. 18. Float glass restoration of the ruins of the Augustan Temple, Pozzuoli
https://travelguide.michelin.com/europe/italy/campania/naples/pozzuoli/temple-augustus

The flexibility in forms that can be attained using cast glass is the best solution for
restoration treatment aiming to resemble the original shape as faithfully as possible. As a

42



MEXIYHAPOJIHA HAYYHA KOH®EPEHIIUA BAHW 2019
INTERNATIONAL SCIENTIFIC CONFERENCE BASA'2019

case study, the restoration of the Lichtenberg Tower in Maastricht is proposed. The
Lichtenberg Tower - the oldest castle ruin in the Netherlands — could be restored with glass
components that fill the missing parts and prevent the monuments’ walls from drifting
apart and collapsing (Fig. 19.). The innovative contribution of this glass restoration
approach, besides allowing for a transparent addition, lies in the development of a
completely reversible system [19].

Fig. 19. Cast glass elements proposed for the restoration of Lichtenberg Castle, Maastricht
https://commons.wikimedia.org/wiki/File:2016_Maastricht, St-Pietersberg, Lichtenberg

The use of extruded glass could be adequate for the restoration of linear structural
elements, such as the gothic columns in the standard cross-sectional area (Fig. 20.). A
modern and abstract configuration of extruded glass is also possible to be used in the form
of truss structures, to create lightweight horizontal components.

However, the combination of steel elements and glass surfaces is most popular
solution and often used during restoration of historic buildings in the last decades (Fig.
21.).

Fig. 20. Hypothetical case of restoration of bundled column with extruded glass tubes
(https://www.researchgate.net/publication/330423091)
Fig. 21. Thermae in the arhaelogical park Xanten, Germany
Photo Magnus Manske

3. Concluding remarks

The restoration of the architectural heritage is seen in the context of a set of demands
ranging from philosophical to technically applied. Work on the reconstruction of historical
buildings has significantly evolved in the 21st century. The typology of buildings that are
valued increasingly is more numerous. Economic value is increasingly affecting the
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sustainability of the heritage. Except for cultural monuments on the UNESCO Cultural
Heritage List, all other categories are subject to change in function. This often involves
adding new parts that connect with the original building or its remains. The restoration of
the architectural heritage is seen in the context of a set of demands ranging from
philosophical to technically applied.

In addition to the demonstration of the application of wood, brick, stone and iron,
processed in a modern way, attention is especially dedicated to glass. It has been estimated
that glass is the only one that creates an almost dematerialized intervention due to its
transparent properties, durability and high compressive strength. Restoring a damaged
building by glass is the closest action of not restoring it at all. Due to its exceptional
quality, it is estimated that the glass is increasingly the material of choice for the
restoration of historic buildings.

In order to open a discussion on the subject of re-evaluation of cultural goods where
large interventions and extensions were carried out, examples were drawn from which it
can be concluded that such large undertakings entered consciously and with the obvious
acceptance of institutions that decide on the values of the architectural heritage.
Experiences are different, somewhere the extensive changes are accepted immediately and
with approval, they are accepted somewhere after a certain time, but nowhere in the public
that has more or less violently reacted did not raise the issue of legalized re-evaluation.
Criticism and praise seemed to have not been officially re-evaluated in the institutions that
were responsible for the newly created combined structures. When these cases are analysed
in depth, there is, however, one link that connects them. The fact that in such bold actions,
there were exceptionally talented architects, who are not conservators by definition, who
put their creativity on trial and exposed to the court of the public. Undoubtedly, they
followed the basic conditions and principles of conservation, but, like their predecessors
from history, they treated construction as a process that is constantly refreshed with new
ideas, techniques, technologies, and following the civilization development of the society
in which the events unfold. Many ways to encourage further research on this topic are just
opening up.
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Abstract: Over the past centuries, an enormous amount of cultural heritage
structures have been destroyed in Bosnia and Herzegovina. Many structures were
destroyed due to the conflict and the others have been heavily affected by the
weathering conditions. Our influence and impact vary from the inability to do
anything as in the period from 1992-1995, to the point where we as citizens we can
do a lot. However, how eager are we to do that? How willing are we to fight for
cultural heritage and its values? How aware are we what is cultural heritage and
what is its value to the next gemerations? Several cases have shown that the
awareness is rather low leading to the devastation of historical pearls. In this paper,
several examples will be shown where protection has been omitted leading to
degradation of cultural heritage and them being abandoned and forgotten. In this
way, we as a society are depriving future generations of their history and their
heritage.

Keywords: Protection, cultural heritage, ICOMOS, UNESCO, hazards

1. Introduction

Cultural heritage is a harmonized relationship involving society (systems of
interactions connecting people), norms, and values (ideas such as belief systems that
attribute relative importance). Generally, cultural heritage can be divided into tangible and
intangible heritage. Tangible Cultural Heritage refers to physical artifacts produced,
maintained and transmitted intergenerationally in a society. It includes artistic creations,
buildings, and monuments as built heritage, and other physical or tangible products of
human creativity that are invested with cultural significance in society. Intangible Cultural
Heritage indicates ‘the practices, representations, expressions, knowledge, skills — as well
as the instruments, objects, artifacts and cultural spaces associated therewith — that
communities, groups and, in some cases, individuals recognize as part of their Cultural
Heritage’ [1]. Examples of intangible heritage are oral traditions, performing arts, local
knowledge, and traditional skills.

In the last years, as a consequence of deliberate action, or due to accidents by natural
disasters damage or destruction of cultural heritage has been seen throughout the world.
Theft, civil disorder, terrorism, war, neglect, and vandalism are human factors in the accidental
or deliberate destruction of our heritage [2]. Manmade disasters can even exceed natural
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disasters in the harmful effects on the collective remembrance of the past. Besides the
deliberate and systematic destruction of cultural heritage during wars which was and still is
evident, neglect and no protection of cultural heritage are evident in peacetime as well.
What is society’s level of awareness of the importance of cultural heritage? Do we know
how to protect our cultural heritage? Are we aware that it is our obligation to transfer the
values of cultural heritage to the new generations? Have we become insensitive to the
importance of our culture and became “prisoners” of new construction technology and
neglect?

In the paper, several examples are given regarding potential neglect and the
possibility of damaging cultural heritage in Bosnia and Herzegovina. It is not the intention
of the author to criticize but to lay out the facts and leave it to the readers and the wider
audience to form their own opinion and stand.

2. Cultural heritage structures

2.1. TaSlihan in Sarajevo

In the history of Sarajevo, the 16th century was the “golden age”, thanks primarily to
the emergence of Gazi Husrev-beg, indisputably Bosnia’s most important governor.
TasSlihan (translated stone khan) is a former caravanserai located on the site of the current
garden of the Europa Hotel in Sarajevo. The main purpose of caravans and khans was to
house people and horses. They were built along all major roads. In 1659 there were 23
khans and three caravanserais in Sarajevo, and in 1878 there were 50 [3]. The most
significant are Kolobara, TaSlihan, and Mori¢a han. Taslihan was the third stone
caravanserai built in Sarajevo. It was built in the period from 1540 to 1543 as stated in the
legacy of Gazi Husrev-beg, after his death. It was built next to the Gazi Husrev-beg’s
bezistan (covered bazaar) on its western side. It is interesting to point out that masters from
Dubrovnik participated in the construction of this building as well as the neighboring
bezistan. It had a square base with a length of 47 meters. In its backyard, there was a
fountain, and above it on wooden pillars was a small mosque. The rooms for passengers
were located on the first floor. Domestic and foreign merchants had their shops within
Taslihan. It is believed that this caravanserai was used more for the trade than stayover by
passengers (Fig. 1). The Taslihan was burned for the first time in 1697, then in 1831 when
a barn space was added to the far north, which has not yet been explored. It was
completely destroyed in the 1879 fire [4, 5].

r & " _ - S £ ._ .:..:
Fig. 1. Model of the Taslihan as was before the 1879 fire

The archaeological area — remains of Ta$lihan in Sarajevo was declared a national
monument of Bosnia and Herzegovina in November 2004 [5]. In the decision, it is stated
that the memorial space will be open and accessible to the public and can be used for
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educational and cultural purposes. However, the Commission to Preserve Monuments, at
its meeting on July 2016, decided to amend the Decision from 2004. The amendment to the
decision relates to the protection measures prescribed by the November 2004 decision.
According to the obtained information, the plan was to build a new building having a
ground and one floor, allegedly to be of a commercial character. Following this
information, the profession reacted, as did the citizens of Sarajevo, who had launched an
online petition against the decision of the Commission to Preserve Monuments. Until now
no construction took place, however, will there be some changes in the near feature
remains a mystery.
The current state of the Taslihan is shown in Fig. 2.

Fig. 2. Taslihan today

2.2. Jewish cemetery in Tuzla

The Jewish cemetery in Tuzla bears witness to the presence of Jews and their life in
this location since the 19th century. Jews in Tuzla began to settle in large numbers with the
arrival of the Austro-Hungarian administration, and until then the presence of Jews in
Tuzla was sporadic. In Tuzla, there were to Jewish communities and two synagogues. The
old and neglected Jewish cemetery in the settlement of Bori¢ in Tuzla was declared a
national monument of Bosnia and Herzegovina just in June 2018 [6], although it dates
back to the 1800s. The cemetery was formally established in 1900 and covers an area of
2760 m®, although burials were made earlier, as evidenced by the inscriptions on the
tombstones (1868, 1892, 1893, 1894, 1897). It is unique in that it is still active today and
what makes it even more exceptional and specific is that both Sephardi and Ashkenazi are
being buried here, which is usually not the case.

Additionally, the significance of the cemetery lies in the fact that the forms and
shapes of the tombstone are diverse. The oldest stones are in the form of ground-in stone
coffins belonging to the Sephardi, represented in many Jewish cemeteries in Bosnia and
Herzegovina. However, with the arrival of Ashkenazi in the second half of the 19th
century, more modern forms of tombstones appear in the cemetery originated in Western
Europe. Two tombstone forms dominate the cemetery, namely stelae and obelisks
tombstones that occur as stand-alone structures, on a pedestal, or in combination with a
horizontal slab. A large number of inscriptions have been preserved, which is an important
document on the families who lived in Tuzla during that period. The inscriptions are
bilingual, carved in Hebrew square script and Latin script.

Shapes, decorations, symbols, and inscriptions provide one of the best-documented
evidence of the development of the tradition and culture of the Jewish community in
Bosnia and Herzegovina.

In the cemetery, 161 graves were recorded and 60 surnames registered, but most of
these families no longer exist or their descendants do not live in Tuzla. Munisa Kovacevic,
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an expert associate for cultural, historical and monumental heritage at the Institute for the
preservation of cultural heritage, in an interview given to Anadol Agency on August 2018,
said: “The inscriptions we have recorded on the monuments are written in Bosnian and
German. Usually, when it comes to the inscriptions, we talk about the year of birth and
death of the deceased and what is interesting is that we saw on several monuments’
writings stating how the person died. Also, from the form of the monument one can
conclude how it was built, which material was used, type of the decorative motifs, this all
points out to the valuable cultural and historical property” [7].

The aforementioned national monuments have not been maintained for years, so the
old and damaged monuments were overgrown with grass and shrubs and the state of the
cemetery was as given in Fig. 3.

s g

Fig. 3. Jewish cemetery in Tuzla [7]

In August 2019 people from the Islamic Community Majlis from Tuzla cleaned the
cemetery with the goal to rescue the national property of BiH, and they were helped by
young volunteers from Germany, Poland and other parts of Europe, who have been staying
in Tuzla for several days. Fig. 4 shows the process of cleaning the Jewish cemetery.

Improper maintenance and inadequate restoration of the tombs led to the destruction
and deterioration of the monument. Certainly, in addition to the human factor and its
negligence, the destruction of certain tombs was also caused by the landslides.

Is it acceptable to leave these valuable treasures to be unprotected? Can we as a
society be so numb and negligent to the significance of historical values?

Fig. 4. Cleaning of the Jewish cemetery in Tuzla [8]

2.3. Stecak

Stecak monumental medieval tombstones that lie scattered across ex-Yugoslavia are
mainly located in Bosnia and Herzegovina, and at the borders with Croatia, Montenegro,
and Serbia. An estimated 60,000 are found within the borders of Bosnia and Herzegovina
and the rest 10,000 are found in Croatia (4,400), Montenegro (3,500), and Serbia (2,100),
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at more than 3,300 abandoned sites with over 90% of all of them being in poor state [9, 10,
11].

Ste¢ak’s appeared in the mid 12" century and they reached their peak in the 14™ and
15™ century, before disappearing during the Ottoman occupation in the very early 16™
century [12]. They were common among all religious, amongst Bosnian, Catholic and
Orthodox Church [13], they are usually connected to the autochthonous Vlach population
[14]. Until now, the original ethnic and religious affiliation has not been determined [15].
The epitaphs on them are frequently written in the now-vanished Bosnian Cyrillic alphabet
called Bosancica. The tombstones named Radimlja (Fig. 5), west of Stolac in Bosnia and
Herzegovina are one of the best-preserved collection of these tombstones [16].

Fig. 5. Steé¢ci at Radimlja necropolis
It was only in 2016 that Ste¢ci were inscribed as a UNESCO World Heritage Site. It
includes a selection of 4,000 steéci at 28 necropolises — of which 22 from Bosnia and
Herzegovina, two from Croatia, three from Montenegro, and three from Serbia [12].
However, a photo taken in august 2019 was unbelievable (Fig. 6), people having a
picnic and sitting on the monumental medieval tombstones. If this is not vandalism what
1s?

Fig. 6. Ste¢ci at Radimlja necropolis
3. Conclusion
The paper gives three examples of cultural heritage that has been a subject of neglect
in Bosnia and Herzegovina. Lacking cultural heritage protection can be seen all around us.
It is evident that manmade disasters can even exceed natural disasters in their harmfull
effects on cultural heritage. Additionally, sometimes the natural hazards cannot be
predicted so leaving the cultural heritage unprotected due to insufficient information, but
human vandalism can be stopped and should be prevented in all cases. It is clear that the
awareness of the importance of cultural heritage is very low. In order to preserve cultural
heritage and the existence of history in these areas, adequate measures have to be taken and
this has to be done immediately, otherwise, we may lose a value that may never be
retrieved. In this way, we as a society are depriving future generations of their history and
their heritage. Are we allowed to do this?
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BRIDGES ON THE RIVER NISHAVA AS HISTORICAL STRUCTURES -
NISH TRILOGY
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Abstract: The river Nishava is not a long or particularly big river but it crosses border
between Bulgaria and Serbia and it runs through landscape of exceptional beauty, along
ancient routes. That distinguishes it among other rivers in central Balkans. It starts in
Bulgaria and confluences in Juzna Morava, at the territory of city of Nis, Serbia.

In this paper we explored bridges over Nishava in and around Nis, focusing
primarily on its relevance as historical structures, but also partly examining current state
and maintenance.

Key words:

1. Introduction

The river Nishava is not a long or particularly big river but it crosses border between
Bulgaria and Serbia and runs through a gorge of extraordinary beauty, along ancient routes
in the direction East to West. That distinguishes it among rivers of central Balkans, as one
of the most memorablet. It starts in Bulgaria and runs into Juzna Morava at the territory of
city of Nis. Juzna Morava runs into Velika Morava, and consequently to Danube near
Smederevo, which confluences in Black Sea at Bulgarian/Romanian border.

In this paper we explored bridges over The River Nishava, in and around city of
Nish, focusing primarily on their relevance as historical structures, but also examining
current state and maintenance where it was considered relevant.

2. The river Nishava

Nisava starts at Ginci, in Stara Planina (The Old Mountain), north from Sofia; in its
upper flow it is known also as The Ginska River. It runs through municipalities of Godech,
Dragoman and, after 67km, it crosses the border at Kalotina — Gradina, which is the major
border crossing between Bulgaria and Serbia. In Serbia it runs through numerous villages
and several towns and cities: Dimitrovgrad, Pirot, Bela Palanka and Ni§ (Fig. 1.). On its
way, it passes through scenic 17km-long Sicevo gorge (Fig. 1). The total length of the river
flow is 218km. Finally, it becomes the longest tributary of the South Morava at the western
fringe of administrative territory of Nis, which owes its name to this river. The amount of
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water significantly changes during the year, which makes Nishava sometimes wild, fast
and deep river, and sometimes slow and shallow. Occasionally, it becomes so shallow that
it could be crossed on foot.

a) b) ©)

Fig. 1. Images of Nisava along its route from upper to lower Right to left: bridge near
Ginsko, NiSava in Pirot, Aerial view through Si¢evo gorge (W, 2019)

The Nisava valley is part of a major natural route, the one connecting
Europe and Asia from ancient times; the route follows the valleys of the Morava, Nisava
and Marica and onwards towards Constantinople, present-day Istanbul. Both the Belgrade-
Sofia-Istanbul road and the railway follow this route, as well. (W, 2019)

3. The bridges in and around Nish

3.1. From East to West

Considering that the River Nisava is not particularly wide, most of its bridges are less
than 40m long.

Consequently, construction of bridges is not demanding or expensive, which allows
great number of them (Fig. 2).
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Fig. 2. Location of bridges mentioned a) in the city of Nish b) around city of Nish

3.2. The power-plant St. Petka

From East to the end in the West, closest to the eastern border of administrative area
of city of Nis, within Si¢evo gorge, near village Ostrovica, there is hydro power plant — the
structure that incorporates a bridge (Fig. 3). It dates from 1908.
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Fig. 3. The power plant MHE ,,Si¢evo” (1931) with a bridge. (PP, 2019)

The power plant was named after Saint Petka, the protector of women, to whom a
monastery was dedicated. The monastery was endowed by Royal military unit in name of
fortunate survival of Serbian king in an accident in France. It was built only 13 years after
Tesla's famous power plant on Niagara falls (1895). The power plant was designed by
mechanical engineer A¢im Stevovi¢, and powered by machinery produced by Siemens
Schuckert Werke. Eventually, it works well ever since due to regular maintenance, without
any reconstruction, and in meantime it has got a status of cultural monument.

It has massive structure, with fortress-like appearance and elements which have
certain resemblance with numerous other structures in Euro-centric zone at turn of the
century which were inspired by revival of Egyptian architecture i.e. its most characteristic
feature - wall dominance.

3.3. The East string of contemporary bridges
The first two among East string of contemporary bridges over Nisava are located

near loop called Malcanska, not far from village of Prosek (Fig. 4).

One of them is common concrete structure well-chosen considering climate and
availability of cheap construction materials and workers. The other, parallel, bridge is
reused steel railway bridge.

Fig. 4. “A”The Prosek bridges a-d
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Fig. 5. “B” The Gornja Vrezina bridge (Mapio, 2019)

Fig. 6. “C” Brzi brod suspension bridge - before and after refurbishment and
partial reconstruction (Mapio, 2019) (Wikipedia, 2019) a-¢
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Fig. 8. “E” The Boulevard Mediana Bridge
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The “F” bridge (Fig. 9) was one of the last bridges built in 1980s, during so-called
“socialist times”. Its construction was followed by several reconstructions (visible in the
layers of concrete over original structure), needed because cracks appeared on several
occasions.

After socialist period, democratic city governments built many bridges. For
example, one of them in 4-year period built as many as 6 bridges including 2 of them on
the river NiSava and reconstructed one of them — pedestrian cable-stayed bridge “C” with
A-pylons (Fig. 10).

Fig. 10. “G” Pedestrian Bridge
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Fig. 11. “H” Chez-Tosic-gas-station bridge

The bridge “H” (Fig. 11) is one of newest bridges, and it is located near huge
archaeological site, making it more accessible for the visitors in the future, once when
heritage is presented and the site open for the public. The bridge “I”” (Fig. 12) is one of rare
bridges with “a name”, well-established as a spatial reference. Not only age, but its shape
also indicates it was built “in different times” - in second half of 20" century. It is one of
six steel bridges on NiSava in the city area, out of 17 total.

3.3. The bridge ahead of main gate of city fortress
The central position and most attention of all city bridges gets the one located in

front of the main gate of the city fortress, known as Stambol-gate (showing direction of
Imperial city of Constantinople, nowadays Istanbul). When Ottoman Turks occupied the
city, they demolished old Roman/Byzantine bridge, and built their own. After liberation,
Prince Milan had it replaced by a wooden bridge, which stood there until 1900, when the
new steel bridge was constructed (Fig.13).

The type of the arch bridge was widely used in Germany and it is known as "German
arch". The construction consists of a two-hinged truss arch. The struts are falling to the middle. The
roadway which worked as a tie band is suspended on narrow vertical steel profiles, the hangers. It
was bombed and sank in both WWs, and on 29.11.1961 it was replaced by bridge which stands
today, which got nick name “Gillette bridge”, for its narrow bearing structure (Fig. 14). During its
construction, numerous, very valuable, archaeological artifacts were found on site, including
famous head of Constantine the Great.
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Fig 12. “I” The Youth Bridge (Mladost)
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Fig. 14. The fortress bridge nowadays
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The bridge that is nowadays called The fortress bridge was once known as Iron bridge
among local residents (although it was made of steel). It shows significant signs of aging
and requires regular maintenance. (Fig. 14).

In line with tradition of wrong nicknames, so-called the stone bridge (Fig. 15) is not made
of stone. It was heavily bombed during the last war in 1999. because was the strongest of all and
considered most adequate for military purposes.

The railway truss bridge was destroyed several times in the Second WW (Fig. 16.),
and it marks the historic border between central residential and business and industrial
zone of Nis (Fig. 17).

Fig. 17. The railways bridge and old gum factory (WEB, 2019)
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3.4. The West string of contemporary bridges

Bridges “D” and “J” (Fig. 19) are built according to the same design, and both show signs of
aging which question further use. Even more, both have problems with the adequate flow due to
design, and nowadays, collapsing pillars. The three remaining bridges in the West string of
contemporary bridges are common concrete structures, which are recently built (Fig. 20,
21, 22).

Fig. 20. “K” The Popovac bridge

Fig. 21. “L” The highway bridge (incomplete but operating)
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Fig. 22. “M” The last bridge on NiSava in Trupale, Ni§

4. Discussion: state, maintenance, comparison
Construction of bridges is often implication of political will or lack of it. All

democratic city governments, after 1996 and in the first decade of millennium were
(passionately) dedicated to building bridges. As part of their populistic policy, they built
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non-expensive but durable bridges, which would mark progress, and at the same time
remain “available”, in challenging years after the last Serbian war of 20" century in 1999.
In favor of previous, another common characteristic of those bridges were that they were
“no-name” and “no-author” bridges. Lack of authorship is very indicative, because it
meant bridges had “corporate authorship”, which marks entire period of Serbian industrial
development. As consequence, they are mostly named after landmarks nearby (e.g.
shopping centers or gasoline stations), which also means that they change their popular
names when e.g. the shopping center changes its brand.

Aesthetic requests did not have high priority in most cases: most of Ni§ bridges are
not memorable, and do not stand out for their aesthetic values, however their careful
analyses may lead to decoding thumb rules of times and people who raised them. In
addition, they often do not differ from many other bridges in other European countries, as
shown in Fig. 23., which is valuable testimony from historic point of view.

Fig. 23 Bridge over Seine, Paris

The strong link with history which justifies that they are considered historic
structures is the most obvious in case of the fortress bridge which regularly served the
purpose of “damnatio memoriae”, a principle which literally means "condemnation of
memory" in Latin, i.e., that a person is to be excluded from official accounts and which
was extensively used in wars throughout history of the Old World.

5. Conclusion
In Ni§ and its vicinity, there are three bridges which already deserved status of
cultural monument based on historic significance which they have. The forth one, most
significant for history of electrical power supply development and legacy of Tesla — very
close to heart of every Serbian, is formally outside of city administrative area, and
therefore we called the tale of Ni§ bridges on NiSava a trilogy.
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Abstract: Rusokastro is a Late Antiquity and Medieval fortress, situated on a rocky
ridge in Kameno Municipality, Burgas, Bulgaria.

The contemporary archeological research of the site has begun in 2006 and the
results include: significant parts of the main western medieval fortress wall, the
entrance with two gates and two adjacent towers, fragments of late antiquity fortress
wall with two towers, etc. The findings provide comprehensive evidence about the
plan, function, building materials and stages of construction. The comparatively well
preserved architectural substance, dating mostly from 13"-14" century, defines the
site as an outstanding example of the fortifications from the time of the Second
Bulgarian Empire. Despite the significant destruction, there is sufficient evidence to
virtually reconstruct the plan and overall architectural appearance of the main
entrance and its towers.

The detailed study and the proposed architectural reconstruction should serve as
good starting point for future architectural design of the site as main tourist
attraction for the Municipality.

Key words: Rusokastro, fortress, conservation, restoration, adaptation, cultural
heritage

1. Introduction

Rusokastro is a Late Antiquity and Medieval fortress, located in Southeast Bulgaria,
35 km away from the Black Sea city of Burgas and 3.5 km away from Rusokastro village,
Kameno Municipality.

It is built on a rocky ridge 108 m above sea level which provides a panoramic view
from Emine Cape to Yambol. This hill top is protected by sheer cliff faces from north, east
and south and is accessible only through a flat rocky terrace from the west. The
Rusokastrenska river flows west, north and east of the almost vertical 25-30m high
crevices. The site was chosen because of its natural defensibility and suitability to observe
a wide angle of the surrounding flat area.

2. Late Antiquity and Medieval fortress Rusokastro

Rusokastro was a fortified city with several satellite settlements, expanding over an
area of more than 50 acres with mighty defensive system and served as an important road
station and border outpost of the Medieval Tsardom Bulgaria. In its vicinity the troops of
Tsar Ivan Alexander have decisively overtaken the army of Byzantine Emperor
Andronikos III Palaiologos in 1331, thus placing the whole South Black sea region under
Bulgarian rule for the last time in the Middle Ages.

! PhD student - Theory and History of Architecture, ,,Vazrajdane“ 5 Str., Burgas, Bulgaria,
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2.1. History

The earliest traces of a human settlement on the hill top date from the 1% Millenium
BC (evidenced by Thracian ceramics from the Iron age, fragments of Hellenistic
amphorae, a bronze coin from Mesembria, etc.). In the near vicinity is the cave Rusina
Cave/Rusa’s Hole with its hand shaped triangular entrance used through this period as a
holy site.

The area is fortified in the 6™ century. Chronologically the development of the
Rusokastro fortress can be divided in two stages:

First (Late Antiquity/early Byzantine) — beginning of 6 century — end of
6M/beginning of the 7" century: fortress wall with two adjacent rectangular towers by the
main gate. It was abandoned after a fire at the beginning of the 7™ century (right after the
end of the rule of Emperor Flavius Phocas Augustus in 610 AD). During 10"-12" century
the fortress was settled again, but it is not clear if the Late Antiquity defensive features
were still in operation. The first findings of Bulgarian origin on the site date from this
period and among them are coins, early medieval ceramics with various decorations,
bronze buckles, etc.)

Second (Medieval/Bulgarian) — end of the 12 — beginning of the 14™ century: new
fortress facilities have been built including a new entrance with two semicircular flanking
towers, new fortress wall and additional outer western wall, citadel, etc. In the second half
of the 14" century the main fortress wall was modified. Without any scientific evidence of
slighting or burning, the city was most presumably abandoned by its population at the end
of the 14" century.

Fig. 1. General site plan

The name “Rusokastro” is first used by the Arab geographer El Idrisi in his work
“Geography of the World” (1153), describing Rusokastro as “big and crowded city”. It is
also mentioned in various Byzantine sources from 13"-14" century (Manuel Philus,
Georgius Pachimer, John Kantakouzenos, Nicephorus Gregoras, etc.). As an
archaeological site the fortress is documented in the 80s of 19" century consequently by
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prof. Konstantin Jirecek (,,thick stone wall with preserved wide foundations and traces of a
tower) and Karel Skorpil. [2].

2.2. Archeological survey

The contemporary archaeological survey is being undertaken since 2006 from a team
of Regional Historical Museum - Burgas under the supervision of Dr. Tsonya Drazheva
(2006-2011) and Dr. Milen Nikolov (2014-). After nine archaeological seasons the results
include: significant parts of the main western Medieval fortress wall; the entrance with two
gates and two adjacent towers; fragments of Late Antique fortress wall with two towers;
additional forward fortress wall; significant parts of the citadel; stone pavement road;
Medieval church and necropolis; two buildings inside the city; fortified passageway with a
well-tower etc. [2] The findings give comprehensive evidence about the plan, function,
building materials and stages of construction of Rusokastro fortress which serves as solid
base for architectural analysis. The essence of the excavated and surveyed architectural
substance dates from the 13™-14" century, which defines the historical and cultural value
of the archaeological site as an outstanding example of the fortifications from the time of
the Second Bulgarian Empire.

2.3. Architectural appearance

The functional and zone planning of the fortress defense are defined by the natural
settings. The rocky ridge, surrounded by abyss and the river meanders, dominates the
broad flat landscape. The location of the mighty fortified city on this hill is identical to the
big and thoroughly studied Bulgarian medieval strongholds Tarnovo, Lovech, Cherven etc.
[3] The fortified area is divided in three sectors: southern (between the two southern
walls); central (between the inner southern wall and the other walls); citadel (on the highest
point of the hill), surrounded by its own inner fortress wall. They altogether shape a
carefully planned and very hard to attack and pierce defense system.

KATAYAHA CTTAAA

CUHUBHA 3AIL A
. CEBEPMH? FPENIOCTHA CTEHA
PEAHOBEROBHA KYAA (FXEEH YHACTBE)

_SATIAJHA TTFEAFLA
KPEINOCTHA CTEHA ‘] -,

Fig. 2. Main entrance plan (Ideal reconstruction — V. Donchev)
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The only potentially vulnerable direction is from east, guarded by a fortress wall and
the northern U-form tower. It leads through the first gate to an additionally fortified area,
surrounded by the main fortress wall, the outer wall and in the range of the two (northern
and southern) U-form towers, located asymmetrically to the entrance. Perpendicular to the
first gate, right in the main fortress wall, successively located are the second (bi-fold) and
third (porticullis) gates.

The dividing of the fortified area in sectors is a practice on many similar Medieval
facilities and its objective is to hinder the potential attackers of the stronghold main
entrance. [4]

It is important to mention that this common defensive system at the main entrance,
the so called Propugnaculum/barbican (the two U-form towers; the front yard; the stone
paving; the outer western wall with its front gate), has been built at once at the very end of
the 12™ century until the first decades of 13" century. [2]

The stone paved road is flanked from the west by a single-faced supporting wall, and
from the east it borders the natural solid rock. In the northern sector of the outer western
fortress wall is the side face of the first gate, built altogether with the northern Medieval
tower. The gate is bi-fold and its axial stones are still intact. The northern tower is solid up
to its preserved height of approximately 4 m and has a filling of stone and soil, without
inner wall face. It has been renovated in the last decades of 13 and the very beginning of
the 14" century by strengthening and increasing the northern wall thickness. The southern
tower has massive walls of stone and mortar. The outer western fortress wall has a face
from stone and mortar and filling of stone and soil. It is built in two stages (2.6 m thick in
121-13"™ century and 3.5m in the second half of 13™-beginning of the 14™ century) and its
foundations lay directly in the soil at its northern end. [2]

The plan of the entrance area of the Rusokastro fortress is an illustrative example for
adept use of the natural settings and their skillful integration with defensive features.

There are other examples from the Medieval time of Bulgarian strongholds with
outer fortress walls and adjacent towers: Shumen (much greater additional fortified area);
Tarnovo — main entrance of Tzarevetz fortress and northern entrance of the palace complex
(modified plan of the first central entrance from 6™ century). [3] Similar settings can be
found in the fortresses of Ohrid, Vidin, Zrnov near Belgrade, etc. Very much identical is
the southwestern entrance of the fortress of Dimotika/Didimotichon, Northern Greece. Its
plan is almost completely identical to this of Rusokastro fortress and it dates exactly from
the period 1359-1369.

The second and third fortress gates are located in the main western wall, which is
preserved up to the height of 5.05 m (+104.53). It this sector its thickness is 3.34-3.50 m. It
is built by stone blocks of various sizes in rows, cemented with grey and yellowish mortar.
Currently from the main entrance excavated and surveyed are: northern part of the gate
high up to 1.90-2.00 m (+100.52) from the stone pavement (+98.53) and preserved several
rows of the foot of the brick vault; the southern part of the gate up to 0.5 m in height; side
face, axial and threshold stones of bifold gate; side face and rabbet of the third porticullis
gate. [2]

2.4. Ideal reconstruction

Despite the high grade of destruction of the south part of the main entrance, the
comparatively well preserved northern side provides sufficient evidence about its plan and
constructive features. We have complete information about the contour, building materials,
width of the two doors of the second gate, the way they were opened and locked. The same
is valid for the parameters of the third (porticullis) gate: its exact location and thickness is
traceable through the preserved gutter for lifting the grid. The most valuable information
lies in the discovered first rows from the brick vault, starting at the height of approximately
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190 cm. Being aware of the vault’s radius, the starting level and building material, we are
able to provide a completely justified hypothesis about the overall appearance of the main
entrance. [4] Additionally, the wall height up to the start of the brick arc provides evidence
about the minimal height of the fortress wall when the porticullis grid is fully hoisted.
Without having definitive evidence, but analizing analogical examples, it is presumable
that the entrance to the space above the gateway housing the hoisting equipment for the
porticullis was from the south. On the upper level is the wall walk, used for movement
from north to south and reverse between the two semicircular towers and beyond them
across the fortress wall. [4] All of the above mentioned archaeological data and
conclusions serve as scientific basis for the graphical reconstruction of the overall
architectural appearence of the main entrance with its second and third gates. [1]

Fig. 3. View 1-1 (Ideal reconstruction — V. Donchev)

In the presence of so much essential preserved original substance and after the
comprehensive and years-long archeological excavations, the future process of
conservation and restoration will be based on precise scientific documentation and will
exclude any conjucture. Significant advantage is the huge pile of the original building
material on the slope and inside the fortress, which ought to be reused in the conservation
and restoration process. [5]

TRAS

b |

Fig. 4. Section A-A (Ideal reconstruction — V. Donchev)
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3. Prospects for conservation, restoration and adaptation

In 2016 the new authority of Kameno Municipality decided to organize and fund
intensive archeological excavations with the clear purpose to proceed with the preparation
of architectural design for conservation, restoration and adaptation of the already surveyed
parts of the fortress. [2] The awareness of the need to safeguard and maintain the cultural
heritage and the long and consistent work of the scientific team make possible the
preservation of the site as an historical evidence for its time. The authority’s vision
encompasses assuring employment for the poor local people, establishing recognition, feel
of communion and pride of the valuable heritage amongst them and the future visitors. The
rebirth of Rusokastro fortress is already a dream and a hope for the whole population of the
Municipality.

Fig. 5. Perspective view of the main entrance (Ideal reconstruction — V. Donchev)

3.1. Conservation and restoration

There are no conservation and restoration activities undertaken until this moment.
During the years other issues are being solved as the plots ownership and the road, electric
and water infrastructure planning and building. In 2019 the archaeological survey has
completed the excavation of the main entrance with three gates, two Medieval towers, two
late antiquity towers; the main fortress wall; the outer wall; the stone pavement; fragments
of the citadel fortifications including fortress walls and towers; fortified passage with
tower-well on the northern side of the ridge. After several archaeological seasons it is time
for architectural design.

As part of the design team, the author of this study has the clear vision for the proper
conservation and restoration methods to be used. Following the extensive archeological
and historical study, including the detailed graphical reconstruction and considering the
summary of the scientific, spatial and aesthetic settings, it is logical to plan the main
entrance and the flanking towers as future natural accent in the general concept for
developing the Medieval fortress Rusokastro as a cultural heritage tourism site. The high
grade of preservation and the substantial known details about the plan and the overall
spatial appearance of the entrance area demand a more recognizable restoration approach,
which should contribute vital visual and sensual information to the visitors. [5]
Concidering the presence of so much undisputable evidence about the specifications and
the geometry of the brick vault, when it comes to the design of the future conservation,
restoration and adaptation, the rebuilding with similar to the original building material is
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justified. The leading principle should be the minimal intervention in the original, which
should match entirely the scientific definition for restoration — to preserve and reveal the
aesthetic and historic value of the monument which is often hidden, misshapen or
damaged. In future interventions, the conservation works by creating superstructure using
adequate traditional building techniques with the original and available building material is
completely justified and the design team believes this is the best option when possible.

3.2. Adaptation

In addition to the forthcoming conservation and restoration, for the proper
socialization of the excavated areas, it is neccessary to provide accessibility infrastructure,
tourist guides, info tours and other forms of information. In the near future the old tradition
of celebrating the Feast of Saint George on the terrace in front of the ,,St. George* chappel
should be restored, as well as the conduction of ritual meal offering for health, folk
wrestling, folklore dances, etc. Other forms of social use include interactive types of
entertainment such as: horse races, martial arts, tourist orienteering, extreme climbing,
spaleology, etc.

In 2019 the Municipality has applied for two Interreg A (Cross-border cooperation)
projects: construction of complex recreation zone next to the fortress and construction of a
road to the site. The first one will set up new attractions: mini model of the fortress;
thematic space with an open-air classroom; a training board; amphitheatrically placed
seating benches for the trainees; thematic outdoor playground; archery site; a boulder and
rock climbing site. Proper park furniture will be installed: benches, waste bins, information
boards. The realized reconstruction and socialization activities will develop new tourism
services for the visitors and will increase the attractiveness and popularity of the
archeological site. The results will include increased awareness of local people, tour
operators and especially of children for the rich historical heritage of the region. The
planned road will provide transport and pedestrian access to the site.

After finishing of this project we expect an irrefutably high cultural impact — both on
local population of the Municipality and the whole region, as well as amplifying the
foreign tourist impressions, who are already well acquainted with the famous and long
recognizable ancient and medieval towns of Sozopol and Nesebar.

T - , g
Fig. 6. Aerial photo as of Summer 2019
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4. Conclusion

Taking into consideration the surveyed characteristics of cultural value, the
Rusokastro fortress possesses all the necessary preconditions to fulfil its socially useful
purpose. Using the proper conservation, restoration and adaptation methods it will become
a first-rate site of the Bulgarian cultural and historical heritage. The acquired scientific data
and the forthcoming conservation and restoration architectural design will contribute to the
better studying and safeguarding of this very well preserved site, bearing witness of the
height of the Second Bulgarian Empire and its material culture in the Middle Ages with
significant historical value.
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Abstract: Mimar Sinan, who had a life time, nearly for a century, did build very important
structures and buildings of Ottoman Empire, till the end of his life in 1588.

In the construction of the structures and buildings, Mimar Sinan tried novel techniques and
solutions in his every next construction with success.

For he traveled a lot and often with the Ottoman Army to everywhere over the continents,
he could be able to meet with lots of built examples in the world.

Through his visits to such kind of real structures and also through his experiences about
building and constructing, he had a very professional and advanced decision system how
to construct buildings and structures, correctly and still in service for centuries.
Stileymaniye Camii, is a very important landmark, having a very clear structural system,
easy to follow the loads, starting going down from the top of the dome to the end point of
the building, where the foundations are in the earth.

In the paper, the main principles of how Mimar Sinan did construct the structures and how
he did solve the structural systems of the buildings, all compose the architectural heritage
of Tiirkiye, still in use today’s conditions, will be explained through Stileymaniye Mosque,
built in 1550-1557, in Istanbul, by Mimar Sinan.

The aim of the paper is to give an idea about the way how Mimar Sinan designed his
proposals, in 16th century, to let others know the secret of him to support a better
environment today, in 2 1st century.

Key words: Mimar Sinan, Siileymaniye Camii, architectural heritage, novel
techniques, Istanbul

1. Introduction —

Istanbul as the busiest city of Tiirkiye, which is over two continents, Asia and Europe
at once, has lots of architectural heritage, built by Mimar Sinan. As the Great Architect of
Ottoman Empire, Mimar Sinan did build and construct so many buildings and structures,
having different functions and also all of them are in urban scale, to compose the city and
then the country. In his every building and structure, he did try an advanced technology to
support novel techniques. The masonry structural system reached to its peak, to pass the
large spans at once, by domes and arches.
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Mimar Sinan did manage to design holistic total spaces, by challenging with loads to
down through correct paths, starting from the top of the domes or arches and ending in the
foundations under the earth.

In the paper, Siileymaniye Camii(Fig.1.a), Fig.1.b)), which was built in 1550/1557
[1] in the mid of the Siileymaniye Kiilliyesi, in Istanbul, Tiirkiye, by Mimar Sinan will be
examined through its magnificent structural system solution to let it be a light for the
Mimar Sinan’s building and construction technology[2] . The Siileymaniye Kiilliyesi has
also other buildings, surrounding Siileymaniye Camii in the mid of the Complex as
schools, kitchen, baths, hospital, and more to compose a campus area to support the
education and healthy development of the people living in the Ottoman Empire, in the
name of Kanuni Sultan Siileyman, who was the tenth Sultan of the Ottoman Empire.

The Structural System of Siileymaniye Camii is very important to create a total space
under a main dome.

a) b)

Fig. 1. While getting closer to Siilleymaniye Camii, through Siileymaniye Street, by
walking: a) the view of the main dome; b) the main dome; (photos by YKAktuglu, on 8™ of
June, 2018)

2. THE STRUCTURAL SYSTEM OF SULEYMANIYE CAMii
Stileymaniye Camii was constructed with the stone masonary structural system, as
stone perimeter walls, stone columns, main dome, semi domes, arches and flying buttresses

to support the base of the main dome, not to be damaged due to the pressure of the main
dome(Fig.2.a), Fig.2.b) )
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a)

Fig. 2. While getting closer to Siileymaniye Camii, through Siileymaniye Street, by
walking: a) the view of the total top structure; b) the ending wall where the mihrab is, with
supporting walls to get the full stability of the perimeter wall; (photos by YK Aktuglu, on8™

of June, 2018)

Main Dome above the base of dome, dome pulley, which has serial window
opennings to get daylight in, has flying buttress at both sides of the main axis, passing
through the entrance door from the courtyard to mihrab, at roof level. Roof structure of the
mosque has a main dome, above a square plan, having four huge columns at the corners
and four huge arches between columns. At roof level, according to main axis, at right and
left sides, the arches are supported by itself, having side walls under the arches, with
window opennings at three levels, to get daylight in. At the main axis, the arches, carrying
the main dome are supported by two semi domes at both ends. At the lower level of these
semi domes, there are smaller semi domes to support the larger semi domes, through
arches.

By arches full with windows, the unique space under is becoming full with daylight.
By semi domes, and smaller semi domes, the unique space under is getting larger.

Fig.3.a) shows the main dome, with windows and flying buttresses, main arch, top of
huge column, coming up, and the main pathway for loads, going down. Fig.3.b) shows
flying buttresses closer, over the main arch, full with window opennings.

All window opennings are having double window frames, here outside, and also
inside. There are voids between two window frames, to protect the weather temperature
and also a perfect barrier for sound isolation.

At the top double window frames, there is a solid iron bar section, passing inside the
void to surround the dome to protect it by getting the tension loads in safety.
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Fig. 3. Main Dome structure : a) it is easy to follow the pathway for the loads going down
through the dome, pulley, column, arch, flying buttres, and stepped wall; b) outer window
opennings together with the whole structure; (photos by YK Aktuglu, on 8" of June, 2018)

While looking closer towards roof structure, the whole structural elements are seen
clearly in Fig.4.a) and in Fig.4.b). While loads are going down from the top point of main
dome, the whole roof top is looking like a pyramid. In other words, the top point indicates
the sky. The whole outlook of the mosque is in the service of the loads to be carried in
safety. What is really interesting, nearly all walls and dome walls are having double wall
layer due to the double window frames over. From one side, this solution makes the
structural system lighter and from other side, the structural stability of the mosque gets
more importance to last till now along more than 460 years.

The 4 columns have domes at the top of the columns, to indicate the columns from
outside. It is easily understood, that while some area in the section of the column is getting
the loads from the arches, some area goes on holding the dome stable.

Fig. 4. Total view of the top structure: a) Main dome with other domes; b) Main Dome
with 6 flying buttresses at one side; (photos by YKAktuglu, on 8" of June, 2018)
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The southwest view of the mosque (Fig.5.a), Fig.5.b)), the texture of structural
system could be seen very clearly, where the loads are coming down through the
structural elements, both at roof level and also of the building as they are at ground
floor and first floor.

The main dome and semi domes and smaller domes together with arches are
composing the roof levels, while arches with iron bars are composing the ground
floor and first floor.

There are two entrance doors, under the porticos from the southwest side of the
mosque.

A

Fig. 5. Southwest view of the mosque: a) Main dome, main arch, smaller domes, arches to
carry the slabs where smaller domes are transferring the partial loads on; b) southwest view
of the building after the three arches to carry the slab above, with eaves and arches,
connected with iron bars to get the tension; (photos by YKAktuglu, on 8™ of June, 2018)

One of the entrance doors at the southwest fagcade, which is closer to the starting
perimeter wall, where the mihrab is on (Fig.6.a)) is having three arches to let the people
pass under them to enter in. Over this entrance portico, there are three domes to get the
attention for entrance to the mosque. And this part is being carried by another arch, having
three windows over the wall under the arch, to get the daylight in. The iron bars are for the
entrance arches to let them stay in stable.

At the first floor, nearby terrace of the entrance, composed by arches and columns,
the roof structure is a sloping structure with eaves to get the human scale for the prayers
outside ( Fig.6.b)). There are arches, connected with iron bars, at the first floor also
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Fig. 6.: Details of southwest side of the mosque: a) Entrance canopy from the southwest
side of the mosque, with three arches and three domes; b) first floor of the southwest side
of the mosque, with arches, connected with iron bars, having a sloping roof with eaves;
(photos by YK Aktuglu, on 8" of June, 2018)

The courtyard of Siileymaniye mosque has a rectangular plan, surrounded with
arches with dome structures(Fig.7.a)). The composition of the domes in front of the
courtyard entrance from garden has a special architectural design as a three storey-high
building is welcoming the prayers in the courtyard, to get the stability of the archway at
four sides of the courtyard. Also the mid dome, just above the entrance door to the
courtyard (Fig.7.b)), is at a higher level than the other 8 domes at one row, as the mid
dome, just above the entrance door to the mosque, is at a higher level than the other 8
domes at one row. And also there is a height difference at a higher level, between the row
in front of the entrance side to the mosque and also the side dome rows.

Fig. 7. Courtyard of Siileymaniye Camii: a) the entrance from the garden to the courtyard,
surrounded with arches over columns; b) the entrance to the mosque from the courtyard,
with a main entrance dome, in front of the main entrance facade of the mosque; (photos by
YKAktuglu, on 8" of June, 2018)
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In the inner view of the mosque, there is a lamping system, hang down from the main
dome, which creates a human scale in the name of the height till to the candle lamping, kandil
in past. Behind the lamps, the main structural system, to carry the loads of the main dome, can
be seen, with main arch, pendentives [3, p.329] between arches, three arches to carry the semi
dome, supporting the thinner arch, columns and balkonies at two different levels as they are in
Fig.8.a). The better view of the total space can be understood in Fig.8.b
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Fig. 8. Inner view of the mosque towards mihrab, to southeast direction: a) the view is
from the end level of the main dome till ground floor, between two columns; b) the inner
view with the left side arches and columns; (photos by YKAktuglu, on 8™ of June, 2018)

In Fig.9.a) and 9.b), the sacred main dome and semi domes, arches and smaller semi
domes how how they do span over the total holistic space beneath.

e

Fig. 9. Inner view of main dome, semi domes, smaller semi domes: a) together with four
arches to support the main dome at the top; b) with semi domes also; (photos by
YKAktuglu, on 8" of June, 2018)
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Under the main arches, as it is seen in Fig.10.a) left side of the mihrab and in
Fig.10.b) right side of the mihrab, there is a double section spaces to enlarge the inner
space of the mosque.

Fig. 10. The composition of main arches and windows and smaller arches under: a)
northeast side composition; b) southwest side composition; (photos by YKAktuglu, on 8"
of June, 2018)

Fig. 11. Main columns, closer to mihrab, with the total structural system: a) northeast main
column; b) southwest main column; (photos by YKAktuglu, on 8" of June, 2018)
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Fig. 12. The composition of the arches and columns under the main arches to carry the
main dome: a) the structural composition to design an additional space to the main space
to make the main space be enlarged; b) the view of the additional space behind the three

arches; (photos by YKAktuglu, on 8" of June, 2018)

The main columns are in fact very fat, but also there are tricky designs of the main
columns to indicate the main columns thinner than their real dimensions, as it is seen in
Fig.11.a) and in Fig.11.b).

Pendentives between the two arches and also the base of the main dome, are adding
additional value to the architectural design quality of Suleymaniye Camii.

Arches with iron bars, are enough strong the get the upper loads.

In Fig.12.a) and Fig.12.b), the additional spaces at both sides of the main dome

area, are helping the environments enlarge more.

Fig. 13. The northeast view of the mosque: a) all structural texture, composed by main dome,
flying buttresses, semi domes, smaller domes, arches, columns are altogether; b) the entrance
gate to the courtyard from garden of the mosque; (photos by YKAktuglu, on 8™ of June, 2018)
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In the Northeast facade, the arches, compose a rectangular base for the dome
structures, as well as the arches at the ground level, compose the first floor slab carriers. In
Fig.13.a), this can be seen. In Fig. b) gate to the courtyard can be seen.

In fact there are 4 minarets [2, p.297]at four corners of the courtyard. All these
minarets can be expected also as the stability elements of the courtyard. In Fig. 14.a) there
can be seen 3 minarets at once. In Fig. 14.b) the total roof structure at the Nortwest fagade
can be examined.

a)

Fig. 14. The view of the mosque from the north corner of the garden: a) the minarets, 3 of
4 are standing up at the corner points of courtyard; b) northwest view of the roof structure
of the mosque; (photos by YKAktuglu, on 8" of June, 2018)

Mimar Sinan preferred a simple area to sleep, and maybe it is the best place, for it is really
at a very real city centre of Istanbul.

Stileymaniye Camii has a huge garden area around the mosque and its
courtyard. The wall surrounds the garden area lets the streets go around the mosque.
Just across the street corner, the Great Architect of Siileymaniye Camii, Mimar Sinan,
rests at his place, seen in Fig.15.
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Fig. 15. Mimar Sinan’s sleeping place (photo by Y.K.Aktuglu on 8" of June, 2018)

3. Conclusion

Stileymaniye Camii is one of the best mosques of Mimar Sinan to represent the
successful outcome of mosques having main dome with semi domes and arches to support
the main dome, to create a total space under. Also by remembering that it was built
according to the rules of how to build a stone masonry mosque building, it may be clearly
understood that how deep knowledge exist in the buildings and structures of Mimar Sinan,
mainly in Tiirkiye and also in the world.
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Before this paper, there were,
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[2] several scientific papers about Mimar Sinan and his 7 mosques, written by a group,
including me and my 6 colleagues.

[3]A research project aboutin the name of the sustainability of Mimar Sinan’s 7 Mosques
in Tiirkiye, supported by TUBITAK, Turkish National Scientific Research Institution,
prepared by me and 6 colleagues, at the same time with COST Action C25, Sustainability
of Constructions, which all of us (7team members), were team members of C25.

This paper, is prepared after a visit to Siileymaniye Camii on 8™ of June, 2018.
During the visit 469 photographs were taken by Y.K.Aktuglu, on 8th of June. 2018.
Through 469 photographs, the results were gained, and explained with photographs.
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MARKET BRIDGES IN EUROPE AND OTTOMAN EMPIRE
Nikolay Tuleshkov*

* Scientific Center for Architecture, Construction, Urbanization and Design,
The Bulgarian Academy of Sciences and Arts (BASA), Sofia, Bulgaria, e-mail:
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Abstract:  The work deals with one of the specific directions in bridge construction,
that of constructions built with commercial buildings, with an emphasis on
architecturally unified design. It is analyzed how from the chaotic construction with
buildings stepping on one or both sides of the roadway, then in the 15th century goes
to the architecturally unified type of the market bridges, consisting of closed
commercial or commercial residential blocks, on both sides of the roadway. This
typology is mainly the work of Italian architects. Indicative in this area is the work of
Fr Giovanni Giocondo da Verona in Paris from the early years of the sixteenth
century. However, a key moment in clarifying the idea is the competition for the
Rialto Bridge in Venice. Among the several projects proposed distinctive are the
grand ideas of Palladio. The latest West European market bridge designs belong to
the Scottish architect Robert Adam (1728 - 1792), who was his follower.

So far, the question of covered market bridges in Eastern Europe, Asia Minor and

Iran in the period from the last quarter of the fourteenth to the end of the nineteenth
century has not been analyzed in the scientific literature.
There are only individual publications on more significant facilities, mainly from
Bursa in Asia Minor, Lovech in Bulgaria and Isfahan in Iran. The architecture of
these bridges, which, unlike the West European ones, are entirely covered, is
influenced by the Bezisten typology, which is a continuation of the development of
the eastern covered market streets. And this seems to be starting to happen around
the end of the fourteenth century. The earliest example of a covered bridge (over the
Maritza River south of Adrianople) in the Ottoman Empire is only known to me from
an image dating from 1388 to 1395. Further, a series of specimens from the 15th -
19th centuries are examined in the work, which is mainly found in the cities of the
Balkan Peninsula - Edirne, Nis, Ser, Edirne, Pazardzhik, Dupnitsa, Malko Turnovo,
Bitola, Prizren, Lovech, Drama, Gumurjina. etc. in present-day Bulgaria, Serbia,
Greece, Kosovo, Turkey and northern Macedonia.

Key words: medieval bridges, covered bridges, Balkan bridge builders, architectural
history, medieval Europe, Balkan Peninsula, Ottoman Empire

During the first half of the 15th century, the Irgandi (Irgandi kopriisii, 1442) market bridge
appeared over the Gokdere River in Bursa. It was built by another Islamized architect of Minor
Asia - Timurtash bin Abdullah'. It is one of the earliest Ottoman covered bridges that will be
built throughout the coming centuries until the late nineteenth century.
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At the same time, in the western half of the European continent, the construction of
bridges with chapels, shops, workshops and even residential buildings dates back to the
XI-XII centuries, but then it was mostly a chaotic, time-consuming practice rather than
the realization of complete architectural ideas.

Such architectonically thought out solutions emerge and develop only in the typology of

covered bridges in front of fortress gates, a fortification idea designed to create narrow,
easily defendable spaces, comfortable for concentrated direct fire and limiting fronts,
which makes easy the crushing of attacking forces with tumbling rollers, balls and other
large shapes with spikes. In German-speaking lands, covered bridges continue to be built
due to the poor climate, without being directly related to defense functions.

It was not until the beginning of the fifteenth century that the first thoroughly conceived
bridge construction solutions would emerge, sometimes combining in one both ways of
building on bridges. Initially, this was done under the old schemes, which formed an open
street, surrounded by two longitudinal sides with single or concluded residential and
commercial buildings. A typical example is the history of the Kremerbruck (Commercial /
Shop Bridge) in Erfurt (Thuringia), where over the repeatedly rebuild wooden bridge shops
seem to have always been built, or at least since the beginning of the XII century, because
in 1156 it was referred to as the "Pons rerum venalium" (I.e. Market Bridge).

IS/ 5

Erfurt, Thiiringen, Germany. Kramerbriicke over the Gera River. View from the perspective map of Merian
(1650); Summarized plan of the bridge in its present condition; Archival photo views

" In the Ottoman name system the personal name and the fathers name are indicated with the prefix 'son of . It
is a medieval practice to adopt a "son of Allah" in the form of "bin Abdullah" or "bin Abiddin" instead of his
father's name for the adoption of Islam by a non-Muslim.
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The bridge is owned by the local Benedictine monastery, but after its continuous
burnings, which continued into the 13th century, the Erfurt City Council purchased its
remains, once again burned in 1293, and began construction of a new stone structure. It
seems that for the first time the bridge was conceived as a single whole with a commercial
street with residential structures for the owners, and in 1325, when it was completed out of
stone, there were already uninhabited timber structures on it, confirming the existence of a
unified design concept. There are stone tunnel portals on both entrance sides of it, together
with a church of the Benedictines and a second one dedicated to St. Egidien. In this form,
the bridge has six arches and its 79 m long, with a width of 19 to 22 m. After the buildings
burned down in 1472, by 1486, 62 new, this time stone-wooden buildings were re-created.
Of course, after that there have been other rebuilds and demolitions.

Undoubtedly in Western Europe this line of building market bridges continues to be
realized, but more architectonic appearances will appear in the fifteenth century. An
example of development in this direction is the Ponte Vecchio in Florence, which was
restored as stone after the previous stone-timber one was swept away in the great flood of
1117. There is preserved information that there were twenty stores on it, which were
destroyed during a fire on 23 June 13317 In 1333, it was demolished and only two river
bases survived, on which later the construction of a new facility began. This new bridge
was completed in 1345, with Giorgio Vasari (1511-1574) attributing his authorship to
Tadeo Gadi (1290-1366), but nowadays it is also argued that the architect is Neri di
Fioravanti (unpublished - 1366), and Gadi is just his associate. Anyway, these excellent
bridge builders created together a bold solution of a three-arch structure with segmental
arches in the proportion of 5: 1, the central of which exceeds about 30 m. However, it
seems that initially two shop buildings corpuses were being built on the roadway, and only
on one of its sides.

A ,
1 -(‘l" olds
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Bridges of Florence with Ponte alle Grazie (originally Ponte di Rubaconte, 1237) and Ponte Vecchio (1470-
1471) over the Arno River. Views of the Charta della Catena (1470 - 1471, Francesco di Lorenzo Rosselli)
and of a map of the Geography of Ptolemy (Geografia di Tolomeo, 1472, Francesco di Lorenzo Rosselli)

? For the early history of the bridge is of great value the information in the chronicles of the Florentine chronicler
Giovanni Villani (La Nuova Cronica, ca. 1322 - 1348), and is entirely true for the years 1265-1348, because except
as seen from him it is also based on eyewitness accounts, preserved archives and written testimony.
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This is evidenced by perspective maps of fifteenth-century Florence, the earliest of which is
the famous Sarthe della Catena, created in 1470 by Francesco di Lorenzo Rosselli, and a
miniature in a 1471 book on the geography of Ptolemy, where the bridge is drawn from
another angle’. In all of them the market buildings are shown as two-storeyed. Old
photographs show a preserved part of these facades, but then over time they were repeatedly
partially demolished, reconstructed and upgraded. Subsequently, buildings were also
constructed on the other side of the roadway, but the front was only partially covered by shops,
mainly above the ruts and on the sides of the central arches of the bridge. In 1565, the corridor
of architect Giorgio Vasari, commissioned by the Duke of Florence Cosimo I Medici, will pass
over them, which will give a monumental appearance to the facility”.

Florence. Ponte Vecchio (1470 - 1471) with the corridor of architect Giorgio Vasari (1565) commissioned by
Duke Cosimo I of Medici. Views of the woodcut from 1893, the perspective map of Paolo Forlani (1569)
and predecessor of Ponte di Rialto — Ponte della Moneta, by the perspective map of Jacopo de Barbari (1500)

* Mappa di Firenze. - In: Geografia di Tolomeo, 1472, Bibliothéque nationale de France, Paris.
* The Vasari Corridor connects the Palazzo Vecchio administrative center through its south extension - Uffizi, to
the residence of the Medici, Palazzo Piti. It is long in combination with its coastal and bridge sections over 850 m.
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The real beginning in the area of architectonic unity of a bridge structure with store
buildings seems to be set in motion as construction intentions began for the creation of a
stone bridge over the Grand Canal in Venice of the Rialto to replace another, already
damaged wooden one, Ponte della Coin. The earliest proposal for this stone facility dates
back to 1503 (it looks like Fra Giovanni Giocondo da Verona, who also made a project in
1514), and the first decision by the city government for its creation is in 1507. Following a
lengthy deliberation in 1525, a tender was announced for the project, and a little later, the
Venetian Doge Pasquale Chiconia held a competition. All of the proposal stages involved
several of the most famous architects of the era - Andrea Palladio, Jacopo Sansovino,
Vincenzo Scamozzi, Jacopo Barotzi da Vignola (maybe some project had Michelangelo
Buonarotti) as well as some almost unknowns like the Swiss from Lugano Ponte, who will
unexpectedly receive the order after the last round of 1587-1588. According to some
sources, however, the original version of the winning project was submitted by Alvise
Boldu ("dal Nobil Homo Alvise Boldu"). The final choice is mostly based on a project that
is the only one created with a single large segmental arch.

All of the preserved project designs created by the various authors have been resolved in
the spirit of mannerism, based on the free interpretation of classical Vitruvian architecture.

Skamozzi’s project made in 1587/8 is for a three-arch curved bridge with stairs going
down to the shores, which greatly complicates the normal functioning of the store
buildings. Only at its uppermost part above the main arch it had a broader area beneath
colonnaded gates on both of its sides, but it is not a market area instead it’s intended as a
recreational area with river views. Skamozzi uses Palladio’s scheme from 1551, which
provides one central lane and two side promenades with shops.

T

Andrea Palladio's first competition project for Ponte di Rialto (1551)
and the competition project of Vincenzo Scamozi (1588)
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This first of the two projects, created by Palladio, is much better suited than Skamozzi's
idea which was perhaps based on it, because it offers embankments with long side stairs
from the shores to the flat road with shops. Particularly pompous is the second of his
projects (1566), which also has three parallel longitudinal shopping streets with three
staircase approaches to them at the two opposite ends of the bridge, but the sideways were
built with shops on both sides. He also developed the idea of a central space-marquee,
offering a monumental transverse ship with colonnades and triangular pediments on both
sides, but also added frontal, as well as colonnaded, porticoes on either side. Naturally, this
super-heavy superstructure steps on three identical arches, lying on two mighty river bases
with breakwaters and antique niches with statues above them. In fact, for the commercial
needs of the city, this is functionally the best project, but obviously the very high cost of
construction impedes its acceptance.
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Andrea Palladio's first competition project for Ponte di Rialto (1551) — floor plan
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Andrea Palladio's second and most extensive project for the Ponte di Rialto, in the original drawing (1569,
published in Quattro Libri dell'architettura)
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Antonio da Ponte's final project that won the tender, for which it is not clear whether and
how much it has anything to do with the one proposed earlier by Alvis Baldou, also has
central and lateral stairways inclined toward the shores, but through differential staircase
approaches to them both shore climbs receive a slightly more moderate percentage of
excesses’. In addition, there are narrow access areas at each store’s entrance. This bridge
also ends at its highest point with a panoramic landing with single arch porticoes. Its length
is 48 m, from which the arch exceeds 28.80 m, with a hull width of the considerable 22 m.
The foundations of the coastal bases are grounded deep below the bottom on 6000 wooden
piles, followed by hydrophobic mortar-covered grates and lying on them masonry of
gradually bending inwards rows of bricks, followed by stone construction, thus becoming
perpendicular to the tensile forces of the vaulted structure.

Perfectly realistic painting by Giovanni Antonio Canal-Canaletto (ca. 1727, Parma, Galleria Nazionale) of
Ponte di Rialto by Palladio. Photorealistic views from the south of Canaletto (1727) and from the north to
Michele Marieschi (1735) by Antonio da Ponte’s realization

> In 1590, the Venetian Senate granted to Ponti a patent for bridge building innovation, under which no one was
allowed to sell views of the bridge for 20 years. Skamozzi, however, objects, considering that he is in fact the
author of the architeconic scheme, though his is not based on a single-vault but on a three-arch construction, but
also borrows ideas from Palladio's first project. And also Skamozzi, probably angry with his loss at the last of the
competitions, predicts that his bold arch will inevitably collapse - something that never happens.
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The construction began on June 8, 1588 at 6 pm and continued until July 1591, led by
Antonio da Ponti, but in his team he included with no doubt his 20-year-old grandchildren
Antonio and Tommaso Conti as journeyman.

Despite the creation in the sixteenth century of this progressive new line in bridge
construction, it finds almost no continuation elsewhere because of the extremely high cost of
this type of construction. Instead, the chaotic construction on top of bridges continues to be
widely practiced, especially in the German-speaking territories of Europe and partly in France,
Italy and England. In countries with harsher climates, especially in the German states, many
covered, purely pedestrian bridges are still being created, sometimes only with added chapels.

Among the exceptions are some of the bridges over the Seine along the streets of Paris,
passing through the island of Saint-Ile-de-la-Cite, which were periodically rebuilt with their
housing and commercial upgrades. Of these, the longest life had the Pont Notre Dame, which
rolls over the large arm of the river at Sita. Built as a wooden one during the Celtic period, it
was rebuilt as a stone one by the Romans and once again rebuilt as a stone-wooden one on the
ancient bases. In 885 or 886, it was burnt down by the Normans besieging Paris and was
therefore abandoned. Shortly thereafter, downstream another one was constructed to replace it,
known as the Pont des Planches de Milbray. How many times after that it was repaired and
rebuilt, is not very clear, but there are reports that, during the time of Charles VI Le Fall (1380-
1428), it was destroyed in the great flood of 1405, its restoration this time was on its original
location in front of Notre Dame Cathedral, which is why it began to bear its name. The new
115-meter-long structure was again wooden and includes 65 houses with shops on the ground
floor. The idea is to achieve a unified image that serves to "decorate and increase the city's
income." Poor maintenance, however, led to self-destruction in 1499. So one year later,
Dominican architect Fra Giovanni Giocondo da Verona, working at that time in the city, was
designing a reconstruction with a six-arch stone structure. The construction of the building,
which was carried out by the city master Jean de Fellin, was completed in 1507, and the
envisaged 68 residential buildings with shops on the ground floor - in 1512.

Paris, Cité Island. Pont Notre-Dame painting by Nicolas Jean-Baptiste Raguenet
(1751, Musée Carnavalet in Paris) and by engraving (XVIII century, anonym)

The symmetry and architectural qualities of this construction make it a benchmark for the
construction of shopping streets and other covered bridges in the city. According to
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Merian's perspective map of 1615, this type architectonics is also owned by the Little
Bridge and the Saint Michel Bridge over the small arm of the Seine, as well as a pair of
adjacent bridges over the big arm near Pont Notre Dame. Of this type is the building along
Magdelen Street, located between the Notre Dame Bridge and the Little Bridge.

Paris, Cité Island. View of all bridges built on perspective maps of Truschet & Hoyau (1550) and Merian (1615)

Pont Notre Dame was repaired along with part of the buildings on it in 1660, but 126
years later, in 1786, the depreciated and becoming dangerous structures were destroyed
and in 1853 it was rebuilt on the old foundations and the stone hull.

An identical method of construction also appears on the Bristol Bridge over the Avon
River in England. It was built with stone in 1245—-1247, along with the built on top timber-
framed houses with shops, the rents of which are intended to provide the means for its
maintenance’. In the following centuries, due to the not durable construction of the
buildings, they were undoubtedly rebuilt and upgraded, and in the 17th century it gets to
the point where they were marked as four-storeyed, crowned with fifth attic levels. We also
see them like that in engravings dating back a hundred years later. In the center of the
bridge in 1361 a large two-storey chapel “St. Assumption of the Blessed Virgin Mary” was
built, with lower level crypt and a bell tower. It was destroyed along with more than 20
other buildings in a fire in 1647.

Because the roadway was only about 6 m wide, the building, although console-mounted
above the river, became in places a dangerous obstacle for passers-by, and in 1760 it was
decided the facility is to be demolished and a new one to be built.

In a similar way goes the construction history of the London Bridge over the Thames
River. Built for the first time between 1176 and 1209 (Protomaster Peter de Colechurch) as

% According to the “Adam's Chronicles of Bristol”. Written by William Adams between 1623 and 1648.

See her digitalization at:
"https://archive.org/stream/adamsschronicleo0O0adamuoft/adamsschronicleo0Oadamuoft djvu.txt"ttps://archiv
e.org/stream/adamsschronicleo00adamuoft/adamsschronicleo0Oadamuoft_djvu.txt. Under the year 1245
notes: “... the Bristol Bridge began, and the inhabitants of Radclay, Temple and Thomas were united
(through him) into the common town of Bristol, whereas before they were in two (separate) cities and there
were two markets, one at the Bristol High Cross and the other at Staleng Crosse’s Tempell Streat. And the
land on the Augustan side of the river was given and given to the monk of Bristol by Sir William Bradstone,
abbot ... ". That means that the bridge is a construction work of the monastic order in Bristol.
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Bristol, England. The bridge over the Avon River (1245 - 1247, chapel - 1361).
Views on engravings from the seventeenth century

London Bridge (1176 — 1209). View by a painting of Anton van den Wyngaerde (1545)
London Bridge (1176-1209). A general view on an engraving by Claes Jansz Visscher (1616)
and of the Bridge Street (eighteenth century)

London Bridge (1176 — 1209). View by a painting of Claude de Jongh (1632)
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a stone multi-vaulted structure, which is what was customary for the time of The Late
Middle Ages, it was gradually and chaotically built up with residential and commercial
buildings along its 273-meter length. In the oldest engravings of the 15th - the beginning of
the 16th century, the construction in the sections between the tower gates was loose and
made of one-storey and two-storey multi-format buildings. In the first half of the next
century, the first blocks appeared, consisting of uniformly designed party walled three-
storeyed buildings. We can see it, for example, in the 1545-year drawing of Flemish Antonis
van den Weininger, where a block of three-storey buildings is only in the section to the north
of the bridge’s chapel, and the rest of the bridge is still with the old lax construction of small
buildings. Undoubtedly, by the end of the same sixteenth century, the newer type of building
construction covers the southern part of the bridge too, because in engraving from 1616, Claes
Van Visscher will create a panoramic view of London, with the bridge, the hull of which is
already covered by four large blocks of four- and five-storey buildings, between which a
shopping street is sought along the axis of the bridge lane. Probably this dense building has
often suffered from fires, and therefore in the cavalry lane of 1632 by another Dutchman,
Claude de Jongh, one can see destroyed parts of these blocks restored to different heights. A
more significant reconstruction took place at the end of the same century, when the
architecture of the buildings was once again modernised.

It may be added that during the Late Middle Ages, and afterwards, some palace
buildings were built on bridges, as if mostly in France. Such a bridge wing over the Cher
River has the Chenonceau Castle in the Indre-et-Loire department, designed by arch.
Filiber Delorm and built in 1580 by Arch. Jacques Andrew Dusserso.

Department of Indre-et-Loire, France. Bridge wing of Chenonceau Castle over Cher River (1580)

The architectural unity of bridge structures with market buildings on them has its
unexpected renaissance in the eighteenth century in the work of the great Scottish architect
Robert Adam (1728-1792), the creator of the specific interior style “Adam” as a part of
English neoclassicism. Working with his brothers James, John and William, among his
many projects and realizations, he also has about 10 bridges, two of which stand out
especially in this particular architectural area. These are the bridges in Bath, England, and
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in Edinburgh, Scotland. Undoubtedly, they were influenced by what he saw and learned
during his specialization in Rome between 1754 and 1758, when his mentor was the
famous architect and architectural historian Giovanni Batista Piranesi, and when he
specifically studied the work of Palladio, which underlies part of architectural visions from
the seventeenth to eighteenth centuries, known as Palladian style. Of the two bridges with
commercial streets, only the one in Bath (Pulteney Bridge) was built, built over the Avon
River by Arch. Adam between 1769 and 1773 commissioned by the famous lawyer, farmer
and politician Sir William Plutney. It was intended to connect the agricultural lands of the
contractor to the city. Sir William assigns the work to his friend and compatriot Adam,
who, impressed by the Italian designs, offers their structure as lucrative. It was designed
and built as a bridge shopping street with shops on both sides of the roadway, solved in the
neo-classicistic Palladian architecture of Adams, with dominant structures at the center of
the building on both sides and at the ends at the entrances to the bridge.
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Bath, Somerset County, England. Pulteney Bridge over the Avon River (1769 - 1773, architect Robert Adam). A
reconstructive view of the project from the original drawings of Arch. Robert Adam (1769) General view of the
bridge by Thomas Malton (1788) and the bridge street by Joseph Mallord William Turner (1810)
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The second of Adam's commercial bridges was developed in 1790-1791 as a grand
structure connecting the city along Princess Street and across the suburban Low Calton
Hill to Leith Harbor. It was intended that a trace for a road would pass beneath it, now
called Calton. It is a huge bridge structure, reaching to eight floors above the level of the
road, made in Adam's Palladian style of neoclassicism. The design is extremely large and

expensive, so this bridge was never realized.
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Edinburgh, Scotland. Unrealized project for the so-called South Bridge (1790 - 1791,
architect Robert Adam). General view of a watercolor by the author

So far, the issue of covered market bridges in Eastern Europe, Asia Minor and Iran from the
last quarter of the fourteenth to the end of the nineteenth century has not been analyzed in the
scientific literature. There are only partial publications on some of the more important
facilities, mainly from Bursa in Asia Minor, Lovech in Bulgaria and Isfahan in Iran.

Until recently, there was no known archaeological or written source from the fourteenth
century for the construction of covered bridges on the Balkan Peninsula too. I was recently
impressed by an image of an anonymous Italian military map of the Balkans, dating it by
the rulers' flags on the fortresses from before 1396, but not earlier than 1388, when the city
of Sofia was Ottoman.
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Adrianopolis (today Edirne, Turkey). Covered bridge over the Maritza River south of the city
(14th century).View of an anonymous Italian military map (French National Library)

It is positioned after the big bend of the Maritza River and its merge with the Tundzha
River, which means - at Adrionopol, although the city is marked rather northwest of it.
However, which according to the realities of the Middle Ages is true, it is not by chance
then that the approach to the main city gate is after the bridges across the island of
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Tundzha. And the image itself is of a massively-built vaulted covered bridge with a
colonnade upper structure that steps with its middle foundations on an island in the Maritza
River. Where, then, should this facility be sought after it has been established for the time
being that, by the end of the fourteenth century, the only existing bridge pair was the one
across the island of Tundja - known today as the Gazi Michal Bridge and the Yaldaram
Bridge, the first of which was later renovated in 1502 (or 1520). Of course, there is the
possibility it might be either one of these two bridges crossing the road through Tundja
Island, assuming that there is an inaccuracy in the image. Even with this hypothesis, the
city would still be east of it. At the same time, in 1672, Parisian Antoine Galan saw large-
scale remains of a bridge 7 km south of Edirne, near the Bulgarian village of Bosnakoy
(now Bosnia, Turkey). "Walking along the Maritza riverbed," he writes, "I noticed
remnants of a stone bridge there and, as it seems, quite long ..." As a location, this bridge
completely corresponds to the location marked on the map after the river bend. It lies on
the main route from Antiquity, connecting Via Ignatius of Traianopolis (Thracian Dorisk,
today Banya, Ladzhakyi, Lutra) through Dimae (today Feres) and Plotinopolis (now
Dimitika) with Adrianopolis (day Edirne and Odrin) Via Militaris. In fact, it is also the
direct connection of Edirne to the nearest seaport, which is extremely important for trade
during the Middle Ages. It is possible that this bridge is a key trading and customs point on
the Belorussian coast for the medieval themes of Macedonia and Thrace, as well as for the
Kingdom of Bulgaria’.

If the legend of the creation, told by Evliya Chelebi, is believed to be true ,then from the
14th century dates the Irgandi Market Bridge over the river from the Gokdere Gorge in
Bursa dates back. According to her, in the capture of the city in 1326, one of the
participants in the battle finds gold coins scattered in the creek. He takes them to Sultan
Orhan Bey as booty, but he tells him in charity to build a bridge with them in the same
place, which was fulfilled.

However, according to the Kadi register of Bursa, the bridge was built by a Hajji
Muslihiddin bin Ali al-Irgandi in 1442 who was killed in 1492 in Bilecik®. The same
registers (Defter, no. 72, p. 114) state that in 1559 the grandson of the donor, Ahmed
Chelebi, planned to create 31 shops and a masjid with the legacy bequeathed to him by
his father. In 1855 the stores were already 33, ie. either a larger one is split in two, or
the masjid has disappeared and two new shops have been formed in its place. Dr.
Yilmaz Yonge, in his excellent scientific bridge studios (studies), has made an
architectural restoration, in which the shops are 30. He furthermore believes that it has
been built as a market bridge by Muslihiddin. It cites an in-depth architectural analysis,
according to which some of the premises built into the hull are warehouses that can
only be connected to upper structures erected above them, and therefore suggest that
the initial shops may have burned down’.

7 Unfortunately, the electronic copy of the map that I have is poorly scanned and with insufficient resolution
for me to read the detailed four-line inscription next to the image of the bridge.

¥ Bursa Kadi Registers, Defter, No. 13, p. 11. The reference is to Irgandi Kopriisii, Bursa'da Gokdere suyu
tistiinde XV yiizyilda yapildig: sanilan kopril. - In: Islam Ansiklopedisi.

? Onge, Y. The Original Architecture of the Irgandi Bridge and Bursa. - In: Vakiflar Dergisi, XIII, 1981, pp. 425-448.
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Bursa, Asia Minor Turkey. Irgandi Bridge (Irgand: kopriisii, and Carsili Koprii, 1442).
Reconstruction of the plan with the upgrades with stores and the facade by Onge (1981)
Sections through the bridge housing and the building above it on the restoration of Onge (1981) and views of
the holes in the housing in a photograph taken after its destruction by the Greek Army in 1922.
Views of the bridge on drawings by Julia Pardoe (1838)
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Indeed, this bridge has two long, vaulted caravanserai (14.85 x 4.50 m) built on its hull on
both sides of the bridge vault, and longitudinally on the sides of them - with a series of 12
small, chain rooms that are without any connection to them. Which naturally means that
they are warehouses of commercial premises built above the level of the roadway. This
architectonic really reveals that the bridge was built and then in 1559 and rebuilt at its top as a
completely massive covered structure. On either side of the street, there are stone gates, closed
at night with iron doors. Engravings by Julia Purdy (1836) and French archaeologist architect
Charles Texier (1835) show the covering of the market street as rising basilica like over the
roofs of shops, with a number of ventilation and chimney overhangs. It is also seen that both
the upper build stores and their warehouses below them are illuminated with rectangular
windows - almost square in the upper structure and narrow as battlements (0.75 x 0.43 m) on
the facades of the bridge housing. Dr. Yonge suggests that the initial ones are sharp pointed,
but he does not actually state any details. Only the bridge arch is sharp pointed.

Bursa, Asia Minor Turkey. Irgand1 Bridge (Irgand1 kopriisii, and Carsili Koprii, 1442). Views of the bridge on
drawings by Charles Texier (1832, published in 1862 and 1882, Asie Mineure) and archive photo view (1854)

According to the Kadi registers, the whole superstructure is covered with lead sheets,
which were repaired in 1567, 1573, 1576 and 1632. Pardo's engraving shows that in the
early nineteenth century, some of the sheets have disappeared and the roof was overgrown
with shrubs, meaning that the rooms were massively arched. From the engravings and one
photo from 1854, we find that the long outer walls of the store superstructure are
cantilevered by shallow Lombard fittings, and that the entire superstructure with them is
made of bricks. The facades are topped with a powerful, intricate cornice resting on a wolf-
tooth style frieze. The body of the bridge (11 m wide) is stone, lined with large slabs
whose surface hangs slightly above the forehead of the vaulted structure. There is a 16m
wide point arched breakthrough, formed by quadras - whole and fitted with two shorter
ones, which is an Armenian technique. By the way, the name of the Islamized mimar
(architect) Timurtash oglu (son of) Abdullah'’, who is much more likely to be Armenian
rather than Greek, is recorded as the author of the bridge.

10 Baykal, Kazim. Bursa ve Anitlar1 - Bursa et ses monuments. Bursa, 1950.
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And by the time of the twentieth-century genocide, the neighborhoods with the bridge were
populated with Armenians, as were the shop owners.

Y O T

Bursa, Asia Minor Turkey. Irgand1 Bridge (Irgand1 kopriisii, and Carsili Koprii, 1442).
Watercolor view (before the 1855 earthquake)
View of an archival photography from 1894 (Sébah & Joaillier)
of the restored after the earthquake look of the upgrades

Between 1573 and 1589, the bridge was visited by Reinhard Lubenau, who states that its
length is 300 meters, and considers it to be Byzantine before the conquest of the city. In
1836, when it was thoroughly examined and drawn by Julia Pardew, it was perceived as
Roman. During an earthquake in 1885 the market superstructure of the bridge collapses,
and from photographs from the very end of the 19th century it can be seen that from the
Lombard arches only some of the stone brackets on which they stand are left. On top on
the two sides of the arch are built new, orieled timber structure shops, but the street
between them is no longer covered. In its late appearance in 2004, it was completely
rebuilt after its destruction by the retreating Greek army in 1922 and the partial
reconstruction of the remains of 1949. However, the arch is built as a semi-cylindrical, and
not sharp pointed.

It should be noted that in the Asia Minor medieval Islamic world, bazaars representing
shopping streets, closed on both sides with solid gates and covered with rooftops, appear quite
early. There are written records of such dating back to the X-XI centuries. Undoubtedly, they
are at the heart of the architectural typology of Bedesten, which had a strong development in
the fourteenth and fifteenth centuries and throughout the cities of the Ottoman Empire'' -
insofar as they were also classified as cities with or without bedesten. In the Seljuk Sultanate
there are reports of bedestens since the beginning of the 13th century. In Kahramanmaras they
date from the XI-XIII centuries, and from the XIV century are those in Lozengrad (Kirklareli,
1383), Manisa and others. From the nineties of the fourteenth century is also the bedesten in
Yildaram in Bursa. Functionally, the typology of the bedesten is thought to develop on the type
of three-ship basilica, widespread in ancient and early medieval Syrian architecture. It can be
seen that this type of architectonics is present at the superstructure of the Irgandi Bridge, which
in fact repeats that of the three-ship bedestens.

"' The word bedesten (tur. Bezesten, Bezestan) is composed of the arbic "bez" - clothing, with the Persian
suffix "istan" - for a place.
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In climatically warmer areas of the Ottoman Empire, it is often practiced to cover the
whole or part of the street with light wooden roofs and even to close them with gates on
either of the outer sides. Also, in the presence of rivers and gullies passing through the
settlement, its eventual expansion, similar to what is happening in other territories of
Europe, begins the construction of shops on top of the transfer bridges. In many cases, they
are directly rebuilt as covered markets. It is clear from the descriptions of travelers and
Kadis and tax registers that in the 15th-19th centuries many market bridges were built on
the Balkan Peninsula, for example in Nis, Thessaloniki, Ser, Edirne, Pazardzhik, Dupnitsa,
Malko Turnovo, Bitola, Prizren, Lovech , Drama, Gumurjina and others, in Bulgaria,
Serbia, Greece, Kosovo, Turkey and Northern Macedonia'?.

The Covered Bridge in Gumurjina (now Komotini, White Sea Thrace, Greece). Views from archival
photographs from the 1960s

In 1611, Lefévre saw in Edirne a large wooden (or stone-wooden) bridge with
workshops and shops. He describes it as “... the mosque bridge... where the shoemakers
are. It is as new as the mosque. ”'° It was therefore built around 1568—1574 as a wagqf of
the then building Selimie Mosque by mimar Sinan. But as early as 1555, Hand Dershwam
would note that "there is a stone bridge in the city opposite the Sultan's palace over the
Maritza River (actually Tundzha), with many craftsmen around it: they also have a wooden
bridge.""* Which means that the market bridges in Edirne in the sixteenth century are more
than one. In this case, it is probably the Sarachi Bridge, which was almost duplicated at the
same time by the Sarachhane stone (in 1853/4) near the Fatih Bridge, also above Tundja,
leading to the Sultan's palace.

Evliya Chelebi also wrote about a wooden bridge in the middle of Drama's market in the
middle of the seventeenth century, with the river sometimes flooding and dragging the
shops. In the 1990s, Armenians Hugas Injejian and Stepan Agontz published a
“Geography”, which states that in Dupnitsa "there is a mosque, a bath and a market
through which the gully passes", ie. establish the existence of a market bridge”.

2 Tuleshkov, N. Protomaster Nikola Fichev - Life and Activities (1800 - 1881). - In: Protomaster Nikola Fichev -
Creator of the Bulgarian National Revival (sometimes called Bulgarian Renaissance), S., 2000, 78—79.

" French travelogues about the Balkans XV — XVIII in..., p. 193.

'* German and Austrian travelogues about the Balkans XV-XVI in..., p. 259.

!> Armenian travelogues about the Balkans in the 17th-19th centuries S., 1984, p. 110.
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Covered Bridge in Drama (Eastern Macedonia, Greece)
Prizren. Panorama of the city, foreground Sozi Bridge over the Bistritsa River. Photo by Jozef Szekeli (1863)

In September 1863, Hungarian photographer Dr. Josef Szekely, accompanying Dr. Johan
von Han on his expedition through populated with Albanian areas, took a series of photographs
in Prizren (Kosovo), one of which shows a large market bridge. Two years later, it was
described by Henry Tozer: “The bridge that crosses this part of the river, with its vaulted roof
and the pavilions (shops) on both sides, reminds us of Ponte Vecchio in Florence, though it is
entirely made of wood and is much smaller in scale. The exceptionally picturesque bazaar of
which these pavilions are part has a colorful appearance, with brightly colored towels, rugs and
cotton garments hanging in front of them. .. '

The bridge is known as Sozi (Ura e Soziut), as it is reportedly built by the famous
Ottoman poet Sozi Chelebi (1455-1524/5, born and died in Prizren) as a sign of his great
love for his wife. According to local studies, it dates back to 1508. Later, in 1513, a
mosque would be built on the shore in front of the Sozi Bridge, and a library next to it,
considered one of the earliest on the Balkan Peninsula.

Prizren. Sozi Bridge. Photo of Austro-Hungarian consul Oskar Prochazka (1906)

' Tozer, H. F. Researches in the Highlands of Turkey. 335-338.
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In a photo from 1906 by Prochazka it still exists, but in 1912, during the Balkan
War, after the city was conquered by Serbs and many people were killed, Commander
General Jankovic demolished and detonated many public buildings and mosques, and
also burns the bridge down. So next year, photographer August Leon will shoot a
panoramic view of the city with the bridge for the Albert Cannes collection, on which it
is already without his storefront structure.

Prizren. Panorama of the city, in the foreground is the burned Sozi Bridge over the Bistritsa River.
Photo by Auguste Léon (1913)

According to the old photos, the bridge was built out of stone and had three-vaults,
undoubtedly curved, with powerful high breakwaters. However, we can see formwork imposts
around them and on the breakwaters with large long squares, which indicates the construction
is of the period from VI-VIII centuries, if one also takes into account the presence of a single-
stage overhang of the hull lining above the forehead of the arched construction. So in this case
it is most likely a restoration, made in 1508, of a ruined ancient or early medieval Byzantine
construction. By the beginning of the sixteenth century, only the smallest arch from the shore
with the tabakhane (the leather workshop) survived, part of the one on the opposite bank and
one of the river bases at some height above the breakwater.

But whether this restoration also included the market upgrade is unknown. Assuming
that the missing on all pictures next two vaults are in its current form during the
reconstruction, then undoubtedly the new construction is a market, stepping in large part
on the wooden road construction.

The photo by Szekely clearly shows two stages of construction of the upgraded part. The
left half is lower, fronted with vertical boards and covered with wooden shingles, while the
right half is taller, timber structure with a brick fill and a tile roof. It also continues on the
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coast with taller store buildings with the same architectonics. Therefore, it can be assumed
that the left, longer part is from an older bridge, dating from the seventeenth to eighteenth
centuries, while the right is undoubtedly from the nineteenth century.

In 1836, the French scientist Amy Bue would see in Bitola (Monastir, today in Northern
Macedonia) another market bridge and write: “The bazaar with its shops... occupies on both
banks of the river a vast area connected by a wooden bridge, along which it also has shops.
The bazaar has a wooden roof ... ”'” Twelve years later, in 1848, Edward Lear will depict him

in one of his Balkan watercolors as an architectonised, all-wooden structure with pediments
and a semi-cylindrical kyoshk (sitting area for eating, meetings etc.) in the middle of the hul

118

Bitola, Northern Macedonia. The Great Bridge over the Dragor River between Pekmez Market and Ishaq
Chelebi Mosque. Watercolor Views of Edward Lear (1848)

The bridge, called "The Grand", crosses the Dragor River along the market street (Pekmez
Market, part of Shirok Sokak) between the city’s Bedesten and Ishak Celebi Mosque (Ulujami,
1506) on the other bank. Near it, along the road of the bazaar, a city clock tower was built.
There is no information as to when the market bridge was created, but the mosque wagnam
(the document for establishing the waqf) dated June 3, 1508, records that 105 shops are
provided for its maintenance, so it can be reasonably assumed that some of them are from The
Grand Bridge near it. And this means that its appearance dates from the beginning of the
sixteenth century. Of course, it was then inevitably rebuilt several times until 1853, when it
was swept away by a catastrophic river. In January of the following year, Jordan
Hadzhikonstantinov-Dzhinot wrote about the incident: “Down in the middle of the Monastery
(Bitola) there is a river called Dragor. It has 6 bridges, and on them there are rich shops. This
past year, Dragor ran in and, with strong and terrible water, destroyed the bridges and shops,
which would cost them up to 5 million Groschen in damages. ”"°

We also learn from this information that in the first half of the 19th century, there were five
more covered market bridges over the Dragor River in Bitola besides The Grand Bridge. For
the rest, however, no data is available. Most of them are probably part of the existing bridges
of the twentieth century, for which there are preserved memories of previously wooden ones.

' French travelogues about the Balkans XIX c., 1981, p. 374.
'® Edward Lear. In the Levant: Travels in Albania, Greece and Turkey in Europe, London 1988, p. 79.
% Jordan Hadzhikonstantinov-Dzhinot. Monastery (Bitola). - Constantinople newspaper, January 29, 1854.
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After the demolition, The Grand Bridge is no longer rebuilt as a market bridge. Soon
after, a stone one was erected in its place, but it did not have a long life and no longer exist
in photographs from the beginning of the twentieth century.

For the rest of the bridges, except for the one preserved in the Drama and those from archival
photographs from Gumurjina, there are only brief references in travelogues and other old notes.

The most famous of the market bridges on the Balkan Peninsula is the "Covered Bridge"
near Lovech, over the Osam River. He is referred to in the 1890s as a "large and very solid
stone bridge with several arches" %01 have found that some authors of the sixteenth to the
nineteenth centuries classify stone-wooden bridges as 'stone' and their bridgings as 'arches'. For
example, James Baker in 1877 would write about the one near Lovech: "The fast Osam, about
a hundred yards wide, crosses the city beneath the arches of the new stone bridge, which would
be an honor for every country." *' At that time, it was actually with a stone-wood construction.
Therefore, without hesitation, it can be considered that the bridge, described at the end of the
eighteenth century as "stone", is actually a well-built stone-wooden one. This is also the case
with the earliest, more specific, information belonging to Ami Bue, who in 1836-1838 will see
in the city a "covered stone bridge with shops" %,

It also appears that this one of the bazaar bridges was also quite old, possibly even
from the sixteenth to eighteenth centuries, often smashed in its wooden parts by
incoming river waters”. Afterwards, most probably restored on the surviving stone
foundations, finally in 1871 Felix Kanitz welds in such condition, which made him
classify it as a “pitiful bridge connecting Mustafa and Dolna (Lower Krai) neighborhoods
to the left bank of the Osam River. Even the most undeveloped and poor German village
- he adds to this finding - would be ashamed of such an ugly bridge, especially since it,
like the Ponte de Rialto (in Venice), is also used as a closed bazaar. The rotten boards
and the holes drilled on this bridge were dangerous and fatal to my horse's legs. "Kanitz
goes on:" In 1874 it was completely demolished due to the danger of collapse and a new
one was erected in his place, built by Master Nikola (Fichev) from Dryanovo. n2

In connection with this construction, three Ottoman-Turkish documents were put into
scientific circulation a quarter of a century ago™. It is understood from them that at the
beginning of 1874 (and perhaps even at the end of 1873) Nikola Fichev was preparing a
project and a quantitative account for a wooden bridge bazaar. Later, the people of Lovech
demand from him to offer a construction option for a massive bridge structure. In a letter
dated July 20, 1874, to the Lovech Kaymakam, it was noted:

2 Baker, James. Turkey in Europe. London, Paris & New York, 1877.

22 French travelogues about the Balkans of the nineteenth century ..., p. 241.

2 In a note from the book "The History of Alexander the Great" (Lovech Museum), it is noted that in 1848
"the Osam came and carried the bridge along with the shops and the goods". In another note published by
Geno Ivanov, this is confirmed - "1848 June 25: the water carried the bridge". (Ivanov, G. Floods in Lovech
and Caused Mischief - Nineteenth Century. - In: Lovech and the Lovech area).

2% Felix Kanitz, Danube Bulgaria and the Balkans. T. II, S., 1995, p. 27.

%> Maria Mravkarova. Kolyo Ficheto and the Covered Bridge in Lovech. - Journal of the Ages, vol.1, 1976, 49-53.
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Lovech, Bulgaria. The Covered Bridge over the Osam River (1874).
Panoramic view of the fortress (1910s) and road level view (early twentieth century)

"In connection with the request to the master Kolyu, who returned from there (Lovech -
B.A.) to Tarnovo, whether materials were prepared (ie projects and bills), for the big
bridge in Lovech ... whether it can be of stone or not, according to the enclosed copy of the
written account sent by him ... its value will be increased by 73,800 Groschen." But,
because as can be seen from the text below, there were stones donated by the local
population, and if allowed to use the "old ruins" (of the fortress of Lovech - B.A.), the cost
of construction will go up only by 20,000 Groschen. Let us note in passing that Nikola
Fichev, like all the masters of that time, were mindlessly demolishing the abandoned
ancient buildings and fortresses for the needs of new construction”®.

From the third document (November 11, 1876), we learn that the old bridge was not
deliberately demolished, as Kanitz claims, but that "last year (1875) it was completely
destroyed when the river came". It is also confirmed by correspondence, published by
Geno Ivanov: "1871 June 25: the water carried the bridge."

% Unfortunately, this practice destroys a great deal of ancient and medieval Bulgarian construction. For example,
the fortress of the capital Pliska was preserved until the sixteenth and seventeenth centuries together with the
crenels, but in the next three hundred years, in addition to the demolition for building materials,but also hundreds
os furnaces smelted its limestone quadras, columns and decorative plastic arts for him to witness it at the end of the
nineteenth century as pitiful ruins. It was not until 1890 that a royalty decree prohibited this practice, which, later
on did not prevent Alexander Stamboliiski from officially allowing it again.
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This bridge, which serves the traffic of the "Constantinople postal road leading from
Tarnovo to Vidin", is an old waqf property managed by muteveliya (inheritor of the waqf), and
therefore the whole of its funding from the state was denied. So it was built mainly with funds
from donations, loans and personal labor, as evidenced by the same document. It costs about
500,000 Groschen. In its completed form, there were 46 shops, bringing 170 000 Groschen
each year, which are serviced by the loans and which, after their repayment, should be used to
support primary schools, repair mosques, repair and build small bridges and fountains.

Lovech, Bulgaria. The Covered Bridge over the Osam River (1874).
General views of photographs from the early twentieth century

These three documents show the complete chronology of this construction, which has so
far been referred to as being carried out from 1874 to 1876. It turns out that during the first
of these years only projects and bills are drawn up, and the construction itself takes place
from 1875 to 1876. Arch. Georgi Kozarov learns from the local people that projects and a
wax model have been made for the bridge.”’

" Kozarov, G. Master Nikola Ivanovich Fichev (life and activity). - In: Master Nikola Fichev (Kolyu
Ficheto) 1800 - 1881. S., 1953, p. 40.
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According to Felix Kanitz, "the new bridge rests on seven limestone stone pillars ...
decorated with lions and other sculptures." *® From archival photographs and some
paintings taken before it burned in 1925, we know its architecture in greater detail. His
description in Kozarov's writings is also quite detailed. A relatively successful attempt
at reconstruction is made by Arch. Emil Momirov, but in the drafting it was no detailed
that according to the Ottoman-Turkish documents cited above, the shops built were
only 46 in number, not 68, as the author thinks, based on the visible axes in the facade.
This means that not all of them are created equal in size, but as small and large stores.
That is why, as Kozarov points out in the same book, each shop has "one or two small
windows", i.e. it covers one or two planning axes.
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Lovech, Bulgaria. The Covered Bridge over the Osam River (1874). Planning reconstruction of the bridge by
arch. Momirov (1954). Foundations plans with reinforcement at the bottom around them and the main level,
facade and sections

* Felix Kanitz, Danube Bulgaria and the Balkans. T.II ... p. 26.
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However, the question is unclear whether the shops are built as one-storey, with
two rows of windows above each other, or two-storeyed. In the famous etchings of
Peter Morozov it is clear that the central kyoshk on the side of the stream is two-
storeyed. There is also an intermediate structural devision that runs horizontally
between the two rows of windows. And all this speaks of two floors. But at the same
time, it is evident from the archival photographs of the bridge that there is a single
storey kyoshk on the other side. Having two-storey shops here would not be strange
considering their small area at the bottom (2.5 m x 2.5 and 2.5 x 5.0 m). Moreover,
the traditional shop at the time was mostly two-storeyed throughout the Balkans, for
example the Hadzhikonov shop in Sevlievo and the Turnovo shops, again built by
Fichev. So the presence of an upper storage level is quite logical. The third row of
openings, raised in dormers above the roof, illuminates and ventilates the street lane
in the same way as in Bursa’s Irgandi.

In this bridge-bazaar Nikola Fichev demonstrated not only virtuoso construction
mastership and original ideas in detail, but also highly artistic views. The architectural
image is remembered for its vertical and horizontal articulation, with colorful bay
windows and stone-cut cornice on the breakwaters. The pantheon of beastly images,
similar to those of the bridge to Byala, has not only security functions in the sense of
popular cultural beliefs, but also includes encoded messages, among which the symbol
of the Bulgarian revolution - the lion - is central. Saturnino Jimenez in 1877 puts it this
way: "Before completing his grandiose work, the artist placed on the central vault a
sculptural symbol of patriotism - the Bulgarian lion. Representatives of the Ottoman
authorities tried to oppose it, based on either the political significance of this emblem
or the Muslim belief not to paint or draw figures of living beings. But the architect
succeeded in proving to the Lovech Kaymakamin that in this case the lion is a symbol
of strength and that, therefore, in the interests of strength, the bridge cannot be passed
without a lion. ”*° Also, this text confirms the authenticity of the identical one,
recorded by Georgi Kozarov 40 years later, already a legendary story-dialogue between
the Protomaster and the Lovech authorities.

Contemporary historiography considers this to be the last building of Nikola
Fichev, with which he discontinued his architectural practice, but has several of his
churches, which were then built until 1880%.

* Saturuino Giménez, Mis viajes en la Peninsula de los Balkanes y el Asia Menor. - In; Boletin de la Real
Sociedad Geografica, vol. XIV, 1883, p. 248.

* Much of the text on the Lovech Covered Bridge was published in: Tuleshkov, N. Protomaster Nikola
Fichev Life and Activities (1800—1881). - In: Protomaster Nikola Fichev Creator of the Bulgarian National
Revival, S., 2000, 77-80.
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FIELD STUDIES ON A GROUP OF HERITAGE BUILDINGS IN
KAZANLAK, BULGARIA - PILOT ACTIVITIES

Eng. Tihomira Kracheva!

Foundation “Heritage (re)discovered”, in process of establishment

Abstract: In Bulgaria there are 39 476 heritage sites, and the large amount implies
difficult administration and monitoring of the technical conditions. Subsequently,
many of the buildings no longer exist, are badly maintained and thus dangerous to
the public or will become dangerous within few years. The institutions in charge of
maintaining the heritage sites are struggling with many obstacles, preventing them
from ensuring the upkeep and even survival of many of the cultural heritage
buildings. First and foremost, no action can be taken without updated information
regarding the status of each site, and with the current data collection system, it is
physically impossible for the relevant institutions to ever achieve an actionable level
of knowledge in this regard. By the time they are done examining half of the sites, the
information for the first quarter will already be outdated. Thus, the “Heritage
(re)discovered’ project was born with the objective to achieve an acceptable level of
knowledge on the status of the close to 40,000 heritage sites throughout the country.
Due to the shortage of financing, a volunteer model for data collection was chosen
with a pro-bono technological partner. To test the viability of the project, a small
sample on-the-ground study was conducted, encompassing 47 sites.

Key words: Cultural heritage, pilot project, data collection, ownership, emergency
measures, town of Kazanlak

1. Introduction

Cultural heritage encompasses the intangible and tangible immovable and movable
heritage as a set of cultural values that bear historical memory, national identity and have
scientific or cultural value. [1]

According to the public register of the National Institute of Immovable Cultural
Heritage in Bulgaria there are 1 385 heritage sites with world and national importance [2].
According to the Audit Report of the National Audit Office [3] in our country, the heritage
sites of all categories of importance are 39 476, of which 19 438 are architectural and
construction works, including 355 of national importance. Fewer than % of the heritage
sites have been granted status and the remaining 14,780 have only been declared.

This presents an insurmountable challenge for the institutions in charge taking care
of cultural heritage sites, starting with insufficient human resource to ensure proper data
collection on the current state of the buildings and continuing with challenges with funding
and ownership when attempting to secure, salvage and restore badly maintained sites.

! Tihomira Kracheva, MsC in Structural Engineering, tihomira.kracheva@gmail.com
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2. Aim and Scope

2.1. The “Heritage (re)discovered” Project

As a first step towards resolving the larger issue, the project “Heritage
(re)discovered” aims at collecting data on the current status of immovable cultural property
and promoting cultural heritage in the community. To reduce the cost structure of the
study, and considering the tremendous enthusiasm with which the idea of preserving
Bulgaria’s cultural heritage is met, especially among the younger demographics, we have
chosen to follow this data collection framework: 1) All data — including photos and
questionnaire-based information - will be collected by volunteers across the country; 2)
Each volunteer will be encouraged to examine cultural heritage sites within the settlements
that s/he is familiar with in order to facilitate the work of proper identification of the sites
and reduce transport costs; and 3) Data collection, analysis and support will be facilitated
by digital tools, developed cost structure of the study by the Technological partner at no
cost to the project.

Considering that the project will be based on volunteer work, a key condition to its
success is simplicity. The objectives, collection tools and process and the end result have to
be easily understood by people with varied educational and professional backgrounds so as
not to exclude the young non-engineers/architects, who are the main target demographic
for the volunteer base.

2.2. Pilot Project: Aim and Pre-Launch Work
For the purpose of the pilot project we selected an ensemble group of heritage
buildings in the city of Kazanlak. Often single heritage sites caught up in the contemporary
urban environment cannot maintain their artistic and psychological impact. In the design of
a group of heritage buildings, it is observed that even small and secondary architectural
elements gain special value in the ancient street space. Creating a binding and unifying
environment helps to emphasize the qualities of individually valuable single heritage
buildings. [4]
The main objectives of the pilot activities can be summarized in the following points:
e Preparing and validating on the ground questionnaires for single and group
heritage buildings
e Creating and validating an information system for collecting up-to-date data
for the cultural heritage sites
e Creating a map of the chosen group of heritage buildings in Kazanlak based
on the collected GPS coordinates
e (ollecting a enough sample data to help inform and direct the roll-out of the
project country-wide

After several meetings, our team received the support of Sofia Municipality,
Kazanlak Municipality, the Chamber of Architects in Bulgaria, ICOMOS Bulgaria and
numerous specialists from different economic fields.

The city of Kazanlak was chosen to carry out the pilot activities for three main
reasons: 1) ease of collection for the pilot team, 2) the town’s rich history and 3)
acceptable number of heritage sites clustered together. The choice of this specific ensemble
was not only motivated by the fact that it contains a large enough sample of heritage sites
without the number being unattainable within the scope of the pilot project; but is also
supported by the fact that this group of heritage buildings was the cause of inspiration for a
prominent architect like Le Corbusier [5].

In October 2018 after a meeting with the chief architect of the Kazanlak
municipality, Arch. Stoev, the pilot project was launched. The field surveys were
conducted in the period 11.2018-07.2019.
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3. Presentation of the Sites

3.1. Location
The heritage group “Knyaz Svetoslav Mirsky” is located in the city of Kazanlak. The

architectural and construction ensemble is locked between “Nikola Petkov” Blvd. and
“Knyaz Svetoslav Mirsky” Str., “Konstantin Bozveliev” Street and “Tiulbenska” Street.
The range of the ensemble is represented graphically of Fig. 1.

Fig.1. Map of the ensemble group “Knyaz
Svetoslav Mirsky”
Colour legend of Fig.1:
yellow — heritage sites
blue — heritage sites which are no longer in the official register
green outline — heritage sites that we couldn’t reach or even see because of fences
red — dangerous or endangered heritage sites
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3.2. Administrative Status and Origin of the Name

The ensemble was created in the 1960s, and was officially announced in the State
Gazette No. 34 of April 30, 1974.

The heritage group “Knyaz Svetoslav Mirsky” gets its name from the main street
within its boundaries. The historical personality the street is named after is extremely
important to the city. The hereditary Russian prince with the military title of Major General
Nikolai Ivanovich Svyatopolk-Mirsky (July 17, 1833-27 October 1898) fought during the
Russo-Turkish War of Liberation as commander of the left column of Lieutenant General
Fyodor Radetsky in Kazanlak in December 1877.

3.3. Composition

The ensemble includes 47 regulated land lots, including a church, three museums,
two restaurants, a craft workshop and an affiliate of the city library. The spatial
interconnection of the sites is realized with the streets "Knyaz Svetoslav Mirski" and
"Tulbenska".

The following photos illustrate the main categories of heritage buildings according to
the technical condition they were in the period of the field research.

3.3.1. Safe and Preserved as Cultural Heritage

This category describes well-preserved buildings of both public and private
ownership, posing no threat to the public and with key cultural heritage elements in visibly
good shape. This includes well-restored or original architectural elements, and facades
which are either well-preserved or properly renovated in the spirit of the historic context.

3\

Fig. 2. Buildings in Good Condition: a) general view of the building, private
property; b) well preserved facade ornamentation; c) general view of an art museum,
public property; d) general view of an ethnographic museum
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3.3.2. Safe but at Risk

This category describes buildings with no major structural issues, but which have
been poorly or insufficiently maintained, resulting in partial loss of heritage value or
demonstrating a trend towards such loss in the coming few years.

The below example captures the original house of a local priest which later became
the property of a well-known local military personality. The property's garden has been
maintained for more than a century and has been declared part of the heritage [7]. The
building is private property.

The Kazanlak municipality was informed about this category of buildings in an
interim report and the provided information was sufficient to enable them to start
contacting the owners and requesting for renovation works to start. The below building is
one of the success stories of the pilot project, where the condition of the building was
tangibly and properly improved as a direct result of the gathered information.

¢)

Fig. 3. Safe, at Risk: a) general view of the building; b) falling facade plaster and loss
of ornamentation; ¢) renovation works started (photo from July 2019)

3.3.3. Dangerous

This category describes 1) buildings which — due to bad maintenance — have major
structural issues, making them dangerous to the general public, including passing
pedestrians, street-parked cars and curious citizens, trying to gain entry; or 2) building
which — if immediate action is not taken — are at risk of being permanently lost within the
next few years.

During the pilot project Kazanlak Municipality was continuously informed of the
most endangered buildings and they started to contact the owners asking them to take
measures. This process was met with multiple challenges which are documented as they
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arise and as solutions are attempted, with the intention to facilitate the search for solutions
outside the scope of this project.

A mini-case study of a dangerous and endangered building is the house where the
artist Ivan Enchev-Vidio (1882-1936) lived. He is the founder of the art Kazanlak gallery,
which opened doors in 1901 [8].

The building was described in a letter to the Kazanlak Municipality as one of the
most dangerous of those examined:

Translated excerpt from the report to the municipality:

The roof'is heavily collapsed and it is out of plane. There are damaged and near to
collapse structural elements. Part of the turret to the adjacent building has already
collapsed. The timber elements on the front facade are in very poor condition. The facade
plasters are cracked and flaking, as pieces of them have already fallen. Facade is located
in the immediate vicinity of “Knyaz Svetoslav Mirsky” Street and is a real danger for
pedestrians. The building is visibly abandoned and has no inhabitants. It is private
property and is situated within the boundaries of two separate plots, which do not belong
to the same owner.

Fig. 4. Dangerous: a) street view; b) part of the roof almost collapsed

The complex ownership structure is likely to make the salvage of this heritage site
close to impossible. The Heritage (re)discovered team intends to keep track of the
administrative and legal progress on the “rescue” of this building, so as to assist in
applying key learnings in the future to similar sites within the rolled-out project.

3.3.4. Full Loss of Cultural Heritage

This category describes cultural heritage which is beyond saving, where intentional
or unintentional forces have led to the complete loss of the building and/or its value as a
cultural heritage site. In these cases, there is no real urgency to act and the relevant
institutions will need to devise an appropriate course of action.

For context, the current legislative framework requires that such buildings are rebuilt
following the original designs and photographic evidence, but implementation of this rule
has been largely unsuccessful throughout the country, in part because for many of these
buildings there is insufficient information about design and few or no photos of the original
building exist. [1]

An unintended benefit of documenting the current state of non-lost cultural heritage
buildings is that the availability of the photographic evidence might in some cases help
deter the buildings’ destruction in the future.
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The pilot project helped identify two categories of fully lost cultural heritage
buildings, although the list might expand as a larger percentage of the national network is
being examined:

1) Buildings with irreparable damage, empty plots or parking lots

_-

Fig. 5. Figure caption: a) view of an empty plot where there was a heritage building
with local importance. According to the chief Architect of Kazanlak Municipality the
building is missing long before he takes the job of chief architect. The municipality
still investigating when this happened, how and why it is allowed.

2) “Renovated” buildings with full legal documentation, which in reality have been
completely altered — most likely demolished and replaced by new structures

a) | b)

Fig. 6. Figure caption: a) view of a new building from the street; b) an old photo of
“the same building”

4. Next Steps Towards Preservation

Although the current project with its primary goal of data collection and analysis is
only one step towards achieving real-life results in the conservation and restauration of
cultural heritage, even this small-scale pilot project has been successful in bringing
positive change to the state of the examined buildings. This was already displayed through
the example from the “Safe but at Risk” category, and can be further confirmed with the
following example from the “Dangerous” category.

The following excerpt from the file of a privately-owned building demonstrates the
power this project has to aid in conservation efforts. It also shows that — at least in some
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cases — private owners might be willing to fund the restauration of the cultural heritage
sites they own.

Translated excerpt from the building’s file:

The building is private property and the owners live there. Except for the roof, the
structure displays an acceptable technical condition. The roof is in dangerous state, and
the supporting structure is badly collapsed. The coverings are bared, and as a result leaks
have appeared in all rooms.

At the request of the owners, administrative assistance and consultation were
provided. After discussion with the chief architect of Kazanlak, the Heritage (re)discovered
gave them information about the procedures for performing repair work at heritage
buildings. The owners have stated their wish to repair the roof structure from their own
pocket after permission from the municipal and state institutions.

Fig. 7. Next Steps Towards Preservation: a) general view of the building; b) bad
condition of the roof structure

5. Conclusion

The current study encompasses 47 distinct sites in the city of Kazanlak within a
group of heritage buildings and uses a proprietary information system to facilitate data
collection and analysis. The field research is the pilot phase of larger project aiming to
cover all remaining sites and serves to provide insights into the overall condition of the
heritage sites in the country. Furthermore, it allowed to test the information system and
data collection tools, which are also meant for use in the large-scale project.

The analysis of the date collected through the pilot study shows that 6% of the sites
no longer exist, 13% are in dangerous or very poor condition, 43% are conserved and well
maintained and we couldn’t reach 8% of the properties. In general, the private properties
are in worse condition with some noteworthy exceptions.

technical condition

® no longer exist
® dangerous

 sufficient

good

lll 4 W inaccessible

Fig. 8. Analysis of the collected data
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The pilot project shows that the information system is adequate and has all the
necessary functionality for measuring and analyzing data. In addition, the need to roll out
the project countrywide is demonstrated. The pilot also brought the realization that it is
vital to prioritize private ownership properties for two main reasons: 1) they are
statistically more likely to need emergency measures and 2) data collection and the the
next step of preservation efforts are more cumbersome and time-consuming due to
administrative obstacles.

Finally, it is urgent to conduct the research on the remaining 39 429 sites using the
tested technology and data collection tools.
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MODERN SUSTAINABILITY APPROACHES IN TRANSFORMATION OF
PROTECTED LANDSCAPES INTO LEISURESCAPE: RUSSALKA
HOLIDAY VILLAGE, BULGARIA
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Abstract: Details of establishment and construction history of “Russalka Holiday
Village” in the context of mass tourism, including its present state following the years after
the regime collapse in 1989 contextualize application of environmental strategies
implemented in its original modernistic urban, architectural and landscape design.

Highlighting the influence of nature and environment in its architectural and
horticulture agenda, the discussion emphasizes the polarities between the modern
architecture’s approaches and the contemporary sustainability discourse of designing a
resort within a wild protected area on one hand and the quality of comfort and the tourist
services addressing the modern paradigm for “ leisure for all” on the other.

Purged from the regime ideology, the research opens the debate about evaluation
and heritage protection within the national legislative framework and preservation of
“Russalka Holiday Village” in the context of the Bulgarian post-war modern architecture.

Key words: leisure era, modern architecture and sustainability, natural reserve,
sustainable approach, symbiotic architecture, heritage at risk

1. Introduction. Modern architecture and the era of leisure and mass tourism

The ideological basis for the development of mass tourism was set up in the pre-war
years on the 5™ International Congress of Modern Architecture (CIAM 5, 1937) held in
Paris with the proclamation of leisure that had been already defined as one of the four
functions of modern urbanism for “an obligation of the community for all”. Thus the post-
war optimism envisaged leisure as a social attainment of modernity and postulated the
right for holidays and access to recreation for everyone. The new social-life model of the
leisure era’ claimed the onetime pre-war elite-reserved privileges for the middle working
class addressing at the same time the potential of the landscape for relaxation, pleasure and
healthy living. [1] [2]

! Radosveta Kirova-delcheva, PhD, Sofia, kirova.radosveta@gmail.com

2 Focus of the 5" International Congress of Modern Architecture (CIAM 5) held in Paris from June 28 to July
2 of 1937 was precisely on the consequences of leisure in the design of the functional city demonstrated by
its topic Logis et Loisirs [Dwelling and Leisure] and Le Corbusier’s (1887—1965) proclaimation of housing
and leisure as essential goods that should be guaranteed as public services, “an obligation of the community
for all”. [2]
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2. Establishment of “Holiday Village Russalka” operated by “Balkantourist”
and part of the ,,Club Méditerranée*

Ironically, establishment of the Bulgarian state monopolist tour operator
“Balkanturist” that later played a major role in Bulgarian touristic policy for development
of international tourism was founded by the Communist government in 1948 as a self-
sustaining enterprise of the Ministry of Railways in order to provide barter vacations for
Czechoslavakian citizens as compensation for the nationalized Czech enterprises in
Bulgaria.’[3]

Within a short time the mass tourism on the Black sea became a leading business
sector in Bulgaria, attracting many tourists not only from the Czech Republic but also from
the whole former Eastern bloc - Soviet Union, East Germany, Poland, Hungary, Romania
and even tourists from West Germany. Gradually “Balkantourist”’s services expanded
from predominantly seaside to include also mountain and cultural tourism. By launching
the construction of the Bulgarian mega Black sea resorts in the mid 50-s — “Suuny beach”
(1956-66) and “Golden sands” (1957-74), inspired by other countries such as Greece,
Yugoslavia and Romania for development of own seaside resorts, the period of major
international tourism in Bulgaria was initiated. [4]

Although founded as a part of the governmental programme for attracting foreign
tourists in Bulgaria and operated by the state monopolist “Balkantourist”, the exclusive
services of “Russalka” were not accessible for all but only for western tourists. Since its
establishment in 1968 until 1990 Russalka Holiday village used to served exclusively
foreign tourists, members of ,,Club Méditerranée*“— predominantly French, but later also
Italian, Belgian, Spanish and Austrian tourists. Access to the holiday village was
prohibited for Bulgarians, exceptions were made only for the resort personnel and
administration.

In contrast to the tourist concept of the voluminous and also operated by the
monopolist “Balkantourist” Bulgarian Black sea resorts “Druzhba”, “Golden Sands” and
“Sunny Beach”, the small-scale, located in the wilderness “Russalka” followed the model
of the headquartered in France all-inclusive vacation ,,Club Méditerranée®. Establishment
of “Russalka holiday village” in 1968 pioneered about two decades the construction of
resorts of the type “Duni” and “Elenite” in the mid-1980s. [5]

The innovative touristic agenda of “Russalka” which followed the model the French
,Club Méditerranée* vacation club provided all-inclusive packages. Besides food and
accommodation the service package also included various ultimate entertainment and sport
services and facilities, that in general the other Bulgarian mega resorts were deprived of:
diving, riding and yachts clubs, tennis and children’s playgrounds, a shopping center,
pelloid and mineral baths. The ancient and prehistoric rock-dwellings and wineries, as well
as the Byzantine archeological remains in Yailata (Kamen briag) along with the natural
underwater museum accessible by the divers contributed for the high quality of the
provided cultural touristic product.

In fact, the first attempt of setting up a ,,Club Méditerranée* in Bulgaria in 1966
within the “Sunny beach” resort failed. The secluded location of the present “Russalka
holiday village” situated close to cape Kaliakra, North to Varna and respectively its airport,
was carefully chosen by the French tourist managers as a result of investigating the whole
length of the Bulgarian Black sea coastal line by helicopter. [6]

3 The idea for the favourable for Bulgaria cash-saving barter was suggested by the Czechoslavakian leader
Klement Gottwald to the prime minister of the burdened with heavy war reparations Bulgaria Georgi
Dimitrov and it included free vacation for his fellow citizens on the Black Sea in exchange for the
nationalized by the communist authorities of the Czech industrial enterprises in Bulgaria. [3]
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A team of Bulgarian architects, landscape architects and civil engineers prepared the
master plan, the architectural, landscape and horticulture design of the holiday village
under French guidance and counselling. The architecture team responsible for the
architecture design and the masterplan was led by Marin Marinov and also included
Simeon Dimitrov and Venelin Zhechev, Krastan Karakashev was responsible for the
landscape design as well as the horticulture. [7]

Construction of “Russalka” started in the beginning of 1968 and lasted only several
months as the resort was opened in the summer of the same year. “Russalka holiday
village” become very popular in Europe, attracting annually between 6000-7000 foreign
tourists during its long-season operation from May to October. Until today it stays quite
unpopular on a national level among Bulgarians and is a favourite place for holiday due to
the well preserved wilderness for tourists from Romania, Russia and Central Europe.

3. Modern sustainability approach and the concept of symbiotic architecture of
“Russalka holiday village”

“Russalka Holiday Village” pioneered establishment of the specific type of leisure
architecture in Bulgaria and distinguished itself among the portfolio of the Bulgarian state
monopolistic tour operator “Balkantourist” by its unique touristic and architectural agendas
due to the involvement of ,,Club Méditerranée®.

Outstanding features of its architectural and landscape design are the implementation
of innovative sustainable strategies such as the organic masterplan, acupunctural landscape
and horticulture design long before they were commonly used in 21 century architecture.

The masterplan of “Russalka” follows organically the terrain and consists of sea-
facing bungalows or villas of different types carefully grouped in mosaic volumes set
within the existing forest frame in order to save as much as possible of the existing trees.
For the same reason the sport facilities, the shopping centre and the panoramic-terrace
restaurant are situated on the bare coastal cliffs.

The concept of symbiosis between architecture and nature of “Russalka Holiday
village”’s masterplan and landscape design was preconditioned by the exclusiveness of its
location within the Kaliakra natural reserve of steppe, cliff and marine habitats, the local
mineral-spring and peloid resources. The secluded coastal spot of rather Mediterranean
character features a cut rocky coastline, picturesque caves, small tucked away inlets and
coves, limited fine golden sand and pebble stripes framed by a century-old oak forest
alternated by abundant steppe vegetation. The wilderness of the Birds’ wharf on Via
Pontica migration bird highway provides feeding, nesting and wintering of numerous
waterfowls such as little bitterns, small loons, cormorants, hoopoes, thick—billed larks,
black-backed wheatears, kingfisher, ducks, waders, gulls, etc., various steppe grass
inhabitants and reptiles. [8]

Since nowadays natural reserves are prohibited for construction areas, the idea for
situating a holiday village within a natural reserve is at least disputable from contemporary
point. Construction of “Russalka” in the second half of the 20™ century addressed the claim
for collective happiness and the right to holidays proclaimed by CIAM 5 in 1937 on the
assumption that “the environment forms the individual”.

The design team tackled rather successfully the architectural and landscape design
challenges concerning transformation of the natural reserve into a modern leisurescape
implementing innovative sustainable strategies providing for its guests literally fulfilled the
modern paradigm for “direct contact with nature”.

The innovative landscape design of Krastan Karakashev implements afforestation of
the bare seacoast and gentle for the existing wild verdure micro interventions such as
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saving as much as possible of the existing wild verdure and oak forest and supplement of
the removed trees with Mediterranean coniferous and deciduous species, preservation of
the indigenous vegetation in both the micro-horticulture and macro-masterplan scale
instead of designing the ubiquitous flower parterres, stepping-stones pedestrian
promenades leading from the villas to the seashore and a breakwater protection of the
central cove used by the yacht club.

The unique characteristic ring seashore terraces of “Russalka Holiday Village” were
designed by Krastan Karakashev for enlarging the limited sand stripes and serve both as
sand pools and micro swimming pools.

The original masterplan of “Russalka” includes measures as prohibited for motor
vehicles resort area, a few main cobble-stone pedestrian and low-velocity vehicles alleys
for maintenance and direct access from the lawn of the bungalows.

The modernistic urban and architectural agenda “Russalka holiday village” consists
of 525 mainly one- and two- but maximum three-storey villas, each with own bathroom
and provided accommodation of simple yet high level of comfort for about 1000 tourists.

The minimalistic, human scale architecture of “Russalka” villas features traditional
materials such as white lime coating, wood and stone cladding and wooden banisters in
combination with modernistic flat roofs. Repetitive modular design mimics the rocky
terrain and interprets the terraced architectonics of the traditional settlements from the
Bulgarian Revival period such as Veliko Tarnovo, Nessebar and Kovachevitsa in a
modernistic way, providing panoramic view for each villa.

c) d)

Fig. 1. The modular villas/bungallows of “Russalka” Holiday Village of various
types are enclosed by an abundant verdure and forest frame a) b) ¢) d) © R. Kirova, 2019

The archeological remnants of a fortress’s wall were integrated in the panoramic
seaside restaurant designed by Venelin Zhechev who intentionally incorporated the idea of
a shipwreck on the cliffs in its design.

“Russalka™’s architectural appearance characterizes of the aesthetic of clarity and
utility of the modern architecture but also features of contemporary sustainable strategies
unusual for the second half of 20" century such as maximal reversibility of the concrete
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plots and structures, white lime coatings and light colour of the original flat roof coverages,
adequate-orientated rooms protected by semi-opened terraces and verandas and big eaves
for advanced sun protection and climatic sustainability.

Interesting comparison could be made with the modern architecture approaches in
construction of “Golden sands” where the existing small swamp inhabited by water turtles
was removed for the erection of the high-raise hotel “International” that was possible only
due to the constant work of the water pumps installed in its basement.

C) d)
Fig. 2.
a) The seaside panorama restaurant “Russalka” designed by Venelin Zhechev © R.
Kirova, 2019

b) The virgin cliffy cape before its afforestration and construction of “Russalka™’s
panoramic restaurant © Raschev, S., Die Bulgarische Schwarzmeerkuste, Sofia
Press, 1968, p. 21 [9]

¢) The renovated villas of “Russalka” were added veranda appendixes © R. Kirova,
2019

d) Part of the originally designed characteristic ring seashore terraces of “Russalka
Holiday Village” were removed© R. Kirova, 2019

Finally, despite of the delicate and adequate design approach of “Russalka” still the
local virgin ecosystem was negatively affected by its construction and rare protected
species such as the ruddy shelduck (Tadorna ferruginea) and the monk seal (Monachus
monachus) eventually became extinct.
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4. Preservation of “Russalka holiday village” as an outstanding piece of modern
architecture heritage in Bulgaria

Soon after the regime fall in 1989 “Balkantourist” has become a private enterprise
and its property including “Russalka holiday village” was sold.

Owned by a private owner “Russalka” is managed today as less than 20% of the 522
villas of “Russalka” are renovated and function and enjoy touristic attention due to the
unique virgin-nature environment.

Renovation of the situated close to the sea part of the holiday village includes
enlargement of the villas by utilization of the verandas’ volumes and adding of new
verandas, maintenance of the flat roof details, installation of roof solar water heaters,
replacement of the existing decrepit furniture and replacement of the shabby wooden
banisters of the verandas with metal railings.

Although left in deterioration with decrepit cladding and isolation details, the rest of
the villas still keep the original interiors from the late 1960s.

After “Russalka” had become private enterprise it turned out that there were certain
misses in its inherited from “Balkantourist” construction papers concerning part of the
originally designed sea shore infrastructure which was difficult to stay concerning the
profound changes in the eco-legislation.

Still, except from the partial removal of the originally designed characteristic ring
seashore terraces and the central-cove pier of the yachts club together with the later
constructed large beach swimming pool in 2010-11, in general the original masterplan is
still intact. [7]

Regardless the alert need for overall conservation and overhaul of exterior and
interior spaces, the acupunctural, wilderness-preserving landscape design and masterplan
as well as the architectural authenticity of the oldest Bulgarian holiday village, the already
half-century old “Russalka” demonstrates the highest degree of architectural authenticity
and is the best preserved among the “Balkantourist” resorts today.

4. Conclusion

“Russalka Holiday Village” is an outstanding sample of modern architecture in
Bulgaria which represents the successful yet adroit and acupunctural implementation of the
bold and extraordinary idea for incorporating a resort into a natural reserve and the
dextrous transformation of a wilderness into a modern leisurescape.

Architectural and landscape agendas of “Russalka” are of outstanding value for
Bulgarian modern architecture heritage as the oldest Bulgarian Black sea holiday village is
undoubtedly a product of modern architecture and embodies its principle for “direct
contact with nature” born on CIAM 5, but at the same time is a precursor of various
contemporary sustainable approaches.

Regardless of or namely owing to the poor management of “Russalka” which
embodies the modern credo from the era of leisure for “direct contact with nature”, its
architectural, urban, and landscape authenticity are preserved to a practically utmost level.

Since in 2019 “Russalka holiday village” is expecting to change soon its owner, it is
important the public attention for its preservation and conservation as valuable example of
modern architecture in Bulgaria to arise: a balanced and ideologically devoided debate for
the legacy of modern holiday architecture in Bulgaria from the second half of 20t century,
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a discussion about the preservation, maintenance and re-use of modern buildings and sites
in accordance with a responsible evaluation of the landscape in environmental and
sustainable terms.
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Abstract: With the emergence of new building materials and technologies, the architects
around the world, at the turn of the century, started experimenting and eclectic combining of
the building styles, erasing their history and origin. The result of such activity has been a
drama in numerous urbarchitectonic environments, where the significant historical places
obtained shockingly wrong hybrid physical structures, for the sake of modernity.
Experimenting with the coarse, new design of architecture, along with a very diverse
sensibilities of designers, brought about a stigma of nonsustainability, erosion of the spirit of
the place, and esthetic decline of geometrical forms and rejection of historical references for
something new, entirely unexplored. Insufficiently conceived interpolations of new
architectonic forms into the existing urban fabric disrupted the conceptually clear
compositional versions of the past and opened the door to a “parasitic architecture”. They
gave rise to the disruption of characteristics of micro-ambient entities. This paper focuses on
the issue of newly designed “modern buildings” on the historical places, which exhibit
conceptually declining designing and construction. The research of new additions and
interpretations of famous physical structures whose potency is in the considerable cultural-
historical heritage, which neither can nor must be denied or ignored, is the logic of a low
creativity. From this perspective, “explosion of modern architecture” progressively causes
historical degradation, drastic artistic-esthetic contrasts in space, mark of suppression of
building values of the past and demonstrates a lack of vision of an identity of a future
urbarchitectonic conceptualization of houses, streets, settlements, squares and plazas.

Key words: historicity of a place, experimenting, parasitic architecture, building values,
hybrid structures, spatial degradation

1. Introduction
Disrespect of the historically valuable architectonic heritage and interpolation of new

physical structures in urban space brought about a number of improper designing
interventions where we recognize a brutal approach and endorsement of historical-cultural
imbalance in ambient entities. The urban drama is amplified by new city-building materials
and technologies which pay no heed to preventive conservation potential and protection of
the existing structures. New iconography of cities is created by inauguration of
transformed physical structures under the guise of: reconstructions, revitalizations,
restorations, additions, renewals, alterations of facades etc. There are city-building changes
in the space which neither feature an interaction of building-architectonic structures, nor
the necessary sensibility of their creators. Such philosophy brings about a conceptual
imbalance and progressively present changes which tend to render worthless the old,
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inherited, patinated buildings. We are facing degradation of historical values, where
completely new engineering-designing standards are imposed; also vandalism, negligence
and ignorance, disrespect of authorship rights, basic social land legal norms, etc.

2. Research

This paper presents ten town planning and architectonic examples from all around
the world which show failed city-building interventions. It particularly shows those
physical structure in the urban area which created a chaos in architecture, culture and art of
micro-ambient entities. It points out to the loss of the city memory and loss of its historical
and esthetic consistency which makes the urban future progressively less certain.

Fig. 1. Park Associati Milan, Italy, Filippo Pagliani, Michele Rossi
https://designalog.wordpress.com/2012/01/15/architecture-the-cube-by-park-associati/
https://www.archdaily.com/196951/the-cube-park-associati/50173abd28ba0d77a800026c-the-cube-park-associati-photo
https://www.archdaily.com/196951/the-cube-park-associati/50173ac128ba0d77a800026d-the-cube-park-associati-photo
http://modulo.net/en/realizzazioni/the-cube

In his wish to abandon conventional rules in ecourbarhicture, Italian designer and
architect Ettore Sottsass' realized a very utopian, visionary and radical architectonic design
under the title "Planet as a festival", imagining a better architectonic world. A portable
pavilion structure having surface area of 140m” and a terrace of 50m® with a dangerous
aggressive idea in which town planning and location conditions and inherited situation of
structures in the environment are ignored, confirmed a non-artistic approach and lack of
sensibility for organic connection to architectonic historically and culturally important
physical structure in space. Milan is the second stage of the European tour of this portable
“capsule”, restaurant pavilion which can be assembled and disassembled. The building2
saw its debut in Brussels on Parc du Cinkuantenaire in April 2011, where it remained until
June when it was taken to Milan. Since 19™ of December until 26™ of April 2012 CUBE
exclusive restaurant for 18 users with an outstanding view of Piazza del Duomo, only a
few meters from the cathedral is turned towards Palazzo Reale and Arengario, in which
new Museo del Novecento is located. Interpolating this extremely polemic and contrasting
structure generated an impermissible and worrying chaos in space.

! http://www.sottsass.it/, Ettore Sottsass 1917-2007
* Architects: Park Associati, Filippo Pagliani, Michele Rossi. Client: Electrolux Home Appliances Emea N.V
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APEICHT BORSEGATSE

Fig. 2. Roof extension on the stock exchange. Borsegasse 10, Wien, Austria
http://www.schiener-architects.com/projekte/dachausbau-am-borseplatz/
https://www.bgks.at/projekte/dachausbau-boerseplatz-1010-wien/
https://www.avest.at/portfolio-item/1010-boersegasse-10/

The idea for this design3 of addition of a two-floor attic featuring luxurious housing
units in Vienna, of 2010, represents an alternative to the conventional design of roofs under
the angle of 45 degrees. The designers designed a new volume of physical structure with
very up to date contemporary materials. It is set-back from the frontage line in order to
alleviate the drastic contrast with the historically valuable building4, Gnd floor + 4 floors,
built in the 19™ century. New foundations at the depth of 15 meters were constructed to
meet the static requirements. The front glazed fagade is inclined and behind it are terraces.
Even though the Vienna Town Planning Consulting Board approved realization of this”,
what transpired is a drastic architectonic contrast in the city center. The historical-cultural
value of the existing, inherited building was ignored, and the new composition of the attic
indicated disruption of an ambient entity in the city and gave rise to impermissible esthetic
and artistic, visual tension in the area.

Fig. 3. The Glasshouse Hotel, Edinburgh, Scotland. Glasshouse hotel Edinburgh

incorporating old church architecture facade
https://mosaic-ad.com/project/the-glasshouse-hotel-edinburgh/
https://c1.staticflickr.com/6/5677/21498372326 _a32c¢561dbd_b.jpg
http://www.justluxe.com/community/edinburghs-glasshouse-hotel-introduces-special-rooftop-picni_a_1966146.php
https://www.alamy.com/stock-photo-glasshouse-hotel-edinburgh-incorporating-old-church-architecture-facade-3798319.html

¥ SCHIENER - architects and designers. Kirchengasse 13/7, 1070 Wien

* Nummer 10: Wohnhaus M. Mandel (erbaut 1872/1873 von Julius Dérfel)

> Bauherr: OVB-Immobilien GmbH, 1080 Wien. Adresse: 1010 Wien, Borsegasse 10. Jahr: 2010. Architekt:
Hans Schiener, Christoph Schiener.
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The idea of a hybrid physical architectonic form which unites a 160-year-old Lady
Glenorchy Church and contemporary sharp-lined architecture of the luxurious Glasshouse
Hotel® with five stars, 77 rooms and apartments, was realized back in 2003 in Edinburgh.
The integration of the gray stone gothic church fagade with a reflective glass facade at the
frontal, entry section brought about a visually striking contrast. Grotesque clash of old and
new material on the facade is an indicative landmark symbol of the city. The designers
renounced respect for the historicity of the place and its iconic character. One may observe
a cultural-historical imbalance, brutal marriage of materials on the fagcade, uncoordinated
language of building structure and a non-artistic intervention in space. Also prominent is
the discrepancy of geometrical forms on the facade and disrespect for the approach the
designers of the bygone era. The newly created ecourbarchitectonic quality has specific,
contradictory dimensions of value, with a removed inherited multiple decade long patina.

Fig. 4. Montreal Museum of Fine Arts - Claire and Marc Bourgie Pavilion of Quebec and
Canadian Art

https://www.archdaily.com/176526/new-pavilion-of-quebec-and-canadian-art-and-concert-hall-provencher-roy-associes-architects
https://yandex.ru/collections/card/590c5260acbct68f025¢ce211/
https://i.pinimg.com/736x/76/1b/83/761b83ea8f027617¢07db1f8f10c387.jpg
http://design.trsty.com/wp-content/uploads/2015/05/montreal-museum-of-fine-arts1.jpg
http://www.aappq.qc.ca/projets-des-membres/pavillon-claire-et-marc-bourgie-musee-des-beaux-arts-de-montreal

Despite the recognitions and prizes won the architects’ for the design of the Montreal
Museum of Fine Arts (MMFA), which celebrated 150™ anniversary in 2010, a general
question remains about the metabolic marriage of two physical urbarchitectonic forms in
space which do not stand in formal-historical and esthetic-artistic dialogue. The church
created in 1894 is by the new design transformed, and it will be extended and restored, and
its nave area is transformed from the former Victorian Erskine and American church into a
concert hall with 444 seats. This historically significant place and structure obtained an
new function in 2011 with a 20% larger gallery surface are of the Pavilion - 18.953 gsf and
a total of 59.000 gsf. Claire and Marc Bourgie Pavilion from Quebec and Canadian Art and
Bourgie concert hall were opened on 14™ of October 2011. This case is indicative, from the
point of view of theoretical town planning and architecture. It raises essential, strategic,
city-building topical questions: to what limits and how one should extend the inherited

® Client: The Glasshouse Hotel Company Ltd., 2 Greenside Place, Edinburgh, EH1 3AA, Scotland. Area:
120,000 sq ft. Status: Completed. 2 Greenside Place, Edinburgh, EH1 3AA, Scotland

7 Architects: Provencher Roy+Associés Architects. Arhitects Claude Provencher i Matthieu Geoffrion.
Recipient of the 2010 Canadian Architect Awards of Merit and the 2011 Award of Excellence from the
Urban Development Institute of Quebec. Location: Montreal, QC, Canada. Area: 59000.0 ft2. Project Year:
2011.
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architectonic edifices and whether it is necessary to join together valuable historical
heritage and modern physical structures into one complex volume?
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Fig. 5. Rahola Vidal - Corsega housing, Barcelona 2010
https://www.pinterest.com/pin/90986854943103873/
https://www.archdaily.com/391782/30-houses-building-rahola-vidal/51¢35f51b3fc4b58 1f0000bf 30-houses-building-rahola-vidal 220-

01-jpg/
https://www.archdaily.com/391782/30-houses-building-rahola-vidal/51c35f59b3fc4be6fe0000a5-30-houses-building-rahola-vidal-photo

By adding three floors on the existing housing building Gnd floor + 2 floors on a
limited corner location of Corsega street and Caputkins Passage, in Barcelona, with a
maximum occupation of the lot volume, a conflicting, polemical urbarchitectonic situation
was created. Disregard of the height of adjacent structures and of the historical heritage in
the immediate neighborhood caused a noticeably prominent esthetic-formal irreconcilable
drastic micro-ambient spatial disharmony. Cultural and social context of the place was
changed. The windows on the facades in the upper and lower part of the building have an
irreconcilable scale and geometrical-artistic discrepancy and ill-conceived material surface
finishing. Metallic mobile surfaces in dark brown color affect the visual effects of possible
change of appearance of fagade cladding. In the newly constructed part of a parallelepiped,
rigid-angled structure, on the facades is applied designing orthogonal modular matrix as
opposed to the adjacent buildings which have a creatively conceived plastic with multitude
of interesting details and a different geometrical logic.

Fig. 6. Reconstruction of Former Police Station Apartment Building / NRJA. Riga, Latvia
https://www.archdaily.com/207257/reconstruction-of-former-police-station-to-apartment-building-nrja
https://www.archdaily.com/207257/reconstruction-of-former-police-station-to-apartment-building-nrja/pol_viz3
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Local town planning administration of the city of Riga, in Latvia decided to convert
the former police station into a housing building. The concept planned for retaining the
physiognomy of the existing building with a brick fagade in the lower part and addition of
new three floors of modern architecture and new reinforced-concrete structure inside the
existing volume. The designers® designed balcony areas for the new housing units and a
facade cladding with uniform modular pattern and glazed surfaces, in contrast to the
inherited physical structure which has dominating brickwork and small windows on the
facade. A car lot with 18 parking spaces, sport clubs and technical rooms are designed on
the ground floor. Above the newly added volume is a public terrace facing the Daugava
river. Offices, restaurant and an entrance zone for the apartment are designed on the first
floor. The other floors contain 24 apartments. What is lacking is a historical respect and
understanding of the character of the inherited place, material-textural continuity as well as
the necessary geometrical-coloration and organic harmony.

Fig. 7. Szczecin Philharmonic - Filharmonia im. Mieczystawa Kartlowicza w Szczecinie.
National Museum in Szczecin, Poland by Robert Konieczny/ KWK Promes

http://bustler.net/news/search/award/5309/national-museum-in-szczecin-crowned-as-2016-world-building-of-the-year
http://www.zakladpodrozniczy.pl/szczecin-i-5-powodow-dla-ktorych-warto-go-odwiedzic/
http://1.bp.blogspot.com/-Ndc5nbY9Xs4/VnHAkuSMBZI/AAAAAAAAMOU/JkhxyWNkBW4/s1600/DSC_0986.JPG
http://projektyrpo.wzp.pl/content/rpzp060201-32-00209

The idea for construction of a new Philharmonic building in Szczecin on the location
of the Concert house emerged in 2004. The opening ceremony was at the beginning of the
art season of 2014/2015. The designers’, with the new town planning-architectonic
conceptualization of space with more than 12000m? of useful area on four floor and the
hall capacity of 953 seats, created an extremely functional and top musical interior
ambient. They won a competition of 44 designs from all over the world with symbolic ice-
like, white archisculptural building shape. The building volume has a square floor plan,
and it is adjacent to the Royal Presidium of the Police Force, currently the building of the
Voivodeship Police Headquarters Szczecin on a historically important place. The white
facade of Philharmonic hall can in daytime have various colors. The structures defined in
stark contrast do not have a common formal synthetic continuity of appearance within
cityscape, nor an architectonic language which could testify of respect of the historical
identity of the place.

8 Architects: NRJA Location: Kugu street 15/17, Riga, Latvia Team: Uldis Luksevics, Ieva Lace, Linda
Leitane, Martins Rusins, Oskars Kotello Type: Competition entry: Land Plot Area: 1471sqm Floors: 5
Building Intensity: 219.8% Total Area: 2123.3sqm

? http://barozziveiga.com/contact/. Bailén 36, 1° 2%, 08010 Barcelona. Spain
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Fig. 8. Bellefield Towers at University of Pittsburgh
http://3.bp.blogspot.com/ PnT6fOkhWyg/TSNyREeUSVI/AAAAAAAAErM/cyr7THoRNLe0/s1600/5324048731_4£cc786052_b.jpg
https://commons.wikimedia.org/wiki/File:Bellefield TowersPitt.jpg
https://upload.wikimedia.org/wikipedia/commons/f/f7/BellefieldTowersPitt.jpg

Bellefield Tower'’ belfry, at the corner of the Fifth and Bellefield avenues in
Oakland, is an indicative town planning example where inherited and modern architecture
are confronted. The belfry goes back to 1889, when it was a part of the former Bellefield
Presbyterian Church, and it is all that remained in front of the building of in front of the
building of Bellefield Tower University of Pittsburgh. The attractive location was used by
the local town planning services for construction of a physical structure, Gnd floor + 6
floors, in the immediate vicinity, with a very contemporary material conceptualization of a
facade plane, while noticeably ignoring the cultural-historical and urbarchitectonic value of
the belfry in the process. One can observe a clear town-planning and designing attitude
towards certain cultural, esthetic, functional or technical specifics. The newly designed
functionalistic building is left without details and ornaments. It contains information about
the architects’ attitude towards architectonic heritage and styles in architecture. It exhibits
the cultural standpoint of the building commissioner, his eccentricity, esthetic-artistic
attitudes, cancelling of significant historical traces of urban past and lack of understanding
for urbarchitectonic contradictions in a city development.

Fig. 9. Eight film theatres with a total of 1380 seats, ticket hall, atrium space, offices

https://www.architecturelab.net/cinema-alesia-manuelle-gautrand-architecture/

The Gaumont-Pathe group decided in 2011 to renovate the existing building'' in
Paris, built in 1921 on an attractive location, in order to build on the cinema theaters and
improve comfort of the users. The focus was on an innovative transformation of an old
interpolated building between a Mc Donald’s outlet, Gnd floor+1froor and a housing

' https://journals.psu.edu/wph/article/viewFile/2805/2637

" Project Details: Location: 73 Boulevard du Général Leclerc 75014 Paris, France. Area: 3,600 sqm.
Program: Eight film theatres with a total of 1380 seats, ticket hall, atrium space, offices. Architects: Manuelle
Gautrand Architecture
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building Gnd f1.+6 fl + Attic into a modern high-quality functional architectonic space. The
frontal wave fagade, 25 long, was designed with spectacular LED flexible animation screen
facing west towards the wide Boulevard du General Leclerc. Lack of sensibility of the
designer for valuing historical inherited urbarchitectonic value created a critical, esthetic-
artistic, cultural-decadent situation in urban space. At work here is the building philosophy
where it was more important to possess than to understand. What happened is the loss of
the authentic identity of the place, abolishing of iconography of past times and instead
consolidation, and image of the of valuable spiritual heritage was deleted. The emphasis
was on contemporary technologies for favoring of film excerpts with motion pictures and
informational jigsaws running for 24 hours.

Fig. 10. Tower of Vilharigues before and after restoration, Vouzela, Portugal by Carlos
Quevedo Architects

https://weburbanist.com/2018/01/03/architecture-as-the-phoenix-13-modern-structures-borne-from-rot-and-ruin/
http://www.medievalhistories.com/matrera-castle-vilharigues-tower/
https://www.facebook.com/pg/pacodatorre/photos/?tab=album&album_id=568805986476653
https://commons.wikimedia.org/wiki/Category: Torre_de Vilharigues

The medieval Tower of Vilharigues in northern Portugal was built by the end of the
ninth century as a military installation. It is located on a hill, with a beautiful vista towards
Vouzela town and Lafoes valley. After restoration in 2006, the Tower of Vilharigues
obtained a new appearance and function of panoramic vantage point. Parts on the
important building on the cultural heritage site suddenly collapsed in 2013 because of the
land slide. The architect Carlos Quevedo'? used steel and cement to recreate the original
dimensions of the building, which made this “recuperated” and structurally reinforced ruin
again available for the public, in spite of the fact that a little is left of it. The local residents
were not satisfied with the restoration result, since their expectations were not met. They
asked for the authentic, original appearance of the Tower it had prior to devastation. There
were harsh judgments of this failed intervention. Some local residents called this move a
“massacre of heritage”. De facto, the renewed Tower considerably change its original
appearance. This modern physical structure did not satisfy the people who are
professionals in cultural heritage protection. This hybrid of glass and steel profiles and
centuries-old stone walls brutally disrupted the spirit of the place and users’ feelings of
valuing of a cultural-historical space.

3. Conclusion
Dramatic changes in the cities with modern architecture on historically important
places, in a number of cases, degraded the usage of space to the level where historical

12 Carlos Quevedo Rojas. Cadiz (Spain), 1980 graduated from the E.T.S. Arquitectura of Seville, Master’s
Degree in Architecture and Historical Heritage (Seville)
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identity of the place becomes unrecognizable and permanently lost. A new architectonic
geometry with essentially different building materials prevailed, especially in design of
facade planes. New urban philosophy is emphasized, in which there is no organic,
metabolic relation of the adjacent buildings and where integrations of old and new, often
very contrasting structures, are allowed. Investors do not see, or do not wish to see the
inherited cultural heritage in its original form, but advocated a profiteering logic,
inadequate, irregular architectonic interventions in space, insisting on the tensions in
dramatic dynamics of cities. Nowadays, more than ever before, we need a more selective
and more careful approach to a different strategy of preservation of inherited
ecourbarchitectonic structures. We endorse a firmer cooperation of architects and
conservators in conceiving a better, more stable ecourbarchitectonic iconography in order
to prevent haphazard and conflicting activities in cities.
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LESSONS FROM HISTORY ABOUT METROPOLITAN GENOME
— FROM NAISSUS TO SERDICA AND FROM SOFIA TO NIS

Natasa Zivaljevic Luxor', Nadja Kurtovic Folic>, Hartmut Pasternak’

NHF Serbia, BTU Germany

Abstract: In rapidly changing world, growth of population causes sublimation of
urban areas to cities, metropolitan areas and megacities. “‘Bigger” means more
efficient and stronger. Therefore, concern about size means concern about economy,
social progress and vitality. In this paper, we discuss lessons from Roman times
about socio-economic development between Naissus and Serdica and their relevance
for contemporary urban area between Sofia and Nis. In other words, we discuss
metropolitan genome and relevance of historical structure along this axe, which is
approximately axe of VIA MILITARIS, for well-being of inhabitants of designated
area, nowadays.

Key words: Naissus, Serdica, metropolitan development, socio-economic prosperity

1. Introduction
The works on Corridor 10, which is the working title of highway from Ni$ to
Bulgarian border (Fig. 1), led to discoveries of many archaeological sites (Fig. 2).

POLAND

UKRAINA
CZECH REPUBLIC

L Danube SLOVAKIA

AUSTRIA

MOLDOVA

..,\,0“&@} ROMANIA

BOSNIA
AND
HERZEGOWI!

BULGARIA
ITALY SN [~

Fig. 1. Location of East branch of Corridor 10
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DEONICA AUTOPUTA E-80
Prosek — Bancatewvo
Prosek — Bancatewvo
FProzelk — Bancarewvo
Prosek — Bancatewo

Bancatevo — Crvena Reka
Bancarevo — Crvena RHeka
Bancatevo — Crvena Reka
Bancatevo — Crvena Reka
Bancarevo — Crvena Reka
Crvena Reka — Ciflik
Crvena Reka — Ciflik
C'rvena Reka — Ciflik
Crvena Reka — Ciflik
Crvena Reka — Ciflik
C'rvena Reka — Ciflik
Ciflik - Stanifen;e
Ciflik - StardFenge
Ciflik - StardFene
Ciflik - Stanifenie
Atanidenje - Firot
Stanidenje - Pirot
Firot - Dimitrovgrad
Pirot - Ditndtrowgrad
Pirot - Dimitrovgrad
Pirot - Ditndtrowgrad
Pirot - Dimitrovgrad
Pirot - Ditndtrowgrad
Pirot - Dimitrovgrad
Pirot - Ditndtrowgrad
Pirot - Dimdtrovgrad
Firot - Dimitrovgrad
Pirot - Dimdtrowgrad

Firot - Dimitrorgrad

LOEALITETI
Bare 1, Jelagnica
Bare 2, Jeladnica
Bare 3, Jeladnica
Cesma Moralija, Bsncarevo
Toplik, Glogowac
Latitigka Crlova, Glogowac
Selifte, Glogovae
Polje, Glogovac
Kladendiste, selo Spg
Liwwade, M okliste
Slatina, Ilokligte
iFadno Polje, Bela Palanka
Rimski Most, Bela Palanka

Latinska grobifta, Dol

o, Car Konstantin i carica Jelena, Do

Selizte, Birjac
Cikorigte, Binjac
Kod Ceame, Crnokliste
Ifadilka Stanidenje
Satlah (jug), Pirot
Tursko groblje (Tt krsta) Sarlah sewver, Pirot
Chrenovac Selo
Chrenovac Areckovo, Ohtenovac
Cojindolsko Eale (M alo Kale), Obrenosrac
Fupa, Velild Jovanowac
Zid pored puta, Velikd Jovanowvac
Lazinje, Vojtiegowac
Eelo polje, Bukovo

Pored feleznitke proge, Ciniglave

Selizte (Fondinae bara — Via malitaris), Dimdtrowgrad

Ciloridte sa krstom, Gradinge
Woinjak, Cradinje

Stara petlia, Ditvdatrowgrad

Fig. 2. List of archaeological sites discovered along Corridor 10 from Nis to Serbian
border (Source: Archaeological Institute of Serbian Academy of Science and Art)
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This route has been in use since Roman times. The network of Roman roads started
being constructed in 2™ ¢. B.C, and by 2™ ¢. AD it became the biggest transportation
network that ever existed. The route remained essential during Late Antiquity and
Byzantine period, as well as in later periods, until nowadays. It ends in Istanbul, the
Imperial city (“Carigrad” or Constantinople) (Fig. 1.).

The Corridor 10 accidentally overleapt the route of VIA MILITARIS, while
contemporary spatial planners decoded landscape for optimal highway route. The
landscape line remained essentially unchanged over centuries, and common sense in
decision-making process led to similar outcome in many segments. In Roman times,
villages were located along the route for practical reasons: for efficient travel, it was
necessary to change the horses after 10 Roman miles (14.81 km) and lodging for travelers
was available approximately after every 25 miles (in fact, usually 20-30 miles i.e. every
30-45km). That rhythm was uncompromising — and the rule serves nowadays for
prediction of new archaeological sites. For example, starting from assumption that there
must exist a station for changing horses, archaeologists discovered a heritage site in
Nishevac, 34km from Nish.

2. VIA MILITARIS

VIA MILITARIS (or VIA DIAGONALIS) was built in 1st ¢ AD. Serdica (nowadays
Sofia) was proved to exist much earlier, and in 1* c. it was conquered by Romans. Naissus
(nowadays Nish) was mentioned in Roman documents much later, in 39 ¢, as military
campus. The major Roman roads were approximately 6-9m wide; they were paved by
stone and laid on several layers of gravel and sand. The construction of The Corridor 10
revealed well preserved section of VIA MILITARIS, well preserved chariot (a light type,
designed for fast travellers) (Fig. 3.) and 2 milestones, out of 3 discovered on the territory
of Serbia by now (Fig. 4). It is known that contemporary roads are constructed based on
similar concepts of those of Roman roads (Fig. 5, 6 and 7.)

Fig. 3. VIA MILITARIS Up (1) and Down (2)
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Fig. 4. Milestones along Roman roads (left) and milestones discovered at Corridor 10

(right and down) (3) (2)
parallel gummum dorisa:i)r: { nucfsgs g
: arge stone slabs) I cemented san
S and gravel)

ditch _ AR R A as s M

Fig. 6. Roman road section compared to contemporary (5)
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3. Lessons from Roman times about socio-economic development between
Naissus and Serdica

Soon after the development of Imperial Roman state reached its peak in 2" ¢. AD,
the cities started to decline. Signs of decadency of urban areas were numerous, e.g.
abandonments of huge villas, division of big houses between several families, quick
relocation of families from countryside to cities, bringing livestock and countryside
lifestyle with themselves while looking for asylum in better protected cities, using debris
for repairing buildings etc. Those trends appeared earlier in the West than in the East of
Balkans. Many Emperors originated from Eastern parts, which brought prosperity during
their reign at least locally. Only reforms of Diocletian and Constantine brought period of
prosperity across provinces, and later also those of Justinian (6) (Fig. 7. and 8.).

BLACK SEA

ADRIATIC SEA

IONIAN SEA. ™

Fig. 8. “Map of Illyricum with marked prominent archaeological sites...” (6)
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Naisuss and Serdica benefited more than other cities in some periods due to a fact
that Constantine was born in Naisuss, and St. Helena, the Emperor's mother, is said to
have close ties with Serdica (she was even said to be born there but Procopius claimed
differently). The road, which connected two cities, was intensively used in peace and war
times which was another reason for benefit.

4. Development challenges of the area between Sofia and Nish

In contemporary terms, the area between Sofia and Nish is an example of transit-
orientated development (TOD). Villages and towns are located along the route, which
raises some safety issues, but nevertheless encourages trade and bring certain prosperity.

In the past, the prosperity was badly influenced by state borders, which implied firm
borders of political and military alliances. After the end of The Cold War, political
circumstances changed, but not for better in all terms. Bulgaria joined EU and NATO,
while Serbia faced civil wars and consequently a short war with NATO on 1999.

Both Serbia and Bulgaria passed from state run economy to market system, which
also means trough a necessary gap in transition( Fig. 9.), and that gap is what is considered
in daily life “economic and political turmoil” of recent decades.

Public/Private Share

Froductive efficiency
Effictensy grawth limit
&4

State-run aconokny

Dehate threahalds in western damacracies Public/Private Share

Fig. 9. Transition gap passing from state run economy to market system (7)

The prosperity brought by transit was commonly not considered sufficient for good
quality of life of local inhabitants in designated area. General trend were not favorable:
global trend of relocation from rural to urban areas, and impoverishment due to transition
in both countries in 1990s.

The challenges of socioeconomic development nowadays are mainly: poverty,
demographic aging and depopulation.

5. Metropolitan genoma
Urban centralities develop usually around historic cores. They include social
facilities and further housing development growth. In their vicinity, emerge new
developments. Later, at some distance, appear additional infrastructure networks and
utilities, large regional facilities, interurban road network, industrial areas, periphery
commercial centers etc. (Fig. 10). If such urban centralities interact among themselves in
what-is-called here metro-matrix balanced urban development, a metropolis emerges.
Alternatively, lack of balance in urban centralities leads to their decline and consecutive
abandonment.
It is obvious that historic core can be demolished after the urban centrality is fully
defined (which sometimes happens with excuse of land efficiency in favor of more
commercial purposes) however it is hardly recommendable, for numerous social reasons.
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Furthermore, one of the most efficient ways of preventing any development of urban
centrality is demolishing its historic core at the very begging.

Industrial Location

Metro-Matrix Balanced Urban Development
Tha Art of Bhaping (PR Orils MaGran il

1 the Metrapall

Commuter Traln Mew Developments

Secial Facilities
Heavy industry

Hail & Road Access Urban Centrality
Paripharic

Road Retwork Commarcial Canters

Primary & Secondary

Fig. 10. Urban centrality (7)

Development of metropolises matters for a simple reason: in contemporary world,
size of urban area matters. The analyses reveal that socioeconomic prosperity is
concentrated in huge urban areas. There are very few examples where socioeconomic
benefits are spread all over a state, in a balanced way (Germany being one of them). Cities
are ,,hardware + software®, and that means, in different words, that prosperity requires both
Knowledge i.e human resources (skills) and social capital (governance), and Finance
(construction and infrastructure) (Fig. 11).

METROPOLITAN GOVERNANCE

ub- m
Sub-Eystems Institutional
Objectives i
Managernent Governance
Sustainability, Growth & Equil

Economic ;% ® - Disgarsion v, Concentralion

-
Economic Efficiency @ *

-
-
o .
“rea., Social
o - Social Equity
Bullt Environment o ®
- P Tl
vomic. Invest ii .®

i
-
Redistribution

Physical Environment
Sustainable Development

Fig. 11. Metropolitan governance (7)

6. Discussion: significance of built heritage for well-being of residents nowadays

As commonly known, built heritage management advanced significantly since 1980s,
and there are numerous models for built/natural heritage based urban development. Culture
acts as “a glue”, or “a catalyst” both for development of urban centralities and for
generating of metro-matrix. That is why culture should be added to a metropolitan
governance triad society, economy and environment (Fig. 11), as forth element.

Although, experience proves that heritage sites help socio-economic development,
the archaeological site in Crnokliste has become sad example of what happened to
historical structures along the Corridor 10(Fig. 12.).
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Fig 12. Basilica discovered in Crnokliste near village Stanicenje (8)

Metropolis implies growth in a way which brings welfare to local people, on both
sides of the border in this case. In realization of such scenario, recently discovered
archaeological sites along the Corridor 10 have much greater importance than it seems at
first. Development of metropolis requires — as rule of thumb — high capital and low risk,
however, neither of that exists in area between Sofia and Nish at this time. That is why it is
most important to preserve what there are: valuable heritage sites.

One of the lessons from Roman governance is that a road is as efficient as each and
every horse-exchange station along it. Nowadays, it practically means that each and every
heritage site matters, as constitutive element of urban centrality and furthermore metro-matrix.

7. Conclusion: a journey of a military road through time

In development of the area along East branch of The Corridor 10 between Sofia and
Nish, heritage sites could become ‘“hearts” of urban centralities, which are elements of
metro-matrix. If resources (both knowledge and finances) are used wisely, they could lead
to development of metropolitan area, implicating highly needed increase of quality of life,
changing decline into prosperity. Geographically, central position in this scenario belongs
to a historical structure — VIA MILITARIS.

Neglecting heritage sites and postponing public presentation for “better” times is wrong,
implying fundamental misunderstanding of urban and metropolitan development nowadays.
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YCTPOUCTBEHM NPUOPUTETU IPU BJIATOYCTPOSIBAHETO HA
MAJIKUA T'PAJl B BBJIT'APUS. HA IPUMEPA HA I'PAJIOBETE
KIOCTEHANJI, CAMOKOB, KOCTUHBPO/J, TOJIHA BAHA U JIP.

JMumutsp Baacapes!, Ilinamen Iees?

BCY ,,Jlvben Kapasenog*, ep. Cogus

SPATIAL AND TERRITORIAL PLANNING PRIORITIES IN THE
DEVELOPMENT OF SMALL TOWNS IN BULGARIA. UPON THE
EXAMPLE OF TOWNS LIKE KYUSTENDIL, SAMOKOV, KOSTINBROD,
DOLNA BANYA, ETC.

Dimitar Vlasarev, Plamen Peev

University of Structural Engineering and Architecture: VSU “Lyuben Karavelov”,
Sofia

Abstract: At the present stage of economic development in our country many
different business interests have come about, as they quite often give rise to a conflict
in the development and the planning of the central urban parts of a small town,
which is also related to the general vision of its development and the policy pursued
by the local authorities. The issues concerning planning regarding the improvement
and renovation of the central urban parts including their cultural and historical
heritage is determined by the complex relationships incurred by the different status
of the property ownership, the cultural monuments in these parts, and the various
personal desires stated by the owners concerning their function in the future. The
paper examines available possibilities of an exemplary renewal of a so called
Central Town Area related to the general conditions and policy of the European
requirements on this matter, as well as the willingness and intended policy of the
local government with concern for improvement of the living conditions and qualities
of the central parts of these cities. With regards to the European forums having been
held, as well as to the Leipzig Charter for Sustainable European Cities drawn up in
2007, and the 2010 Toledo Declaration on the Development of Small and Large
Cities, the actuality of the topic may be deemed relevant.

Key words: urban planning, urbanism, sustainable development, central urban parts

! lumutsp Brnacapes, noueHT, 1-p, apx., BCY , JIro6en Kapasenos®, yiu. ,,Cyxomoncka® 175, 1373 Codus,
dvlasarev@abv.bg
2 Inamen Ilees, cryaenr, Jlio6en Kapagsenos®, yi. ,,Cyxomoncka® 175, 1373 Codus, plmnpeev@gmail.com

151



MEXIYHAPOJHA HAYYHA KOH®EPEHIIUA BAHN’2019
INTERNATIONAL SCIENTIFIC CONFERENCE BASA'2019

1. BbBenenne

Ha cpBpemeHHHMs eTanm Ha CTONAHCKO pa3BUTHE B CTpaHaTa HAcCThIIMXa MHOTO M
pa3nuyHu OM3HEC MHTEPECH, KOUTO JI0CTAa YECTO MOPAXAAT KOH(IJIUKT B Pa3BUTHETO U
TUTAHUPAHETO Ha HEHTPAITHUTE TPAJICKU YacTH HA MAJIKHSI TPajl, CBbP3aHO C O0IIaTa BU3Us
Ha pa3BUTHETO WM WM IMIPOBEXKJAaHAaTa IIOJIMTHKA OT OpraHUTE Ha MeCTHaTa BIIACT.
[Ipobnemure W pemaBaHETO MM B YCTPOWCTBEH acleKT Ha OJaroycTpOsIBAHETO H
OOHOBSIBAHETO Ha IIEHTPAJHUTE TPAJACKH dYacTH ce oOycinaBs OT  CIIOKHUTE
B3aMMOOTHOUIEHHUS , TOPOJIEHN OT BUJIOBETE COOCTBEHOCT Ha UMOTUTE Ha T€3U TEPUTOPUU
¥ TIOCOYEHOTO MHOT000pa3ue OT jKeJIaHUs Ha COOCTBEHUIUTE 3a TAXHOTO MpeIHa3HauYeHUe
B Objemnie. BugHO OT HOpMaTUBHUTE JIOKYMEHTH B IIEHTPOBETE Ha MAaJIKUTE I'pajioBe ca
ChCPEIOTOUYEHU TMOYTH BCHYKM BHJOBE JI€HHOCTM Ha KOMIUIEKCHOTO OOIIECTBEHO
oOciry’)kBaHe, TEpEeHUTE 3a peKpeamus, CbHIIECTBYBAaT MAMETHUIM Ha KYyJITYpHO-
HCTOPUYECKOTO HACJIEJCTBO, KOMTO ca C MOBCceMecTeH xapakrep. OT TyK Npousiusza u
KOH(MIMKTHT HAa Pa3HOPOJHU HMHTEPECH, MOPOJCHH OT CTaTyTa Ha YacTHaTa COOCTBEHOCT
BBPXY HEIBMXHMHUTE MMOTH OT IIEHTPOBETE Ha TpaJioBeTE B >KEJIaHMETO Ha OM3Heca 3a
yecTa NMpOMsiHA Ha NpeJHAa3HAYeHHETO Ha CBhIIMTE U HE B PEIKH Cllydad Ha HaMmeca B
CTaTyTa Ha 3alUTEHU NAMETHHUIM Ha KyJTypaTa. B yCTpOICTBEH acHeKT LEHTPaJIHHUTE
JacTW Ha MaJKus Tpaja ca OoraTM Ha MyOJMYHH MPOCTPAHCTBA, YECTO OQPOPMSHU B
pa3NUYHM eTanmu Ha OOIIECTBEHO pa3BHTHE, IMOHSIKOra 0e3 Bpb3Ka MOMEXAYy CH IO
OTHOIIIEHHE Ha Malad, rpaJCcKu AU3aiiH, 3eJieHa CUCTeMa U 0JIaroyCcTposiBaHe.

OOekT Ha u3cienBaHe ca LEHTPATHUTE TPAJACKU YacTH HAa MAJIKHS Tpaj C MpeaMer
npobiieMaTuka M YCTPOMCTBEHM MepKH Ipu OjaroyctposiBaHetro uM. llenrta Ha
U3CIIEABAHETO € 1A C€ Ch3JaJle TEOPETUUYEH MOJEI, KOMTO J1a PEIIU BBIIPOCUTE, CBBP3aHU C
OOHOBSIBAaHETO, PEKOHCTPYKLHUATA U OJaroyCcTpOSBAaHETO HA MyOJIUYHUTE MPOCTPAHCTBA OT
TE€3U I'PaICKH IIEHTPOBE, KAaKTO U pelllaBaHe Ha MPOOJIEMUTE C MTAMETHUIIUTE Ha KYJITYpHO-
UCTOPUYECKOTO HACIIEACTBO M 3ejeHara cuctema. OOXBaThT Ha M3CIEIBAHETO OOXBalla
HSIKOU CTapy rpaJoBe Ha cTpaHara kato rp. Krocrenaun u rp. CaMOKOB, KakTO U [10- HOBH,
rpaBUTHpAIIU Kpaid cronumara — rp. KoctuaOpon, rp. boxxypwuie u rp. JlonHa 6ans.

Karo 3amaum 3a pemaBaHe B H3CIEIBAHETO CTOSAT MyOJMYHU TEHIEXOJHU
IIPOCTPAHCTBA, IUIOMIAABT HAa MAJKHUS Ipaj, KOMyHMKAllMOHHU MPOOJIEeMH, JOCTHI 0
CrpaguTe Ha OOIIECTBEHOTO OOCTYyKBaHe, KyJITypHO- HCTOPUUYECKO HACIIEACTBO U BPB3Ka C
UCTOpHYECKaTa MaMeT M poJisiTa Ha 3elieHaTa cucTeMa MpH OnaroyctposiBaHero uMm. [lpu
pelaBaHeTo Ha 3aJauyuTe J1a Ce Ch3JaJe OLIEHBUEH MOJeN 3a NMoJo0psBaHEe >KU3HEHATa
CpeZa Ha HAaCeJICHUETO OT MAJIKUS IpaJl, KAaKTO ¥ MOCTUTaHE Ha IpajickaTta UAEHTHYHOCT.

2. I'pan Krocrenani

®@ur.1 - [IpumepHo 00eMHO- yCTPOMCTBEHO MPOYUBaHE C pPhKOBOAUTEN JIOIL. J-p apX.
Brnacapes o mHay4Ho- m3cienoBarencku nmpoekt Ha BCY |, JIro6en KapaBenos® Ha
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LIEHTpaJiHaTa rpajJicka yacT Ha rp. Kroctenaui. a) usrien KbM KyJITypHO- HCTOPUYECKU
MaMeTHHK ,,J{epBut 6aus* ot 16-tu Bek; 6) 00eMHO MpoyYBaHe Ha POCTPAHCTBATA OKOJIO
,»JlepBHIII* 0aHs ¢ B3MOXKHO €KCTIOHMpaHe Ha apxeosiorusita ot pesna [layTamms —
KpernocTHaTa CTEHa;

L[CJ'ITa Ha 00eMHO- YCTPOI\/'ICTBCHOTO MMpOy4YBaHEC, IIOKA3aHO Ha (bI/II‘.l, € 1a €€ Cb34aac
IMPOCTPAHCTBCHA paMKa, O(bOpMﬂIHa KpBIJivd IU1omag Ha I[emeH 6aHH, BB3MOXKHOCT 34
CKCIIOHHUPAHEC apXCOJIOTHUATA- KPCIIOCTHATA CTCHA HA JPCBHA Hay'TaJ'II/ISI U UHTCTPUPAHC HaA
MMpoCTpaHCTBATa C 3€JICHATA IJIOL] HAa rpairuHaTta npca Xya0oKCCTBECHATA raJIcprsd, KaKTO U
BB3MOKHOCT CKCIIOHUPAHEC HA YaCT PAaHHOXPUCTHUAHCKHU 0a3UIHKH.
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®@ur. 2- [IpumepHO 00eMHO- YCTPOMCTBEHO NPOYyUYBaHEe C pPbKOBOAUTEN JIOLL. J-p apX.
Brnacapes o HayuHo- u3cienoBarencku rnpoekt Ha BCY |, JIro6en Kapasenos®. a) M3rnex
OT KYJATYPHO- UCTOPHYECKUS MaMeTHUK ,,Patnx Mexmen mxamus; 6) O6eMHO poyyuBaHe
Ha rpocTpaHcTBara 1o oy ,,Ilap OcBoboaurten™ u ,,Patux Mexmen mkamusi, OoraTa Ha
KYJITYPHO- HCTOPUYECKU MTAMETHHUIIH.

Ilenra Ha mnpoyuBaHeTo, MOKa3zaHO Ha ¢GUr.2, € Ja ce cbh3Aaae ONTHUMAIHO
YCTPOICTBEHO pElIeHHE Ha MPOCTPAHCTBOTO OKojo ,,Datux Mexmen mxamusi, Kacaemo
U3rpaXk/laHe Ha HOBa IelexoiHa 30Ha 1o Oyi. ,,I{ap OcBoOonuTen* u HOBO pelieHue Ha
3€JICHUTE IUIONIM W TpUiIexkalla 3eJIeHMHa KbM KYJITYpPHO- UCTOPUYECKHS] TMAMETHUK —
»Patux Mexmen™ mxamus. ThpceHO € 3ama3BaHe MSCTOTO HA CEPrUilHUs Masap, KaTo ca
OTPEJICHH HOBHU IUIONIM 3a TIOCTaBIEMU OOCKTH M OCBOOOXJIAaBaHE Ha CHIICCTBYBAIIUTE
OK0JIO JIeTHUS TeaTbp. Ch3Aa/ieHa € Bb3MOKHOCT 32 €KCIIOHMPAHE Ha apXEOJIOTHUsTa KaTo
noJi3eMeH ypOaHU3bM MO/ CHIIECTBYBALIHS IJIOIIA]] HA TPAJICKUS Ma3ap.
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®@ur. 3 - [IpumepHO 00EMHO- YCTPOUCTBEHO MPOYYBAHE C PHKOBOAUTEN JOIL. JI-P apX.
Brnacapes no HayuHo- u3cienoBatencku npoekT Ha BCY , JIio6en Kapasenos* (9/2019r.),
MIOKA3Balll0 CBIIECTBYBALIOTO MOJI0XKEHUE HA paMKaTa Ha HEHTPaJHUs TPaJCKH IO Ha
rp. CaMOKOB, crpajara Ha oOIIMHCKATa aIMUHHUCTpaLUs, crpajara Ha OMBIIATa OOLIMHA U
0anka JICK, kakTo ¥ TpHBI'BIIHUS TUIOMIAN C ,,[ oJiiMaTa yenma“. a) careuTHA CHUMKa; 0)
00eMHO NMpoyYBaHe Ha IUIOIAaa U rpajackata rpaguaa ot L{I'Y Ha rp. CaMokoB;

[IpoekTomnpeio)KeHUeT0  Ha  OOHOBSBAHETO HAa  IIOCOYEHHUTE  IUIOLIAJHU
MPOCTPAHCTBA BKJIIOYBA IOAMSHA HAa HACTHIIKaTa, o(opMsIHE HAa HOBH 3€JICHU WBHUIHU C
noJyepTaBaHe Ha remiexogHara oc mo yiuna ,Ilap bopuc I, Gorara Ha KyaTypHO-

HCTOPUYECKH MAMETHULU OT OBJITapCKOTO Bb3paxIaHe.
o — = : T R o

WA R i = =

Google Earth

@ur. 4 - [IpumepHO 00EMHO- YCTPOUCTBEHO MPOYUYBAHE C PHKOBOJAMUTEI JOIL. - apX.
Brnacapes o mHay4yHo- u3cienoBarencku nmpoekt Ha BCY |, JIro6en KapaBenos®. a)
caTellMTHA CHUMKA; 6) 00eMHO MMPOyYBaHEe Ha 3aCTPOSBAHETO HA CTAPUTE THPIOBCKH YJIHIIH
(,,/KuTHa yapmms‘) OT LeHTbpa Ha TPpaja;

Ha ¢ur.4 e moka3zaHO H3rpakJaHe Ha HOBa IMEIMIEXOJHAa 30Ha HA MSCTOTO Ha
CepruiiHus OOLIMHCKU Ma3ap, opOpMsIHE Ha MPOCTPAHCTBOTO YJIUIMUTE OT CTapaTa 4acT OT
LIEHTbpa Ha rpaja, BKIOYBaIa ,,KuTHa yapmua™ u NpuiIeKaluTe MEeNEeX0AHNU YIINLU.
Cp3naBaHe Ha aKLUEHTH Ha KPBCTOBHMILETO HpPEJ] >KUIMIIHA Crpaja- [aMeTHUK Ha
ApXUTEKTYPHOTO KyITypHO HacienctBo. OOHOBSIBaHETO Ta3W cTapa rpajcka 4yacT oOT
neHTbpa Ha CaMOKOB MpPEJBIIKA 3aCTposBaHE ¢ MakcuMaiHa mibTHOCT 100 Ha cTo M
BHCOYMHA Ha crpaaute oT 10M, BKIItOUBaIla HaJICTPOSIBAHE U MPECTPOSBAHE ChC 3ala3BaHE
XapakTepa U UCTOPUYECKHs OOJUK Ha crpagute. Ta3u 4acT MHTEpHpEeTHpa HIKOTallIHUTE
JIOKSIHU, OOHOBEHM KaTO MaJKh TBHPrOBCKM OOEKTH, OYTHIIM, arenuera M OOCKTH Ha
00I11eCTBEHOTO XpaHEeHEe B MAPTEPHUTE YACTH OT 3aCTpOMKara.
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®@ur. 5 - [IpumepHO 00EMHO- YCTPOUCTBEHO MPOYUBAHE C PHKOBOJIUTE JOIL. J-p apX.
Brnacapes no HayuHo- u3cienoBatencku npoekT Ha BCY , Jlio6en Kapasenos®, 2019r. o
ynuna ,, I'eproecka’, rp. CaMOKOB. a) U3TJIE]] Ha KyJITYPHO- HCTOPHYECKH OOEKTH TIO YII.
,» I'bproBcka‘; 6) opopmMsHe Ha MPOCTpaHCTBEHATa paMKa Ha JiBaTa IJIolIaia, TPUbIbICH ¢
,,] OJIsIMaTa yemma““ v mioliaaa npej oonmHaTa;

IlenTa Ha mpoyuyBaHeTO, MOKa3aHO Ha (UT.5, € Ch3JaBaHETO HA HOBa TEMIeXOIHA
30Ha no yiua. ,,Ieproscka®, BkIroYBamia NpOCTpaHCTBaTa OKOJO ,baipaknu® mxamus,
,demmara ¢ oOunara™“ W TPUBIBIHUA IUIoman KbM Hes. [IpocTpaHCTBOTO OKOJIO
YUTANUIIETO, MTAMETHUK Ha apXUTEKTYPHOTO KYATYPHO HACIENCTBO, CHIIO CE OOHOBSBA
KaTo TeIIeXoJHa 30Ha. 3ama3eHa € Qgopmara Ha rpaickus roman npen OOmmuHATa.
I'pagckata rpaauwHa, KaTo 3€leHH IUIOIIM, OOBBP3Ba CIOIYWIHMBO B KOMITO3UIIMOHHO
€AVMHCTBO IAMETHULIUTE Ha KyJATypaTa, ,bailpaknu® mkamus, 4duTalIdile, My3ed u
,l oJsiMara yemmMa®, KaTo ajeiiHa Mpeka, MaTephalla Ha HACTUJIKUTE, KaKTO U YJa4yHO
peleHrue Ha JCHUBENAIUsATa Ha JBETE HHWBA OT TpajcKara rpaavuHa. BB3MOXHO € u
eKCIIOHMpaHe Ha OMBIIATa YaCOBHHKOBA KyJia Ha Tpajia KaTo BTOPU aKIEHT KbM paMKaTa
Ha TPUBIBJIHUA TUIOMIAJ C ,JloilsMara yemma®, Mo ChUIECTBYBAIM apXWBHHU JAHHU 3a
MECTOIIOJIOXKCHHIE U apXUTEKTypeH o0pa3.

®ur. 6 — Peanuzanus Ha OOHOBSIBAHE Ha TpajcKaTa rpajJvHa C MOJYepTaBaHe Ha
€IMHCTBOTO Ha HACTWJIKATA, UIVIOJIMCTHATA PACTUTEIHOCT W NAaMETHULIUTE HA KYJITYpHO-
HCTOPUYECKOTO HAcCIeACTBO — ,bailipaknu® mxamusa- rp. CamokoB. Hactunkarta e ¢
MaTepual, IoJuepTaBall MEeCTHUS JaHamadT. a) u3riea KuvM ,,baiipaknu mxamus; 0)
W3IJIe] KbM aJieiHaTa MpEexa;

4. I'pan KocTtunopon

a) 0)
®ur.7 — Bb3MOXHU PEKPEAMOHHH U TYPUCTHUECKU MapIIPYTH, BKIIOYBAIIN KYITYPHO-
HACTOPUYECKUS TYPU3BM, OTHOCHO KbCHOPHMCKaTa pe3nuieHIH ,,CKpeTHCKa 1
KbCHOPUMCKH ITFTHHU CTAHIIMU. &) PEKpealnoHHa oc; 0) peKpealnoHHa OC 10 Pe3UICHITUS
,»CKpeTHucka
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He e pemiena Bp3MOKHOCTTA 32 Ch3/I1aBaHE HA YCTPOMCTBEH MapIIpyT, MPHUOOIIaBaIl]
pesuneHnus ,,CKkpeTucka, KaTo KyJITypHO- UCTOPUYECKH MAMETHUK B OOHOBSIBAHETO Ha
[EHTpaJIHaTa Ipajcka 4act Ha rp. KoctuaOpos. B nmpoekrta 3a 0OHOBsIBaHE Ha LIEHTpaIHATA

rpajcka 4YacT CleJBa Ja C€ 3aJ0KaT M BB3MOXHOCTUTE, KOMTO JAaBaT KyJITYpHO-
MCTOPUYECKUTE MapIIPYTHU C OIJIE] YCTOMUMBO YCTPONUCTBEHO PEIICHNE Ha ChLIUTE.

®@ur. 8 - [IpumepHO 00eMHO- YCTPOUCTBEHO MPOYUBAHE C PHKOBOJUTEN JOIL. JI-P apX.
Brnacapes no HayuHo- uscnenoBatencku npoekT Ha BCY , Jlio6en Kapasenos® 2019r. na
[EHTpaTHa TpaJICKa YacT Ha rp. boxxypuiie. a) 17I0CTeH MakeT Ha TPOYYBAHETO; 0)
U3IJIE] OT I0T; B) U3IJIE] OT CEBEp, XapaKTepbT HAMOA00sIBa CTap BB3POXKICHCKH LIEHTHP
Ha MaJIbK Ipaj;

Pemenuero ot ¢ur. 8 npenBrmkaa 3aCTpOsIBAHE C KWIHIHA M OOIIECTBESHU CTPaJIH,
000co0siBaHE Ha KBapTalld ChC CKIIOUEHO 3acCTPOsIBAHE WM IO- BUCOKA IUTBTHOCT Ha
3actposiBane. LleHThpBHT € 0OHOBEH Ha 0a3a 3ama3BaHe Ha 3CJICHUTE IUIOIIH, W3TPaKIaHe
HOBO IUIOMIAIHO IMPOCTPAHCTBO C MOMYEpTaBaHE BB3JACHCTBHETO HA CHIIECTBYBAIIUTE
oOmecTBeHn crpaau 0e3 na Oble JAOMBIHUTETHO 3acTpoeH. [1o To3u HauuH ce Ch3aaBa
€CTeCTBEHAa BpB3Ka 3a U3TPAKIAHE HA KYJITYPHO- HCTOPUYECKH MAapHIIpPyT KbM

)‘ - "I
oo\gle Earth BrBLLe NeTULLE BOXypULLE
ALY, a—n- e o e
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®@ur. 9 - [IpumepHH KyATYpPHO- UICTOPHUUECKU MapIIPYTH, HHTETPUPAIIH
LEHTpaJIHATa Ipajicka yacT ¢ HeifHaTa nepudepus, BKIIOYBaIa 00EKTH Ha KyJITypHO-
HCTOPUYECKOTO HACIIEICTBO- KOHHA 0a3a, YUNTAIMIIE U JIETHILE.

®@ur. 10 — Peanmzanus Ha 00HOBeHUTE 001IecTBeHN ipocTpancTa ot L[I'Y Ha rp.
Boxypuiie. a) usrien kbM 00HOBEHO IJIOLIAJHO MPOCTPAHCTBO; 0) U3TJIe ] KbM ILJIONaaa ¢
HOB apXUTEKTYPEH AU3aiiH- MeWKH, (POHTAH U OCBETIICHUE;

Ch3naneHa e Bb3MOXKHOCT 32 MPOCTPAHCTBEHO- (DYHKIIMOHAIHA BPb3Ka C OOEKTUTE
Ha KYyJITYpHO- UCTOPUYECKOTO HACIEACTBO. M3M0a3BaHN ca HOBU €KOJIOTMYHM HACTHIIKU,
NEKH ¢ WHTepeceH /Au3aiiH, KaKTO W TMOoJ4YepTaBaHE Crpajara Ha OOLIMHCKaTa
aJIMUHHUCTpALUs ¢ MOHYMEHTAJIHO AEKOPATUBHO aHO, CHMBOJIM3UPAII0 UMETO Ha Tpajia.

6. I'pax dona bans

0)
®ur. 11 — M3zrnenu ot neHTpaiHu rpaJcku 4actu Ha rp. [lonna bans. a) uzrien koM
IpaJICKMs IUIOIIAJ] ¢ YUTANNILIE; 0) U3TJIe]] KbM PEJOBU KbIIM NAMETHHUIM HA KYJITYPHO-
UCTOPUYECKOTO HACIIEACTBO;

I'pan donna baHs mMa ynadyHu BB3MOXKHOCTH 32 OOHOBSIBAHE Ha TJIaBHATa YJIWIA
KaTo MEIIEeX0JHa 30Ha U MIPEYCTPONCTBO HA LIEHTPAIHUS I'PAACKH IUIOINAJ C YATAIHAIIETO U
mapkoBaTa 30Ha KbM Hero (mokasanu Ha ¢wur.11). OOHOBSBaHETO ce wH3pa3siBa C
MENIEXOAHN YJIUIM C HOBM HACTWJIKH, BB3CTAHOBSBAHE yJIMYHATA PAMKA OT CKIIIOUYEHO
3aCTpOsiBAaHE CHhC CTpaay Ha KYJITYpHO- MCTOPHYECKOTO HACIEICTBO M OOHOBSIBAaHE Ha
obmecTBeHH crpaau U oOektu. [Ipobiemure ca CXOAHU ChC 3aCTPOSBAHETO HAa CTApHUTE
KBapTajiu OT LIEHTpajHaTa rpajacka yact Ha rp. CaMOKOB, KaTO UMa M JOCTaTbUHU
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BB3MOXKHOCTH 32 Pa3BUTHE HA TpajiCKaTa rpajiiHa ¢ HCTOpHYECKATa Crpajia Ha YNTAJIHINe
,,Prma- 1898

M3Bon: Cpennute 1 Majku rpajioBe ChCTaBIsABAT 3HAYUTENIHATA YacT KaTo Opoil oT
rpagoBete B boarapus. OOHOBSIBaHETO Ha IIEHTPOBETE MM € HaJleXalll M IieJechoOpa3eH
YCTPOMCTBEH IIOXBaT 3a IPJIOCTHOTO WM YyCTOWYMBO pa3BuTHe. MHTerpanmsra B
YCTPOMCTBEHOTO pELICHHE MEXIy 3elieHa CHUCTeMa, CrpaJuTe Ha KOMIUIEKCHOTO
0011eCTBEHOTO OOCTY’>KBaHE M TE€3W Ha KYJITYPHO- HCTOPHYECKOTO HACJIEACTBO OOYCIaBAT
Ka4eCTBEHO M YCTOHYMBO pealu3upaHe Ha MyOJIMYHUTE NMPOCTPAHCTBA B IEHTPATHUTE
TPaJICKH 4acTH Ha MaJKHUTE W CPEJHU TPAJOBE C MOMYepTaBaHE HA MCTOPHYECKATA MaMeT
Ha HaceJIEHOTO MSCTO.

OYHKUMOHANHW 3ABUCMMOCTH HA
NYBIMUYHWUTE NPOCTPAHCTBA B LII'M

L

WCTBEHA YCTOWYWBOCT

(TBLpAOCT Ha NnaHa)

YeTpol

Moaxonu, KOPECNOHAGHLMN 1
KOMYHUKALIMOHHI NOAXOAM

MyBnu4HmM npocTpaHcTea
BLIM-F

EKONOMMYHOCT Ha YCTPONCTAeHUA
nnawx

@®ur. 12 — Cxema Ha QyHKIIMOHAIHUTE 3aBUCUMOCTH MEXy pa3IMYHUTE BUI0BE TEPEHU B
LI'Y Ha Mankus rpaj, NpeacTaBisBaiia rpaguuHo (yHKIHOHATHUTE 3aBUCUMOCTH MEXKTY
pa3IMYHKUTE BUI0BE TEPEHU U IIJIOLIM B 00XBaTa HAa EHTpaJIHATA I'PAJACKa YacT Ha MAJIKHS
rpaj v TAXHATa UHTErpanus npyu oOHOBsIBaHETO Ha TepuTopusta. OCHOBHU CTPYKTYypHU
€JIEMEHTH ca 3eJIeHaTa cucTeMa, HeHHOTO U3rpaxiaHe 1 OOHOBSIBaHE, KAKTO
BBH3CTAaHOBSIBaHE M OOHOBSIBAHE HA MTAMETHHUITUTE Ha KyJITypaTa. Te3u 3aBUCHMOCTH
00ycaBsT yCTpOHCTBEHATa YCTOMYUBOCT Ha IPaJJOyCTPOUCTBEHMS IUIaH, KAKTO M HEroBaTa
[EJIECHO0PA3HOCT HA PEIICHHETO MY.
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NURTURING INDUSTRIAL HERITAGE IN AREA OF THE CITY OF NIS
(SERBIA) - ITS IDENTIFICATION AND VALORISATION AS INITIAL
STEPS FOR CULTURAL URBAN (RE)DEVELOPMENT

Ljiljana Jevremovic', Branko Turnsek’, Aleksandar Milojkovic3, Ana
Stanoj evic', Marina Jordanovic’, Milanka Vasic®, Isidora Dj()rdjevic7

University of Nis, Faculty of Civil Engineering and Architecture (Serbia)

Abstract: Industrial heritage as a part of cultural heritage, piecing together the
remnants of lost industrial activities, can be of significant interest for the future
generations. Its importance has been recognized in making the connections between
the present and the past while creating identity of an urban space. Due to the lack of
the rigid procedures, and despite its widely recognized importance in terms of future
sustainable redevelopment, in Serbia, this kind of built heritage is been neglected
and out of the focus of the institutions and the society as well. Considering the area
of the city of Nis, this paper examined the heritage and the industrial residues of the
two periods as of the major historical importance — before and right after the
WWIIIL; with the aim to make a detailed insight into their current statuses.
Comparing two epochs, we have identified the determining characteristic of the
examined periods of industrial development. While it is generally acceptable that the
older structures could be of the greater importance for the architectural historians
and conservators, this paper tends to highlight the importance of nurturing and
managing the full scope of the industrial heritage regardless the historical distance.

Key words: industrial heritage, industrial architecture, Nis, modern architecture,
socialistic architecture, heritage management, architectural conversions

1. Introduction

Industrial heritage is an element of history of an urban space that has recently
become an important element of protection and nurture. In fact, the importance of
preserving the architectural heritage was recognized very soon after it became clear that
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insensible changes in the modernized urban space could lead to inconsistent consequences
due to forever lost values. Industrial heritage is mentioned as part of the cultural and
architectural heritage in the ICOMOS’s, UNESCQO’s charters, of importance and value to
society. It is also recognized as part of the sustainability strategies of development and
dynamics of contemporary urban. Therefore, industrial heritage is not the focus of
exclusively narrow-minded bodies, institutions of culture, but this segment of human
heritage is also recognized as an integral part or instrument for achieving the goals
(economic, environmental, etc.) that are of global importance for the whole society. Built
primarily as utilitarian objects, they do not enjoy a high degree of appreciation and
admiration as some other categories of objects and urban entities. However, industry in
cities, especially when it becomes only a part of the history and memory of society, is
assessed as an important part of the social factor in both spatial, social and economic
terms. The reasons for this are based on the physical scale of the space and objects they
occupy in cities, then on the impact on the lives of people and the changes they have
caused in the lives of people and the entire social community, as well as the global society.
For this reason, industry has found an important place in the history of human civilization,
and therefore nurturing this historical narrative becomes a justifiable goal.

Given that urban identity can be of the great help in the city branding, while
contributing to its historical and cultural development, the initial step includes recognition
of the values of cultural heritage. Contemporary concepts of managing cultural heritage,
within the sustainable development agenda, include wide ranges of flexible formal and
informal approaches in activating the areas of this kind, and they are the basis for its
evaluation.

The paper deals with the industrial heritage of the city of Nis. By identifying and
systematizing the sites and complexes that represent the heritage of this territory, this
research tends to make an assessment and defines the current status, position and future
prospects of the industrial heritage of the area. The aim is to give a detailed and precise
insight into the trends of industrial development in the city throughout the history, as well
as the development of modern society in the context of the challenges that come with the
new times and new socio-political context.

2. Industrial heritage — current status in Serbia

Industrial heritage is defined as a set of entrepreneurial and engineering buildings,
accompanying buildings of residential, national, religious and public architecture, sorted
out in groups and types with associated landscape, as follows: infrastructural facilities
(bridges, railway complexes, etc.), rural agricultural buildings and spaces as part of
traditional architecture (barns, watermills, mills, etc.) and conventional industry and
industrial complexes in urban areas. Mining complexes and energy facilities can be singled
out as separate units of industrial heritage which are specifically integrated into natural
landscapes (mines, mines, hydro power plants, etc.). It is also very important to note that
the valorisation of industrial heritage usually happens by exploring firstly the oldest epochs
of industrial development, so it can be said that the industry of 19th and first half of the
20th century was satisfyingly considered and virtually all industrial and entrepreneurial
buildings that are considered as cultural assets belong to this period. However, the most
significant period of Serbian industrialization, by the size of industrial development and
the impact on society and lifestyle, the post-WWII industrial development has not been
sufficiently explored to the date.

Serbia's industrial heritage is part of Europe's scientific and cultural heritage.
Industrial facilities represent a significant testimony to the development of a society and
are an integral part of industrial heritage, which in total implies the material remains of an
industrial culture that has historical, technological, social, architectural, cultural and
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scientific value [9]. Kurtovic-Folic points out that as symbols of growth and power of the
economy, industrial buildings tend to look striking, to give the impression of strength and
durability, so that in the process of industrialization, factory chimneys began to become
symbols of a new age, a reference point in the city's landscape [7]. The protection of
industrial heritage is carried out in the process of so-called integral protection, which
implies the protection of movable and immovable cultural property by a single legal act
guaranteeing the protection of an immovable property (industrial building) and the
movable property contained therein. Also, industrial buildings can be separately valued as
immovable cultural property without movable property within them. The legal framework
in the field of cultural heritage protection, both movable and immovable, is defined by the
Law on Cultural Property of the Republic of Serbia. [10] As the industrial heritage also
includes a part of the movable cultural heritage, where the Museum of Science and
Technology in Belgrade maintains jurisdiction over that heritage and the integral
protection of the movable and immovable industrial property. Museum also maintains a
register of these properties and takes care of the artefacts that are part of it, within the
museum’s properties, as well as goods outside them, in original locations or privately
owned or owned by other institutions. In this way, the general framework was created that
would further enable Serbia to continue on the work of designing and planning of
integrated protection, promotion and popularization of scientific, technical and industrial
heritage and to join and closely collaborate with international and European organizations
such as ERIH, TICCIH and E-FAITH et al. Therefore, one industrial complex has more
possibilities to be placed under the status of heritage protection. However, in the
valorisation of architectural (immovable) heritage within the industrial heritage as a whole,
attachment to the aesthetic component, the concept of “beautiful-ugly”, can only be
understood and discussed as a handicap or as a result of incomplete research in an
industrial heritage valorisation project. It should be kept in mind that industrial
development was neither beautiful nor pleasant (exploitation of workers, exploitation of
children as labour, strikes that were stifled in blood), but these negative phenomena are
part of the identity of an industrialized society [14].

Generally, the multiple lines of dealing with heritage can be traced. On the one hand,
there are institutions of heritage protection that deal with the studding, processing,
evaluating and prescribing protection measures. On the other, the factors of active heritage
management can be also identified through strategic planning and decisions making
institutions that deals with planning processes, urban dynamics, and economy, polices and
politics, etc. Also, real-estate property owners have certain mechanisms and point of view
for management of their own assets, which can vary from case to case, and depends largely
on the economy and economic capacity of the owner. All these stakeholders do not
necessarily have to be separated or opposed in the process. They should actually be
integrated and/or confronted at the planning level creating a single strategy of operation
and management.

3. Qualitative analysis of industrial heritage in Nis

The first hint of a solid economic modernization of Ni§ is the construction and
opening of a railway line that occurred in 1884, after the liberation of these territories from
the Turks, when the first train to Ni§ arrived from Belgrade with this newly constructed
track. In more than a century of developing industry within the city of Nis (Serbia), there
are a lot of evidences of this human activity. This history of developing industrial activity
in Nis could be divided into three major periods: period before WWII, socialistic period
and period after the collapse of social regime. Upon the political shifts, there were always
great changes of the way the industry was developed, financed, supported and physically
planned.
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The development of the industry in the city of Nis started upon the liberation of the
Turks in the late XIX century. Political development of the state influenced the
development of the industries. In this context, it is possible to recognize two distinctive
periods in modern history of the area. First one is characterised by monarchical ruling of
the state, while the second one is characterised by socialist, communist rule. Different
types of the state regulation have the consequence in industrial development, we well.
Industrial development of this area is characterised by various industrial branches that have
been founded over time. While the first period is characterised by capitalistic society and
dominant private investment in industry, the second period is marked by the state
governance of the economy and industries as well. Nevertheless, there was never open and
developed market for industrial products and competing for the customers was never the
case.

Although a relatively stable branch of the economy, industry is highly dependent on
many factors that contributed to its increase to enormous heights during the second half of
the 20th century, but also decline sharply and steeply. Given the negative economic
situation in Serbia and the transformation processes in recent decades that have not been
accompanied by stable political prospects, but on the contrary, the industry has faced a
steep decline. The challenges of wvarious political transformations have definitely
contributed to the fact that the industry does not survive challenging periods, which, even
without political pressures, would be questionable. From this perspective, industrial
heritage and sites is predominantly treated in Serbia as an economic task, a brownfield
investment, and only secondarily as a cultural task of protecting the heritage. In this
respect, several significant factors can be identified: the inertia of planning policies, the
lack of interest in local policies, the inertia of heritage protection institutions, as well as
their limitations in resources and models of actions. This has all left a vacuum space,
unregulated period of time, within which life has happened, meaning real events and
situations that happen spontaneously and recklessly. This is the context within the
evaluation of the existing industrial heritage sites was carried out.

3.1. Defining framework

A framework for the analysis of the industrial heritage and architecture in the city of
Nis is defined by historical, urban and architectural parameters with the aim to create a
general scope of overall architectural industrial heritage of the city. The main focus is on
defining relation between qualitative characteristics of the buildings and other industrial
facilities and their current status and destiny. The aim is to find out potentially a
determinant factor for positive outcomes, or at least known (evident, obvious) outcomes, of
industrial heritage conservation and transformation. The defined parameters for the
analysis are not necessarily unrelated and this kind of relations will be also discussed. In
this way, conditional generalizations that lead us to conclusions that may be globally
applicable can be determined from a single examination of specific examples, locations.
Survey of the area that covers the territory of a city aims to reduce the influence of all
external factors in the given examples to a constant, referring to geographical, climatic,
economic, cultural, etc. In this sense, generalization can be introduced at city level, while
conclusions can be applied to other areas, provided that there is a real comparison of
conditions in Nis and that other territories.

Analysis included identifying: type of industry, date of construction (construction
period), size of site, morphology of urban form and buildings’ type, type of construction
material, current status in terms of heritage, current status in terms of use; disposition
within urban environment — integrated/disconnected/isolated; current status in terms of
strategy in use.
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Fig. 1. a) Tobacco warehouse (Old Monopole) in Nis — end of XVIII c.; b) Tobacco
factory in Nis (the photo dates from mid-Wars period)

3.2. Analysis data and results

The results of the examination and the analysis of industrial heritage in the city of
Nis are systematized and given in Tab.1 and Tab.2. This paper used the archived materials
that documented the decades of entrepreneurial life of these companies that have been in
the focus of social historians [2,3,7,8]. The urban and architectural analysis of the
industrial complexes have been done within this research according to the archival
documentary and the field research of the industrial remains in the present days.

The analysis of the industrial heritage on this territory has shown that there is no
specialization and concurrence within the industrial branches, and the industry has been
developed by expanding the spectrum of industrial branches represented in the area. This
points to an underdeveloped industrial product market and industry development in the
capacity only to meet local needs. On the other hand, this means a great diversity of
industrial heritage, since each complex is a unique witness to the development of industry

in Nis.

Tao6Jae 1 Industrial heritage of the city of Nis — qualitative analysis — summary

Name of the . Morphology | Construction
industrial .Type of Consfructlon Size | of the & material
industry time o1
complex building type | type
) multi-story masonry
1. Leather light since 1910 building; building,
factory processing : 5.6ha | concrete hall; | wooden &
“Djuka Dinic” | industry I period — auxiliary low- | concrete
before WWII rise buildings | structure
2. Textile light since 1886 multi-& masonry
. single story building, steel
factor processing I period — 10.2ha buildi &
“Niteks” industry UHAINgS, concrete
before WWII shed building | structure
3.01d . 1885 masonry
Monopoly — !1ght multi-story building
Tobacco glg:esﬁgse Iperiod— | 0-30ha building wooden
warehouse before WWII structure
light - . . masonry
4. Tobacco agricultural since 1930 multi- & building,
. . - 23ha | single story
factory Nis processing I period — buildines concrete
industry before WWII £ structure
5. Brickyard | heavy — end of 19.c | 32.5ha | multi- & masonry
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“Cele Kula” construction I period — single story buildings
industry before WWII building
masonry
6. Brewer agricultural 1884-1972 multi-& building;
. ¥ processing &Il veriod— | 6-2ha | single story | Wooden &
Nis . p i concrete
industry before &after building tructure
WWII
7. Machine since 1884
industry Ni§ - | heavy - great hall; steel structure:
MIN machine 1&I1 period — 33ha | auxiliary low- lass facade ’
(Sumadijska | industry before &after rise buildings & ¢
street) WWII
8. Machine since 1913
industry Ni§ — | heavy — great halls; steel structure:
MIN (12. machine 1&I1 period — 23ha | auxiliary low- lass facade ’
Febreuar industry before &after rise buildings & ¢
street) WWII
9. Pump heavy — since 1949 gingle—gtory concrete
factory machine I period — 20ha | industrial structure
“Jastrebac” | industry after WWII halls
10.E1 .| heavy - 1948-73 singl§-& steel and
1o ectronic electro- T oeriod 65ha | multi-story concrete
industry - EI | . pero buildings structure
industry after WWII £
11. Aluminum | heavy since 1955 single-story
processing industry; M veriod — 11ha | industrial steel structure
plant“Nissal” | metallurgy . ftng\?WH halls
light ; mason
12. Bakery agricultural since 1947 multi-story o ry.
. . e building;
industry processing : 10ha | buildings; concrete
“Zitopek” industry; Il period — silos
warehouse after WWII structure
13. Printing light 1961 ol
house processing : 0.56ha | S8 e-story concrete
« v . II period — ' industrial hall | structure
Prosveta industry after WWII

TaoJe 2 Industrial heritage of the city of Nis — qualitative analysis — summary (continue)

Name of Disposition . . Herit | Current Redevelopme
cors Relation with . .
complex/ within the . age | status (in use | nt strategy in
11 . . surrounding

building/site city area status | or not) use
1. Leather central city closed, no

zone closed . sale,
factory (within 1km | complex nofyes | activity on rivatisation
“Djuka Dinic” | . . p * site p

in radius)
2. Textile . . renewed

inner city closed sale,
factor area complex no | factory rivatisation
“Niteks” P activities p
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3.0ld central city | semi-closed
Monopoly — zone complex o reused, sale,
Tobacco (within 1km converted privatisation
warehouse in radius)
- trial
4. Tobacco industria closed renewed sale,
factory Nis zone — complex yes | factory privatisation
“North” activities
. outskirts of Tuined &
5. Brickyard the urban open n0/ves closed, no sale,
“Cele Kula” P y activity on privatisation
area )
site
) . renewed
6. Brewery inner city closed W sale,
. no | factory R
NiS are complex L privatisation
activities
7. Machine
indust i§ — | old closed, no .
industry Nis . . closed L partial sale,
MIN industrial complex no | activity on rivatisation
(Sumadijska | zone P site p
street)
?' Machlnew . . converted &
industry Ni§ — | industrial .
permeable/ renewed partial sale,
MIN (12. zone — semi-closed no facto rivatisation
Febreuar “North” ory p
activities
street)
. i ial . 1 1
9. Pump industria isolated/closed c ogefi, no sale,
factory Zone — complex no activity on privatisation
“Jastrebac” “North” P site
partial sale,
. industrial artiall rivatisation,
10. Electronic ! permeable p Y pIiv
industry — EI zone — complex no/yes | reused, plan of
“East” converted detailed
regulation
11. Aluminum | industrial . renewed
. 1solated/closed sale,
processing zone — complex no factory privatisation
plant “Nissal” | “East” activities
12. Bakery old renewed
. . . closed sale,
industry industrial complex no/yes | factory rivatisation
“Zitopek” zone P activities P
13 Printing inner  city closed, no
closed . sale,
house area complex no activity on rivatisation
“Prosveta” P site P

Note: * all complexes market with “no/yes” contains at least a building with heritage status
or in the process of decision making regarding the status

4. Discussion
As can be seen from the presented data in Tab. 1 and Tab.2, the old industrial complexes in
Ni$§ have an indefinite and unclear status in terms of protection as a cultural heritage. In
fact, for a number of buildings, there is a prior assumption of a heritage status, but not the
operational results of such activities. There are no initiatives directly targeting the
protection of industrial heritage. Actually, local Institute for heritage protection that is in
charge of management of heritage building within the city area, have been indolent
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towards the industrial heritage, buildings and sites. On the other hand, there are rare
examples of careful inheritance at the initiative of private users and owners. Also, it cannot
be said that a brutal devastation of the inheritance is taking place through an aggressive
approach. Still, this is also not sustainable in the long term, as well, especially as some
changes that go unnoticed, while certain qualities disappear permanently. It can be noticed
that there are not many initiatives on the subject of promoting this space beyond the
boundaries of the commercial, bur towards public and cultural uses. On a contrary, the
value and relevance of the old industrial sites have been evaluated in the practice strictly
according to market-related principles. There is a very little interest for developing public
policies that may be comprehensive. There is a single exception for complex of Electronic
Industry (EI), in which case a local authority adopted a Plan for detailed regulation (PDR)
[1] which is a step forward towards strategic and institutional planning of redevelopment
schemes.

Fig. 2. Electronic industry Nis (EI Nis) — A collage of photographs

Older complexes are better integrated into the environment, and functional
conversion and adaptation for the new uses have already occurred in some cases several
times. (Fig.1) Industrial complexes built after WWII (Fig.2), in the era of social-
communism, are far greater problem for conversion. Closeness and morphological
disconnection with the surrounding areas as well as cheap materials and dull fagade
articulation, make them inadequate for the new attractive uses. In the context of the quality
of materials and the type of industries, it can also be concluded that the heavy industry has
more problems in conversion than light, processing and electronic industry, at least the
experience here shows. In doing so, the heavy industry (here, the machine industry) has
impressive proportions of structures that are true representatives of industrial architecture
and engineering. (Fig.3) However, these aspects are not critical to the redevelopment, as
the use of such facilities generally faces serious challenges in finding new functionality.

However, the practice of reusing and redeveloping old industrial sites in Serbia, in
Nis is far from a standstill status. What does that mean? As industrial buildings are primary
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rational and utilitarian buildings, the focus is given on their functional status, and they are
usually being considered in this context. Even in the case of unused or underused
complexes and buildings, there is a little interest for the protection measurements in
advance as long as those buildings and artefacts are not in direct threat of disappearing,
decaying or there is some kind of ecological threat. At that moment, it is expected to devise
additional measures and activities to be activated in order to find a sustainable solution for
specific situations, and these solutions are generally in a wide range between economic
wishes and the protection (conservation) of heritage. It is expected, to some extent, that all
sites analysed in this paper will be on the “scanner” of all stakeholder institutions, in order
to balance the expectations and possibilities in more sustainable and balanced way.

Fig. 3. Machine industry Nis (MIN) — A collage of photographs

5. Conclusions

It can be concluded that industrial heritage in the area of the city of Nis has been
neglected. There are quite big differences between, on one hand, formally defined goals
and the potentials and on the other, real situation on the field, as it has been presented in
this analysis. There is a general impression that all mechanisms and instruments for a
development of a sustainable solution for these areas have not been exhausted. While there
is an evident lack of cross-sectorial cooperation and synchronisation, the industrial heritage
sites within the area of Nis is predominantly low-profile commercially-led re-
developmental schemes. Also, there is a minimal level of the initiatives and the investment
that originates from the local government, which implies that these sites are not in the
focus of the local authorities and the officials. Additionally, it is evident that in these
circumstances there are a minimal level of real-estate demands that could be settled by
reusing and converting existing buildings and sites. It is especially devastating the fact that
industrial heritage of the city that once has been called the city of electronics (after EI Nis),
did not face the serious research activities about this kind of heritage. While the lack of
commercial demands may be related with the level of economic development of the
country, this does not abolish the fact the research and planning activities has been skipped
as well. Still, it is not expected that such trends must be permanent and in the future it is
possible to expect all kind of demands and all kind of social configurations.

The most important conclusion of this analysis is necessity of detailed research and
documentation of the heritage that exists in this area in which it is necessary to thoroughly
explore and evaluate this heritage as a whole individually. While the older structures are at
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risk of deterioration due to wear and tear, and non-maintenance as well, especially the
empty ones; the newer buildings are at risk of total transformation, which is not a problem
in itself, as long as some valuable architectural pieces, not recognized as such, disappear in
this process. Also, it is concluded that the tendency to reuse these facilities belongs to the
ranges between industry, warehouse and business premises, which all belongs to the same
type of urban use. This type of uses, in addition to having a generally aggressive-negligent
attitude towards the heritage, does not contribute excessively to its promotion and
appreciation. It is overall impression that the opportunities and potential for the renewal
and revival of these sites remain undiscovered or being missed. The greatest ground for
any form of intervention is in the assets and the economy, but these resources can only
exist if there is also knowledge and information about the possibilities and potentials, etc.

In this context it is necessary to promote the capacities, potentials and possibilities of
the existing industrial heritage cites no matter of the current market demands. In some
cases may be a carefully developed strategy that will take a decisive role instead of an
economic interest. Industrial buildings are identified as urban places that can equally
provide as they require. The attention in preserving and nurturing social memory and
culture is necessary, while the same places can offer unique experience of history and the
ambience that goes beyond the limits of conventional buildings.
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Abstract: The Bulgarian church St Stefan (St Stephen) in Istanbul is built at the end
of the XIX century. The church was produced and assembled by the Rudolph
Waagner Company in the period between 1895—1896. The churches made of cast
iron and steel were an outcome of the technological development and the mastering
of new industrial technologies. Such churches were erected in places where the
footing did not allow the construction of heavy-weight buildings or when
opportunities for development were absent and the circumstances were such that
only the functional side of architecture was paramount, e.g., military garrisons,
development of ore mines, development of new technologies in distant places, re-
settlements of large Christian communities or missionary activity. In this sense the
aesthetics of the industrial architecture and the latest developments in the field
determined the simple design of the church buildings, among other things. Analysis
and understanding the structure is relevant for the future of the church and the
support of the building in good conditions for the future generations. The steel
structure of the church is not unique but is an excellent example of this type of
structure in the world heritage.

Based on the preserved drawings of the church, the paper aims to present the basic
concept of the structure and to make comments on some basic details. Some final
conclusions and recommendations for the preservation of the building are given.

Key words: church St Stefan (St Stephen) in Istanbul, heritage structures,

preservation, rehabilitation, strengthening

1. Introduction
The St Stefan’s Iron Church (Fig. 1), as it gained popularity, is one of the most

significant Bulgarian monuments of architecture and culture. The preservation of the
identity of the Bulgarian nationality within its ethnic boundaries after the Liberation of
Bulgaria is a major task of the Bulgarian Church, whose headquarters was established in
Istanbul in 1870 and remain there until 1916. This is the reason why the Church of St
Stefan played an important historical role. It is a symbol in the history of Bulgaria, but also
a symbol of a very interesting building construction. The renovation of the building in
2018 marks the beginning of a new phase in its life (Figs. 2, 3).

The beginning of the initial project is complex and full of many problems and

unforeseen situations that accompany the construction work to the very end. What is
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valuable in the structure is that it has posed a really serious challenge to structural
engineers, using the available information and the technical details, to go further to a future
deeper analysis of the structure and to one new contemporary interpretation of its behavior
based on different numerical models. All this will make possible to elaborate the best plan
for the future of the church, as well as to implement various new technological solutions
that will guarantee the safety of the structure and its preservation for future generations.

Fig. 2. Actual constructions view of the church —details [3]
Fig. 3. Actual constructions view of the church —details [3]
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The possibilities and aesthetics of metal in architecture during the 19th century is a
novelty. The metal is undoubtedly replacing cast iron in structural solutions at this
particular time, and this puts the final structure of St Stefan’s Church in the group of some
of the most advanced design projects for the period. We are witness of the application of
new material to address the construction and mastering of spaces and retaining distances,
thus the church expressing an innovative trend in the use of metal in a new way. And while
metal as a whole is the priority of architecture for industrial buildings so far, in the Iron
Church it already has a certain aesthetics, which puts it on another level in the design and
application of metal in structural solutions. In view of the particularities of the terrain, the
resources and the facilities available, the metal structure turns out to provide all the desired
conditions for stability.

A team of Bulgarian experts in 2012 analyzed the problems of the church and offered
a list of measures. According to this project a special attention should be provided to the
seismic vulnerability of the structure, the settlements and the temperature changes.
Analysis of the vulnerability of the church structure, taking into account the simultaneous
effect of seismic impact and fire is important to be analyzed as well. The non-structural
elements and their behavior and their contribution to the overall performance during the
earthquakes are one part of the problems to be solved in the future numerical models.

The proposed research in the paper is based on the available historical documents in
the Central State Archive [1] and the monography presented in “The Bulgarian
architectural complex at the Golden Horn™ [2].

2. Short historical review

The short history of the construction of the church of St Stefan is based on the
documents stored in the Central State Archives. They are written in Bulgarian and French,
the official international language in the second half of the 19th century. Some of them are
specialized and others are the result of observations of non-specialists. For that reason,
their interpretation was a complex task. The Steel Church of St Stefan represents the third
stage of construction on the land of the Bulgarian Stefan Bogoridi. He donated his land to
Bulgarians living in Istanbul to help meet their religious needs under the new Tanzimat
legislation (started in 1839) in the Ottoman Empire. The creation of religious opportunities
for Christians is the result of state reforms that give the Christian people the right to greater
autonomy and religion. In the aftermath of the reforms, churches may be affiliated with or
belong to individual Christian peoples.

The land that Stefan Bogoridi donated to Bulgarians living in Istanbul is
problematic. It is an embankment between the Byzantine fortress wall, which cannot be
loaded with heavy buildings. Most of them in this area are wooden. Stefan Bogoridi's
private and farm buildings did not burden the loading area as much as a masonry church.
The landslide problem arose when the construction of a large-sized masonry church began
in 1856. The famous architects Gaspare and Giuseppe Fossati were invited to design it.
Due to poor cohesion of the soil and short pills which strengthened the terrain, the masonry
substructures are cracked. This feature becomes a signal for the problems that lead to many
future field surveys.

The studying of the terrain began in 1870 with studies of the reasons for the
breaking of the substructures of the masonry. Once they realized that the compromised
foundations can not be used, it is the engineers' primary task to find a new place for the
future temple. The question of where the church was built and the place of steel one, which
was also built in the 1890s cannot be clarified by the documents. Perhaps this fact is not so
significant because the terrain is strengthened with new piles. They are longer and larger in
diameter, and a system for their placement has been developed. This creates the conditions
for the construction of a new temple.
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In order to lighten the load on the ground, engineers and architects, Italians, Greeks
and French, who operate Istanbul, proposed to use new materials and structures. Similar
examples exist in the world, thanks to the designs of Gustav Eifel's desk and Belgian
steelmakers. The proposals of the Istanbul architects were agreed with the head of the
independent Orthodox Church Exarch Yosif at that time. His initial secular education (he
graduated Law in Paris) made him open to European innovation. At that time, various
purpose-built cast iron and steel buildings were being built for churches as well as
pavilions for world exhibitions. They are made of steel construction and steel or cast iron
without any details. It is essential for them to be quickly assembled and their materials to
be easily transported. Such temples are erected in military garrisons, inaccessible or fire-
prone areas and in places with new settlers. Of such character are the regions of Latin
America and the Philippines, where Gustav Eiffel's office supplies prefabricated elements
for prefabricated elements.

Some of the most famous steel production and supply companies were invited to
design the Bulgarian church. The tender was won by the Viennese company Rudolph
Philipp Waagner, which at that time was very famous in Bulgaria. The reason for its
success is rooted in the development of Bulgarian architecture after the Liberation. There
was a large number of Austrian architects working in the country, who brought their ideas
into the look of buildings in cities like Ruse and Sofia. Waagner owned its own foundry
and offered the lowest bid at the auction. The decorative and structural elements it
produced found a place in the construction of buildings in Bulgarian cities. Knowledge of
the quality of the steel of the company Waagner gives security to the Bulgarian
government, which provides a trust fund in the Bulgarian National Bank for the payment
of design, production and installation.

The architect of the church is Hovsep Aznavour. He initially studied at the
Armenian Catholic School of Armenian Catholics - mechitarists on Saint Lazar Island in
Venice. He then received the best education in his time, completing a degree in
architecture at the Roman Academy of Arts. His Catholic views and Academic Education
in the Heart of Catholic Europe — Rome, shaped his creative views. When he returned to
Istanbul, he designed a lot of public buildings. The Bulgarian Church was a great challenge
for him. He participated in the field survey and, along with other engineers and architects,
came up with the idea that the new church should be lighter in order not to burden the
landslide.

Hovsep Aznavour also created two projects for masonry churches. The second was
adapted for steel structures. His drawings were recalculated in Vienna. He worked
according to the European norm of French standards. The Bulgarian Ministry of
Construction allowed the Austrian company to produce steel parts according to the
Austrian standard. Heliographic copies of a part of Hovsep Aznavour's projects have been
preserved, which now are a main source to learn peculiarities of the steel structures.
Another part - already lost — was a verbal explanation in the construction assignment,
which is the second very detailed source of structural information.

Until the opening of the drawings in the Central State Archive, there was no clarity
on the specifics of the structures. They were visible and accessible in the western part of
the empory when one uses the staircase to the bell tower. The pictures above show a
semivault and trusses.

The church was planned as one apse latin basilica with semivault with a transept to
the east. Vertical structures were lined with cast iron panels. The structures were not filled
with masonry because the architect suggested that the air circulating between the outer and
inner walls will create better climatic conditions. The steel structures and the unfinished
lining caused problems for the temple. After the project was finished, leaks through the
roof appeared during the warranty period. Another reason shown by the documents from
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the time of construction was that the steel structures were outdoors. The corrosion on them
was not removed before their final painting. In the humid climate, they became particularly
vulnerable to the waters of the Golden Horn. Numerous misunderstandings on the
performance of guarantee period lead to new problems that developed over time. No
drainage has been done and the horizontal layout around the church was not completed.
The reason for the poor condition two decades after the completion of the assembly
in 1898 was the lack of quality construction supervision during the assembly. In the early
20th century, many unprofessional and poor quality repairs were carried out. In the 1970s
and 1980s the church was monitored by Bulgarian and foreign experts and regulations
were given but they were not comprehensive enough. A problem in its preservation is also
its interstate status. The church was built with the funds of the Principality of Bulgaria, but
is currently owned by a Turkish foundation which consists of ethnic Bulgarians,
descendants of the old Constantinople Bulgarians, who settled in the 18th and 19th
centuries in the capital of the Ottoman Empire. Since its construction, it has a budget for
the Bulgarian government as well. The problem with its preservation is that the area is
operated with the permission of the Istanbul Municipality and under the supervision of its
specialists. That is why restoration activities started by Turkish specialists started in 2011.
The archival documents, and especially the drawings that were provided to the Turkish
specialists prior to the restoration, make it possible to carry out specialized monitoring.

3. Basic concepts of the structure, specific details

Sixteen drawings of the Central State Archives have been identified, systematized
and described. The presence of the authentic assignment (in French) and the drawings are
the only original project documentation [1] available at this time. They are a valuable
source that can be used in future studies of construction and its behavior.

3.1. Assignement for the design

The document “Cahier des charges” (in French) gives a very detailed information
concerning the construction of the church. The 33 articles give the information about the
general requirements and the specific requirements for the structure as well.

3.2. Characteristic of the construction materials

In “Cahier des charges” the article 7 gives the general characteristic of the steel.
They should be from the best quality and protected by corrosion.[1] Concerning the
bearing capacity, they should possess at least minimum capacity of 15 kg/mm? in
compression.

The galvanized sheet with thickness of 0,0015 mm is the material for the facades
according to article 8 [1].

An interesting point in the project is the replacement of the steel structure profiles
from the original French standard with the Austrian one. The presence of a metal foundry
Wagner is the probable reason. Another significant point in relation to the profiles used in
the structure is the guarantees for the quality of the metal. Details of its certification are
provided. The certificate was issued in Vienna in 1894 by the Royal Imperial Technical
Museum of Craft Technology [1], and four pieces of tensile-tested steel are the basis for
this certificate. Attached are two tables for profiles and flat metal (probably considered
steel sheets). The length of the specimens is 30 cm for the standard test and 20 cm for the
test for the ductile behavior. The results shown (yield strength, fracture limit, relative
elongation, etc.) give rise to the definition of the steel type as well as its classification as
manganese steel (with manganese alloying element), subsequently confirmed by X-ray
analysis.[4] The certificate is one of the most important documents concerning the
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characteristics of the materials. Four bars are tested in the laboratory for grading of
construction materials and machineries.

3.3. Basic concept of the structure

The available protocol N 1/1890 signed by the architects Markov and Hovsep
Aznavour provides the following details: 1) The soil has no enough bearing capacity and
until 23 m in depth the required bearing capacity of the soil is not reached. 2) The old
foundations from the previous building are in bad condition and they are not suitable for a
brick masonry structure. That is the reason to recommend the steel structure as a lighter
solution. [1]

The plan of the structure according to the original Aznavour’s project is given in
Fig4.

Il
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—
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——u

|

2

Fig. 4. Plan of the church [1]

The article 3 in “Cahier des charges” is mainly dedicated to the description of the
structure. According to this article the church has a steel frame structure with longitudinal
and transverse steel beams, vertical elements connected to steel plates with thickness of 12
mm. The connection of the top structure with the marble plinth is realized by bolts
anchored in lead plates. All columns (interior and exterior) are assembled by steel profiles.
The steel plates for the facades are supported by steel profiles. The roof structure
represents steel trusses spaced in 3,00 m. The ground floor (Fig.5) is a system of beams.
The design permanent load of the ground floor is 1000 kg/m?. The connection between the
elements is realized by bolts and rivets.

The article 4 gives the information for the coating of the facades, executed with
sheets of metal, with thickness 4 mm.

The article 5 is dedicated to the bolts and the rivets

In the analysed documentation a table of the different profiles used for the building is
attached (Fig.6).
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Fig. 5. Floor detail [1]
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It is important to pay attention to the analysis of the terrain for the Aznavour’s
project. The survey of the old foundations of the previous construction continued
throughout the year between 1888 and 1889. A proposal for strengthening was made.
Important and significant architects and engineers in Istanbul provide expert judgment on
the causes of damage, the nature of the soil and the depth of the groundwater. A very
special point is the description of the pile test of the future construction - an approach very
close to the concept of some modern deep foundation design solutions. The initial scheme
available to piles and their full-scale testing "worries" architects. This leads to the
optimization of the position of the piles and the decision on their number, their length and
diameter. The terrain was finally strengthened several times until April 1892.

Particular attention should be paid to the casting of the different non-structural
elements that give the appearance of the church, especially cast iron details for the bases of
columns, capitals, friezes, etc.

4. Conclusions and recommendations

Based on the proposed in the paper analysis the following conclusions and
recommendations could be formulated:

1) Preservation of historic buildings is a demanding task, especially in seismic zones,
where vulnerable constructions can suffer severe damages and losses.

2) Multidisciplinary collaboration and experimental research are fundamental to
acquire and increase the knowledge base of any theoretical or practical solution in order to
pursue rehabilitation of building while respecting at the same time preservation criteria.

3) Selection of right materials, techniques and procedures to be employed for the
repair of a given structures have been major challenges.

4) Development of a system for monitoring displacements, speeds and accelerations
from dynamic external influences in the structure. Development and installation of a
monitoring system for identification of structural deviations caused by soil conditions, as
well as seismic impacts.
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RELATION TO THE TRADITIONAL ARCHITECTURE - CASE STUDY OF
SERBIA AND ITS ENVIRONMENT
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Abstract: There is increasing global awareness about the importance of cultural
heritage and about creating conditions for its preservation in the future. It represents
the moral role of the entire contemporary society, not just the obligation of the
competent institutions. The concept of a traditional house is emphasized in the paper
as a separate part of the cultural heritage of a country. The paper deals with typical
examples of a traditional house in Serbia, Romania and Bulgaria. The aspects of
preservation, current condition and purpose of the buildings are examined, and
whether the objects are in active use or are completely neglected. Through these
examples, positive and negative treatments of a cultural heritage of a country were
observed. The subject of this paper is the relation to traditional architecture and the
case study of selected examples of a traditional house in Serbia and the surrounding
area. The aim of this paper is to review and demonstrate the current state of
preservation of vernacular architecture and the attitude to the cultural heritage of
the area. The methods used in the paper are analysis, synthesis, comparative
analysis, modeling method and case study.

Key words: cultural heritage, traditional house, preservation, vernacular
architecture, traditional architecture

1. Introduction
Cultural heritage represents the unique and irreplaceable cultural value of a nation. It

means inheriting physical artifacts and intangible attributes of a group or society that
constitutes the legacy of past generations, which is carefully preserved in the present in
order to be left as the legacy for the benefit of future generations [9]. Current
understanding of cultural heritage is covered through two UNESCO conventions: the
Convention for the Protection of the World Cultural and Natural Heritage (1972) and the
Convention for the Protection of the Intangible Cultural Heritage (2003). Although the
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definitions of cultural heritage are not the only ones in these conventions, they are the most
extensive and, as such, most affect the attitude to heritage [11].

Preservation and attitude to cultural heritage are very important aspects of the
sustainability of a country's culture and tradition. This paper deals with the problem of
attitude to vernacular architecture in Serbia and its surroundings in more detail, with a
special reference to Romania and Bulgaria. As the Balkan countries have a long and rich
history, they abound in many examples of traditional architecture. The aim of this paper is
to review the current state of preservation and protection of vernacular, i.e. traditional
architecture. The aforementioned problem has been analyzed through examples and the
case study of traditional houses in these areas.

Traditional house belongs to the area of vernacular architecture. Vernacular
architecture is based on the craftsmanship of master builders and craftsmen with no formal
training, gained through experience and refined over time. It represents the architecture of
the area and traditional knowledge, and depends directly on the materials available in the
immediate environment, as well as on the land configuration and climate of the particular
area. It represents a significant part of the architectural heritage and provides a special
dimension to the immovable cultural heritage and the possibility of a layered analysis of
the concept of architecture. The very concept of architectural heritage, approach to its
preservation and protection, will be discussed in the next chapter.

2. Architectural heritage — active approach and its protection

The term architectural heritage comprises immovable cultural property created by
human work from prehistory to contemporary architectural creation. This term covers
historical cities, settlements or parts thereof, old buildings and parts thereof, archaeological
sites, as well as areas of historical, cultural, artistic or environmental value. One of the
classifications of the architectural heritage is in the architectural entities, historic buildings
and archeological sites [6]. The paper deals with the notion of vernacular i.e. traditional
house which belongs to a group of historic buildings. These structures reveal to the modern
man and to society as a whole the entire range of values that derive from their
characteristics and functions.

Since the very process of construction, every building is exposed to certain
influences. They can later mar the original appearance and characteristics of the building,
both in esthetic and structural terms. The causes of degradation are numerous and are
reflected in the complete or partial demolition of the building, but there may be of a
different nature, due to extensions and additions of floors, and conversions of their
function. They can be divided into long-term and temporary ones [6]. They include the
effect of natural and climatic factors, but also the effect of man, as well as conscious
degradation or deliberate destruction of the building. Particular emphasis is placed on the
unconscious form of degradation, which is caused by negligence in the maintenance of the
building causing the deterioration, or inappropriate use of the building that is adverse to the
original values. This problem is present both in Serbia and in the surrounding countries.
The cause of the problem is primarily related to changes in the social structure of the
population and the economic crisis, and the departure of the population from rural areas.
There is a sudden dilapidation of houses, both of their exterior and structure; they become
unsafe for dwelling.

Throughout history, individuals and communities took certain measures to preserve
their cultural heritage, and therefore their architectonic heritage. Protection means the
systemic implementation of legal and professional protection measures, aligned with the
regulations of the conservation and restoration profession, for the purpose of
conservation[9]. Protecting a building requires a methodologically correct, logical and
systematic approach; and certain principles must be observed. What is very important in
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the attitude of one country to the architectural heritage is the organization of protection and
regulation.

In many European countries, and so in the Balkans, until the end of World War II,
the main protagonists of protection were exclusively conservation services; that is, experts
within the institute for protection of monuments or regional institutions. Over time, the
concepts of active protection emerged and developed, comprising the involvement of
institutions and experts of different profiles, as well as the transfer of heritage protection
competences to the authorities. Such a new organization was accompanied by the
formation of legislations, international instruments and conventions. In addition to the
large role played by the state itself, local authorities also play an important role in the
process of preserving vernacular architecture, since a large part of decisions are made first
at the local level. In addition to various national institutes, international professional
organizations such as UNESCO and ICOMOS play a decisive role [7].

However, it is very important to emphasize that not only experts but the entire
population is involved in the design and preservation of the built environment. Apart from
the action of socio-political communities, the actions of individuals are very important.
Therefore, in addition to research and conservation work on the study and protection of
cultural heritage, the education of the population to recognize the value of heritage in their
own environment, and to take active involvement in conservation processes is equally
important, but not sufficiently developed and insisted on nationwide [3]. The
aforementioned conventions and charters also support this view, and so the first Athenian
charter indicated that "the best guarantee in the matter of protecting monuments and works
of art comes from winning over the people themselves and from their respect" [5]. The
population can participate in the active protection of the structures as a part of the local
community, as individuals: owners, native people, visitors, neighbors; more specifically as
part of different stakeholders. Also, residents can be part of active protection as volunteers.
Volunteers and volunteering are a significant element of managing the architectonic
heritage. However, cultural volunteering is not yet developed in our region, and there are
no registers of such associations in the countries. The advantage of volunteering is that
both youth, unemployed citizens and pensioners can participate. In general, there is a great
need to train and educate the population and to learn about volunteerism in this area

3.Vernacular architecture in Serbia and surrounding countries

Culture can be defined as the totality of material and spiritual values that humanity,
or a part of it, has created and developed over the course of its history; while tradition is a
way of transmitting culture from generation to generation in speech or in writing.
Traditional culture is most prevalent in rural areas, less accessible and mountainous areas.
One of the hallmarks of traditional culture is vernacular architecture as a harmonious blend
of material and spiritual values in their original form [13]. Vernacular architecture is
characterized by the use of natural materials for construction, mainly from the immediate
vicinity, local craftsmen, knowledge passed down from generation to generation, simple
tools and aesthetic features focused mainly on the proportion of the building and less on
the finish of details and decoration [2].

Vernacular architecture both in Serbia and Romania and Bulgaria is the result of the
influence of numerous Old-Slavic cultures mixed with indigenous Roman, Byzantine and
Oriental cultures. Austro-Hungary also had a great influence on the development of
architecture, especially in the northern parts of Serbia. A large number of older buildings
have been preserved, most often small and modest houses in rural and hard to reach areas.
However, there are also examples of more developed and structurally complex houses in
different parts of these countries, both in rural and urban areas. Most of the houses that
have been preserved to this day were built in the eighteenth and nineteenth centuries.
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According to a quite rough and conditional division, monuments of vernacualr architecture
can be classified into two larger groups: listed monuments in the city and listed monuments
in the countryside [4]. In the next chapter some examples of "urban houses" and "rural
houses" and their current state will be presented.

The types and characteristics of houses vary depending on the area in which they
were built and developed. What is common to these Balkan countries is the basic principle
of local construction model known as the "nature knows better". This model is based on
the following principles: "materialization principle (material availability principle),
coloration principle (availability of color choice) and mimicry-mimesis principle
(relationship to the surroundings principle -"spirit of place")" [12]. Also, vernacular
architecture does not represent a set of spontaneously constructed buildings. Everything a
people builds is based on experience, and over time, certain habits, patterns, and rules have
been created, that are common to the entire architecture.

However, due attention has not been paid to the monuments of vernacular
architecture in the past. The very protection of cultural monuments was mostly focused on
sacral monuments, mostly to churches, while other types of monuments were more or less
ignored. This resulted in the destruction of national monuments or the adaptation of
buildings to new needs, which thereby lost the spirit of vernacular architecture. Although
the problem of heritage conservation and restoration has been increasingly addressed in
recent years, there are still a large number of houses that need to be rehabilitated.

4. Examples of positive and negative practice — case study

In order to better understand the problem of attitude towards vernacular architecture
in Serbia, Romania and Bulgaria, a case study was conducted. Examples of good and bad
practice are selected, that is, buildings that were successfully preserved and revitalized, as
well as buildings that are in poor condition or were inadequately treated are presented. The
traditional house of this area was taken as the reference of this study. The buildings were
built between the eighteenth and nineteenth centuries. Also, examples include both urban
and rural houses.

4.1 Serbia

Master Vasa’s Konak (residence) in Kraljevo, Figure 1 a), is taken as the first
example of the attitude to cultural heritage. It is one of the many examples of residential
and family houses that have been restored in Serbia, such as the Master Jovan’s residence
in Cacak, the residence of Prince Milo§ in Topéider, the residence of Princess Ljubica in
Belgrade, the residence of the musellim in Valjevo and the like. This cultural monument of
great importance is located in the city park, across from the Church of the Assumption of
the Virgin. Episcope Jani¢ije had it built in the mid-19" century. It was built in the style of
the time of Milo§ Obrenovié¢, with elements of traditional Balkan architecture. Master
Vasa's residence has been reconstructed several times and its function has been changed.
Until the late 19" century, it was used for diocesan purposes. It then housed the Sumadija
Field Artillery Regiment, followed by the boarding school of the Farming School. Between
1946 and 1951 it also served as a prison. For this reason, it has undergone significant
changes. The porch on the floor was bricked up, it was planned for demolition due to
dilapidation, purlins of the roof structure and eaves were shortened, the former wooden
entrance staircase for the floor was replaced by a concrete one. The building was
successfully renovated in 1951 with extensive and complex conservation and restoration
work. After rehabilitation, the building became the National Museum in Kraljevo [10].
Nowadays, this building serves as the Spiritual Center, a bookstore is located on the
ground floor, while on the first floor there is a large working hall and a chapel dedicated to
Bishop Nikolaj, Fig. 1 b).
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b)
Fig.1. Master Vasa’s Konak in Kraljevo: a) current condition of the building
exterior; b) current condition of the interior, i.e. working hall [15]

Another example is the Kati¢ house in Trstenik. It was built in the second half of the
19" century and it is a cultural monument of great importance. The original owner of the
house was the merchant Stevan Kati¢ [16]. The building basically belongs to the Moravska
house type with influences of the Oriental type. The design itself is believed to have been
brought from Lebanon or Syria. The building originally had a residential purpose with the
Kati¢’s business premises on the ground floor. Later, the basement of the house and much
of the courtyard becomes a national restaurant. For a short period served as a gallery.
Although protected by the state in 1947, it has not yet been adequately restored. It is
currently abandoned and in a very poor condition, Fig. 2 a). The facade is dilapidated,
while the structure is visibly damaged, Fig. 2 b). Inadequately executed works on the
facade are visible from the period when it was used for catering purposes. It is currently
privately owned, while the Municipality of Trstenik is planning to buy it off and begin to
prepare design documentation for the restoration.

b)
Fig. 2. Kati¢’s house in Trstenik: a) Current condition of the building exterior; b)
Visibly dilapidated fagade and ceiling damage [16]

4.2 Romania

One of the most positive examples of preserving Romania's cultural heritage is the
"Dimitrie Gusti" National Village Museum. This open-air ethnographic museum is located
in Bucharest and extends over 100,000m?. It was officially opened on May 10", 1936 in
the presence of King Carol II. The museum currently exhibits 346 houses, sorted by the
place of origin, Fig. 3. The museum has expanded over time, houses have been transferred
from different parts of Romania and have been adequately restored and repaired. The
museum was damaged in the past by two major fires, in 1997 and 2002. However, with the
assistance of the Ministry of Culture and National Heritage and Sponsors, all damaged
buildings were successfully restored [17]. Museums of this type can also be found in
Serbia - the Ethnographic Museum of Sirogojno, and in Bulgaria the Ethno Museum of
Etar.
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Fig. 3. Village museum in Bucharest: a) an example of a traditional house of 19™
century from Trdisteni village; b) traditional village house of Maramures region from
Berbesti village of 1775 [17]

On the other hand, there is a problem in rural areas where one can see many
neglected traditional houses or inadequately restored ones, Fig. 4. Many buildings have
been abandoned. Also, the locals, or the owners of houses that are inherited from
generation to generation, are restoring them incorrectly and so they lose their original
values. The examples given below are traditional Romanian rural houses in the Tara
Motilor area. A comprehensive case study was conducted in 2012 exactly addressing the
restoration and revitalization of these structures with specific proposals for renovation and
new uses [1]. Similar examples can be found in almost all parts of Romania, mostly as a
result of leaving the countryside. This problem is present both in Serbia and Bulgaria.

Fig. 4. Traditional houses in the Tara Motilor area: a) one of the houses requiring
restoration; b) inadequate treatement of the buildings by the owners [1]

4.3 Bulgaria

In order to preserve Bulgaria's rich cultural heritage, numerous architectural reserves
have been formed. These reserves include entire villages, districts, or parts of the cities,
and are highly visited by tourists. Some examples are Koprivshtitsa, the Old Plovdiv,
Kovachevitsa, Melnik, Arbanasi, the villages of Bozhentsi, Brashlyan Delchevo, Dolen,
the Architectural and Ethnographic Reserve Etara, the villages of Zheravna, Stefanovo and
Shiroka Laka. One example of one of the smallest cities in Bulgaria - Melnik, was
especially highlighted. The city has a rich and long history, and is characterized by its
well-preserved Revival period buildings. Some of the most important houses in Melnik are
the Boyar's House, as one of the oldest Balkan houses, the Kordopulova House and the
Pashova House, Fig. 5. The Boyar's House has been renovated and restored several times
since the 13 century. The Kordopulova House was built in 1754 and is one of the largest
houses of this period. The Pashova House was built in 1815 and currently serves as a
museum of history. All three houses are protected by the law as cultural monuments [14].
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b)
Fig. 5. Historical city of Melnik: a) remains of the Boyar’s House; b) the
Kordopulova House [14]

As in the case of Serbia and Romania, there are buildings that have been neglected
despite their importance as part of the cultural heritage, Fig. 6 a). This is most often the
case in rural areas. Also, the owners who inherited them increasingly sell these buildings.
Their use is being promoted for the development of rural tourism, but there is no guarantee
of how they will be treated by new owners. The house of Christo Karpachev is one such
example, Fig. 6 b). It was restored many years ago and has until recently served as a
museum [8].

a)
Fig. 6. Examples of negative practice: a) Bogdan Bogdanov house, Karpacevo,
completely dilapidated; b) Christo Karpachev house [8]

5. Discussion

Based on the examples presented above and a brief case study, one can better
understand the current state of vernacular architecture in the studied areas. There is a
number of well rehabilitated buildings that have been restored to their original shape.
However, it can be concluded that in all three countries there is still a problem with the
attitude to the architectonic. This comprises not only the problems of the attitude of the
official institutions, but also of the citizens themselves. This includes various problems
related to property ownership, inadequate use and attempted reconstruction by non-
professional persons, as well as insufficient education of the entire population on the
importance of preserving cultural heritage.

"In everyday life in Serbia, there is a gap between the theory and the wishes of
members of the professional community concerned with the protection and preservation of
immovable cultural heritage on the one hand, and the daily practices of a large number of
Serbian citizens on the other" [13]. Expert wishes are based on theoretical postulates of
protection, i.e. on preservation of the original appearance and function of the structure.
While the practice in everyday life of ordinary people poses a number of challenges to
achieve this "because monuments are being demolished, houses are being demolished,
remodeled and altered according to the personal interests and interests of the people who
live or in the immediate vicinity of the building" [13].
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In the work of protecting the monuments of vernacular architecture, it is very
important to solve the problem of their appropriate use in order to provide a long-term
solution to the life of the monument. As can be seen from the examples above, many
positive actions have been taken to re-activate the protected facilities. They are most
commonly used as apartments, cultural institutions such as museums, archives, memorial
houses, then cultural centers and galleries, restaurants and the like. The traditional
architecture is also increasingly used in terms of tourism development, such as open-air
museums, ethno villages, or historic parts of the city.

The aforementioned problem of population education is being successfully
addressed in some parts of these countries, most often through projects, training programs
and workshops for the renovation of traditional rural houses. Participants learn about
traditional construction methods, how to properly treat buildings, and how to properly
renovate them. However, mass participation in reconstruction and citizens' awareness of
the importance of this problem are needed. Activities aimed at preserving the heritage of
the past that conveys historical and artistic messages must, therefore, be prioritized as the
community task [10].

6. Conclusion

The protection of cultural heritage is a topical issue both in our country and in the
whole world. The paper briefly presents the current attitude to vernacular architecture in
Serbia and surrounding countries, through the consideration of basic concepts and the case
study. It can be concluded that great efforts are being made to preserve the cultural
heritage, including traditional architecture. However, this problem has not yet been fully
resolved and the formation of active conservation approaches in multiple fields is required.
Also, it is necessary to raise the collective awareness of the importance of preserving our
heritage in all its variety and integrity [10].
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PROTECTION OF THE IMMOVABLE INDUSTRIAL CULTURAL
HERITAGE IN BULGARIA

Delyana Kirova'

PhD student, University of Structural Engineering and Architecture (VSU) “Lyuben
Karavelov” - Sofia

Abstract: The number of immovable sites of cultural value in our country exceeds 40
000, seven of which are listed in the World Heritage List. In recent years, the
conservation and preservation of the cultural heritage has attracted the attention of
a wider audience. Issues related to the legal and physical protection of cultural sites
are becoming subject to increased public sensitivity.

The Cultural Heritage Act defines the intangible and tangible immovable and
movable cultural heritage. The Act regulates the status of cultural sites and the state
policy in the field of their conservation and protection.. The Act also defines the
national system for conservation of cultural heritage, including the state and
municipal bodies for management and control, museums, cultural organizations, the
Holy Synod of the Bulgarian Orthodox Church and the central authorities of the
other registered denominations.. Special attention is paid to the National Institute for
Immovable Cultural Heritage. Specific mechanisms for the protection of movable
and immovable cultural valuables have been put in place through concertation,
authorization and registration procedures and proceedings.

Despite considerable progress, the interaction between all participants in the
process of protection is not yet sufficiently developed.

Key words: Protection; industrial heritage

1. Historical overview

The cultural heritage has been the subject of protection in the form of legally
established rules and restrictions since the very establishment of Bulgaria. The following
periods can be distinguished in the development of the system of cultural and historical
heritage conservation [1]:

* From 1888 to the early 1950s;

* From the 1950s to 1989;

* From 1989 to the present.

Legislative initiatives in the field of cultural heritage protection began shortly after
the restoration of Bulgarian statehood. The first legal act Temporary rules for scientific and
literary enterprises, adopted in 1888, regulates the responsibilities of state and local
governments with respect to antiquities in Bulgarian lands. In 1890, the Act of Search and
support of scientific and literary enterprises enters in to force, in 1911 the Antiquities Act
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is adopted, which provides a comprehensive definition of the term "antiquities" (in the
sense of objects of cultural value). In 1927, a registration regime is introduced and the
Antiquities Commission of the Ministry of Education publishes in the Official State
Gazette a List of National Antiquities. In 1936, due to the need to preserve architectural
ensembles from the Renaissance and to include them included in the new construction and
regulation plans, the Ordinance-Law of Preservation of old buildings in the settlements is
issued. In 1939, a bill for a new Antiquities Act is drafted, but it never comes into force.

The next period - from the beginning of the 1950s, is characterized mainly by the
dominant role of the Bulgarian Communist Party, including in the field of policies for
cultural heritage and values. Planning, creating rules and adhering to these rules is the
responsibility of the Ministry of Culture (government) [2]. The rule-making approach that
characterizes this period should not be overlooked - not through the creation of laws (by
the legislature - the Parliament), but by issuing acts of the executive power - the Council of
Ministers -, decrees, regulations, etc.

In 1951, a Decree of the Council of Ministers Ne1608 is issued [3], which places all
cultural monuments within the borders of the People's Republic of Bulgaria under the
protection of the state. A Council for the Protection of Cultural Monuments of the
Committee on Science, Art and Culture is established to exercise direct control over
cultural monuments. In 1952, an Instruction for the promulgation, registration and
preservation of cultural monuments [4] is published, which examines in more detail the
main provisions of Decree No. 1608 of the Council of Ministers. In 1958, a Decree of the
Council of Ministers Nel165 [5] is adopted for the preservation of cultural monuments and
the development of museum work in Bulgaria, and in 1959 Rules for its implementation
are adopted. The Decree provides the obligation of each owner of a cultural monument to
allocate funds for its conservation in its annual budgets. In the period until 1969, when the
Cultural Monuments and Museums Act was adopted (in force until 2009), a number of
regulations were elaborated and issued concerning certain aspects of the protection of
cultural heritage.

The period after 1989 is a transitional one - the state structures, as well as all control,
rulemaking and investment powers have been concentrated in the Ministry of Culture,
which has not yet established relations with other agencies. At the same time, all structures
at regional level have fallen apart. In practice, the situation is a concentrated power and
financial resources in the face of Ministry of Culture, but without intermediate units to
implement the state policy on monuments (using the terminology in force at that time ) [6].
In 2009, following a heated debate and public discussions, a completely new Cultural
Heritage Act was adopted. The 2009 Cultural Heritage Act provides a new framework for
questions on cultural heritage and cultural values.

2. Headings Legal protection of industrial heritage in accordance with the
legislation in force

In Bulgaria, the main normative act regulating the conservation and protection of the
industrial immovable cultural heritage is the Cultural Heritage Act, in force from
10.04.2009. According to Article 6 thereof, the cultural heritage consists of 18 specific and
general concepts of different order, including industrial heritage.

2.1. National system for conservation of the cultural heritage

Chapter two of the Cultural Heritage Act sets out the national system on conservation
of the cultural heritage. It includes the state and social bodies for governance and control of
the conservation of the cultural heritage activities, museums, cultural organizations in the
meaning of the Protection and Development of Culture Act, as well as the Holy Synod of
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the Bulgarian Orthodox Church and the central directorates of the other registered religions
in cooperation with the Bulgarian Academy of Sciences, higher schools, creative unions,
professional associations and other non-governmental organizations (NGOs) and in
compliance with the objectives of this Act and the national strategy for cultural heritage,
adopted by the Council of Ministers

The state policy in the area of the cultural heritage is governed and implemented by
the Council of Ministers, which adopts plans for conservation and governance of the
immovable cultural valuables and can create state cultural institutes upon proposal of the
Minister of Culture

The Minister may make proposals for registering immovable cultural valuables in the
World Heritage List, provide statute of the immovable cultural valuables, assign and adopt
plans for conservation and governance of the immovable cultural valuables, coordinate
engineering inquiries, plans for preservation and management, development plans, their
amendments, specific regulations and standards thereof and investment projects — for
single and group immovable cultural valuables in their borders and security zones etc.

In order to control the observation of the requirements of Cultural Heritage Act and
the acts, issued on the basis of it, an Inspectorate for the Preservation of Cultural Heritage
is established under the Ministry of Culture. The Inspectorate consists of a central
management and regional inspectorates on conservation of the cultural heritage in every
planning region as per terminology of the Regional Development Act

The policy on the conservation of the cultural heritage on the territory of each
municipality is implemented by the mayor of the relevant municipality. For assisting the
performance of the actions on searching, studying, conservation and popularization of the
cultural valuables according to their powers, within the approved number of municipal
administration staff, units shall be set up in the economic planning regions. These units can
issue written opinions for endorsement investment projects for immovable cultural heritage
which are not under the categories of “world” and “national” importance.

An important element in the system for conservation of the cultural heritage is the
activity developed by The National Institute of Immovable Cultural Heritage (NIICH). It
has the status of a state cultural institute of national importance with research expertise
functions in the area of the immovable cultural heritage. With its actions, the Institute
assists the Minister of Culture to exercise his/her competences in conducting the state
policy in the area of conservation and popularization of the immovable cultural heritage.
The main functions that the legislation regulates on NIICH are related to preparing
complex assessments and justified proposals for declaration and for granting a status of
immovable cultural valuables; proposals to the Minister of Culture for determination of
their regimes of protection; written opinions for endorsement investment projects for
immovable cultural heritage; producing draft programs of protection and management etc.

2.2. Conservation of immovable cultural heritage

Article 8 of the Cultural Heritage Act gives legal definitions of the concepts of
conservation and protection of cultural heritage. It states that conservation is a systematic
process of searching, studying, identification, documentation, registration, and that
conservation means the restoration and adaptation, as well as protection of cultural heritage
through a system of measures for providing its heritage in the interest of society.

According to Art.55 of the Cultural Heritage Act, the identification of the pieces of
immovable cultural valuables is a systematic process of discovering, studying and
preliminary evaluation of the piece subject to study as an immovable cultural valuable.

It is important to note that discovering and studying the pieces of immovable cultural
valuables with the exception of the archaeological ones can be performed by NIICH,
scientific organizations, higher schools, museums, natural and legal persons. The
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preliminary evaluation, except for archeological pieces discovered during rescue field
surveys shall be performed by NIICH, based on scientific assessment.

Declaring of sites, which may be defined as immovable cultural valuables, and also
refusal to declare them, shall be done by an order of the Minister of Culture or an
authorized deputy-minister upon a proposal of the Director of NIICH, based on the
preliminary evaluation. By the order, the preliminary classification and category of the
object of immovable cultural heritage, as well as the temporary regimes for its
conservation shall be determined. The declared immovable sites have the status of
immovable cultural valuables up to their determination as such. They shall be subject to
final evaluation in relation with their registration as cultural valuables

Granting a status of immovable cultural valuable in the category "world significance"
is implemented through their entry into the World Heritage List of the World Heritage
Committee under UNESCO. The category immovable cultural valuables of "national
significance" — is determined by an order of the Minister of Culture or an authorized
deputy minister, following an approval of the Minster of the Regional Development and
Public Works, and where within the boundaries of the immovable cultural valuable there
are protected territories according to the Protected Areas Act or protected zones in the
meaning of the Biological Diversity Act — also of the Minister of Environment and Waters.
All remaining categories of immovable cultural valuables granting a status by an order of
the Minister of Culture or an authorized by him/her deputy minister.

Every owner/concessionaries/beneficiaries of immovable cultural valuables is
obliged to take the needed efforts for their conservation, protection and maintenance in
good condition while observing the provisions of Cultural Heritage Act, in case of existing
circumstances, threatening the immovable cultural valuable from damage or destruction is
obliged to notify the authorities and to undertake immediate actions for its security. In case
of non-fulfillment of these obligation will be punished by a fine.

Chapter 12 focuses on administrative penal provisions under which individuals and
legal entities may be brought. The provided penalties (fines and property sanctions) are
from 100 BGN to 100 000 BGN. It is important to point out that with the adoption of the
Cultural Heritage Act, amendments to the Penal Code of Bulgaria were also adopted by
creating Art. 278. For the first time, the conduct of an archeological site or sites that have
not been identified and registered in the appropriate order is criminalized.

2.3. Territorial-planning protection

The territorial-planning protection of the immovable cultural heritage cover regimes
of conservation; structural plans of protected territories for conservation of the immovable
cultural heritage and specific rules and norms for them; plans for conservation and
management of the immovable cultural valuables; design, coordination and approval of the
structural plans and of the project documentations in the protected territories for
conservation of the immovable cultural heritage and control on their application and
implementation and financing and performing activities in the immovable cultural
valuables and in their guarded zones for the purpose of their conservation and exposition.

3. Experimental results

One of the main criticisms of the "new" law is the punitive nature of many of the
norms, including those providing for the seizure and confiscation of cultural property. To a
large extent, this may be justified in view of the protection of the highest value as
constituted by the objects of our cultural heritage.
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If a comparison is made between Cultural Heritage Act and the repealed law on
cultural monuments and museums shows, it will be clear that the repealed law is many
times better not only in legal and technical terms but also as a substantive regulation of
public relations in the field of culture.

The state policy for the protection of the immovable cultural heritage is currently
lacking. Even though Bulgaria has ratified a number of international documents in the field
of conservation, it has not yet created a single national equivalent. The lack of adopted
strategic documents in the field of culture creates ambiguity about the vision, goals and
priorities of the state policy in the field of management, conservation and protection of the
cultural heritage.

More than ten years after the entry into force of the Cultural Heritage Act, the
regulations laid down in the Act to ensure its implementation have not been issued. There
is also no National Strategy for the Development of Culture. The territorial structures of
the Ministry of Culture and the National Institute of Real Cultural Heritage provided for in
the Cultural Heritage Act have not been created either. The non-functioning of the units in
the administrations of six economic planning regions, the lack of a uniform methodology
for their work and a certain order to implement the procedure for coordination of
investment projects and requests to intervene in protected areas to conserve the cultural
heritage of immovable cultural values does not allow the decentralization of the cultural
heritage conservation system to be achieved.

There are weaknesses in the regulation of the procedures for discovering, declaring
and granting a status - no deadlines have been set for the individual stages of the
procedure. The regulatory requirements do not create conditions for an effective
investigation of the state of immovable cultural valuables. The lack of clearly defined
policies and procedures for monitoring objects immovable cultural valuables does not
ensure receipt of timely and reliable information about their condition from the competent
authorities in order to take adequate measures for their protection. There is no correlation
between the number of employees in the NIICH/ the Ministry of Culture and the number of
the immovable cultural values and the implementation of the statutory functions.

4. Case Studies

Only in the capital, the number of buildings declared as immovable cultural values
exceed 1,700. Although the Cultural Heritage Act imposes clear obligations on municipal
authorities to conserve end protect immovable cultural values buildings, several cases of
loss or deliberate destruction of such buildings that have come under public scrutiny have
sparked episodic debates on the conservation of immovable cultural heritage.

4.1. The “Zaharna fabrika” case

Undoubtedly one of the most discussed industrial sites in Bulgaria is the “Zaharna
fabrika” complex - built in 1898 by the Belgian Solvay company. The importance that had
the factory for our country is the fact that Belgian investors were exempt from customs
duties on imported equipment.

The place where more than 1,000 people once worked seasonally is now empty.
Although it has a status of immovable cultural value with a category of "national
importance", as a result of the attitude of various owners over the years, the factory is
about to remain a pile of bricks (Fig. 1). The previous owners were subject to three fines —
one of 50,000 BGN and two of 100,000 BGN. Since the end of 2016, “Zaharna fabrika”
has a new owner, who was fined BGN 200,000 in August 2018 and the fine has been
appealed against at the moment.
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Although many reports from the Sofia city Municipality claiming that it is beginning
to impose mortgages on poorly managed buildings declared to be of immovable cultural
value, no similar action has been taken so far with the property.

Fig. 1. Zaharna Fabrika — photos: http://stara-sofia.blogspot.com; ,,Save Sofia®;

4.2. The “Tram Depot” Complex

The “Tram Depot” Complex (Fig. 2) was built in 1900 by a Belgian tram
concessionaire. For many years it is the only tram depot in Sofia. It also served as a
workshop for the repair and maintenance of rolling stock. The building is part of a larger
complex that includes an office building and a steam power plant that supplies electricity
to the tram network.

In 2016, the Sofia city Municipality funded a project under the Europe Program
aimed at developing a concept for transforming part of the tram depot into the Sofia City
Transport Museum and combining it with other functions into the rest. In April 2017, at a
meeting of the Municipal Committee on Culture and Education, a draft report was
considered, which foresees that the landfill building will be rented for ten years and the
tenant turned into a Museum of Transport Technologies and the Center for the Arts. The
fate of the building is still unknown.

el 2o

Fig. 2. “Tram Depot” Complex, photos: http://stara-sofia.blogspot.com;
www.investbuild.eu;

4.3. The Royal Train Station

The Royal Train Sstation (Fig.3) was built in 1910 by King Ferdinand of Bulgaria.
Few years later, King Boris III expanded it by adding side wings. A narrow linear train
leading to the Vrana Palace started from it. The beautiful building once had a lobby lounge
with two side rooms, arched windows and rich facade ornamentation.

Following attempt to demolish it, at the initiative of, the building was declared a real
cultural asset in 2009. After few attempt to demolish it, at the initiative of the mayor of
Kazichene in 2009 the building is declared immovable cultural value. Despite its status,
today - 10 years later, the building continues to fall apart.
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Fig. 3. The royal station, photos: http://bnr.bg; https://www.dnevnik.bg;

4.4. The Rope Factory “Ivan Vyzharov”, Krasno Selo, Sofia

The first rope factory in Bulgaria (Fig.4) was founded in 1902, and in 1924 it was
transformed into a joint-stock company. It produced all kinds of rope products: ropes,
threads, navy ropes and appliances, wires, scouring ropes, special ropes for wrapping
tobacco bales; belts, transmission belts, all necessities for the army, such as: towages,
hospital stretchers, belts for general use, upholstery belts and more.

The building does not currently have a status of immovable cultural value. Part of her
former terrain is now home to multi-family residential buildings.

| Cwhip
|- \

Fig. 3. The royal station, photos: http://bnr.bg; https://www.dnevnik.bg;

S. Conclusion

Activities for the conservation, protection and maintenance of the objects of
immovable cultural heritage carried out by the Ministry of Culture and The National
Institute of Immovable Cultural Heritage are not effective. The lack of "encouragement" to
conscientious property owners, the lack of strategic documents for the cultural sector, the
lack of regulation of activities, the failure to provide the necessary resources to carry out
the activities in full, and the poor coordination and interaction between authorities, create a
real threat to the conservation and the preservation of the cultural heritage, including the
industrial cultural heritage, for future generations.
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PERMANENT SHM FOR HISTORICAL KOSCIUSZKO MOUND IN
CRACOW AND THE POSSIBILITY OF ITS IMPROVEMENT

Rafal Sienko!, Tomasz Howiacki2, Mariusz Maslak3, Michal Pazdanowski*

Cracow University of Technology, Cracow, Poland

Abstract:

The permanent Structural Health Monitoring (SHM) system applied on the historical
man made Kosciuszko Mound in Cracow is presented in this paper. A limited data
gathering system applied after the revitalization of the mound in 2012 is described at
the beginning, followed by the description of the comprehensive monitoring system
which was introduced after 2014. It is shown, how the data on relative displacements
and deformation of individual layers in the internal structure of the mound are
obtained and constantly updated and how this type of information is associated with
the corresponding meteorological data. At the same time the observed trends in
changes as well as the correlations between individual parameters resulting from
climate changes usually following the yearly cycle are indicated. Based on this
background a novel data management system is proposed supported by alternative
decision strategies. In the first of the compared strategies relatively infrequent
actions are preferred, at the high risk of failure with potentially serious
consequences, and thus relatively costly, while in the second strategy small scale
interventions are preferred, initiated more frequently, but at much lower risk level.

Key words: Structural Health Monitoring, historical geotechnical structure,
revitalization, string sensors, piezometric sensors, displacements, deformations,
meteorological data, decision strategies

1. Introduction

The monumental Kosciuszko Mound in Cracow (Fig. 1) is an artificial hill of 34.1m
relative height, heaped up by Poles in the years 1820-1823 in order to commemorate the
national hero — Tadeusz Kosciuszko, in recognition of his merits. It is a geotechnical
structure especially sensitive to deformation, mainly due to the unfavourable structural
material and very steep slopes. In the past it failed several times. The most significant
structural failure occurred after the flood of 1997. Then the state of the mound reached the
level of building disaster, and this in turn resulted in closing of the mound to the public for
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about 3 years. The intense rainfall induced significant erosion of the slopes triggered the
almost total destruction of footpaths leading from the bottom to the top of the mound (Fig.
2). Furthermore, the condition of the mound seriously worsened after the rainfall in the

year 2010.

Fig. 2. Destruction of the mound in the year 1997.

The complex, very expensive renovation did not yield the expected result, and did
not stop the destructive forces of nature in their tracks. Due to that fact, in the year 2012,
the automatic monitoring system, based mostly on the string sensors, was installed on the
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structure. The main purposes of this system were the identification of ground layers
behaviour and observation of the temporal changes in the mound deformations, depending
on the weather conditions. It was undoubtedly very costly, but the decision was made
because of the historical significance of the object and its value to the national heritage.
The important from the economical point of view problem of assuring the year round
availability of the mound to the tourist traffic also played a role. It is assumed that the
monitoring will constitute the basic, reliable and sufficiently precise source of information
on all abnormalities occurring in artificially made soil mass, and thus will allow for
immediate corrective action and will prevent serious damage.

2. Internal structure of the mound

Kosciuszko Mound is an artificial, man-made geotechnical structure erected on a
sloped rock bed of indigenous limestone (Fig. 3). It was mainly made of loess type soils,
generally in the form of silty clays and silts with a substantial addition of man-made dump
ground. Soils of this type proved to be extremely susceptible to the environmental actions
during the service time, and especially sensitive to the rainwater infiltration and multiple
frieze thaw cycles. The way the mound was heaped up determined extremely unfavourable
layered structure of the tambour, exhibiting heterogeneous and locally variable layer
thicknesses. Extreme slope of the tambour side, reaching up to 46-51° significantly affects
the behaviour of the structure as well, as it substantially exceeds the angle of internal
friction of soils used.

non-cohesive soil (9m)
(sands and gravels)

46-51°

silts and clays (12-20m)
(with highly plastic areas)

-----------------------------------

limestone
Fig. 3. Internal soil structure of the Kosciuszko Mound.

3. Description of the SHM system applied on the mound

The monitoring system applied in 2012 yields detailed information on the vertical
displacements and hoop as well as radial deformations [1]. Location of sensors used to
perform such measurements is depicted in Fig. 4. Vertical displacements are measured by
the vertically oriented string sensors (Fig. 5) installed at five locations. The horizontal
deformations are measured by another group of string sensors [2] installed at the perimeter
of the mound and oriented circumferentially and radially towards the inside of the mound
structure (Fig.6). The pore water pressure within the interior of the structure as well as the
humidity of the top layer are monitored as well by piezometric sensors located in four
measuring stations, at three different depths (Fig. 7). All the string sensors have been
equipped with thermistors in order to measure the soil temperature at respective
measurement stations. The obtained results are related to the geodesic measurements and
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measurements of inclination as well. They are correlated with meteorological data
provided by a weather station, constituting a part of the monitoring system.

Fig. 4. Horizontal projection of the mound with indicated locations of measurement
stations (denotations: K - sensors measuring vertical displacements, O - sensors measuring
horizontal displacements (radial and circumferential) and soil humidity, P - sensors
measuring pore water pressure and humidity of the external soil layer.

[

Fig. 5. Details of vertical displacement measurements.

Detailed geological analyses resulted in the installation of a permanent monitoring
system. This action allowing for continuous observation, within the whole mound volume,
of the very heterogeneous and mostly man-made, layered and water permeated soil
structure was presumed to be the only possible technical solution warranting future trouble
free service of the mound.

4. Implementation of Vol analysis

In order to more or less reliably estimate the Value of Information (Vol) for the
considered mound and the monitoring system installed on it one should at first estimate the
value of the mound itself, treated as a historical monument. It is difficult to come up with
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an unambiguous value, as one must take into account above all its historical value related
to the national cultural heritage. Therefore it is not only the value of the structure as such,
built from a specific material at given expenditure of work effort. One should take into
account contexts of various types, even the unquantifiable ones such as emotional value. If
such approach is used this object may turn out to be priceless for many. One may also
estimate the value based on the insurance premium the local and/or state authorities were
willing to pay to insure the structure against complete loss. Whichever method one would
prefer to use, these values would not be objective. It is also not the actual cost of installing
the monitoring system described above on the mound in question and for its socio-
economic determinants in order to see if such an operation would be profitable for society.
This monitoring already exists, and one may only think about its improvement or
extension.

Q

A
“
Ch:1 V o
R -

01

y £

|’
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Fig. 6. Details of horizontal deformation measurements (along the radius and
circumference).
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Fig. 7. Details of the pore water pressure and external layer humidity measurement
stations.

In our analysis we suggest that the Vol analysis should be treated somehow
conditionally, subject to the condition, that the results of monitoring applied are available
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to the potential user, but some expenditures need to be borne to get these results. Thus the
first stage in the procedure proposed by us would be the specification of various failure
classes of considered structure, differentiated by the consequences of occurrence.
Calculations of this type need to be accompanied by the qualitative and quantitative risk
analysis. We propose at first to define and quantitatively describe a local failure mode,
occuring rather on the surface and extending over a limited area. A small, but
unequivocally determined failure consequence shall be assigned to such phenomenon.
Subsequent failure types, defining increasing threshold consequence coefficients would
denote increasingly global character of the observed destruction. These would be not only
surface damage or deformations but also deformations extending inwards, such which may
result in, for instance, loss of stability of the whole slope. At the end there remains the
identification of global failure mode for the whole structure as an incident having the
highest failure consequences by value. The monitoring results allow for calculation of time
dependent stress levels in the soil at every measurement station based on the measured
data. The time dependent mechanical properties of soil located in the vicinity of
monitoring stations, and thus indirectly the effective soil strength, depend on the
parameters measured at the same stations. A proper limit state condition (for instance
pertaining to the slope stability) may be set and verified at any measurement station via the
comparison of stress state determined at such point in the given moment in time with the
corresponding value of material strength. Thus one may determine the probability of
achieving such limit state or alternatively exceeding or not reaching it. At any moment of
measurement, with proper data processing, such approach will yield a risk map specified in
principle for the whole mound volume. Of course such 3D map will change in the
subsequent measurement moment, as it will be built based on the updated monitoring data.
Thus one deals in the proposed procedure with various failure levels, such that for each of
these levels the cost of failure may be attributed. One has also at his disposal the
probabilities of the occurrence of such failures at given measurement moment
accompanied by the affected part of the total mound volume or only local surface area
determined for considered probability. Such data set constitutes a sufficient basis for
formulating the classical decision problem. Since one is able to attribute the probability of
occurrence to each level of failure and one knows the costs of more or less comprehensive
use of the available monitoring system, potential alternative scenarios for future strategies,
including, but not limited to the two listed below, may be considered.

- Strategy no 1: at the determined and relatively low risk level it is suggested not to
undertake any remedial actions as long as the monitoring would not indicate the
local or global increase of this level to at least the threshold level arbitrarily
assumed at a relatively high value. This strategy, if applied, results in the mound
owner having to bear relatively high repair costs, but rather infrequently. Failures
are infrequent but if do happen are of serious consequences.

- Strategy no 2: often initiated remedial actions of limited scope are preferred, i.e.
actions are initiated every time the acceptable threshold risk level defined by the
owner at relatively low level is identified as reached or exceeded even over a
relatively small and insignificant area of the mound.

Subsequent possible strategies would in this case constitute combinations of the strategies
presented above. The computational procedure proposed would allow the owner for, in our
opinion, sufficiently justified planning of the future remedial actions, to be compatible with
the real state of danger efficiently monitored by the professional measuring system
installed on the mound [3].

5. The sample of data recorded by the monitoring system
The Authors of this paper consider the monitoring system existing on the mound in
the middle of 2019 to be sufficient. Until 2014 this system was undoubtedly incomplete. It
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allowed for observation and measurement of various tambour deformations, however the
coincidence of these measurements with weather conditions, and especially with insolation
changing in a daily cycle and with wind directions predominant in Cracow was completely
lost. Therefore the installation of the system was completed only when the independent
weather station comprising of pluviometer, anemometer, air temperature sensor, relative
air humidity sensor, and pyranometer measuring the amount of sun energy reaching the
mound was added to the sensor set. The sample of data changing in time and recorded by
the monitoring system is depicted in Figs. 8 through 13.
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Fig. 8. A segment of the graph depicting monitored vertical displacements in the 1K
measurement station at the boundaries of subsequent soil layers.
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Fig. 9. A segment of the graph depicting monitored horizontal displacements in the 20
measurement station at the boundaries of subsequent soil layers accompanied by the soil
temperature graph (yearly fluctuations of the soil temperature are clearly visible).
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Fig. 10. A segment of the graph depicting monitored pore water pressure and
corresponding soil temperature values measured at the 2P station (yearly fluctuations of the
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Fig. 11. Results of the inclination measurements at a given moment in time.

Pomiary pyranometrem: 15.05.2014 - 31.03.2017

1 600.0
&5 \
1 4000 %ﬁ.é -
. N N
" L %% L
\ - \
1 200.0 B e
-\.\Qé. % RN
N R ‘%4;‘\‘-._
1 0000 e ER TR _.\_"ufﬁq‘a‘%, - T 1 T
N SR RN
8 \\ o c \\
800,0 H 18 —, % vt ]
.
N \‘\%m S

00,0 1 g - |

200,0 | | T i

200,0 - -

0.0
22.10.2015 30022017

15.05.2074

Matezenie promieniowania [W/m2]

Fig. 12. Changes in the mound insolation in a yearly cycle recorded by pyrometer.
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Fig. 13. Monitoring obtained wind rose for the mound location.

6. The future improvement concepts of the existing monitoring system

Until now the emphasis was laid upon the development of the monitoring system
described by additional sensors and enrichment of the available data set. It seems, that the
preparation of an optimised and unequivocal procedure allowing for efficient use of the
gathered data constitutes the subsequent step, and this is undoubtedly expected by the
mound owner. The point is that the various data types should be analysed in a complex
manner in a single procedure taking into account the inherent intrinsic interactions and
correlations present within the whole data set, instead of piecewise analyses performed on
chunks of available data. It is also postulated, that the results obtained a posteriori, based
on the measurements performed by the monitoring system sensors, should be used to
improve the a priori assumed theoretical model. An extension of the user interface, and
especially of the part on system “output”, would also constitute a significant improvement
of the system as a whole. As noted above, the ultimate objective is to deliver to the
evaluator a 3D risk map, showing the risk of soil reaching the ultimate limit state of
bearing capacity or the mound slope stability, reproducing the whole volume of the
monitored structure and accompanied by the risk level specified for each point on the map
coincident with sensor location.

7. Concluding remarks

The man-made artificial mound described in this fact sheet is a very peculiar
structure of very high historical value. Preservation of this mound in a state allowing for a
year round tourist traffic calls for nonstandard actions assuring safe and reliable service in
the future. Analysis of a structure of this type combines the problems of classical civil
engineering (especially geotechnics), with problems of safety evaluation and systems
engineering. The data available to the person appraising the technical condition of the
structure of this type are characterized by the high variability of not only the statistical type
but also due to the daily and yearly changes in the climate and weather conditions. The
basic source of uncertainty is in this mound the layered structure of the hill, with very
heterogeneous soil structure in all layers. Furthermore, the man made ground has its
origins in many locations, thus its parameters fluctuate substantially. Finally, the soil
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properties to a large extent depend on its humidity, and this in turn is affected by the
seasonally changing weather conditions. This raises questions about the representativeness
and reliability of the data collected. The limited accuracy of the measurements, due to the
precision of the sensors used and their sensitivity to the weather conditions, is an additional
source of uncertainty. The limitation of this type is especially important, as there is a risk
of accumulating measurement errors, especially in the case of slope measurements. The
uncertainty due to the limited credibility and random nature of the measurement data is
aggravated by the inference uncertainty, based on the simplified model of analysis applied
in practice. So far the inference based on the existing monitoring is supported by the
statistical processing of the measured data and the analysis of the random processes
describing the temporal evolution of the measured parameters. However, this variability is
interpreted only locally in order to identify the possible trends and record the cases when
the limit values are exceeded. It seems, that in order to qualitatively and quantitatively
describe the deformation and mechanical properties of the mound structure, which change
during the service time, it would be desirable to apply the measurement data gathered at
discrete locations to develop and calibrate the 4D (three spatial dimensions and the
temporal one) random field describing the soil behaviour in the whole volume of the
mound. The 3D numerical model should also take into account the climate loads correlated
with this field, and having the statistically determined values, based on the measurements
supplied by the weather station.
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MN3CIEABAHE BbPXY HCTOPUYECKOTO PA3BBUTHUE HA I'PAJICKATA
(IIPUMOPCKA) I'PAJIUHA HA T'PAJT CO30110J1

npod. a-p ua. apx. [lenuyo odpen
BCY “JI. Kapasenog* - Coghua GSM: 0888/998 = 196, email: pentso_dobrev@ abv.bg

I'panckara (mpuMopcka) rpajuHa € pasnojokeHa B U3TOUHATa KpahOpexHa dacT
Ha TpPOBJAKa, CBBP3BAlll YEPHOMOPCKHUS OpsAr ¢ OUBLIMSA OCTPOB, Ha KOWUTO €
pasMoNOKeH aHTUYHHUAT Tpaj ATOJIOHHUS, KaTO MO TaKbB HAYWH B MHHAIOTO CE €
0 OpMUI CeralHusT MOJIYOCTPOB.

[IppBOHAauanHO cymata, Ha KOSTO € CUTYMPAHO AHTUYHOTO CeJUIe € Ouil
OCTpOB, BKJIIOYBAI U JHEIIHUS CHCEAEH OCTPOB, M3BecTeH ¢ umeto ,,CB. Kupuk u
KOnura”. HauanoTo Ha ceramHusT NPOBJIAK € MOCTAaBEHO cied V Bek npeau Xpucra,
KOraTo *HUTEJIUTE HAa aHTHUYHUA I'PaJ, 32 1a OCUTYPST HOPMAIHOTO (DYHKIIMOHUpAHE Ha
CeJMIIETO, Ca CBbpP3ajd OCTPOBAa CbhC CyllaTa 4pe3 KaMeHeH Hacul (1o BCsKa
BEPOSITHOCT C IIMPUHA HSAKOJIKO MeTpa), KOHTO € wurpaen posisita Ha NObTHA H
cHabnuTeaHa Bpb3Ka ¢ Opera. MaesTa 3a Ta3u cyxo3eMHa Bpbh3Ka MOXe OW € Jonuia u
oT (akTa, ye MOPETO TYK € OMIJIO OCTa IUIMTKO, 32 KOETO CBUAETENICTBAT HAMEPEHH, HO
c1ab0 MPOyYEeHH CIeau 3a MPAauCTOPUYECKO HAKOIHO CENHIIe, ChIIECTBYBAJO Ha TOBA
mscto mexay IV-1I xunanonerue np. Xp. HoBooOpaszyBanara cyma (IpoBiak), MHOTO
CKOpO € 3aloyHaja Jla ce HW3M0JI3Ba M 3a Hail- pa3iuyHu (QYHKLIHH, OOCITYyXBallu
xKUBOoTa B cenumiero. Cropen M3BeCTHUTE oOMYaW W TPAAUMLUMU Ha IKUTEIUTE Ha
AHTUYHHUTE CEJUIIA, YacT OT TAX ca MorpedBaI MBPTBUTE CH U3BBH, HO B CHCEICTBO
CbC  CENUIIETO, KbIAETO ca kuBeenu. Ilo TakbB HAauWH, IBPBOHAYATIHO
HOBOOOpa3yBaHaTa cylla € 3amoyHaja Ja ce odopMs M H3I0JI3BAa U KAaTO HEKPOIOJ
(rpobumie) B npoabmkenue Ha 300-350 rogunu. M3BbpiieHUTE pa3KkoIKy 3a MpOoydYBaHe
Ha HekponoauTe okono Co3omos ca MoOKa3ajau, 4Y€ Hail- crapure U H3BECTHU
norpebeHuss ce HaMMpaT Ha TepeHa Ha ceramHara [pajacka (mpuMopcka)rpaauHa,
HaMupalia ce Ha npoBiaka. [IporechT Ha ecTeCTBEHO pa3lIUpsiBaHe Ha MpPOBJaka obaye
e mpoTuyan nocra 6aBHo. Ha enna dnamanacka pucynka Ha Co3zomon ot XVII Bek ce
BMJKJIA, Y€ MPOBJIAKBT BeUE € C IHMPUHA MPUOIU3UTENHO 0K0yo 50 MeTpa, KOeTO KaTo
BHU3yallHa TIPEJCTaBa, IPEJCTABIsABA JHEIIHATA [IMPHHA HA HaW-TsACHATa YacT Ha
I'panckara rpaguHa. 3a cpeqHoBekoBeH (CO030I0J1 € M3BECTHO, Y€ OTPa)JAaHETO Ha
rpaja ¢ KpermoCTHU CTEHH M KYJIH € OCTaBsJIO MPOBJIaKa HE3AIUTCH. AHTUYHUTE H TO-
KbCHM KpEIOCTHH CTeHHM obadye He ca IMOMOTHaJIM Ha e3uyHa ATOJOHHSI H
xpuctusHckus Co3omon aa ce omas3sT OT HamajJaTejluTe U Te ca OUIM MHOTOKPATHO
paspymaBanu. Hsma mMHoro undopmanus 3a xuBota Ha rpax Cosomon (mpe3 330 r.
ATIOJIOHUSI CMEHSI UMETO CH M BBB BpB3Ka C MPUEMaHe Ha XPUCTHIHCTBOTO 3aro4yBa Ja
ce Hapuua Co3omoin) U chadaTa Ha MpoBIAKa Ipe3 cpeaHute BekoBe. MHpopmanus 3a
3HAYCHHETO Ha Mposiaka 3a rpan Co3omoin ca cBeneHuaTra ot 1786r. nHa Benuen ¢on
Bbponsp, ue B opopMeHUs 3alMB -MPUCTAHULIE OT MPOBJAKA, € UMaJO MHOrOOpOHHU
CKenmu (ABbpBEHHM TPUCTAHUIIHU KEWOBE), OT KOUTO CE€ H3HACSIO JKUTO, JBPBEH
MaTepHal, IbPBEHHU BBITINIIA, KOXKH, )KUBU )KUBOTHHU U pHOa.
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Pucynka Ha Co3omnoun ot puamanackus xyaoxauk SH [Terepe(1653r).

TpaguiuoHHo, pe3 NOCIEIHUTE CTOJIETUS CJe/l MPUEeMaHe Ha XPUCTUSHCTBOTO 10
1934 r., yacT OT poBIaKa ce € U3I0JI3Bal U KaTo rpodurie Ha Crapus rpaa. Crnex 1934 r.
C pelIeHre Ha KMeTa Ha Ipaja, To € OUJI0 3aKpUTO OKOHYATENHO. BeposaTHo obaue, ako ce
ChJIU IO apXUBHUTE (OTOrpaduu MHOTO IO- PAaHO — OIIE B HayayloTo Ha 20-Te roJuHH,
U3BBPILIBAHETO HA MOrpeOEHUs B TOBA rpoOuIle € OUJI0 IPEYCTAaHOBEHO U TEPUTOPUITA MY
3arouBa Jia ce 0opmsl ¢ ajie, IbpPBECHA U XpacToBa PACTUTEIIHOCT KaTo ObJela rpauHa.

R . A

20 : £

OO0 By Ha TIpoBJIaka B Havasioto Ha 20- 30-Te roguHu ¢ TpoOUIIHATA ITbPKBA ,,CB.
3ocuM” Ha MpeJieH IUIaH U IbpKBara ,,C.cB. Kupun u Meroauit” 3an Hes. JInun orpaneHusr
rpoOHIIIEH TEPEH, B KOMTO Beye 3aro4Bar Jia ce opopMaT anente Ha Objelara rpaayuHa.
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Crnen Ocoboxaenuero mpe3 1878 1. mo cBeaenuss Ha Koncrantun Hpeuek B
npousBeaeHuero My ,.KusbkectBo bbarapus”, mpoBinakbT € OWI ,,HUCBK U TSICHUEH, C
pa3Mepu okosio 120 kpayku MUPOK U HE MHOTO rmoBede AbJabr”. Ilnona My ob6ade MHOTO
Obp30 MoYHaja Ja ce yBenuuyaBa, korato cies OcBoO0KIEHUETO CO30MoIcKaTa O0IIMHA €
pelniaa BCUYKM M3KONAHW 3eMHU Macu oT Crapus, HOBUS Tpaj M OTHAIbLMTE, Jla ce
M3XBBPIIAT Ha IMPOBJAKa, KaTO MO TO3M HAYMH HETOBOTO HUBO € OWJIO BIMTHATO Ha 2-3
METpa HaJ MOPCKOTO paBHHUIIIE.

HOBI[I/Il"aHC HHUBOTO Ha IIpOBJIaKa C HACUIIBAHC HA 3CMHH MACHU U OTIIAABIU B
HayajioTo Ha XX BEK.

C umen nma ce cmpe ABMXKEHHUETO M Pa3NpPOCTPAHEHUETO Ha TMSIChKa BBPXY
OoCTaHajlaTa 4yacT OT MpoBiaka, npe3 20-Te roAWHU MO M3TOYHATA My KpahOpexHa
uBHIa ¢ opopMeHa MIChYHA JIUTa, KOATO € CTAOWIM3HpPAHA ChC 3aCaJeHU BBHPXY Hes
XpacTH, YCTOWYMBHA Ha EKCTPEMHUTE EKOJOTHYHH YCIOBUS-O€IHA HAa XPaHUTEITHU
BEIllECTBA [10YBA C HUCKA MOYBEHA BIAXXHOCT U CUIIHU 3UMHH CEBEPHU BETPOBE, HOCEIIH
COJICH W BJIA)KEH MOPCKHU BB31yX. [0 TakbB HaYMH OT €JHA CTpaHa ¢ Owia opopmeHa
M3TOYHATa TpaHuIa Ha Obaemara ['pancka (mpuMopcka)rpaguHa W OT Jpyra — ce €
MpEeIU3BUKAIO pa3llMpsIBaHE Ha IUIa)KHATAa MBHUIA, a C TOBAa W OOIaTa MIUPUHA HA
nposiyaka. /[Hec Hali- Maikara mMpuHa Ha nposiuaka € okono 210 m. Ilpu Bxona Ha
Crapus rpag e okosio 250M, a Halli- rojsiMa € Ha JIMHUATA [IPU KMETCTBOTO — OKOJIO
370M. YcnopenHO ¢ MEIHOpPAaTUBHUTE MEPKHU MO 3aJbpiKaHe Pa3NpOCTPAaHEHUETO Ha
MSICBIIUTE BBPXY IMPOBJIAKA W PA3IIUPSIBAHE HA U3TOUYHUA IUIAX, MO KpaibpexHaTa
MBHIIA, YaCT OT KOSTO € OMBIIETO I'poOUIIE, ChIIECTBYBAIlaTa PACTHUTEIHOCT 3al04Ba
Jla ce JOMbJIBa U C HOBO3acajaeHa. [lo Bcska BEpOATHOCT, OCHOBHHS JIbPBECEH BH/I,
KOWTO ce € caMOHAcCTaHWJI WU € OWJI 3acaZieH OT xopaTa e Osnara Ttomosia (KaBak).
OcHoBaHME 32 TOBa 3aKJIIOYEHHE HU JaBaT KAaKTO CBEJICHHUATA 3a PACTUTEIHOCTTA B
rpaguHata ot 60-te roguHu Ha XX B. Taka M (akra, 4€ B CHCEJACTBO IOKHO OT
MPOBJIAKa, € UMAJI0 €CTECTBEHO HACAXKJICHUE OT OsiJia TOMOoIa, KOETO € JJaJl0 U UMETO Ha
MecTHOCTTa — ,,Kapanure”.
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OdopmsiHe Ha MACHKO3aIbprKallla UBULA 110 U3TOYHMS OpAr Ha IPOBJIAKa,
cTabuian3upaHa ¢ XpacTH, yCTOWYMBU Ha €KCTPEMHUTE €KOJOTHYHM yciuoBus. Ha
IIpe/ICH IJIaH Ce BUIK/Aa HA4aJloTO Ha apKOyCTPONUCTBEHHU JeHCTBUA - Oecenka,
OOpAIOpH OT XKUB IUIET, IBETHU JIEXU U JP.

Ctumyn kakTo 3a pa3BuTHeTo Ha CO30I10J KaTO YEPHOMOPCKH KypopT, Taka W Ha
YacT OT MPOBJIAKa KaTO MOPCKA IpajinHa, Impeaarama O1aronpusTHa MUKPOKIMMAaTHYHA
cpena 3a KypOpTHCTHTE, € Ch3[aBaHETO Ha KOJIOHMA 3a JIeTeH Typus3bM mpe3 1926r. ot
opranmu3zanusaTa beirapcku Mopcku croBop. Komonusita e Omiia pasnonioxkeHa B ChCEACTBO
c I'panckara (mpuMopcka)rpajinia, KOeTo € JOKYMEHTHPAHO CbC CHUMKATa M0-/10I1y.

2,06 warnens . Sozapol
D

Ha npenen mnan ca OyHranara Ha mbpBaTa TypucTUYecKa KooHus B Co3010J1, CuTynpaHa
B ChCEJCTBO Ha IJIaXka U MopckaTa rpaauHa — 20-30-te ronuau Ha XXB.
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B cpemara Ha XX Bek Ha MpoBJIAaKa 3amoyBaT Ja C€ W3BBPIIBAT peaula
OnaroycTpoiicTBeHH pPabOTH, OT KOHWTO CBIIECTBEHO 3HAYEHHWE 3a HETOBHAT HEIMOBTOPUM
CeraimieH OOJIMK MMa TPAcUPaHETO W OQOPMSHETO HA YJIWYHUS TPAHCIIOPTEH U TEIIEXO/IeH
nozxxon keM Crapust rpaj, Kato J00pe O3eNeHeHa ajesl ¢ JIBe TulaTHa. TS ce sBsBa JICNTUTEN

Mexay Inaxa u ['pagckara (mpuMopcka) IpaiuHa OT €JHA CTpaHa M 3arajHara 4acT Ha
NpOBJAKa, KOSATO MMa KYyIATYpHH, JEJIOBH W HUKOHOMHMYECKH (yHKIMU. JIbpBecHaTta

PACTUTETHOCT TIO ajliesiTa € OT BHUIOBETEC M3TOYCH IUIATaH, MAaKJypa W KONPUBKA, KOUTO B

MOMEHTa ca JIOCTHUTHAJIM ONTHMYyMa Ha CBOETO Pa3BUTHE U Ch3/1aBaT BIIEUATIISABAI OOJIUK U

XapakTepHa OJIaronpusiTHa MUKPOKIMMATHIHA aTMocdepa 3a IPEMIHABAIIUTE TISIIEX OTIIH.

CwBpemMeHHOTO OQoOpMsiHE Ha TpaguHaTa 3amoyBa cjel pa3padoTBaHETO Ha

KajgacTpajieH TulaH Ha rpazaa mpe3 1955 r. Ha cnenBamms kanactpaneH mian ot 1965 r.,

THEUTHUTE TPAHUIM Ha rpajickara rpajivHa Bede ca omnpeesieHd U Mapkupanu. OT HETO MOXe
Jla Ce YCTaHOBH, Y€ B TpaJiiHATA € UMAJ0 WHTEPECHU TAPKOBU OOEKTH, HSKOH OT KOWTO
HECBHIIECTBYBAILM JTHEC, IPEIOCTABSAIIN Pa3HOOOpa3HU BH3MOXKHOCTH 3a OTAuX. B cbeencTBo
IO’KHO OT IrbpKkBara ,,C.cB. Kupun u Metoamii” € umano aocra rojisiMa Io TUIOI CIIOpTHA
wiomaaka. J{HemHusaT GoHTaH € ChIIEeCTBYBA HA CHIIOTO MSCTO, a FOXKHO OT HErO € UMajo
crpazia Ha Ka3uHO, KOSITO B TUIAHA CE MPE/IBIIKIA J1a C€ Pa3BUE B MO-TOJISIM PECTOPAHT.
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Kanactsp Ha I'panckara (mpumopcka) rpaanHa ot 1965 1.
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IIpe3 60-te romuam Ha XX BEK 3amOYBAT MO-MAaIla0HM YCTPOWCTBEHH pabOTH Ha
MPOBJIAKa, C OIJIeJ] BCE IMO- royiiMara momyispHocT Ha Co30mO0N KaTo KypOpTeH Trpall.
Taka nanpumep eaud Ilnan Ha I'panckust HaponeH cbBeT Ha rp. Cozomon ot 1965 r. 3a
“oopmsBaHE Ha LIEHTHPA Ha Tpaja 0 KYpOPTHUSA CE30H”, IUIaHHpa W3BbBPIIBAHE Ha
pabotu Ha 57 0OeKkTa Ha MPOBJIAKA U B Ipaja, BKIIOYUTEIHO U B IPUMOPCKATa IpaJHHA.
Cpen Tsx HarpuMep ce MPEABIKIa MOHTHPAHE Ha IBTEBOJUTEN Mpe MapKa, mojaraHe Ha
Oopaiopu 1O ajeuTte B Tapka, OOAOUCBAaHE HAa YacT OT TMEHKHUTE, 3aBbpILIBAHE
CTPOMUTENICTBOTO Ha CHOJEKATHITA Ha IJIaka, PEKOHCTPYKIIMS Ha CIIOpPTHATA IUIOMIAJIKA B
Iapka, JIOBbpPIIBAaHE Ha LIBETHATAa Ba3a Ha BXOJa Ha IpaJMHATa, HalpaBa Ha orpajaa Ha
napka 3aj myses (ubpkBa ,,C.cB. Kupun u Meroauii”) u T.H. [Ipe3 1968 r. ot ['maBnpoekt
€ pa3paboTeH MpoeKT 3a oopMsiHE M O3EJICHSBAHE HA IUIOUIAJHOTO MPOCTPAHCTBO TPE
auemHuAT Kyntypen nqom. OT oOscHUTENHATa 3aUCKa KbM IMPOEKTa CTaBa SICHO, Y€ Ha
TepeHa- 00EKT Ha MPOEKTa, ca ChIIECTBYBAIU CTApH TOIOIH, KOUTO C€ MPErnophYBa Aa ce
3amassT, Hapel C HOBOINPOEKTHUPAHO BHACSHE HA EK3EMIUIIpUM OT HU3TOuYeH IaraH. B
nepuoga 1970-1972r. orHoBO oT [';maBHmpoekr ce U3BBPIIBA IPOEKTHUPAaHE Ha
JEKOpPAaTUBHOTO OCBETJICHHME Ha IUION[a/la, NPOEKTH 3a BEPTUKAIHO IUIAHUPAHE,
BOJOCHAOIIBAaHE W KaHAIM3AIMs HA IUIONIaJa M mpuMopckara rpaamna. IIpe3 80-te
roguHu Ha XX BeK ChIIO ce pa3paboTBaT MPOEKTH 3a TEPUTOPUSITA HA MPOBIAKA, YACT OT
kouto(1979 1.,19871.,1990 r.) ce oTHaAcAT 3a MPEyCTPOMCTBO HA PA3TUYHU €JIEMEHTH Ha
I'panckara (mpuMopcka) rpaauHa.

[Tnan na I'pagckata (mpumopcka) rpaauna Ha rp. Co3omnoun ot 1989 roguna
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B kpaitHa cmerka ciieql TPOEKTUPAHETO M TMPEYyCTPOMCTBOTO HA TpajuHATa Ipe3
MOCJEHUTE JECEeTUICTHsI, HeMHATa AbJDKUHA € OKojo 290M, Haif-roisiMara W ImMpuHa €
120Mm, a nHaii- mankara — 50M. IlocienHusT MpPOEKT, M3TOTBEH 3a dacTu OT I'panckara
rpaguHa ¢ ot 2009 1. Toit mpenBk1a peHOBUpaHe Ha MOpCKaTa IpajuHa ¢ OOHOBSIBAaHE HA
CHIIIECTBYBAIIUTE HACTWJIKM, BHACSAHE Ha HOBAa PACTUTEIHOCT, IIOJHOBSIBAHE Ha
ChILIECTBYBAIllaTa JETCKa IUIOLIA/IKa, M3rpa)<JIaHe MO KpalOpexkHaTa ajies Ha H3TIICAHH
IUIONIAJIKK KbM MOPETO, OOHOBsIBAaHE Ha ()OHTAHA B IIEHTHhpPA HA IpaJMHATA U BHACSHE Ha
TOMHMAPHU PACTUTENHU (POPMHU KAaTO aTpaklus 32 TYPUCTUTE U TOCTUTE HA Tpaja.

L BNARUEN |
JEWA
< WWODHOPH

EnuH oT Hali-cTapuTe KOMIIO3UIIMOHHO eleMeHTH B [ pajckara rpajinHa- OHTaHa, YUETO
OKOJIHO ITPOCTPAHCTBO, @ U TOM CaMUAT ca MPETHPILIN JOCTA IPOMEHH MPE3 TOAUHUTE

Maxkap or wucTropuuecka TIJIeJHAa TOYKa, MepuoabT Ha Omu3zo 100-roaumrHOTO
ChllleCTByBaHe Ha ['pajckara (mpuMopcka) rpajJudHa Jla € HECpaBHHUM C Bb3pacTTa Ha
OCTaHAJIMTE APXECOJIOTUYECKH CBUJETEIICTBA B apXEOJIOTMYECKHs pe3epBaT ATOJIOHHUS, TS
npeacrasjsiBa CbBPEMCHCH HUBUIM3ALMOHCH CTall OT XWJIAJOJCTHOTO Ppa3BUTHC HaA
Cozonon. OT Ta3u riieqHa ToYka, BhIOPEKkH 4ye € odopmena easa cien 20-Te TOAMHHU Ha
MUHAIHS BEK, ['pajickara rpajuHa uMa KyJaTypHa CTOWHOCT U OOIIECTBEHA 3HAYMMOCT 3a
oOmust 06y Ha rp. Co30m01 KaTo 00EKT 3a KYJITYPEH U MOPCKU TYPU3ZBM.

Fope H3JIOKCHUTC MOTHBU HH AaBaT OCHOBAHHC Ha MPEAJIOXKUM B 6’I)IIeIIIC, KaTo
BaXEH U OPraHWYHO CBBP3aH E€JIEMEHT C apXeOoJIOTMYECKUs pe3epBar ,,AHTHUYHUS T'pajl
Anononus”, Ha ['panckara (mpumopcka) rpaauna Ha rpag Co3omnout ja ce Jaje cTaTyT Ha
HEJIBUKMMA KYJITYpHA LIEHHOCT, ChIJIaCHO 3aKOHA 3a KYJTYPHOTO HACJleACTBO M 3aKOHA 3a
Olla3BaHE Ha OKOJIHATa cpena. ToBa Ie M3KMCKBA 3a HES B CIEIBALIUTE T'OAMHHU Ja ce
pa3paboTAT pexKUMH Ha OMa3BaHe U crienu(UYHY MpaBuia U HOPMaTUBHU 32 YCTPOUCTBO.
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HEATING AND COOKING SYSTEM FACILITIES FROM
KOKALYANSKI URVICH

Filip Petrunov

National Institute of Archaeology with Museum in Bulgarian Academy of Sciences,
Sofia

Abstract: The “Kokalyanski Urvich” fortress is situated about 20 km far away
from the city of Sofia, in the Iskar river valley, along the road to the town of
Samokov.

After the end of the Second Bulgarian Kingdom, the then authorities granted the local
population a permission to build a monastery within the frames of the fortress. The
archaeological research of the Late Medieval monastery (XV-XVII cent.), was carried
out by team of the National Archaeological Institute with Museum at the Bulgarian
Academy of Sciences. Up to now in the frame of the project between 2008 and 2018,
the excavations were led by Assoc. Prof. Dr. Bonny Petrunova, Assoc. Prof. Nikolay
Ovcharov and Filip Petrunov, in the different archaeological seasons. Within the
confines of the monastery walls, six heating system facilities have been found and
examined. They are a good example of the building traditions in the Medieval
household architecture. The main goal of this article is for first time to present a full
description of the sizes, the organization and the reconstruction of the remnants of the
heating system facilities.

Key words: “Kokalyanski Urvich’’ fortress, monastery, architecture, heating

system

1. Introduction
Kokalyanski Urvich as it is refered in the bibliography is a rocky massif between

the Vitosha, Plana and Lozenska Mountains. It is formed by two hills, their long sides
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are parallel to the north-south axis called Urvich. The one, which is closer to the right
bank of the Iskar River, is naturally fortified to the south and west by sheer cliffs. On
this location between 2008-2018 an archaeological research have been taken where on
the edge of the lower north terrace a monastery have been found. The denivelation from
the terrace to the upper plateau is more than 20 m. and the terrain is pretty steep and
strewn with massive granite blocks. This way the Monastery was naturally protected
from northwest. In addition, a low fence of two-sided stone construction, sealed with
mud and covered with slab stones, was also constructed.

2. ,Kokalyanski Urvich”’ fortress

Up to now, during the different archaecological seasons the excavations were led
by Assoc. Prof. Bonny Petrunova, Assoc. Prof. Nikolay Ovcharov and by the present
author. During the archaeological investigations a large part of the Monastery structures
have been revealed with the exception of the east part of the fence wall, due to the high
denivelation of the field, the wall is not preserved in our days. The functioning of the
Monastery dates back from the beginning of the 15™ to the end of the 17™ century.
Despite of the narration of Paisius of Hilendar who describes the excistence of earlier
monastery under the possession of Tsar Ivan Shishman unfortunately the analysis of the
archaeological finds discovered thus far, such as - pottery and coins cannot securely
confirme it. However, the examination of the large number of the wall-painting
fragments, one can clearly say that there is an evidence of the long lifespan of the
Church. It was probably built at the end of the 11™ century, with undergoing
reconstruction over the centuries, and probably rebuilt at the end of the 14™ or the
beginning of the 15™ century. The Church construction is made by solid white and pink
roughcast, at the north arm of the narthex have been discovered an renovation
accomplished with slab stones and mud dated back at the last years of its existence.

The functioning of the monastery for nearly 200 years also implied a very good
organization of both: the liturgical rituals and the daily life as well. This is the reason
why the dining room is located middlemost in front of the entrance to the Temple, where
from after the liturgy pass along via short aisle to the dry anteroom of premises number
4. In the anteroom very probably there was a bench, while immediately after the entrance
have been placed a large fireplace built of stone slabs. In the common wall between the
kitchen and dining room has been found a vertical rectangular niche, wich was starting
from the floor. The niche was formed with stone slabs as well and it was very likely used
for drying meat. Above the fireplace there was a large clay dome made by a knitted
construction. Unfortunately, the two large ovens in the dining room and the kitchen
(rooms 2 and 4) were significantly destroyed by a hiking pathway used from the
beginning of the 20th century until 2012 when the archaeological excavations reached
that section of the Monastery. In this place only parts of clay remains without traces of
burning have been found, this might indicate that the burning process was too low in
order to blacken with smoke the dome. However, for the shape and size of the two
facilities can be judged by the well-preserved adobe which connect the two rooms and
their ovens in a single implementation. Such hearths have been described in details in the
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ethnographic written works as early as 1943 by E. Peteva-Filova (Proceedings of the
National Ethnographic Museum in Sofia, Ognishta, 1943, 178-192). Although, that the
level of the burning chambers diverges with 20 cm in height, the wall to which they are
joined is massive, and from the west side are adhered by fugue to the anteroom of the
food block. Most documented rooms have their own entrances and ovens, which makes
possible the entire reconstruction of the Monastery. A total amount of 6 heating and
cooking facilities have been discovered: two in the west wing and four in the south one.
In 2018 south of the monastery next to the tower, have been discovered one more
building with a oven which is not structurally linked to a wall but is 10-15 cm away from
the corner of the room. The hearth functions are mixed, both animal bones and
household items were found in it, as well as artefact in link with production process:
melts, slags and bronze ingot. The latest is with arround 1 kg weight and bears marks
which clearly idicate that the ingot has been melted and part of it was taken away.

The six ovens uncovered in the Monastery are grouped in pairs attached on a
common walls this way the exhaust fumes can be outlet from three points south and west
of the church. Their distribution is arranged in the follow order: two in room 2 and 4,
two in room 3 and 5 and two in room 5 and 6. In room 5 have been found the most
elaborately built hearth moreover the room is additionally partitioned by a transversal
wall and the floor is covered with slabs of stones and bricks as well.

Room Ne 2 is the kitchen of the Monastery with 5.14m internal dimensions by the
N-S axis and with 6.09m exterior dimensions by the E-W axis. In this room have been
found a fireplace, elliptically surrounded by vertically arranged bricks and filling,
preserved under the slumped clay dome together with an ash buried more than 300 years
ago. Knives, hooks and animal bones have been found here. The kitchen itself had a
plank floor beneath which was a deep storage built by masonry walls, going all the way
to the rock on 2.20m below the level of the hearth. The hearth itself has a massive
construction to the south and a pavement of slab stones around the burning zone. From
the west and the east sides it is partitioned with walls adhered by fugue towards the
common wall between rooms 2 and 4, this way the entire oven was placed in kind of a
deep niche isolating the wooden elements in the southern part of the room.

Room Ne 3 apparently has the follow dimensions: N-S axis -2.90 m; E-W axis -
3.50 m, it is located southeast of the apse of the Church and have been partially explored
in the 1980s. It has a rectangular shape and during the excavating process at the level of
the walls have been reveald three slabs which indicate the position of the entrance. From
the inside it does not show a carefully shaped frontage on the wall, which suggests that it
is very likely a ground floor. In its west wall have been registered remodeling with 0.90
m width in oreder to make a rectangular niche in the wall. Probably, these partitions
were done for a dug in hearth, symmetrically situated and separated by a thin wall
eastern of room 5. Thereby the common wall between rooms 3 and 5 has been narrowed
in order to form two niches. The fireplace in room 3 falls lower than that in room 5 with
more than 50 cm. Very probably the fire was lit up on two levels.

Room Ne4 is a rectangular dining room, with internal dimensions N-S axis -
8.97m and E-W axis - 3.87m about 31.5 square meters. On its eastern wall, at 2.38 m
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from the southeast corner, an entrance with 1.32m width and 0.88 m height has been
registered. The depth which has been reached in the room is 1.33m in the north and 0.78
in the south. At 1.00 m from the south-east corner of the room, another heating facility
has been discovered built into its south wall. A threshold stone has been registered at the
entrance of Room Ne 4, east of it a dry anteroom with a bench has been found as well.
The anteroom dimensions have been tracked and outside of the entrance, structurally
connected to the south wall of room Ne4, continues a wall extending 1.90 m from the
southeast corner of the room to the east its width is 0.80m. Symmetrically to this wall,
next to the frontage of the east wall of room Ne4, another 0.80 m length was
investigated. The hearth is located below of the level of the dining table. The fire was set
on slab stones arranged in approximately 8 square meters. The enclosure of the burning
zone was not registered.

Room Ne5 is a double room with sidewalk with the following dimensions: S-N
axis - 2.57m; E-W axis - 6.72m. The northwest wall is 50cm thick and has two entrances
into it. The western and the eastern entrance are both with 82cm width. The transversal
wall of the room is 104 cm thick in the nort and in the central part where there is an
arrangement of bricks and stones - 52 cm. The length of the wallsis as follow: NW wall
is 670 cm; SE wall is 730 cm; the transversal one is 280 ¢cm. The room is covered with a
pavement of reused bricks and slab stones. In addition to the niche of the wall of room 3
described above, to the west it has been found a raised cooking facility, 0.80 cm high
from the level of the pavement. It is formed inside of the distribution wall, surrounded
by elliptically arranged vertical bricks. From the north, the building is shaped in two
steps with a width of 10 cm and a distance of 10 cm, used for shelves. An iron spatula
was found on the top shelf. The chimney was probably made of bricks due to the the
large amount of bricks uncovered during the survey, on the sidewalk and on the burning
zone of the masonry hearth.

The walls lengths of room Ne 6 is as follow : NW wall - 460 cm; SW (transversal)
wall - 1.60 m; SE wall (external) - 4.70 m NW axis - 2.57m; EW axis - 3.94m - (internal
dimensions). The hearth is revealed on the east wall, where again by narrowing the wall
was formed a space for the oven. This facility is without preserved enclosure it looks like
it was destroyed in more recent times.

3. Conclusion

All the rooms and their facilities are made of medium and large single-shaped
stones soldered by mud. In some parts the rows are level up with smaller stones of the
same raw material, bricks were rarely used.

Within 1 meter the rows are leveled with an external wooden beams with
dimensions 10x10 cm. The thickness of the walls varies due to the landslides and the
destructions over the centuries. Mostly the thickness of the construction is 80 cm, the
width of the fence wall is with the same thickness as well in some places it is narrowed
because of the processes of deconstruction over the 300 years since the end of the
Monastery.
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The two hills, called Urvich.
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The plan of monastery.
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Fireplace in room 5 E: 0,90x0,50m;
Fireplace in room 3: 0,90x0,40m;
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Fireplace in room 6: 1,40x1m;
Fireplace in room 5 W:1,20x0,90m;
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Iskar Gorge
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KPUTEPHUU 3A OIIEHKA HA HEJIBUKUMU KYJITYPHU HEHHOCTH B
IHAPKOBOTO U3KYCTBO

a-p. danaurapx. [epunkauiicku I'purop

CRITERIA FOR ASSESSING THE CULTURAL HERITAGE VALUES IN
THE PARK ART

PhD. Perchikliyski Grigor

Abstract: Cultural heritage encompasses the intangible and tangible immovable and
movable cultural values that bear historical memory, national identity and scientific
value. They should be in the public domain and be protected by state and municipal
authorities in the interest of the citizens of the country. The main objective of the
study is to explore, complement and bring out the criteria and indicators to assess
the cultural values of national importance in some old gardens and parks in
Bulgaria. The implementation of this objective will find modern and adequate
opportunities for separation and characterization of specific objects as a significant
art of the cultural and historical heritage of Bulgaria in the field of park & garden
arts. Object of study are theoretical definitions that characterize these kinds of arts,
laws and regulations concerning similar gardens which are designated as cultural
values of real objects from Bulgaria.

Key words: Heritage, Cultural Values, Gardens and Parks, Laws and Regulations,
Definitions, Criteria;

1. BnLBeaenue .

Upe3 oOekTHTEe Ha TPAJIMHCKO-TIAPKOBOTO HM3KYCTBO B CHUMOMO3a ChC 3ama3eHUTE
HMCTOPHYECKH MaMETHUIIM OT OCTAHAJIMTE BHIOBE M3KYCTBA JHEC MOXKE Jla C€ OCHIIECTBSIBA
€IMH HEMPEKbCHAT MOCT MEXAY OTACIHHUTE €MOXM M Ja C€ MPOCieasBa ILSUIOCTHOTO
KYJITYpPHO pa3BUTHE Ha YOBEUECTBOTO. Ta3u BH3MOKHOCT 3a 3all03HaBaHE C MPOMEHUTE,
KOUTO Ca HACTBhIIBAJIN Hp63 pa3quH1/1Te nepnozu/l oT BpeMe, N HOBOTO ITIO3HAHHEC, KOUTO
gype3 TAX € JOCTUTallo 10 OOIIecCTBOTO, ca B OCHOBaTa Ha HJesATa 3a OTKpPUBaHE,
W3CIIe/IBaHe, TOKYMEHTUpPAHE, Ola3BaHE W PECTaBpUpaHe Ha IEHHU 3a LHUBWIM3AIMATA
HUCTOPUYECKH OOEKTH Ha M3KYyCTBOTO.  ETO 3a1o Bceku 00EKT, KOMTO € OT 3HaYeHHe 3a
0OIIIECTBOTO M UMa HAay4YHA WM KYJITypHA CTOMHOCT, MIPEACTABIISIBA HEPEXOIHA IIEHHOCT,
KOSITO TpsiOBa J1a ObJIe ChbXpaHEHa 3a ObJICIINTE TOKOJICHUSI.

1.1. HanpaBenu ca mnoapoOHM Mpoy4yBaHMs Ha HOPMAaTHBHHUTE YypeaOu B
pa3IMYHUTE €BPOIEHCKU CTPAHU IO OTHOIIEHHE M30paHUTE 3a U3CIEABAHETO OOEKTH Ha
I'TIN, xouto naBaT sicHa MpPEJCTaBa 3a ONPEACIAIINUTE MPUUYUHU 32 O0SBABAHETO HA TE3U
MapKOBHU 00EKTH, KaTO NaMETHULIM Ha KyJTypaTa.
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1.2. HampaBeHo € TeopeTHyHO NMpoy4YBaHE HA KPUTEPHUUTE, C KOUTO MOXKE J1a Ce
xapakrepusupa Bceku o0ekT Ha I'TIM. Te3u kpurepuu ce ocHOBaBaT Ha H3IOJI3BAaHUTE
TaKMBa B Pa3JIMYHU HOPMAaTUBHU JOKYMEHTHU Ha OTAEIHU cTpaHu B EBporma.

1.3. HpOY‘ICHI/I Cca 3aKOHH, JEeHCTBald KBbM HACTOSILIMS MOMCHT, KOHTO
OoHarjeadaBaT IIpUHOUIIA KW TCHACHIUUTC 3a 00sBSBAHETO Ha OTACIIHHU 00CKTH 3a
MMaMCTHUIIU HA KYJITypara.

1.4. W3cnenBanu ca MMPpOLECUTC HA pCructpanud U ACKIapUpaHC Ha OTACITHHUTEC

00€KTH Ype3 YCTAaHOBEHHWTE 3aKOHOBU AaKTOBE B €BPOINCHCKU IbP)KaBH, XapaKTEPHU ChHC
CBOUTE UCTOpUYECKHU LIeHHOCTH Ha ['TIN.

®©eee®

TeopeTH4YHU EBponeicku Kpurepuu Ha BBnrapcku O0eKTH Ha
KpUTepuun HOPMAaTWBHK FOHECKO HOPMarnBHM nscrnensaHe
AOKYMEHTH AOKYMEHTH
[poyueaHe Ha ocHo- MpoyusaHe Ha MpoyuyeHu ca KyntypHu UeHHoCcTH
BHU TEOPETUUHMN HOpMaTUBHaTa Basa KpUTEpUUTE MpoyuBaHe Ha Ha Tl e
KpUTEPUA 3a OLIEHKa LILHLIVV VLI, HopmMaTuBHaTa IOHECKO, EBpona
Ha MNOBEYETO g
Ha oGekTn B [TIN [X, X; ypenba B bvnrapus. W brrrapvs

cTpanu 8 EBopna

@ur.1. O6xBaT Ha MPOYYBAHE HA KPUTEPUUTE 32 U3CIICIBAHE.

2.MeToau Ha U3cCJIeABAHE.

33 HN3TOTBSIHC HAa HACTOAIIUA I[I/IcepTaI_[I/IOHeH pr,[[ CC U3I10JI3BaT pa3JII/I‘-IHI/I METOOU U
MOAXOH, KOUTO OOYCIaBSIT M TO-HATATHITHWUTE W3BOAM W pemieHus. [locturanero Ha
IJIaBHATa 1]l C€ OCHILIECTBSIBA MOCPEICTBOM HAIMPABEHUTE MPEABAPUTEIIHU aHAJIU3U U
MPOYYBAaHUS HaA XapakTepHU 3a Temara oO0ekTH. OCHOBHHUAT METOJ Ha H3CIIEIBaHE,
M3MO0JI3BaH B HAYYHUSI TPY/I, € METO/ Ha CPAaBHUTEJICH aHAJIU3.

Upe3 mpwiaraHe Ha TO3W METOJ C€ H3BBPIIBA CPaBHCHUE MEXTYy H30paHUTE
o0pa3iy oT OBATapCKOTO MAPKOBO M3KYCTBO M OT €BPOINEHCKOTO M CBETOBHOTO KYJTYPHO
HAaCJEICTBO.

3.lleau u 3a7a4u HA U3CJIeBaHeE.

3a MOCTMraHETO Ha ILIeATa  ca PEIIeHHM DPA3JIMYHU [0 CBOSATA CHIIHOCT 3aJadM.
OCHOBHHUTE OT TSX Ca CBBbP3aHU C IPOYYBAHETO HA MAPKOBU U TI'PAJAMHCKU €AWHUIMU B
CTpaHaTa M B Yy)KOMHA, KOHUTO ca OOSIBEHM 3a IMMAMETHHIM Ha KyATypaTra M ca 4acT OT
OBIrapcKOTO U CBETOBHOTO KYJITYpPHO HAacleACTBO. B pesynraT Ha HamnpaBeHHUTE
MPEIBAPUTEIIHU TPOYYBAHHUS C€ 000COOSBAT pPazIUYHU E€JIEMEHTH 3a H3CIICIBAHHE B
3aBUCUMOCT OT UCTOPUUYECKUTE OCOOCHOCTH HAa OOEKTUTE U OT OHE3U (aKTOPH U MPHUUHH,
KOUTO BIMSAT U JIONPUHACAT 3a TAXHOTO OMNpEAENsHE KaTo HEIBMXKUMH KYJITYpHU
nenHoctu B I'TIM cnopen mpoydeHM pasnuuHUM HOPMAaTHBHHU JOKYMEHTH. B mo-mmpox
ACMeKT U3CJIE/IBAHUATA CA HACOUEHU KbM:

- Ucropuuecko IIpoyusane.

- [IpocnensBane mnpuiaraHeTo W pa3BUTUETO  HAa KPUTEPUMTE 3a OLEHKa Ha
HEIBW)KMMUTE KynTypHHU LeHHocTH B ['TIM o cBera u y Hac;
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- OnpenensiHe 3HAYUMOCTTa Ha OOEKTUTE B CBETOBHOTO KYJITYPHO U HCTOPUYECKO
HACJIECTBO

- YTaHoBsiBaHEe Ha (PAKTOPU W MPUYMHU 32 OOSBIBAHETO HA PA3IIICKAAHUTE 0OEKTU
kato HKII.

- AHanu3upaHe Ha  nyOJMKalnuMu, HOPMATUBHU JOKYMEHTH W CpPaBHHUTEIHH
XapaKTEPUCTHKH 32 00CKTUTE Ha M3CIICABAHE;

- Ponst Ha uctopruyeckuTe MapKkoBe U TPaiiHy B KYJITYPHUS )KUBOT U TYpU3Ma;

4. Uznoxenne.

4.1. TeopeTHYHU KpUTEPHH 3a orieHKa Ha obexTtu B ['TIN..

B pesynaTtar or mpoBeAeHOTO MpoydBaHe, 0a3UpaHO BBHPXY TIABHUTE TEOPETUYHHU
XapakTepuCTHUKU Ha obOektute - oO0paszuu Ha ['TIM, Hacrosimara pa3zpaboTka H3BExIa
CJIEIHUTE OCHOBHU KPUTEPHUH 32 TAXHATA OLICHKA :

- XyJI0’)KECTBEHA CTOMHOCT
HUCTOpHUYECKA CTOMHOCT
ABTEHTUYHOCT U CTEIEH Ha ChbXPAHEHOCT
B3aMMO/ICHCTBUE ChC CpellaTa
Hay4yHa CTOHMHOCT
Ipaf0yCTPOUCTBEHA CTOMHOCT
oOIecTBeHa 3HaYUMMOCT ( B3aMMOJICHCTBHE C OOIIECTBOTO )

ApYTH,

4.2. EBpomeicku AeicTBall HOPMATHBHH JIOKYMEHTH 3a OIICHKAa Ha OOCKTH Ha
I'TIN.

Cropenr MHOXECTBOTO HOPMAaTUMBHU JIOKYMEHTH U3CIEABaHM B Pa3JIMYHUTE
eBPONEHCKU Abp)KaBU, CTAHOBHUIIA U NPEJIOKEHHs, Bb3 OCHOBA Ha KOUTO 00ekTH Ha I'TIN
ca 00sBSIBAHM 3a KYJITYPHHU IIEHHOCTH, BCEKH OOEKT Ha M3KYCTBOTO C€ XapaKTepusupa c
pa3IMYHU KPUTEPHUH 32 OLIEHKA, KaTo:

- UHTEJIEKTYaJIEH U 1yXOBEH NOTEHLUA ;

Hay4YHa CTOHHOCT;

€CTETHUKO-XYJ0XKECTBEHA CTOIMHOCT;

(YHKIMOHAIHOCT M CTONAHCKA 3HAYUMOCT (MKOHOMHKA U Pa3BUTHE, TYPU3BM);
CHOTHOILIEHUE MEXKIY MOJIEPHO U UCTOPUUECKO;

UCTOPUYECKa,

JIOCTBITHOCT, MECTOIIOJIOKEHNE U B3aUMO/IEHCTBHE C O0IIECTBOTO;

BpeMe (ABIATOTPAMHOCT - BEAHAra JM MOXE €IuH O00eKkT na Obae o0siBeH 3a
[aMETHUK Ha KyJITypaTa UM TpsiOBa 1a OTMUHE ONpEEsIeH epUon);

- QBTEHTUYHOCT U CTENEH Ha ChbXPAHEHOCT;

- B3aUMO/ICIICTBHE ChC CpeaTa;

- TpafoyCTpOCTBEHH/YpOaHUCTUYHH CTOMHOCT;

[Ipumep 3a ToBa ca maMETHHUIIMTE Ha KyATypara B ['epmMaHus, KOUTO ca OOEKT Ha
OTJICIIHO OTHOIICHHE Ha MPOBUHIIMHUTE, BCAKA OT KOUTO € Ch3/alia CBOM COOCTBEH 3aKOH 3a
oma3BaHeTo UM. Te ce 00sBSIBAT M perucTpupar oT MUHUCTEPCTBOTO 3a UCTOPHUYECKOTO
HAcJEeACTBO 4pe3 Cbh3JaBaHE Ha EKCIEPTHU CHbBETH M OpPraHd, KOUTO Ja TrapaHTHpaT
TSAXHATAa CTOMHOCT.

[IpoyueHu ca HSKOJIKO MPOBHHIIMK, B YHUTO HOPMATHUBHU aKTOBE C€ YCTAHOBSBA
MOYTH ITBJIHO CXOJCTBO OTHOCHO OOIIUTE U3UCKBAHUS U KPUTEPHU KbM OTACTHUTE OOCKTH.
OmnpeneneHy ca KpUTEPHUHU 3a OLICHKA Ha KYJATYPHH LIEHHOCTH, KaTO Hali-3HAUMMHU ca:

- XYZO0XECTBEHA CTOMHOCT
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- HCTOPUYECKA CTOMHOCT
- Hay4Ha CTOMHOCT
- TPaflOyCTPOMCTBEHA CTOMHOCT

4.3. O0GexTH OT HallMOHAIHO 3HaUeHHe, O0SBEHH 3a MaMETHULIM Ha KyaTypara B I TIN
Ha cTtpanu B EBpona, ['epmanusi.

Pasrnenanu u npoyuyeHu ca mapkoBe M I'pPaJHU B pa3JInYHU €BPONEHCKU AbpKaBH,
Karo ,,3aMBbKbT U apkbT benpat, rpan drocennopd, 'epmanust.

Perucrpupanero Ha 06eKTa KaTo NaMETHUK Ha KYJITypaTa € CBbP3aHO MpPeIu BCHUKO
C KpUTEpUUTE:

- HCTOpUYECKaTa CTOMHOCT (IepHoja KOHTO OTpas3siBa M JIMYHOCTHTE, KOMTO ca
y4acTBaJIM MPU U3IPAXKIAHETO MY).

- Xy/I0’)KeCTBEHA CTOMHOCT - TpeacTaBuTelN Ha 6apoka B ['epmanus.

- 00I11eCTBEHAa 3HAYMMOCT — CbC CBOMTE IPUPOJHM HAJEHOCTH € OOEKT, Ch3AaBall]
YCJIOBHSI 32 IIPOBEKIaHE HA HAYYHH U3CIICIBAHUS.

JuncBar SICHM M TOYHU JOKYMEHTH C OIMCAHM TOYHM IIOKA3aTeNIM 3a OLICHKAa Ha
o0exTa.

4.4. O0GexTH OT HallMOHAIHO 3HaUeHHe, 00SBEHH 3a MaMeTHULIM Ha Kynrypata B ['TIN
B bbarapus.

WzrotBenu ca M aHamM3upaHu ca OOEKTHM OT HALMOHAIHO 3HAYECHUE, OOSBEHH 32
nameTHULM Ha Kyatypara B ['TI u B bbiarapus. Enun oT Tax € J{BOPLIOBUAT KOMILIEKC
“Bpana” (paiion “Uckbp”), cpcTodil ce OT Buwia 1, Buia 2, KyXHEHCKHM OOKC M ToIUIa
Bpb3Ka, € OOSBEH KaTo AapXUTEKTypHO-XYAO0KECTBEH M HCTOPUYECKH ITaMETHHK Ha
KyJITypaTa ¢ KaTeropus ,,HallmoHaIHO 3HadeHue” B /IB 0p.25 ot 1998 r.

[MapkbT “Bpana” e o0sBeH karo mameTHuk Ha [TIM ¢ kxaTteropus ,,HaIlMOHAIHO
3Hauenue” B JIB Op.41 ot 1992 1.

OcHoBHMTE NpUYMHU 3a OOsBsIBAaHE Ha Napka kato llameTHMK Ha KyiaTypara u
3amuTeHa MECTHOCT ca:

- 3ama3eHa € B aBTEHTHYEH BHJL JIaHAMAPTHATA KOMITO3UIIHS

- KOMIIO3ULMATA HA allelHaTa Mpexa

- IICHHaTa PACTHTEIHOCT - JbPBECHA, XpacToBa, UbTAMA W TpeBUCTa. Taszm
PACTUTENTHOCT 3a pa3jiiKa OT PACTUTEJHOCTTa BbB BCEKH JPYr OOLIOTPaJCKU MapK e
YHUKaJIHA IEHHOCT, pABHO3HA4YHA HA MY3€€H €KCIIOHAT.

5. U3Boan

BbB Bpb3Ka € yCTAaHOBEHUTE 3aKOHOMEPHOCTH B 3aKJIIOUEHHE MOXKE J1a ce 00001,
4e rojsiMa 4acT OT M3CJe/IBaHUTE OOEKTH, KOUTO ca MaMeTHULHM ( HEJBMXKUMHU KYITYPHHU
neHHoctu ) Ha I['TIM, u B EBpoma, m y Hac, ca Ouiu oOsBsABaHM 3a TakuBa 0e3
KOHKPETU3UPAaHU U apryMEHTHPAHU IpeUiokeHus. YecTo MbTH MpHU 00SBSIBAHETO UM ca
U3MOJI3BAaHU  OOIIM CIUCBIM C MPEAJIOKEHUs, KaTo MO0 TO3M HAYUH ca 0400psBaHU
IpynoBo. 3a oCTaHajiara Mo-MaJika yacT OT O0EKTHUTE, 32 KOMTO UMa 3alla3eHu U OTKPUTH B
poleca Ha IPOyYBaHETO IOKYMEHTH, C€ YCTaHOBSIBA, Y€ OOSIBIBAHETO UM 33 HEJBUKUMU
KynTypau uneHHoctd Ha [TIM e BcienctBue cbhoOpassiBaHe C  HM3rOTBEHAaTa HOBA
HOpMaTHBHa 0a3a. B pe3ynrar Ha ToBa M3IM'BKBAT HSAKOM OT Hal-BaXHUTE KPUTEPHUH 3a
OLIEHKa, KOUTO ca:

- XyA0KeCTBeHa CTOMHOCT

- Mcropuuecka CTOMHOCT

- Hayuna croiinoct
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B pesynrar Ha Hacrosmus Tpyd € u3paboTeHa W MpeAsiokeHa B TaOIMYeH BUJ
CHCTEMa C KPUTEPUH U MOKA3aTeu 3a OLEHKA HAa HEJBUKUMHU KyInTypHH lileHHocTH B ['TIN.
Ts Moxe Aa HamMepu YCHEUIHO NPWIOKEHHE KAaKTO B OBJIrapcKUTe HOPMATHBHH
JIOKYMEHTH, Taka U B T€3U HA OCTAHAJIUTE €BPOIEHCKU CTpaHu Oe3 Jla HapylllaBa TEXHUTE
HOpMaTHUBHU YycTpoicTBa. Hapen ¢ ToBa Tasu cucrema OM Morjia Jga CIOMOTHE B
CUHXPOHM3UPAHETO M CH3/IaBAHETO HA OOIIM KPUTEPUU MPHU OMNpENeisiHE HAa HEIBUKMU
KynTypHu neHHocty Ha I'TIM kakro B bearapus , taka u B EBpona.

Tab.1. Kpurepuunte 3a o1leHKa Ha HEBM)KUMU KyITypHU 1leHHocTu B [ TIN.

KpUTEpUn noKa3aTemn
CTHII
1. | xynoxecTBeHa CTOMHOCT | KOMIIO3ULIUS
€IMHCTBO MEXTY OCHOBHUTE KOMIIOHEHTH U €JICMEHTH
. MPUHAJICKAIU KbM ONPEIeNICH NEPHOT
2. | MCTOpHYeCKa CTOIHHOCT
BpPB3Ka C HCTOPUICCKU JTMIHOCTH U CHOUTHSI
3arma3eHa aBTeHTUYHOCT (ISTIOCT U UICTHHHOCT)
CPaBHUTEIHO HETIOKbTHATH
3. | aBTEHTHYHOCT
3aIla3eHy ca JOCTaThYHO €JIEMEHTH
ySI3BUMOCT
4 B3aMMO/IeCTBHE ChC | B3aMMO/JICHCTBHE ChC CpeJlaTa, YCTAHOBSIBAHE HAa BPb3Ka
cpeaara Y OTHOIIIEHHE KbM OKOJTHATa Cpe/ia
5. |Hay4YHa CTOMHOCT 3HAHUATA, KOUTO HU MPEJOCTABS
MECTOITOJIOKEHHE
6 rpajoycTpoiicTBeHa 00E€MHO MPOCTPAHCTBEHO EIMHCTBO
" | CTOMHOCT aHcaMOJIOBO 3HAYEHHUE
TEPUTOPHAJICH 00XBAT - CIUHUYHH WU TPYIIOBU
CBETOBHO 3HAUCHHE
o0IIecTBeHa 3HAYMMOCT | HAIIMOHAIHO 3HAYCHHE
7. |- (B3amMojaelCcTBHE CbC| MECTHO 3HAYEHUE
cpeaara) WKOHOMHKA B TYPHU3IBM
3a CBCICHUC
8. |npyru ApyTH

[Tpunaranero Ha (HOPMYITUPAHUTE OT U3CICIBAHETO KPUTEPUU PA3IIUPSIBA M BHACS
JOITBITHUTEITHO ChABPKAHUE B JOCETANTHUTE TCOPETHYHU MPAKTUICCKU THPCEHUS B Ta3u
crenuduuna chepa Ha manaAmaTHATA APXUTEKTYPA.
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SHEAR STRENGTHENING OF UNREINFORCED MASONRY WALLS
WITH VARIOUS TYPES OF COMPOSITE SYSTEMS

Dan Alexandru Ghiga', Nicolae Tiaranu', Dragos Ungureanu', Dorina Nicolina
Isopescul, George Iz‘lranu1

"Gheorghe Asachi” Technical University of lasi, Faculty of Civil Engineering and
Building Services

Abstract: The shear strengthening of unreinforced masonry (URM) walls needs to be
carried out through appropriate and effective techniques, compatible to the
particular physical characteristics of the substrates. In this paper, various types of
composite strengthening systems are presented and discussed. In recent years, the
composite strengthening systems, especially those made with textile reinforced
mortars (TRM), have received significant attention, due to their convenient
mechanical properties and sustainability characteristics. Various analytical and
numerical models have been developed to quantify the strength and deformation
capacity improvement provided by the composite reinforcement to the URM walls.
However, there is still a lack of works that examine the overall performances of the
composite strengthening systems, including their limitations which are not
thoroughly known, and, in some circumstances, may lead to buckling and out-of-
plane failure of the URM walls.

Key words: unreinforced masonry, composite strengthening systems, near surface
mounted, externally bonded reinforcement, textile reinforced mortars.

1. Introduction

The majority of existing historical masonry buildings has been constructed as
unreinforced masonry (URM) structures. The design of these structures was focused
mainly on the gravity loading and thus, many URM buildings are potentially vulnerable to
earthquake loads. The URM walls take advantage of the adequate masonry compressive
strength, and they behave satisfactorily as long as the loads are vertical. On the other hand,
the shear response of URM walls is more complex and depends, mainly, on the nature of
the mortar and the bricks. Furthermore, the stocky sequence of masonry units and the
negligible tensile strength of the masonry material, makes these structures very brittle and
with low ductility [1, 2].

The strengthening of the URM structures is an important issue and the design and
the implementation of an appropriate reinforcing system represents the key aspects in order
to achieve the required seismic performances in terms of energy dissipation capacity. The
traditional strengthening techniques may not be very effective for historical masonry

' Dan Alexandru Ghiga, PhD student, danghiga@hotmail.com
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constructions, due to the high additional mass of the constituents and unsatisfactory
mechanical attributes [3].

Strengthening URM structures with composite systems is a consolidated technique
that has focused the research of several research teams in the last decades. The
effectiveness of various composite products was analysed for different masonry elements
(walls [4, 5], pillars [6, 7], arches, vaults and domes [8, 9]), under particular loading
conditions: compression [10], static and cyclic shear [11, 12], static and cyclic bending
[13, 14]. Based on various extensive experimental programs, the remarkable structural
performances of the composite strengthening systems have been validated. According to
these experimental programs, the bearing capacity can be improved with up to 100% in
bending (thanks to the tensile contribution of composites) [15], over 20% in shear [16] and
over 100 times in compression, in case of arches and domes [17].

A large share of the composite strengthening systems, designed for URM walls, are
using fibre reinforced polymer (FRP) pultruded products that are manufactured under strict
control procedures and visual inspection. Although these industrialised products have well
controlled properties, their manual application into the strengthening system may result
into structural deficiencies, usually associated with adhesive voids or inadequate curing. In
order to overcome these drawbacks of the FRP strengthening systems, the textile
reinforced mortar (TRM) composite, which is also referred to as textile reinforced concrete
(TRC) or fabric reinforced cementitious matrix (FRCM), has emerged as an alternative
strengthening technique. The application of TRM increases the shear strength of masonry
walls, and it also improve the dominant failure mode. The TRM strengthened URM walls
have a gradual prolonged failure, which is highly desirable, especially in the case of
structures located in the earthquake prone areas [18].

2. Composite strengthening systems for URM masonry walls

2.1. Externally bonded reinforcement

The externally bonded reinforcement (EBR) technique (Figs. 1, 2) uses either pre-
cured FRP composite laminates (bonded onto the masonry walls with a structural adhesive)
or FRP sheets (applied by wet lay-up). The orientation of the FRP reinforcement can be
horizontal, vertical, diagonal, or in a grid pattern. Furthermore, the strengthening system
can be applied on one side or on both sides of the URM wall [19].

1 - FRP composite product (plates, grids, strips or shells);
2 - masonry; 3- adhesive,
Fig. 1. FRP Externally Bonded Reinforcement (EBR) applied to URM wall [19]
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Fig. 2. FRP EBR strengthening technique applied to: a) Victor Slavescu historical
building; b) Laminates bonded on an URM wall [20]

2.2. Near surface mounted

The near surface mounted (NSM) strengthening technique uses FRP composite
products, such of bars or strips that are bonded with structural adhesives into cuttings, in
depth of masonry walls (Fig. 3).

(2)

Top view o —
--%i--
[ [ [ [ [ [
EEE A
Front view /Qj}

[

1 - masonry; 2 FRP strips embeded in adhesive layer.

Fig. 3. Near surface mounted strengthening system applied to an URM wall [19]

2.3. Central core strengthening technique

The central core strengthened technique (Figs. 4, 5) involves drilling continuous
straight vertical grooves through the head joints and the brick units and horizontally at the
bed joints. After the drilling and the cleaning processes are finished, an epoxy primer is
applied and the grooves are partially filled with an epoxy structural adhesive. The
reinforcement used for this strengthening system consists of FRP rods installed in the
grooves and encapsulated by an epoxy adhesive product. This strengthening system
increases the URM wall capacity to resist in-plane and out-of-plane loading, but, at the
same time, it creates regions of varying stiffness and strength properties.
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Top view

Front view (1)

1 - masonry; 2 -grooves.
Fig. 4. Centre core strengthening technique applied to an URM wall [19]

Fig. 5. Combined EBR and Central core strengthening techniques applied to: a) Palace
Hotel, Govora; b) FRP EBR and central core reinforcements applied on an URM wall [20]

2.4. Textile reinforced mortars

The textile reinforced mortars (TRM) strengthening system uses a structural layer of
engineered cementitious composite (ECC) that is fully or partially (only in the case of elements
with complex geometry) bonded onto the faces of the URM walls (Figs. 6, 7). The TRM are
usually composed of a dry fibre mesh, embedded in a cementitious matrix. This strengthening
system 1is particularly well-suited for the reinforcement of masonry structures due to its high
compatibility with the substrate, vapour permeability and durability against environmental agents.

Moreover, a TRM system has similar advantages to the ones of an FRP system,
including high strength to weight ratio and corrosion resistance, but it overcomes some major
FRP drawbacks, especially those related to the unsatisfactorily behaviour under elevated
temperature and un-proper application on damp surfaces [18]. The flexural capacity of an
URM wall strengthened with TRM is affected by several factors. The flexural capacity of the
system can be improved by increasing the number of reinforcement and mortar layers. The
type of the reinforcing fibre mesh influences the overall flexural capacity of the element, due to
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the dominant failure mode and bond strength associated with each type. In addition, the
anchoring of the TRM system may help to increase the bearing capacity and ductility of the
strengthened element, by delaying the development of the failure mode.

Top view

SeSimmemmEmEmE

Front view

1 - masonry; 2 matrix ; 3- fiber grid
Fig. 4. Textile reinforced mortar applied to an URM wall [19]

® 0%0l0E a.ros

Fig. 5. Textile reinforced mortar applied to: a) Golia Monastery, Iasi [21]; b) TRM applied
on the monastery walls [20]

3. Conclusion

In recent years, the rehabilitation and strengthening of URM buildings has seen a remarkable
development on the basis of new techniques and materials. In this study some of the shear
strengthening techniques that are either suited for URM walls, or have been particularly designed
for these structural elements are described. The history of past earthquakes showed that the URM
buildings had performed the worst, developing un-repairing damages and also accounted for many
life losses. In this frame, the already developed FRP strengthening techniques for plane / reinforced
concrete, steel and timber members were also applied to masonry elements. However, the FRP
composites have demonstrated unsatisfactory performance, when applied to URM structures that
were located in high temperature environments, where the glass transition temperature of the resin
is reached. This justifies the need to examine alternative strengthening techniques, such as the
TRM systems. As it has been discussed in this paper, the TRM system has similar advantages to
the ones of an FRP system, but it overcomes various FRP drawbacks, especially those related to the
unsatisfactory behaviour at elevated temperature and un-proper application on damp surfaces.
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COMPOSITION, CONDITION AND LOAD-CARRYING CAPACITY OF
THE EARLY AGE STEEL GHENT FLORALIA EXPOSITION HALL

Philippe Van Bogaert1

Civil Engineering Department, Ghent University, Belgium

Abstract: The Floraliahall in Ghent was built during 1912-1913 as part of a series of
large infrastructure works for the world exposition of 1913. The main structure of
the hall consists of 18 portal frames having 3 spans of 10.16, 40.18 and 10.16 m. The
upper part of the structure is highly slender. Adversely to the customary concepts of
100 years ago, the lighter frames at 7.45 m distance, are hinged twice at the springs,
whereas the more heavy frames, at 15 m distance, are completely clamped at their
base. In addition, measurements show that cross-sections of compressed parts have
larger area than the tensile parts. From the structural point of view, this construction
sometimes has an unexpected composition. The aim was to determine whether this
structure can comply with contemporary requirements and codes. From
measurements and simulations follows that in limited areas high stresses appear,
unacceptable even in serviceability state. This may be partly due to modifications of
the roof that were made inappropriately, from the impossibility to assess certain
details with the model and from ineffective analysis at the time of construction.

Key words: Exposition hall, two hinged frame, analysis of frames, early age steel,
inadequate roof modification.

1. Introduction - Origin
On the initiative of a high school, a botanic garden has existed in Ghent (Belgium) since
1798. The garden was intended to support education and was visited often by schools, as
well as by many citizens. Plant growers, gardeners and botanists have shared their
knowledge to broaden the number of plants. This garden was taken over by the university,
founded in 1817. Apart from this, plant growers founded a society to promote their
products. To improve publicity, in 1809 a first exposition was organised by 34 members in
a room behind an inn of 48 m? [1]. In early summer of the same year already a second
exposition was organized showing 139 flowering plants. As success grew, larger locations
had to be found and in 1835 a casino was built in Ghent, which was used as the new venue
up till 1913. The plant and flower exposition, now known as the Ghent Floralia, continues
and is now organized every 4 or 5 years, attracting visitors from all continents.

After the last Floralia of 1908 and as the 1913 world exposition of Ghent was
approaching and new hall was built in the citadel park. This park resulted from the
demolition of army barracks, built during the Dutch period from 1815 to 1830. This
military facility was erected according to requirements of the Vienna Conference and was

! Philippe Van Bogaert, sr full prof. dr ir, Technologiepark 60 B 9052 Ghent (Belgium),
Philippe.vanbogaert@ugent.be
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intended to prevent further French invasion as during the Napoleon period. After 1830 the
facility was further used by the Belgian armyj, till in 1870 the city acquired the premises, to
transform it to a park for its citizens. The grounds were partly used during the world
exposition but remained chiefly a green area. Hence, the location of the new hall at the
park centre was an excellent choice.

The Floralia Hall consists of an early steel structure, the total cost at the time of its
erection was around 1 million francs. The alternative of a stone structure was discussed
with the city, as this would cost 50% more. The city council agreed to provide additional
funding, if they would take over the ownership after the exposition. Apparently this did not
happen and the horticultural society thus acquired a new permanent location for the four-
year event. However, from 1990, the Floralia moved to the larger venue of Flanders’ Expo
outside the town, offering a total space of 54000 m? in 8 halls. The last unsuccessful event
was organized in 2016, bringing the exposition back to the town centre at 4 different
locations. The next edition in 2020 will come back to the Floralia hall and the surrounding
park.

Today, the hall is surrounded by 3 other buildings, the urban museum of
contemporary art, the ICC international congress centre and the velodrome. On the outside,
only the light strips in the roof and the cemented north side with cascading recessed wall
surfaces, separated by ribbons with medallions, are visible (Fig. 1).

Fig. 1. Cemented North fagade of the Floralia Hall

Plans are being made to restore the hall and integrate it into the ICC in a more
consistent way. The aim is to reduce some of the masonry building parts and to create a
single large space. The future will tell whether successful solutions can be found.

2. The roof structure

The structure covers a space of 175*80 m and consists of 18 parallel steel frames.
The frames have 3 spans of 10.16, 40.18 and 10.16 m. Hence, the central span is the most
impressive and also the most slender one. The structural height of the central span reaches
19.89 m as it is equipped with an additional top ridge frame, allowing light to enter the
hall. Fig. 2 shows an overview of the whole structure, the interior being cleared of any
occupying event material.

As the picture shows, the portal frames are not all identical. Most frames are at a
distance of 7.45 m, whereas there are 3 longer spans of 14.98 m. Hence 4 frames show an
alternative composition, 2 being of a heavy type, 2 others are medium heavy, the 14 others
being of the ‘light’ type. The main difference between these types of frames are the vertical
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posts and some details in the frame nodes. In the following, we concentrate on the lighter
frames.

Looking at Fig. 2, it is noticed that the horizontal members show high slenderness.
For instance, the depth of the upper member at the span centre equals 0.7 m for a span of
40.18 m or L/57.4, which is highly slender. The lateral frames shown considerable less
slenderness. In addition, there are no tension members, connecting opposite posts and
increasing horizontal stability. Obviously, the designers wanted to build a light structure of
maximum vertical clearance.

Fig. 2. Inside view of cleared hall

At the time of construction, the Polonceau frame would have been the most popular
choice. This structure seems already to resist bending at the nodes and one may expect it
does not behave as a simple truss.

The central part of the upper member is also curved, the outside radius being 23.23
m. The additional ridge frame, not clearly seen in Fig. 2, is located above this curved part.
Because of this, there is no central hinge. The supports of the light columns or posts of the
central structure are hinged as can be seen in Fig. 3a, whereas the medium and heavy frame
supports are clamped, preventing angular rotation (Fig. 3b)

a) b)
Fig. 3. Support of vertical members : a) light frame; b) medium frame
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The vertical members of the side spans are not visible and consist of a latticed
column, encased in concrete and part of a brickwork wall. As far as this can be discovered
without invasive examination, the encasing is complete and the brickwork is filling in the
space between columns.

3. Composition and material of the structure

After various searches in archives and other places, no drawings seem to be
available, allowing further assessment of the structure. Hence, a thorough investigation
was conducted to fully obtain an inventory of the structure. This was done by measuring
with double decameter, folding meter and slide adjuster and using an aerial platform,
supplemented by photographs. There may be some flaws in the result, since some locations
could not be reached, in particular in the frame corner.
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2*70*70*6

Concrete
column

| 2+70%70%6

2%224*9 +
2*¥70*70%6 +

/( 2*70*70*6

<

9 +270%70%6 +170*10 I 2%¥70%70%6

170*10 b 1%¥224%9 * 2%70*70%6 + 17010

4*360*9 * 2*70*70*6 + 320*10

170*10 Im

3%224%9 4
2%70%70%6 +
a 170*10

Fig. 4. Steel cross-section (half of the structure)

Fig. 5. Frame corner node (detail)
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The structure consists exclusively of angle profiles and plates, which are either strips
or round cut plates. Although these existed at the time of building, no I-profiles have been
used. These elements are assembled by rivets of shank diameter 18 mm and head 30 mm.
Fig. 4 shows the most important cross-sections of various bars of the structure. The
numbers on the figure are first the flange plates, then the angle profiles and finally the web
plate dimensions.

Some of these cross sections are rather puzzling. For instance, the outside member of
the vertical post, where tension is expected, has a distinctly smaller cross section than the
opposite inner member, which is likely to be compressed. In addition, the lower member of
the upper truss has more reinforcing flanges (up to 4) than the upper member, which has a
maximum of 2 flange plates. This was verified also from the photographs taken.
Obviously, there are more complicated details apart from the general data in Fig. 4. For
instance, the frame node and other particular locations have larger webs. This can be seen
in the detailed photo of Fig. 5. The higher web plate and reinforcing flanges of the lower
member, as well as the curved cut web plate of the upper member can be seen. Fig. 5 also
shows part of the transverse beams that connect the parallel frames. These frames support
the glazed parts of the roof covering and prevent displacement out of the frame plane.

Concerning the material, it is known from other structures, built at the same period
that the Siemens-Martin and Thomas fabrication processes of steel had been developed and
all data point towards the material being early age steel. For the case of 2 bridges from the
same period, 3 samples were taken from the webs of crossbeams, which do not carry
directly any of the traffic loads [2]. The results of the 3 samples gave values of 254, 277
and 238 for fy 929 and 338, 382 and 347 for f,. In view of the limited number, and not
knowing the dispersion, application of annex D of EN 1990 [3] is virtually excluded. The
material may be close to steel S 235 but the dispersion of the characteristics is rather large.
This may be expected from early-age steel, since the constant character of quality was
poorly monitored and large variations may have occurred. Within the 6" European
Framework [4], an impressive amount of samples has been used to characterise steel
produced at various periods. In addition, the Swedish Standard BVS 583.11 and the work
done at Lulea university [5] are highly relevant. In these references a standard deviation of
36 MPa has been found. The average value of the 3 experimental values being equal to
256.3 MPa, the 5% fractile characteristic value of the material equals 256.3 — 1.64 * 36 =
197.3 MPa.

It should be mentioned that some literature references indicate that back at the
beginning of the 20™ century, an allowable tension stress of 300 MPa was considered [6].
Obviously, this value is overestimated.

4. Load-carrying capacity

4.1. Modelling of the structure

The aim of this section is to assess to which extent the structure may comply with
present codes, in particular EN 1993. In view of the types of analysis at the beginning of
the 20 century and of the design loads and material characteristics used, it is almost
certain there will be no compliance with the present code. However, the assessment may
show the weak locations or members and be of assistance in maintenance or further
development.

While developing a relevant numerical model, an important matter is to decide on the
type of elements to be used. These roof structures were mostly calculated by graphical
methods [7] as shown in the example of a Polonceau truss of Fig. 6. Typically, all loads are
applied at the truss nodes, which themselves are assumed to be hinged. The continuity of
the upper- and lower members, as well as bending of the bars were not taken into account.
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Merely normal forces were determined, albeit some degree of bending was introduced by
increasing stresses by percentages, varying from 20 to 5%.

Today’s software packages allow various types of calculations. In the case of thin-
walled structures either membrane elements supplemented by bending, or the more simple
beam elements are the evident choice. In the present case, with limited plates or webs, the
use of beam elements seems indicated. Variation of girder webs or reinforcing flanges may
be introduced by modifying the location of the member axis and using the appropriate
characteristics. Obviously, the truss axis lines are adapted to the location of the gravity
centre of the cross sections. This may harm the continuity of the general scheme of axes,
and produce sometimes an unusual appearance. The option of beam elements is the closest
to the historic analysis and is therefore the best of alternatives. Since none of the angle
profiles are crossing and all are double, these members do not show eccentricity.
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Fig. 6. Graphical calculation of member forces of Polonceau truss

However, according to EN 1993-1-8 [8] the stiffness of connecting nodes should be
assessed, by calculating S;i; a stiffness factor found from :

()]

which depends on the spring constant k of the member’s web, flange, of the rivets, the
distance between rivets and the edge distance. The S;i,; must be compared to the relative
stiffness of the member EI/L and may be different for each type of node. In the majority of
the nodes, the stiffness does neither comply with the condition of complete stiffness, nor to
a hinged mode. Hence, the connections are flexible and their stiffness was adapted to
around 30% of the members.

4.2. Loads
The loads may also be different from those considered by the original designers. For
the weight of the roof covering the former references indicate a maximum load of 0.3
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kN/m?. Today the claddings and transparent plates represent at least 0.5 kN/m?. Combined
with several purlins and vertical members, the present roof covering, which has been
modified several times represents at least 1 kN/m?, which has been adopted in the analysis.

At the time of construction, and even for a long period afterwards, the maximum
wind pressure equalled 0.9 kN/m? and if all nominal loads were considered simultaneously,
it was assumed this combination was the ultimate limit state of today. Considering EN
1991-1-4 [9], the wind pressure for environment class 3, the maximum height of the
building and all relevant factors, the maximum wind pressure would be 1.3 kN/m? to
combine with the factor of 0.6. Hence the effective wind pressure equals 0.8 kN/m?

The effect of temperature was not really considered at the time of the design.
According to the present code EN 1991-1-5 a temperature change of 32°C with respect to a
neutral value should be considered.

The main variable loads considered during the analysis are either wind or thermal
effect. Obviously, both can take the opposite sign. Wind can be asymmetrical with pression
on one side of the roof and suction on the opposite side. The thermal effect can be heating
or cooling. Hence the combinations are limited to 8, the y-factors for both being 1.5 and the
y-factors 0.6.

All of these data confirm that design loads have increased considerably since the
design was made. Therefore we would not expect the structure to comply with the
requirements of the code. However, the loads that are being considered in the following
certainly are realistic.

4.3. Results
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Fig. 7. Equivalent stress vertical members
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In the following, the results of the analysis are presented as equivalent vonmises-
stresses in various sections along the different members of the structure. Whenever
possible coordinates are used, but for some members.

Firstly, the resistance of the vertical posts of the central frame is verified. This is
shown in the graph of Fig. 7. Both for the inner and outside members, wind is the main
variable load, temperature resulting in lower stress levels. In addition, the equivalent stress
rises from the base to the frame node and reaches there 195.4 MPa on the outside member
and 173.8 MPa on the inside, compressed member. In the latter, the stress drops as the
flange becomes wider and the web has a larger depth. Since this type of reinforcement does
not appear at the outside member, the stress continues to increase.

Surely, the asymmetrical number of flanges, shown in Fig. 4 is rather useless.
Adversely, more reinforcement flange plates might have been provided at the top of the
outside tension member, seen in Fig. 5. Both maximum values can be compared to f, =
197.3 MPa and comply with the unity check = 0.99. Surely, this value is really close to 1.

Equivalent stresses were determined, taking into account a buckling factor, which
was derived from the fundamental buckling mode shown in Fig. 8. The figure clearly
shows that the buckling mode of the vertical member is out of plane, due to the presence of
the diagonal members. This apparently includes a torsional deformation, due to the axial
load. For the weaker outside member the buckling factor is y = 0.554 and for the inside
member y = 0.625.

Nodal di (DX,DY,DZ) : Y-di
Buckling mode 20
Critical load 13.0104

Geometric scale
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Fig. 8. Buckling mode of vertical members

The equivalent stresses in the diagonal members have been determined also and are
displayed in Fig. 9. All graphs of equivalent stresses will not be shown. The result for the
diagonal members shows a maximum equivalent stress of 211 MPa, in the diagonal at the
centre of Fig. 5. This does not satisfy the criterion since the unity check renders 1.071.
Again this occurs for asymmetrical wind.

Concerning the upper and lower members of the rafter structure, the results are
shown in Fig. 9, the structural scheme being added to the picture. Clearly, a high stress
concentration appears in the same section of both members. This corresponds to the first
vertical bar of the rafter shown in Fig. 5 exactly at the location where the curved web is
stopped and the resistance of cross sections decreases drastically. Obviously, the problem
is of a local nature, since from this point the equivalent stress rapidly decreases to the end
of the adjacent bars. Nevertheless, a serious lack of resistance appears in this area, both in
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the upper member and the lower chord. The part of axial force in these stresses varies from
17 to 64%. Hence, bending is an important part of the stress level. Probably the designers
were unaware of the existence of such high bending stresses.

Another problem subsists at the connection of the smaller rafter with the roof
members. Again stresses up to 377 MPa are found in the compressed member and 219
MPa in the tension member. There is no additional reinforcement of the cross sections in
this area. Again, this is a local phenomenon and the stress rapidly decreases towards the
adjacent parts of the bars. Looking at this connection in Fig. 10 the top roof structure
seems to be simply connected as a hinge to the rafters. Nevertheless, the vertical reaction
of the whole top roof structure arrives in this location, since no further connection between
both parts exists. The vertical bars of the main rafters show identical behaviour with large
compression or tension, depending on the orientation of wind pressure, in the vicinity of
the vertical bar supporting the top structure. The diagonal members do not show excessive
stresses, except for those areas where they are directly connected to heavily loaded vertical
bars. It is rather unusual that no local reinforcement was provided at the connection of the
upper truss. The latter would have been expected, even in the structural assumption of
purely axial force in all members.

Upper frame member
1200.00

1000.00

=\\/IND NORMA
—WIND COLD

vonmises stress (MPa)

length (m)
-20 -10 0 10 20

Fig. 9. Equivalent stresses in upper and lower members of main roof truss
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Similar states are found in the upper- and lower member of the top truss. In a short
area of the upper member equivalent stress rises up to 251 MPa, whereas in the lower
member at this section the stress is limited to 205 MPa. Both resultas are due to
asymmetrical wind pressure and suction. These load concentrations may be due to changes
that were made to the roof in several phases.

Fig. 10. Connection of top truss to main roof truss

4.4. Modifications of the roof

Fig. 10. Photographs taken during construction (top) and early use
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In the present state light penetrates the hall through the central light path included in
the top truss. Originally, this was the only place allowing daylight to enter the hall. This is
substantiated by several photographs, taken during construction and from the early years of
use of the hall (during WW1), shown in Fig. 11.

When compared to Fig. 2 it becomes clear that the glazed central surface has
disappeared and that many dormer strips have been added, thus concentrating loads from
the roof covering and wind in a few nodes of the structure. Although it was assumed that in
trusses the loads must engage in the nodes, one gets a much more favourable distribution
of forces if as many nodes as possible are loaded instead of just a few where heavier
concentrated loads are applied. This is an important reason why such high local stresses are
found. Obviously, it becomes clear that the modifications were inadequate and with
insufficient structural insight.

Today, the structure is in rather satisfactory condition. During the various visits no
heavy corrosion or degradation has been found. The superficial corrosion does not progress
rapidly and causes no particular reduction of steel sections. In some locations rivets have
been replaced by bolts, which is an ineffective method for compressed parts as it
introduces weakening of compressed sections. However, the number of these cases is
limited.

5. Conclusion

The Floralia hall in the Citadel Park in Ghent is an interesting structure, dating back
to the time when fabricators were just starting to use steel as a construction material. In
addition, unusual compositions of sections are found. The resistance of certain critical
nodes is increased by using large web plates in riveted sections and adding flange plates,
not on both sides in the same panel. The structure does not comply with the relevant
present codes, since high equivalent stresses appear at several limited areas. One reason for
this are the structurally inadequate modifications made, to allow penetrating daylight in the
hall. A second reason may well reside in the fact that the type of analysis, used at the time
of construction, which was highly ineffective to this type of structure. The stresses exceed
any acceptable threshold, also in serviceability state and give rise to concern for the future
use of the structure. Perhaps the fact that the whole building is surrounded by 3 other
buildings, substantially reduces the wind pressure.

So far, the lighter version of the frames has been examined. In future, all other
frames and alternative numerical models will be considered. Other types of modelling may
well result in more favourable results. However, there is sufficient reason to consider local
strengthening of particular nodes and corners. Presently, an architectural competition is
underway to integrate the hall with the surrounding buildings.
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DOCUMENTATION AND PRESENTATION OF THE BUILT HERITAGE
Dimo Zafirov', Georgi Georgiev2

Space Research and Technology Institute — Bulgarian Academy of Sciences

Abstract: Unmanned aerial vehicles (UAV) offer highly precise and efficient methods
for mapping and capturing of built heritage sites and by this for their documentation
and restoration preparation.

By implementing drones, various information about the observed buildings and
building complexes, regarding their dimensions, materials, age, condition etc. can be
collected. Stepping on this data, three dimensional models can be easily generated,
helping researchers and the society for the better understanding of the development
and needs of our built heritage.

Key words: Unmanned Aerial Vehicle, immovable cultural heritage, 3D models,
aerial photography

1. Introduction

There is a large number of objects all over the world, which need to be documented,
so that they can be presented in different conditions and restored to their original
appearance if needed. It should be borne in mind that many contemporary sites will be part
of the tangible built heritage in the future, and images of their original condition and the
changes over time will also be of interest.

The article explores the possibilities of using drones to create images and models of
cultural heritage sites. The advantages and disadvantages of different techniques compared
to land based equipment are indicated. Particular attention is paid to cost and time
efficiency and the ability to achieve high precision by their utilization.
Typical objects and techniques for drone mapping are shown, as well as images obtained
from archaeological sites in Bulgaria.

2. Development of unmanned aerial vehicles and the transported payloads

Unmanned aerial vehicles (UAVs) and the payloads they use are evolving at a rapid
speed, with ever increasing opportunities for their applications and their effectiveness.
UAYV prices and their equipment are steadily decreasing and performance is increasing.

2.1. Advantages

: Zafirov, Dimo, DSc/professor, Bulgaria, Sofia, acad. G. Bonchev str. 1, bl. 1, e-mail zafirov@space.bas.bg
2 Georgiev, Georgi, Bulgaria, Sofia, acad. G. Bonchev str. 1, bl. 1, e-mail
integral.planning.plovdiv@gmail.com
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A major advantage of UAVs in capturing built heritage is their ability to capture
accurate 3D models of objects from different perspectives, as well as at different altitudes,
in a short time.

www.asrialeye.ie

Fig. 1. Point of Interest UAV technique [4]

The mappng/capturing can be performed by using a variety of devices and
techniques: daylight cameras, thermal cameras, multispectral and hyperspectral cameras,
radars, laser scanning. This allows a large amount of useful information to be obtained,
including metadata for each shot.

After further information processing, the data can be used in combination with
virtual and augmented reality, securely stored digitally in local and cloud structures.

Fig. 2. Graphic reconstructions [16]

2.2. Disadvantages

Currently as disadvantages the lack of regulatory framework for the use of drones
and the relatively large volume of initial investment required for hardware, software and
maintenance of highly qualified personnel can be indicated. It is therefore appropriate to
use the services of specialized companies, which will significantly reduce the cost of
obtaining the necessary information and processing it.

3. Examples for appropriate sites for aerial capturing
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Fig. 3. A master Kolyo Ficheto Bridge

DJI Phantom 3 Standard Point of Interest #djiphantom3standard
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Fig. 4. The pf)rcelain tower [5]
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ig. 7 Heritage building for restoration [3]

Fig. 8 On-site work [5]
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4. Aerial mapping of archeological sites (Archaeological Map of Bulgaria)

Fig. 11. Ortophoto map of Kaliakra
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Fig. 12. Ortophoto ap of Chirakman

5. Conclusion

In conclusion, it can be assumed that the different techniques for documenting and
presenting built heritage give different possibilities and their combined use can satisfy the
requirements for price and quality.
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REHABILITATION AND RECONSTRUCTION OF TWO HISTORICAL
TIMBER ROOF STRUCTURES AND ONE WOOD BRIDGE IN SERBIA

w orl
Bosko Stevanovi¢

Faculty of Civil Engineering, University of Belgrade

Abstract: This paper presents rehabilitation and reconstruction design of two
historical structures with timber roofs, which are under the protection of The
Institute for Protection of Cultural Monuments of the Republic of Serbia. An
overview of reconstruction of the medieval keep tower in Bac, which was built in
1329, is given. Reconstruction was largely related to the roof structure. Bridge over
the Milesevka River, near the MileSeva monastery is a very interesting project. which
was developed based on historical data on similar bridges and on a single footage of
the former bridge. Reconstruction of the Carmel Monastery roof structure in
Sombor, which was built in 1904, was carried out by replacing the existing roof
structure with a completely new modern structure made of glued laminated timber.
All rehabilitation and reconstruction designs described in this paper were developed
at Faculty of Civil Engineering in Belgrade.

Key words: Fortress, Tower; Masonry, Chimney damages, Rehabilitation; Repair,
Monument; Bridge; Church; Monastery, Roof structure

1. Reconstruction of medieval tower in Bac

Medieval fortress Ba¢ with its suburb is located in the southwestern part of Backa,
about 14 km from the most important European river Danube. It was built near the town
with the same name on the river Mostonoga. The fortress in Ba¢ is a very important
multilayer archaeological locality and a historical place, which is why it was placed under
the protection of the state Srebia in 1949[1]

Archaeological research of the fortress in Bac¢ (in 1958-59, 1980-81 and 2003) found
that the location where it was built was settled from the Middle Stone Age. According to
the written sources from the 11th century, the seat of the county, the bishop and the
archbishop were located in Bac.

The fortress was built according to the "water town" principle. The fortress has an
irregular tetragon base on which corners are protruding towers. Three corner towers have a
circular base, while the northwest tower has a rectangular base (Fig. 1 and 2). Initially, the
fortress was surrounded by moat filled with water. This moat is still visible today. The
fortress was entered through a drawbridge.

Within the ramparts of the fortress, the most dominant and only freestanding
structure is the keep tower (the watchtower). This tower is noticeable for its height, which

! Professor Bosko Stevanovié, PhD, bole@imk.grf.bg.ac.rs
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is in accordance with its basic purpose, to observe the surrounding territory from it and to
defend the fort.

-
a7y

Fig. 1. Bac¢ fortress in 1668

Fig. 2. Bac fortress before the watchtower roof reconstruction

The tower has almost a square base (10,26 x 10,16 m) and is oriented with diagonals
to the sides of the world with a spiral staircase in the northwest facade and a potable water
riser on the northeast facade. The tower has a height of 34.33 m, and it has a ground floor
(basement), three floors and an attic overhanged on cantilevers (Fig. 3).

The watchtower has been repaired and reconstructed on several occasions in its
history, but due to lack of maintenance, its decay has occurred. The biggest damages
occurred after the fire in 1993. (Fig. 4).
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Fig. 3. Structural plan and the cross-section of the watchtower
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Fig. 4. Fire damaged timber floor joists and damages the roof structure

Reconstruction of the tower, and above all the roof, was done so that the damaged
roof structure was completely replaced by the new one. The old roof shape was kept, but
new members to the roof structure were added to increase its stability. Furthermore, the
dimensions of almost all the members were increased, and their surface treatment was
carried out by sealing, as it was undoubtedly done more than six centuries ago, when the
tower was built (Fig. 5). All visible connections of timber members were constructed with
wrought iron, which contributed to the authentic appeal of the structure. The roof is
covered with old yellow tiles, which were previously protected. With the roof
reconstruction, an attractive area with visible roof is provided in the attic, suitable for
exhibitions and observation of the surrounding flat Backa landscape.

Fig. 5. Final works on roof reconstruction

2. Reconstruction of the bridge over the river MileSevka near MileSeva
monastery

In the immediate surroundings of monastery complex MileSevo, beside the
monastery water mill, there was once an old timber bridge. The exact time of its
construction is unknown, but according to some historical data it is assumed that it was
constructed in the middle of the 19th century. This bridge was destroyed after enormous
floods which struck the Monastery and its surroundings at the end of 19th century[1].

The design of the bridge reconstruction had to be prepared in a way that completely
corresponded to the existing written and drawn historical data and adequate preservation
conditions. Since a reconstruction of an unique historical engineering structure was in
question the design was based both on knowledge on bridge construction at the end of 19th
century and even earlier in this region and on authentic data on stone block paving on the
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part belonging to the bridge and on the right hand abutment which represented the
remainder of the destroyed bridge.

Documentation for design preparation were: an old photograph of the bridge (Fig.
6), graphic layouts, plans and cross sections and the river MileSevka regulation.
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Fig. 6. Old photograph of the water mill ad former bridge

Until completion of the new bridge construction, a provisory two-span structure was
used (Fig. 7). The larger span (10.4 m long) was bridged by a steel structure — frame of a
freight vehicle, while the shorter span (5.5 m long) was bridged by timber beams. Sheet
timber beams and boards existed partially over these load-bearing elements. The river pier
was a concrete block with dimensions 3x3x4 m.
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AN 2 2B B e
Fig. 7. Provisory structure used for crossing the river before the new bridge construction

It was known that the structure of the old bridge, which was destroyed by flood flow
at the end of 19th century, was a timber one, supported by massive abutments built with
ashlar. Only the right-hand abutment remained until today and it gives certain data on the
way that destroyed timber structure was supported. The left-hand abutment was probably
destroyed together with the bridge itself. By analysing the existing data - old photographs
and surveyed situation, the left-hand abutment was fixed and thus the bridge span size of
17.6 m was defined. The adopted size of the bridge span fits favourably into the transverse
profile of the river MileSevka at the bridging site.

The size of the bridge span and authentic historical data point out that the bridge
superstructure was an unusually shaped structure. During the late medieval times, and even
earlier, a specific system of timber structures characterised by "composite beam" girders
was often used in the bridge construction. These girders with several simple cross sections
are placed one above other, and overhang toward the middle of the bridged profile. Since
the authentic data indicated that the destroyed bridge by the mill had such "composition",
same as in case of destroyed bridges in Polimlje (over the river SeljanSica and over the
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river Lim), there was no doubt while selecting the "system" of the timber bridge — timber
structure with main girders consisting of several simple cross sections (six beams one on
top of another) with girders in which certain beams gradually overhang toward the centre
of the river (Fig. 8). Taking the useful width of the bridge into consideration three main
girders spaced at 1.17 m were adopted.

Since the bridge is intended exclusively for pedestrians, useful width of the bridge
2.3 m was adopted.

-
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Fig. 8. fidge in erection sttag A

Other details — pavement, bridge guard rail and the shape of the levels are identical to
the existing autochthonous historical data.

The main girders were fixed to the abutment using steel anchors and concrete blocks.

Newly designed elements of the abutments were built using old ashlar from the
existing — old bank protection wall downstream from the mill.

The main girders, as already stated, were designed as composite beams consisting of
six cross sections in system of fixed beam with a hinge in the mid-spam. Some of the
beams are coupled by timber dowels (by transverse joints and screws) — Fig. 9 and 10.

Fig. 10. Completed bridge from the upstream side
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Irregular, that is, ununiform arrangement of dowels along the girder resulted from the
insight into the old photographs of the destroyed bridge.

The pavement surface was made from timber boards, and a special system for rain
dewatering was not planned considering the relatively small length of the bridge and
considerable slope of the levels. Three stone steps were made on both approaches to the
bridge (Fig. 10) in order to prevent access of vehicles onto the bridge.

3. Reconstruction of the roof structure of the Carmel monastery church in
Sombor

3.1. Structure and roof description before reconstruction

The Church of the Carmel Monastery in the centre of Sombor is also known as the
Church with Two Towers (Fig. 11). Construction of the church began in 1860 and was
completed in 1904. Its base dimensions are 58x25 m, where in structural terms the church
is a masonry structure with a timber roof structure[1].

In addition to large outside walls, which are almost 2 m thick, the masonry structure
of the building consists of two rows of middle columns with cross sections of
approximately 160x160 cm, which are longitudinally positioned in relation to the structure
at axial distances of approximately 7.6 m.

Above the described masonry structure, a timber roof structure was constructed. It is
a very complex structure which is a combination of queen post roof truss and a roof with a
hanger in the middle of the span (Fig. 12).

Fig. 12. Main roof structure before repair
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3.2. Visually-macroscopic examination results
Visually-macroscopic examination of the roof structure revealed significant damages
to the roof cladding (crown tile), as well as the battens over which it was placed (Fig. 13).

Ll & >

Fig. 13. Snow drifts on the roof structure as a consequence of fobf cladding and battens
damages

In addition to the roof cladding damages, the examination revealed following
damages to the roof structure:

- rot, which is present in many places (Fig. 14a);

- a wormhole, in a very large number of timber elements (Fig. 14b);

- loosening of some connections (Fig.15a and 15b);

- deformations (deflections) of structural elements, (Fig. 15¢);

- cracks in timber (Fig. 16a);

- fractures of a certain number of timber elements (Fig. 16b).
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Fig. 14. Details of rot (a) and'wormholes (b) in timber elements

: : i
Fig. 15. Two cases of damages - loosening of connections of structural elements (Figures
a) and b)) and very pronounced deflection of purlin (Fig. c))
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Fig. 16. Crack in the horizont beam () and element fracture between trusses (b)

3.3. Condition of the structure analysis and proposed repair interventions

Based on the findings related to condition of the roof structure in question and their
analysis, it was concluded that this structure requires very radical repair interventions
immediately.

Considering all the problems observed in the existing roof structure, two solutions
were considered: the first meant repair of the existing structure, while the second meant
that, instead of the repair, a completely new, modern glulam roof structure be made. After
considering in detail all the advantages and disadvantages of both, the second solution was
adopted, which, among other things, guarantees the functionality, serviceability and
durability of the structure over a period of time that could be measured in hundreds of
years.

3.4. Design and construction of the new roof structure

When the new glulam roof structure was designed, shape of the existing roof
structure was considered, that is, the inclination of the main roof planes, its elevations and
the roof design itself (Fig. 17, 18 and 19).
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Fig. 18. Longitudinal section of the new roof structure
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Fig. 19. Cross sections of the new roof structure

Positions of the new roof structure supports were conditioned by the existing walls,
whereby it was intended that reinforced concrete ring beams be constructed over the upper
surfaces of the walls - along the entire length of the walls.

The roof structure shown in Fig. 17, 18 and 19 is designed as a system of primary
main trusses connected by secondary beams - purlins with corresponding diagonal braces,
over which tertiary beams - rafters are placed.

All connections between timber elements within the truss were constructed using
suitable steel elements.

Some characteristic details of roof construction are shown in the following photos.

Fig. 21. Part of the completed roof structure from the inside
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ASSESSMENT OF THE SITUATION AND REHABILITATION THE DRY
MILL KIKINDA

Nenad Krstivojevié'

GP,,Greda,, Karadordeva 165, Valjevo

Abstract: Kikindska Suvaca the dry mill for grinding grain using a work horse and
one of two remaining in the entire Pannonia. Declared the immovable cultural
heritage of great importance for the Republic of Serbia. It was built 1899.godine,
the work was stopped in 1945. It consists of three components: drive space, the
space of the mill and the miller rooms. The main building has a drive space with a
pyramidal roof and there is a boot device millstone. Structurally it is a multi-
faceted pyramid which is located a large round, ranging around 15 ml, about
45ml volume and height is 8.50 ml and secured with 12 spokes on the central
cylindrical shaft mounted vertically, which is called ,, popa,,. The roof structure is
made of wood covered with tile. The roof 14 relies on low stubby columns of baked
bricks are internally and externally plastered with lime mortar of a width of 60 cm
height of 1.85 ml, with wedding gowns and tie rods in the top of the timber,
carrying the crest and rafters over wooden columns and horizontals. The walls of
the rest of the charge and of unfired adobe bricks were plastered with mortar
made of clay and chaff. Review of the structure and static checking of all elements
of the wooden roof construction and artisan structures, brick walls and the
foundation has been established that it is in relatively good condition. All this
damage does not threaten the basic safety and stability of the building, but it is
necessary as soon as possible to carry out repair works on that subject would
continue to deteriorate-

Key words: Dry mill, popa, craft design with gears, a short brick pillars

1. Introduction — Technical description of the existing object

The Kikinda suvaca is one of the two remaining in the entire Pannonia, and in 1951 it
was placed under the protection of the State and proclaimed a immovable cultural property
of great importance for the Republic of Serbia. It was built in 1899, it was put into
operation in 1945. It is located on the corner of Nemanjina and Moravska Street at k.8268,
in the western part of the town of Kikinda(Fig.1).
It consists of three connected parts: the drive area, the mill room and the miller's room.
Suvaca is a dry mill that uses live labor for grinding millets. Motivating power are horses,
which put into operation a grinding device.

! Nenad Krstivojevi¢ , Civ. Eng. GP ,,Greda”, Karadordeva 165, Valjevo, Serbija, krstivojevicn@sbb.rs
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The main building is a drive area and it is made up of a pyramidal roof unit and there is a
device for starting a millstone. In a constructive sense, it is a multipurpose pyramid where
a large wheel is located, the range is about 15 m and the height is about 8.50 m. The roof
structure is wooden covered with pepper tile. The roof rests on 14 low-pitched piles of
baked bricks. Between the columns-walls the space is fenced with wooden fence, and on
the south side there are doors for entering the horse in the souche. The drive area is a large
wheel, a range of about 14m1 and a circumference of 45ml, fixed with 12 paws for the
central cylindrical shaft mounted vertically, which is called "popa". At the edge of the car
are wooden teeth, the gear system transfers energy to two pairs of stones for melting. From
the top of the pope there are twelve paws that carry the paws and the edge of the wheel
with gears. The lower part of the "pope" is chained, the shaft of the hinges lies in a metal
deposit called paprika in a stable stone surface. The upper part of the pope is narrowed in
the rolling neck. The seat is fixed between two horizontal beams, which are two hinges for
the high the roof. On one side of this bearing is a lever-tongue, fixed only on one side for
horizontal beams. The second part of the tongue can easily be lifted and the neck "pope"
can be lifted by means of a rope - a "rope" that passes over the roller on the top of the roof
structure and pulls out the tongue from the top of the pope. So, the pop, together with the
wheel, can be turned to the free side for the introduction of the horse in the wheel. The mill
space is a rectangular base with a roof of two water, lower than the roof of the courtyard,
covered with pepper tile. The floor is from the crowded land. The walls are on the one side
and on the other side of the brick. The devices for the grinding machine are placed on a
horizontal slanted construction that is carried by six vertical wooden stubs that lift the part
by 1.60 m1 from the floor. In the upper part of the room there are two pairs of stones for
melting. Above are the bins for cereals, and under the boxes with sits through which the
flour, bite and bran are sown. The Melinarev apartment is under the same double-deck roof
as the mill space, and it makes one whole. Now it's just one large room, while he used to
have a kitchen and a pantry. The floor is from a crowded land, and the walls are filled with
bulk or brick. Above the mill room and over half a mills, there is a attic with planks over
the bed. The south wall is a single wooden window on the mill and a wooden door, and on
the mill-room there are two double-faced wooden windows. On the north wall of the
miller's room there is a two-winged wooden window. The main supporting columns-the
walls of the drive pyramidal part are made of full baked bricks, 60 cm wide, both sides and
externally and plastered with lime plaster, 1.85 m high, with wedding dresses and tassels in
the top of timber , which carry reefs and horns roof over wooden stairs and horizontals.
The roof is under a slope of about 40°. The roof structure at the height of the "pop" of the
main pillar has two limbs and corneas between the ridge. All ridges are connected in the
top through the peak circle into one whole, and there is also a small tip that carries a wheel
for pulling out the tongue so that the "popa" can be knocked down for the entrance of the
horse. The roof construction over the mill and the mill is a two-seater a horn-type horn
system at the top. The fall of the roof is about 40°. The dumb bellers are leaning on the
outer walls and have perches, from the north side 40cm, from the south 70cm. The horns,
through the small staircase system, become more comfortable on the wedding dresses and
the edges of the abandoned roofs, so that the roof has a roof for the width of the slopes.
Walls from cartilage and unpainted bricks are made of plaster and weeds. The depth of
foundation foundation is min Df = 0.60ml in a layer of dusty clay. The facility was
inspected in June 2013.
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Fig. 1. Photos dry mills appearance, the roof wooden structure with pillar ,,popa,, i craft
wooden structure

2. State and description of the object of the object

First of all, the model of the construction of the Tower in the Tower 6 program was

designed to facilitate load loading and insight into the impact on the structure, to better
understand the force in roof elements, attics, and woodworking of the circular mechanism,
force and voltage in the walls and underlying couplings. The loaded loads are: permanent
from the roof cover and the construction itself, occasional from snow and wind loads and
exceptionally from seismic.
Roof and Roof Structure: The roof construction of the roof is in good condition. According
to some replaced elements, it is possible to replace some of the worn out elements of the
roof structure at one time. By static check all roof elements: crevices, posrg horns, posve
wedges, poszc wedges, posh horizons, posRs crusts, posrosh cornea, small horns - horns of
the posRgl mill, a small rasp-posRs1 mill satisfy a detailed static check on all loads. The
paving and paving roofs are partially damaged, and damaged and broken tiles and tiles
need to be replaced as soon as possible so as not to damage the wooden construction of the
roof(Fig.2).

Construction of the attic: the inspection looks like it is in good condition because
there are no significant cracks or gaps in the ceiling. Static inspection satisfies the wooden
elements of the ceiling: damping posT1 and posT2, beam rooms posGr for permanent and
occasional loadings of the attic.

The construction of the crankshaft: the inspection shows that it is in good condition
except the main pillar "pope", which is with a large vertical crevice to be repaired - filled.
The static check satisfies all the wooden elements of the revolving drive part: paws or
horizontal shafts, posKos stems, main posPop pillar, for permanent and occasional vertical
loads of the rotary mechanism. The metal mill mechanism itself was not the subject of this
static check.

Walls: there are no cracks in the walls. Basically there are parts with cracked or
discharged mortar, both mortar and coating, as well as broken mortar, mainly at the top of
brick pillars in the part of the pyramidal drive part. In the walls of bullets and crumbs in
the mill and mill mill, plaster and clay plaster was mostly cut off, mostly outside. Static
walls satisfy their thicknesses for vertical and seismic loads, which is confirmed by
budgetary check. It is not necessary to introduce new walls or masonry pillars.

Basic construction: the assumed depth of foundation foundation is min Df = 0.60m1
in a layer of dust clay. The assumed allowed voltage is Gmah = 100KN / m?. They are
based on baked bricks and the assumption is that they are of the same width as the walls
themselves. The examination shows that the walls are waterproofed to the foundations that
moisture does not sink along the walls.
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Fig. 2. Photos of damage pillar ,,popa, short walls of baked bricks and walls of adobe
bricks

There is no noticeable cracks in the bottom of the walls to the foundations, which
indicates that the foundations are stable and without cracks. By static check after building the
model of the building in Tower 6, the effects from the load on the foundation of the object
were obtained(Fig.3). A static check of the bearing capacity of the ground underneath the
foundation was made, and on the basis of the bearing capacity of the ground it is a conclusion
that the foundations are satisfactory because the loads for permanent and occasional and the
wind load are less stressed on the ground than allowed. No intervention is required on the
foundations.

Fig. 3. Model dry mills and static impacts the roof, craft and ceiling construction and
reactions based

3. Construction and reconstruction measures of static constructive

On the roof structure: No intervention is necessary on the elements of the roof
structure. It is only necessary to replace the old lath and the damaged pepper tile.

On the attic construction: No intervention is required on the attic construction, except
the introduction of a wooden staircase to the wall between the rooms of the mill and the
room for the support of the beam that goes over the room and carries those dumbbells
above the room. The inner wall is just off the shaft of the beam with a width of 50 cm wide
at 12 cm wide. Therefore, a pillar of 14/14 cm should be placed beneath the beam to bear
the beam that visibly crossed over that narrowed wall. On the bottom side, find the
foundation of a wall that has remained wide as the previous wall and rely on the wooden
column.

On a craft drive: No intervention is necessary on the elements of the construction of
the plant except the main pillar "pope", which is with a large vertical crevice up to 2 cm
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wide to be repaired - fill with an epoxy resin mixture (such as Sikadur 31 CF Normal) .
The filler must be a repair two-component adhesive based on epoxy resins that is not
leaking and convenient to work on surfaces above the head. not to leak. It is also important
to cure without shrinkage, that it does not need a primer and that it has good mechanical
strength, and that it may have viscosity to fill such a narrow crack. Fill the crack from the
bottom of the cracks to the top and when the hardening epoxy filling "squeeze" is to be
level with the pillar.

On the walls: An object model in Tower 6 was created in order to get the overall
vertical load and total seismic load at the level of the foundation in the easiest way
possible(Fig.4a and Fig.4b). By calculating the main tensile stress at the ground level, a
much lower value than the allowed is obtained, because the walls are sufficiently massive,
although the roof is quite high.

Since all cracks are up to 10mm, there is no need to do any reinforcement or
reinforcement of the cracks.

The washed mortar should be cleaned and re-plastered with the same, lime or clay.It
is not permitted to clear all the cracks at the same time without successively removing
them, in order to avoid any subsequent damage. On the foundations: No intervention is
required on the foundation structure. Conclusion: The construction of the suave is in
relatively good condition. It is necessary to fill the longitudinal crevice in the main pillar
"popi"; remove worn mortar on the walls and replace it with new ones; Add a new wooden
pillar.

KOHTPOIA 3A CEVU3MUYKY CTABMNHOCT OBJEKTA

YKYMHO ONTEPEREHE OBJEKTA HA HMBOY TEMEILA

Aobujero wa Towerh npopadyHa 3a cTanHo+MNoBpEMeHO onTepeherse

- CranHo+noepemeHo onTepehierse Npema peaynratuMa nporpama TowerB
62.00x12487.00x2450.57+8.804204.78+183.50494.31435.464178.154175.894175.34 =

= 202910 «H
(cabpaHe cBe cvne HOPMANHE HA HWBOY TEMEerba)
YuynHo onrtepeherse: Py= 2029.10 xH
YKYHA CEM3MUHKA CHUIIA OBJEKTA HA HUBOY TEMEILA
Aobujero wa TowerH npopaqyHa sa cenamuuko onTepeherse
- Cewamuqko onrepeherse nporpama TowerB
] - R TR -1 - - o |
pacnvrbasa 003658 kH
TaBaH........... .32.43 kH

OO T PO o s i it o o R S R e e 1 ST ST AR A 16.11 kH
BEHAY CyBave....
Kpyr SyrqaHuKa.

NPH3EMEE..... 35.22 wH
ViynHo onrepeh HA HWBOY T Ce=  209.84 kH
YKynHa WupkHa angosa objekTa Ha HUBOY Np rea ca of6u) oTB

B= 0.60M' x{(0.7x2)x12+0.7%2))m'+0.50M' x(11.55x2+5.50x2m'= 27.97m°
(cabpare cee NoBpliMHe 3WGOBAa Ha HWBOY Temersa)

Mpoce4H HOPMAENHW HanoH ¥ augoBuma objeKTa Ha MUBOY Temersa
My=Pn/b= 2029.10kH/27.97m°= 72.55 kHM = 0.07255 MMa
MpocedH HanoH cMULaHa Y IM4eBMMa objeKTa HA HWBOY Temerba
Ty=Co/B= 209.84xH/27.97m’°= 7.50 kH/m’= 0.0075 MMNa
MnaBHW HAaMoH 3aTesarsa

Fo=(My*/4+(1.5°Ty) ) ™ — Iy/2==(0.07255%44(1.5°0.0075) *) " — 0.07255/2=
0.03798 MMa -0.036275MMa = 0.0017 MMa < 0.009 MMa

OBjerar je no NpopadyHy cTaBUNaH 3a CeMIMWUYKA AejeTea,
Fig. 4a. Control of seismic stability of the building and control capacity of the soil under
the foundation on the inside wall; replace the worn lath and the damaged tile and the dry
mill function (of course, if the metal mechanism for rotating the millstone is correct).
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KOHTPOJIA HOCUBOCTW TNA WUCNOA TEMEJbA

MpeTnocTasrbed 4ONYWTEH HAMNOH HA MPeTNOCTABMbEHD] MUHUMAaNHD] dybuHn thyHguparea
Dcp=0.60m je MRon=100 kHMm®

a)Peakyuje Ha Temerse an[oBa MOroHCKOr gena cyBa4e of CTanHor,
nospemeHor ontepehersa W onTepehersa BETROM:
P= 55.00 kHim'
MpeTnocTaBMmeHA WHMPMHA TPAKACTOr TeMersa of neueHe onexe (kao W aug) : B= 0.80 m'
MpoceqHK HANEH Y TEMEMLHO] ENajHULM SKaa oF r+n+a!
My=P/B= 55.00kH/Mm"/0.80m'= 91,67 kH/M® < Tgen=100 kHm*
6)Peakyuje Ha 3MG0Be MMMHCKOr MPOCTOPA W 3MAOBS® MIIMHAPeBOr CTaHa of cTanHor,
noBpemMeHor U ontepefera BETPOM:
P= 35.00 kH/m'
[peTnocTae/beHa WWPWMHA TRAKACTUX TEMErsa of ONeKe (Kao W avgosw) : B= 050 M
MpoceyHK HaNoH ¥ TEMersHo] CnojHUUW 3Mga of r+n+e:
My=P/B= 35.00kH/m0.50m'= 70.00 kHiM® < Tgon=100 kH/m®
y)Peaxkywje Ha Mon rnaBHv cTyG NOroHGKOr gena cysBa4e of CTANHOr M NOBPeMEeHOI
onTepekersa:
P= 50.52 kH
MpeTnocTaerbeHe AWMEH3Mje TemMersa ofF KaMmeHa: B= 0.80 m'  J= 0.90 m'
MpoceyHM HaNoH y TEMEersHo] cnojHMYW cTy6a og r+m
My=P/Bxfl= 50.52kH/m"0.90M7/0.90m'= 8237 kHM® < Maon=100 kH/m®
Cee WupuHe Temera objekTa 3agoBorsaBajy Ha OO3BOMLEHY HOCWMBOCT TEpeHA WCMOA HMX

3a ceBe KombuHayuje ontepehersa. Huje noTpeGHa HMKaKBa gogaTHa WHTepEEeHUWja Ha
necrteojeakM TemMersMma.

Fig. 4b. All these damages do not jeopardize the basic safety and stability of the facility,
but it is necessary to perform reconstruction works as soon as possible so that the facility
will not be further deteriorated.

HE-Jaee] jomis G OCho B i CURAYE
CAMAAWBE CTAKE
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Remedial measures: Fill the crack to "pop", repair the mortar on the walls of baked
and baked bricks and add a new wooden pillar beneath the beam(Fig.5 and Fig.6).
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Fig. 6. Recovery procedures: the crack to ,,popa,,,, repair the plaster on the walls of baked
and unbaked brick and add new wooden pillar underneath the ceiling beam

The facility was rehabilitated according to the project at the end of 2015 and at the
beginning of 2016 with the contractor PD ,, Koto ,, from Belgrade, with the supervision of

the Institute for the Protection of Monuments(Figs. 7, Fig.8a and Fig.8b).

Fig. 7. Rehabilitation of the roof
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Fig. 8b. Photos remediation short walls
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RETROFIT OF DAMAGED BY THE EARTHQUAKE IN SOFIA 2012 BANE
BASHI MOSQUE

Yordan Milev!, Nikolay Milev?

UACEG, Christo Smirnenski blvd. Sofia, Bulgaria

Abstract: This paper represents the retrofit of the Bane Bashi mosque in Sofia which
has been damaged by several earthquakes and especially by the last one on 22 May
2012. The mosque is constructed in the XV century. Its structure is a masonry one
formed by stones alternated by bricks. The main objective of the paper is to discuss
both emergency and seismic retrofit measures of the mosque structure. The main
activities of the design project are based on the CRFP seismic retrofit of the
structure. Some special attention is paid to the retrofit of the main dome and
walls of the mosque. The original seismic response of the mosque is
analytically compared with the one after the retrofit. Some recommendations for the
further treatment of the mosque structure are made besides to the conclusions
analyzing its behavior before and after the retrofit.

Key words: bane bashi; mosque; CRFP

1. Introduction

The mosque Bane Bashi is situated in the central part of Sofia. It is one of the most
representative Bulgarian heritage buildings. The mosque is atypical representative
of ottoman architecture from 16™ century. The architect of the temple was also the
architect of Sultan Selim Mosque in Edirne. The building is in operation as a temple and
it is the only mosque in Sofia.

This representative building which is a part of Bulgarian national heritage is a
typical cubic building with a dome. The mosque is with a masonry structure
which is made of cut stones and bricks. The stone layers are alternated with brick layers.
The columns were cut of a single stone body. The central dome is a masonry one and it is
covered by led.

The mosque has been repaired many times during the years. The last considerable
repair was made around 1920. Some interior renovations have been made many times till
nowadays.

The survey of the mosque was forced by the last earthquake in Sofia from 22 May
2012. Some cracks were observed in the main dome and in the entrance arches. The main
objective of the survey was the seismic evaluation of the mosque structure and

! Professor Yordan Milev, PhD, j.milev@yoda-bg.com
- Assintant professor Nikolay Milev, PhD, n.milev@yoda-bg.com
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classifying the reasons for the damages. The way of the Sofia subway was executed
near to the mosque and there was some doubt about the reason for the cracks in the
structure.
2. Basic parameters of the Sofia earthquake from 22 May 2012
The seismic event happened on 22 May 2012 and the epicenter was located at the
distance of approximately 30 km from Sofia. It was evaluated with Richter Magnitude of
5,8.
The acceleration record which had been recorded in Sofia at the distance of about 5
km from the mosque is represented in Figure 1.
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Fig. 1. Sofia earthquake acceleration record (East-West)

The registered PGA for the area of Sofia is about 0,05g and the observed intensity
of the earthquake according to the modified MM scale (12 level scale) is about 5.
According to the Bulgarian seismic map which is in compliance with the Eurocode 8 the
referent PGA for ULS is a;zr=0.23g and for DLL is a;r=0.11g. The corresponding elastic
response spectra are shown in Figure 2.

Se. [m's7]

20 4
13 o
10
03
00 —n
0.0
3 1 i+

23 3 T.ls]

Flg 2. Elastic respénse sl;ectrum — Soil type C

The conclusions which are possible to be made on the basis of seismological data
for the earthquake are as follows:
- The earthquake was with the PGA which is about 5 times less than the referent PGA
for ULL (475 years return period) and about 2 times less for the referent PGA for DLL (95
years return period);
- If the damages in the mosque are caused by this relatively small for the Sofia
area earthquake it is necessary th strengthen the mosque;

The survey which is presented bellow was focused on the task for determination the
reasons for the damages.

3. Survey of the mosque condition
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3.1. Geometry of the structure
The whole survey was completed according to Eurocode 8 part 3. More details about
the survey could be found in (Milev, 2013).

A general view of the mosque is shown in Figure 3.

L  —
Fig. 3. A general view of the mosque

All domensions of the church were obtained on the base of in situ measurements. The
layout and the cross section of the mosque are shown in Figure 4.
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Fig. 4. Layout and cross section of the mosque
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The main building of the mosque is with dimensions 20x23 meters. The thickness of
the walls is 180 cm. The diameter of the dome is 15 m and the height of the mosque is
about 20 m. The entrance arch structure was built later than the main building of the
mosque.

3.2. Damages in the mosque
The picture of the mosque dome from around 1980 (after the last major
earthquake in Sofia before 2012) is presented in Figure 5.

Fig. 5. Damages from the past erthquakes (1980)

It is obvious from this picture that there are some but not considerable cracks in the
dome. They are probably caused by some previous earthquakes. Some pictures of the
dome after the 2012 are presented in Figure 6.

The extension and enlargement of the old cracks as well as formation of some new
cracks are obvious on these pictures. Some damages of the entrance arches are shown in
Figure 7.

Brick masonry was studied both in situ (see Figure 4) and in the laboratory in
order to obtain the strength parameters of the masonry.

Fig. 7. Damages of the entrance arches
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3.3. Analysis of the mosque structure

The mosque was numerically studied by application of the software SAP2000. Spatial
model of the mosque (see Figure 8) was developed and linear analysis only was performed.
The focus of the study was based on seismic behavior of the structure as well as on the
study concerning uneven settlement between main structure of the mosque and the
entrance, which is much lighter than the main part. The linear response spectrum analysis is
applied in order to evaluate the seismic behavior of the structure.

Fig. 8. Spatial model in SAP2000

The main conclusions of the performed numerical analysis could be summarized
as follows:

- All stresses in the masonry structure of the mosque including the dome by
gravity loading only are in compression and cracks caused by such loads are not
expected.

- There are considerable tensional circumferential and meridian stresses
in the dome. These tension stresses prove the appearance of cracks in the
mosque dome. The distributions of both circumferential and meridian stresses
together with existing cracks in the dome are shown in Figure 9 and 10.
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Fig. 10. Meridian stresses and cracks in the main dome (Seismic combination)
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- The study of uneven settlements indicates considerable increase of axial tension
forces in arch ties of the entrance together with the increase of the forces in the
arches (see Figure 11 and 12). That was probably the reason for the registered
damages in the arches.

- S - -

Fig. 11. Ax1a1 forces from graV1ty load
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Fig. 12. Axial forces from gravity load and uneven settlements

4. Strengthening strategy

4.1. General description

The presented bellow strengthening approach is proposed in the design project for
repairing and strengthening of the mosque. There are a lot of problems in the strengthening
of historic masonry structures. It is very difficult to define the material parameters of
masonry composites in all types of structural elements. The solutions are based mainly on
the previous experience and engineering judgment. The strengthening strategy for Bane
Bashi Mosque in Sofia is based on the comprehensive study presented in six volumes
of FP6 PROHITECH project (see Mazzolani, 2012). Special attention is paid to the
shaking table test (see Krstevska, 2009), finite element modelling (see Landolfo 2009) and
the strengthening strategy (see Lazarov, 2009) of Mustafa Pasha Mosque in Skopje, which
is similar by dimensions to the Bane Bashi Mosque in Sofia. The approach “design by
testing” is presented in some works (see Mazzolani, 2009) and the results of these studies
were applied in the design of Bane Bashi Mosque strengthening. Some other authors
also applied the same research (see Gavrilovic, 2009).

The main activities of the strengthening strategy are shown in Figure 13.

i T".ﬁbﬁ?-u
Flg 13 Strengthenlng strategy
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They could be summarized as follows:

- Strengthening of the soil and foundation (it is not presented in this paper);
Repair of the cracks;

Strengthening of the brick masonry entrance arches by CFRP;

Strengthening of the main dome as well as the dome ring by CFRP;
Strengthening of the masonry walls by closed contours of CFRP rods on
different levels.
Some of listed above measures is briefly described below.

4.2. Repair of the cracks

The cracks in the mosque structure are repaired by injection of different types of
slightly expanding grout. Additionally CRFP and anchoring devices are used for
cracks repair.

4.3. Strengthening of the brick masonry entrance arches

Externally bonded CFRP is used for strengthening of all the brick masonry arches
(see Figure 14).

Fig 14. Strengthening of the brick masonry arches by externally bonded CFRP

All calculation are with accordance with Eurocode 8 part 3 and (NRC Guide, 2004).
The intrados concept is selected for CFRP strengthening of the arches.
4.4. Strengthening of the main dome with CFRP
Externally bonded CFRP is also used for strengthening of the main dome (see Figure
15). The concept which has been applied to the Mustafa Pasha Mosque in Skopje is
partially applied in the case of Bane Bashi Mosque in Sofia. The CFRP wrap is
applied on the bottom part of the main dome. The effectiveness of this technique is
experimentally proved in the past by the shaking table tests (see Krstevska 2009).
However the verification calculations required some additional wraps on the higher part of
the dome as well as some CFRP wraps in meridian direction to be applied (see Figure 15).

.
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Fig 15. Strengthening of the man dome by CFRP
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4.5. Strengthening of the masonry walls by CFRP rods

CFRP rods with diameter 20 mm are placed in the previously cleaned joints between
bricks on outside surface of the walls. Then the bars are glued into the joints by epoxy
mortar connected also to the vertical joints. Finally all the joints are filled with lime
mortar in order to recover the facade (see Figure 16). This technique is applied on several
levels forming closed contours (see Figure 16). The effectiveness of this strengthening
system is proved by some shaking table tests which have been performed during the study
of Mustafa Pasha Mosque in Skopje (see Mazzolani 2009 and Krstevska 2009).

11 Stonz blocks from masonry
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Fig 16. Detail for strengthening the masonry walls by CFRP rods

5. Verification of the strengthening strategy

The strengthening strategy is numerically studied by application of the software

SAP2000. The linear of FEM analysis is performed for vertical loading and seismic
excitation.

The above mentioned types of analysis were applied to both models: before
application of the strengthening and after its application. The layered finite element shell
elements of SAP2000 were used for modeling of the masonry which was strengthened
by CFRP. Some general analysis results are presented in Figures 17 and 18.

Fig. 17. Spatial model in SAP2000 with strengthening elements

— 2
-

Fig. 18. Circumferential and meridian tension stresses in the brick layer (Seismic
combination)
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6. Conclusions
Based on the practical study presented herein the following main conclusion
could be drawn:
- The damages of the Bane Bashi Mosque
main dome are caused by recent earthquakes and the damages of entrance
arches are caused mainly by uneven settlement of the
different parts of the mosque;
- The fact that such a minor earthquake as this of May 2012 in

Sofia caused such considerable enlargement of the dome cracks as well as
the appearance of new cracks requires seismic strengthening of the
mosque.

- The strengthening strategy was developed and executed on the basis
of performed

- The numerical verification of the solution by means of FEM analysis
represented considerable improvement of structural response of the building
compared with the one before strengthening even in undamaged conditions;

- All studies supported the idea that the strengthening of historical
buildings by CFRP is an  effective  technique = which improves
considerably the seismic behavior of building.
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HISTORIC RC STRUCTURES STRENGTHENED BY TIES UNDER
REMOVAL OF MEMBERS DUE TO ENVIRONMENTAL EFFECTS
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Abstract: Historic structures include existing old industrial reinforced concrete (RC)
buildings, which are subjected sometimes to obligatory removal of some structural
element-members, e.g. columns. This happens due to various reasons, which can
concern changes of serviceability and requirements, or environmental effects which
cause strength degradation etc. In such cases, a modification of the structural
response and a redistribution of internal actions can result to a requirement for
strengthening the remaining structure after the removal of the degraded elements in
order to avoid progressive collapse. The present study deals with such a case, which
concerns the computational analysis of framed RC structures under the removal of
some columns and the so-induced requirement of a strengthening by ties (tension
only elements). The unilateral behaviour of these cable-ties, which can undertake
only tension, is strictly considered, and the response of the remaining historic
structure strengthened by ties is computed. Finally, in a practical case of a framed
RC structure, the effectiveness of the proposed methodology is shown.

Key words: Historic industrial RC structures, removal of columns, strengthening by
ties

1. Introduction

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

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

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

2. Method of analysis

A reinforced concrete (RC) framed structure containing cable-like members is
considered. For the general analysis of such a structure, see details as described in [1,56].
Generally, a double discretization is applied: in space by finite elements and in time by a
direct time-integration method. The RC structure is discretized to frame elements with
generally non-linear behavior. For the cables, pin-jointed bar elements with unilateral
behavior are used. The rigorous mathematical investigation of the problem can be obtained
by using the variational or hemivariational inequality concept, see Panagiotopoulos [9]. So,
the behavior of the cables and the generally non-linear behavior of RC elements, including
loosening, elastoplastic or/and elastoplastic-softening-fracturing and unloading - reloading
effects, can be expressed mathematically by the subdifferential relation:

s, (dy) € ési(di) (1)

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

A

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

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

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

Here ei, Foi, si, eio and vi denote the strain (elongation), “natural” flexibility constant,
stress (tension), initial strain and slackness, respectively. Relations (2b) consist the Linear
Complementarity Conditions (LCC) and express that either a non-negative stress (tension)
or a non- negative slackness exists on cables at every time-moment. The above
considerations lead to formulate the problem and to solve it at every time-moment as a
Linear Complementarity Problem (LCP). The numerical treatment of this LCP is obtained
by using optimization methods [1, 6-10].
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In an alternative approach, the incremental dynamic equilibrium for the assembled
structural system with cables is expressed in matrix form by the equation:

M 0 = Ap0) + T.As() (3)

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

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

3. Numerical example

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

220kN

T

3845 T
3040 30040 30030 30430 04 dom
32ENm
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1 1
1 1
35/35 I |
& kN/m 3585 | | A 4
1 1
1 1
1 1 {
T T e T R

|4— 4.6 m —Dld— 34 m —Pld— 49m —)|1— 3.0m —Pl
Fig. 1. The initial RC frame FO.

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

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

the beams, where I is the gross inertia moment of their cross-section.

Nonlinearity at the two ends of the RC frame structural elements is idealized by
using one-component plastic hinge models, following the Takeda hysteresis rule [11].
Concerning the constitutive diagram of plastic hinges, a typical normalized moment-

normalized rotation backbone [14] is shown in Fig. 3.
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Fig. 2. The RC frame F1 (or F2) strengthened by 10 cables.
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Fig. 3. Constitutive backbone diagramme for normalized moment - normalized rotation in

The strengthening cable members have a cross-sectional area F; = 8 cm? and are of
steel class S1400/1600 with elasticity modulus Es = 210 GPa. The cable constitutive law
concerning the unilateral (slackness), hysteretic, fracturing, unloading-reloading etc.

normalized rotation, @ / @ Y9

plastic hinges [14].

hysteretic behavior, has the diagram depicted in Fig. 4.
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Fig. 4. Constitutive law of the cable-elements.

The application of the proposed numerical procedure by using a pseudo Dynamic
Relaxation approach [12] gives the following results for the cable-elements:

a. The values of the slackness of the no activated cable-elements are:

vi =0.848%10° m, v3=10.321*10% m, vs=1.082*10" m,

v8 =9.564*107 m, vio = 1.652*10 m.

b. The elements of the stress vector s, where: s = [S1, S, ..., S10]", are computed to
have the following stress-values (in kN) for the non-active cables:

S1=S3=85=Sg=S10=0.0,

whereas for the active cables, the tension-values are:

So= 10.17 kN, S4= 346.04 kN, S¢= 18.84 kN,

S7= 342.08 kN, So= 25.81 kN.

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

Obviously, by parametric investigation of the characteristics of the cable-element
(sectional area, elasticity modulus etc.), a parametric upgrading investigation of the
strengthened structure can be obtained. Such a parametric investigation is shown
indicatively in the Table 1. This investigation concerns the response of the initial frame-
structure FO without cables (F: = 0 cm?) and when it is strengthened by cable members
having a cross-sectional area either F; = 5 cm? (frame F1) or F; = 10 cm? (frame F2). By
Uyi1g0 and Uy2oo are denoted the node vertical displacements under the single concentrated
loads of 180 kN and 220 kN, respectively, (see Fig.1). M; and M> are the maximum
bending moments of the first and the second floor-beams, respectively, between the deleted
columns.

4. Conclusion

A computational approach has been presented, which can be effectively used for the
numerical investigation concerning the inelastic behaviour of historic existing RC framed-
structures subjected to removal of some degraded structural elements and strengthened by
cable elements. By parametric investigation of the characteristics of the cable-elements
(sectional area, elasticity modulus etc.), the required upgrading of the remaining structure
can be obtained.
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Table 1. Comparison of response representative values of the initial frame FO and the
strengthened frames F1 and F2.

[1]

[2]

[3]

[4]

[3]

[6]

[7]

[8]

[9]

Frame Cables Sa Sy Uyiso | Uy220 M; Mz
Cross- [kN] [kN] [cm] | [cm] | [kKNm] | [kNm]
section

Q) 2) A3) “4) (%) (0) @) 8)
FO F,=0cm’ | 0.00 0.00 | -2.46 | -2.59 | 307.91 | 402.64
F1 F,=5cm’ | 272.11 | 268.65 | -1.67 | -1.70 | 218.22 | 290.98
F2 F,=10cm’ | 401.30 | 412.89 | -1.26 | -1.27 | 174.59 | 236.37
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KOHCTPYKTUBHU KOHIEIIINH ITPU PEKOHCTPYKIIUSA HA
KYJTYPHOTO HACJIEACTBO

1 2
Mupociaas Togopos ', AHTOH MaseeB

Koncmpyxmueno npoexmupane EOO/], Cogus, bvaeapusa, BHK na UKOMOC

Pe3zrome: Onazsanemo Ha KyIimypHOMO HACIe0CMB0 e 0euKamHa o01acm Ha u3saed
Ha cmpoumennus undxcenep. Tpemupanemo na cyocmaHyusma u3ucK8a KOMNJIEKCHU
NO3HAHUS KAKMO HA cmapume, maka U HAd Cb8PeMeHHUme Cmpoumenu mexHuxKu u
owe no-3a0va004eny U3C1e08anUsl HaA ecmecmeeHume U aHmpono2eHHU Mamepuau.
Cvuemasanemo Ha enemenmume HA NO3HAHUE, KAKMO € NOKA3ALd NPAKMUKAMA 8
usMuHaiume Xxunsiooiemusi (He Oueéa 0a Ccu MUCIUM, Ye C masu OeuHoCm
40B8eUeCmeoOmo ce 3aHUMABa om 84epa), e OCMasulla Ha ceema O1ecmauu npumMepu.
Ipasunnusm nooxoo0 Kvm cyocmaHyuama Ha NAMemuuxa e npeonocmaska 3da
nocmuzane Ha OCHOBHAmMa yei — He2080mo cvxparenue. C mosa Hue ysekogeuasame
asmopume Ha MEOPeHUemo, ¢ pazdupanemo Hu 3a CbUHOCMMmMa - 0eMOHCMpupame
€60AMa CHNPULACMHOCH KbM HACIeOCMBEHOCMMA U Ype3 Hesl C HenpexoOHOCmmA.
Jematinnume npoyusanus u u3yuaeanemo Ha XapaKxmepucmukume Ha namemHuyume
8 cepusl UHIICeHePHU 00IACmU HU HACOYUXA KbM U300p U NOOX00 3 mpemupane Ha
nonypaspyuwienama xoucmpykyus ua — xpam ,,Ce. Toodop” 6 c. boboweso.
Ilamemnuxkem e Oamupan om B. Mukos xvm 13 - 14 6. Ilpoyusanemo Ha
U3NON36AHUME MAMEPUATU HU HACOYU KbM MbPCEeHe HA peuleHue ¢ Heobxooumama
ovneompatinocm. IIpoexkmuomo pewenue e pazeumo 6 o0ea emana. Ilvpsusm -
uzepaxcoame Ha CmMaOUIU3Upawa  BpeMeHHa  cucmema 34 3anaseame U
obe3zonacsasane, a 6MOpPUsAM - O0U3LPANCOAHE C MEeXHUKA, 6U3YAIHO OIU3KaA 00
OpucUHANA, HO ¢ OONBIHUMENHU MAmepuanu 8 ckpuma gopma 3a obesneuasane Ha
ObI2OMPANHOCM  HA  3U0AHamMa KOHCmpyKkmueHa cucmema. Ilpu npoexmuume
peuwtenus om 2016 2. e npednodlceHO CUUKU HOBOU3LPANCOAHU 3UOApuu 0a ce
apMupam ¢ 2eoMpedxcu, Koumo 3d pasziukd om Cmomanume npeonazam no-eucokd
oykmunnocm. To3u KoHyenmyanen nooxoo cnoped agmopume Ou peuius npoodiema
HA 83aUMOOelicmeuemo npu cvyemasane HA 3UOAPUAMA OM OpuUSUHAId C
Ho8oU32padeHama upes no-oau3Kkama um niacmuyra paboma.

Knrwuoeu oymu: KynmypHo nacieocmeo, npoyyeaHus U KOHCMPYKMUGHO yKpeneaue

1. BLBeaenue

[IpoekTupaneTo Ha MEpPKM 3a PEKOHCTPYKIUS Ha KYJITOBU Crpail U TEXHUTE
€JIEMEHTH € 0COOEHO MPEAM3BUKATEICTBO MPE CTPOUTEIHUS MHKEHEP M HE3aBHCHUMO OT
Mamnraba Ha 00€KTa, MOAXOABT KbM MaTEpHsiTa BHUHArM IOCTaBsS HM3UCKBAHETO 3a
CTPYKTYpHO ChYETaBaHE HAa HAJIMYHATA MaTepuajHa CYOCTaHIUMS C HOBHUTE EJICMEHTH.

! Mupocnas Tomopos, a-p umx., bearapus, Cous, yi. Mumkyp Ne49, oduc 2, miro_todorof@yahoo.com
> AuToH Marees, umx., bearapus, Codus, yin. Kozsk Ne9, anton88@dir.bg
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CpBMecTHaTa paboTa Ha CTAPUTE U HOBUTE €JIEMEHTHU B IBJIIOOKUAT CH 3aMHUCHII CIIE/Ba /1a
o0e3rneun JIBeTe HAlpaBlIEHUs — ISUIOCTHA €CTETHKAa Ha MaMeTHMKa M B KOHTEKCTa Ha
Ola3BaHE Ha MAaTEepPHATHOTO HACJIEJCTBAa CJeaBa Ja TrapaHTHpa IbIATOTpaiiHaTa My
CTPYKTYpPHA ILISUTIOCT Ype3 MOJIXOAIL T0A00p Ha CTPOUTENHN TEXHUKU U Martepuainu. Te3u
OCHOBHHM HAIPaBJICHUS W3WCKBAT MPOYYBAHE C M3MOJI3BAaHE HA PA3NIUYHU TEXHUKH, KOUTO
uMaT 3a 3aja4a Aa HaOaBAT JocTaTbyeH o0eM OT MHGpOpMalus M TEXHUYECKU JIaHHHM, C
KOUTO Jia Cce MPOBEJEC KAayeCTBEH M KOJHMYECTBEH aHalU3 C HAJASKJHA IMPOrHo3a 3a
OBIEIOTO IOBEIEHUE Ha CTpyKTypaTa. B oOema Ha wu3cieiBaHMATa ce BKIIIOYBAT
u3MepBaHUsA 3a JepUHHpAHE HA TEOMETPUYHUTE OCOOCHOCTH, BKIIIOUYUTETHO 3a
olpelieNIsiHE HAa BUJAA, KauecTBaTa M CHhCTOSIHMETO Ha BIIOXKEHUTE MaTepUald, KakTO U
MOJIOKEHHWE, BHJI M IO BB3MOXKHOCT - pa3BuTHE Ha moBpenute. CpbueTaBaHETO Ha
MOJy4YeHUTE JAHHU B €1HAa HHTEPaKTHUBHA MOJIEIHA KOHGUTYypalysl ch3/laBa NPEANOCTaBKH
3a HaJEKACH MPOrHO3eH aHaiuu3. Te3u MOAETHN aHaIM3H CJIe/iBa J]a ce BepUUIMpAT upes3
JAHHU OT PETMCTPUPAHOTO /10 MOMEHTA ChCTOSIHUE U MTOBEJICHHE HA KOHCTPYKIMATA.

2. KOHCTPYKTHMBHH 0CO0€HOCTH

Xpamsbtr ,,CB. Tomop” B rp. bobomeBo ce Hamupa Ha 2 KM CEBEpPHO OT Ipaj
BobGomieBo, BbpXy BBb3BHILIEHHWE Ha JAecHus Opsr Ha peka CTpyma, B MECTHOCTTA
"Cemume®. Jatupan e ot B. MuxoB kbM 13 - 14 B., ot H. MaBpoaunoB — 12 B., a ot /.
[TanaiioToBa - KbM IbpBaTa 4eTBHPT Ha 11 B. U € 00SBEH 32 APXUTEKTYPHO-XY105KECTBEH
[IaMETHUK Ha KyJlTypara (HeABM)KMMa KyJATypHa IIeHHOCT), oT HarmonanHo 3HaueHue (1.B.
Oop. 38/1972 r.). B uHTEepuopa ca 3ama3eHd JBa IUlacTa CTEHONUCH. [IbpBUAT cioi e
JaTupad KbM 12 B., a pa3nuyHU HM3CJIEAOBATENM OTHACSIT BTOPHUS IUJIACT KBbM ITbpBaTa
nojoBrUHa Ha 14 Bek uiu nipe3 17 Bek.
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®urypa 1. [InanoBa cxema Ha xpama

[IpencraBisiBa KpbCTOKYIOJEH XpaM C HU3/aBallld ce CBOOOJHO paMeHE Ha KPbCTa.
Crnopen dopmara u cTpouTenHaTa TEXHUKA, XpaMbT C€ MPUYMCISIBA KbM BHU3aHTHICKATa
apxXuUTEKTypa ciieql 9 BeK, KOATO € XapaKTepHa C XYA0KECTBEHOTO CH OOrarctBo M
IUIACTHYHA W3PA3UTEIIHOCT, ChUETAHUM B E€AUHHO ISUIOCTHO ApPXUTEKTOHUYHO PEIICHHE.
EneMeHTBT KyIoJl C NEHJACHTUMBU € XapaKTEepeH U 3a Ta3u CTPYKTypa, KaTO B OCHOBHATA
4acT € 3ama3uil 1es1ocTTa cu. CTpaHUYHUTE KYIIOJIU 33 ChKAJICHH Ca JeTrpajupai.
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Pasmepute Ha Xxpama ca - apmkuHa 7,40 m v mmpuHa 6,30 m. CpegHusr Kymnou e
paspyllieH, CThIIBAI € BbPXY LWIMHAPUYEH OapabaH, ¢ 4€THPHU MPO30pena Mo MOCOKa Ha
paMeHeTe Ha KJIacMyecKkaTa BH3aHTHICKa KpbCTaTa IIJJaHOBA cXeMma. 3ujaHara
KOHCTPYKLIMsl HE clieiBa TOYHO oOM4YaliHaTa TEeXHUKAa Ha BHU3AHTHUICKaTa CTPYKTypa C
peryJsipHO M3MOJI3BaHE HA XOPOCaH, TYXJIH, KaMbK. I paiexkbT 10 OCHOBAaTa Ha KYIMOJIUTE €
M3IUI0 OT KaMbK C XOpPOCAHOB ITbJHEXK. M3monm3Banu ca emposiomMmeHu OjokoBe (0e3
00paboTKa) OT pa3IUYHU CKAJIM — BapOBUK, FHaiic, IpaHUTH U aHae3uTu. O6paboTkaTa Ha
KaMbKa Ipefonpeiesis 1 mupokaTa (yra Ha 3uapus B MacoBaTa 9acT. EXnHCTBEHO 0KO0IIO
OTBOPHUTE U HAKOHU (hparMEHTapHU YaCTU ca M3MOJI3BAaHU KepaMU4HU Tyxiu. He e uzsiBeHa
nopenuuaTa B CTPyKTypaTa Ha 3MJapusATa, XapaKTepHa 3a KJIACUYECKOTO BH3aHTUHCKO
dbacagHo oopmieHue.

B cTpykTypHO OTHOLIEHME IPafeKbT MPEICTABIIABA U3KIIOYUTEIHO 100pe noadpaHa
cucremMa oT obemu. JleGennHaTa Ha 3UI0BETE, B KOMOMHAIUS C JIbIM, LMIUHIPUYHU
CBOZIOBE M C(HEpUYHU KYIOJIM, WHTETPUPAHH dYpe3 KOHWYHU TPUBI'BIHU EIEMEHTH
IPEONpEeNAT NPEeJUMHO BEPTUKAJIHMS XOJ Ha cuiauTe B cucremara. CTpykTypHaTa
KpbCTaTa cXeMa ¢ KbCH KpuJja (B TO3U CiIy4ail) € Hal-BaKHATa XapaKTepHa OCOOEHOCT Ha
TO3M TUI KOHCTPYKIMH, OOyciaBsiia M cinabara # 4YyBCTBUTEIHOCT KbM JIBUXKEHHUS C
IBITOTPAacH M KpPaTKOTpaeH XapakTep. Jpyra xapakTepHa uepra - MacHBHaTa 3HJaHa
CTPYKTYpa BbB BHCOYMHATa HAa OCHOBHOTO HHBO € IPEINOCTaBKa 33 HHUCKM HUBA Ha
HAIMPETHATOTO U Ie(POPMUPAHO CHCTOSHHUE.

B kymona TyxJEeHUAT rpaZie’X € M3MbJIHEH C TeXHUKaTa ,,CKpUTa“ Wi ,,I0ThHaJIA®

TyXJa, KaTo TYXJICHUTE PEJOBE Ca MOKPUTU OT Ma3HJIKA IIPe3 pel.

®durypa 2. 3ugapus

CrnenBaiiku 0COOCHOCTHTE HAa KOHCTPYKIUATA M HeiHaTta (Quiocodusi, MPOSKTHOTO
pellieHrne € pa3BUTO B ONUT Ja Ce MpOociensaT BaXKHUTE MOMEHTH B paboraTa Ha
KOHCTPYKTHMBHATa CHUCTEMa, Ype3 IpOyYBaHE Ha MAaTepUAJIHUS €JIEMEHT Ha ITaMETHUKA CB.
Tomop B c. bobGomeBo. EnemeHTHTE Ha KOHCTPYKTMBHOTO H3CJEBaHE Ca Pa3BUTH B
M3I0JI3BaHE Ha aHAJTUTUYHU TEXHUKHU 3a IPOTHO3HO OMMCAHUE.

3. [IpoyuBanusi 1 MepKHU 3a HaMeca
[TpenBua TEXHHYECKOTO CHCTOSIHHE, BUTHO M Ha ()OTOMATEpHUAIHTE, KOHCTPYKIIUATA
€ C mectabuinu3upaHa CTPyKTypa oT IbJro Bpeme. C pa3BUTHETO B 3uAapUsiTa HA BPEIHUTE

MPOIECH, IPUIHUHSABAHHU OT KIMMAaTHYHUTE (DaKTOPH M €pO3UATA HA MAaTEpHAITUTE, CrpasaTa
ce OmpeseNis KaTo TakaBa ChC 3acTpallieHa o0IIa yCTOMUMBOCT. Pa3BUTHTE MPEKbCHATOCTH
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B 3ugapusTa, 0COOCHO CHITHO H3PAa3€HU B KOHXAJTHUTC y4aCTbIH, Ca JOBCIIU A0 LUAJIOCTHATA
Acrpajaiysd Ha KOHCTPYKIUATA B TPUTEC KpUJla HAa KPBCTA.

®urypa 3. O61 usrien

KoHcTpykTHBHUTE 0COOEHOCTH Ha IAMETHUKA, HETOBUAT Malad M MOMEHTHOTO
CBCTOSHME HU HAcouuxa KbM IPEINpPUEMaHE Ha IPOEKTHU JEHUCTBHSA, PBKOBOACHU OT
IIPUHIMIIA HA MHTErpajiHaTa KoOHcepBauus. B jerailiHOCT € Bb3Opuera KOHLENUUs ¢
M3MI0JI3BAaHE Ha in situ IpuMepa 3a CTPYKTYPHO M €CTETHYECKO IOU3IpaXIaHe, Karo B
3UapUsITa Ca UMILIAHTUPAHH AUCKPETHO HOBH €JIEMEHTH, KOUTO MOJ00pSIBaT MHTETPUTETA .

®urypa 4. [lerpaganus Ha 3uiapuATa

BbBexaHeTo Ha AYKTUIHM €JIEMEHTH, KaTO 4acT OT Bb3CTAHOBKATa Ha 3MJOBETE B
opurvHajeH oOpaser, I1e nogo0py ruiacTuuHara paboTa Ha [suIaTa KOHCTPYKTHUBHA CHCTEMA.
KoHcTpyKkTHBHAaTa Hameca B Ipajie’ka OCHOBHO C€ ONpEZess OT PEIICHUATa 32 MUHMMAJIHU
HAMECH B TIpolieca Ha KOHCEPBAIMs U pecTaBpanysi. KOHCTpYKTUBHHUTE MEPKH CE Pa3BHUBAT C
M3II0JI3BaHE HA OPUIMHAIHATA IPafe)kHa TEXHUKA U MaTepHaId C MaJIKH peBU3uH. Bpb3kara
Ha CBHIIECTBYBAIMUTE OCHOBHU (3ala3BaHU B PEIICHUETO) C HOBOTO JOTPAXKIAHE HA 3U/IOBETE
[0JI3Ba aHKEpHpaHe C JUCKPETHO pAa3MOoJIOKEHU eJeMEHTU. MarepuanuTe, KOUTO ce
M3MOJI3BAT 32 3aKOTBSHE Ha AaHKEPUTE ca MOJMMEPHO MOMU(HIMPAHW CBCTAaBH Ha
XU/IpaBIMyHa Bap. M3rpakaaHeTo Ha HOBHUS 3HJ CE€ W3BHpPIIBA C HAIMYHM KaMEHHU M
KEepaMUYHU MaTepHUalld C pasloyiaraHe Ha apMHUpPOBKa (TeoMperka) 3a MPeAoTBpaTsBaHE Ha
pasLenBaHETO Ha 3U7Aa, KOETO € OCHOBHATa IpHYMHA 3a JECTPYKTHBHHUTE IIPOLIECH,
HaOJII01aBaHN B MOMEHTA. V31om3Ba ce 3uIapcku pa3TBOp Ha OCHOBATA HA XHPABIMYHA Bap.
Jlom3rpaxaaHeTo Ha KpbCTOPA3IOIOKEHUTE CBOJOBE M3LSUIO CE JIOBBPIIBA C MICHTHYHU

298



MEXIAYHAPOJIHA HAYYHA KOH®EPEHIIUA BAHW 2019
INTERNATIONAL SCIENTIFIC CONFERENCE BASA'2019

KepaMUYHU MaTepuaiy, KaTo Bh3ela MEXIy HaJM4YHHUS CBOJ U HOBHS CE€ HMHTETpupa C
BJIaraHETO Ha aHKepHpaHus. V3rpaxmaHeTo ce W3BBPIIBA C OCHOBHHS 3HUIAPCKU Pa3TBOP,
KOMTO ce ompeaens OT TEXHOJIOTUYHUTE peIICHHSTa 3a KOHCEpBAllMs W pecTaBparlvs.
JowusrpaxxaaneTo Ha OCHOBHHUA (CpelIeH KyToj), KOMTO B T€OMETpUsi € CErMEHT OT cdepa,
CTBIIBa Ha JIOTpajieHa N0 OpUTHHAJIEH oOpasell Jyact oT OapabaHa. TexHukaTa Ha U3rpakaaHe
Ha OapabaHa W3IUIO ce 3ama3Ba (BAIHOHAT M3Ma3aH TYXJIEH PEI W M3ITbKHAI BHIIMM), KaTo
HOBOTO M3TpaKIaHE C€ H3MBJIHSABA OT apMHpaHa TyxJeHa 3ugapus. [lo To3u HaumH ce
OCHTYpsiBa pa3riopa Ha KyJjiaTa 4pe3 XOPH30HTATHHUTE e(hOpMaIIiu.

W3nbaHeHHeTo Ha TYXJICHUTE 3UAapHH 110 apKH U KYTIOJIH CE U3BBPIIBA C KEPAMUIHHI
Tena ¢ pasmepu 34.5/34.5/4.5 cm, KOUTO ce 3aCThIIBAT C MPEBPH3KA OT IMOJIOBHHATA Pa3Mep
Ha 3UJAPUHHOTO TSUIIO.

4. M3cieaqBaHe HA POEKTHATA CUTYalUs

[IpoexTHaTa KOHIENIMS € pa3BUTA Ype3 MPEAJIOKCHUTE MEPKH B OONMS KOHTEKCT Ha
Bb3CTAHOBUTEIHUTE pPabOTH Ha Xpama. Te3n MepKM LensIT 3ala3BaHe Ha HalUyHATa
CyOCTaHIA 1 TOJ0OPSBaHE HA €CTETUYECKUTE U EKCIIOATAMOHHY TI0KAa3aTeNy Ha Crpajara.

B pamkuTe Ha MPOEKTHOTO pelIeHHe ca pa3paboTeHH U3UMCIUTETHNA aHAIU3H 32 OLICHKA
Ha KOHCTPYKTHBHATa LSUIOCT HA CTPOUTEIHHWTE KOHCTPYKIMH. Tasw OLEHKa ce pa3BHBa C
OrpaHMYEHUATA HA M3IOJ3BAHUTE MAaTEpUal M HMa I0-CKOPO KauyeCTBEH, OTKOJIKOTO
KOJIMYECTBEH XapaKTep, HE3aBUCUMO OT MOTy4aBAaHETO HA KOHKPETHH YHCIIOBH CTOHHOCTH. B
TO3U 00XBaT € pa3pabOTeH LSUIOCTEH €IaCTUYEeH TPUMEPEH M3UMCIIUTENEH MOJENT B Cpea Ha
SAP. Karo pe3yarar OT W3CIEIBAHETO HAa TO3M MOJENT € TIIOJy4eHa KapTHHATa Ha
pasIpeieieHUeTO Ha HANpEeXKEHUsITa, KaKTO 3a TEKYIIOTO CBhCTOSIHHE, Taka U CJe[
peanm3upaHe Ha NPEIJIOKEHUTE IPOEKTHH MEpKd. B nombiHeHuWe 3a wn3cienBaHe Ha
JMCKPETHOTO Je(hOpMallMOHHO TIOBeIeHUE € reHepupan paBHuHEH Jointed rock model B cpena
Ha Plaxis [2]. Upe3 To3u MOjen ca W3CIe[BaHHM BIMSHUITA HA apMUpPAHHATA HA 3HUIAPHSITA
BbpXY MOBEICHUETO HA PABHUHHUTE CTEHW M TO3U Pe3yiTaT € M3IOJ3BaH 3a Je(UuHHULUS Ha
TpUMepHUS Mopen. MTepannoHHOTO B3aUMOJCHCTBHE M paboOTaTa HA [JBETE MOJIECIHU
IIOCTAHOBKH CITY’AaT 32 BepH(PUKaLKS ¢ IPE3yMITLMATA 32 HauaJlHaTa CTPYKTYpHA LISJIOCT.

C pesynTaTtuTe OT cepusiTa aHAJIU3HU Ca IPOBEPEHH OCHOBHHU €JIEMEHTH Ha CHCTEMaTa
3a KpallHU W Haii-Beue eKCIUIOATALlMOHHU T'PAaHUYHU CBHCTOSHUS, KOMTO IOKa3aTelau ca
Oerer 3a pa3BUBAIIUTE CE pAOOTHN MEXaHU3MHU.

1

®urypa S. 3D anHajnuTHYEH MOJeJT
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To3u moaxoa HU a7l BH3MOXKHOCT J1a TOCTUTHEM CIICTHUTE PE3yJITaTh:
e Jla moBTOpMM MeXaHHM3Ma Ha Jerpajanus Ha KOHCTPYKLHATA U Ype3 Hero 1a
Bepuduimpame padorara Ha mojena [1];
e Jla ouepTaeM NMPUUYMHUTE 32 PA3BUTHE HA IECTPYKTUBHUTE MPOIIECH;
e Upe3 mbpBUTE JIBE CTHIIKU Ja OMPECTUM BIUSHUETO Ha HOBUTE CTPYKTYPHHU
pelieHus Ype3 apMUpaHe Ha 3UIapUATA.
Te3u eranmu OT aHanM3a CH3AABAT NPEANOCTABKH 3a ONPEACISHETO Ha HAACKIHU
TEXHUYECKU MEPKHU 33 PEKOHCTPYKIMSA U CIIOPE] aBTOPUTE Ca 3aJIOr 3a ChXpaHEHHE Ha
CTPYKTypHaTa LSUTOCT HAa TAaMETHHKA.

5. 3akarouenue

Kato 115710 MOMEHTHOTO TEXHMUYECKO CHCTOSHHE Ha KOHCTPYKIMSATA CE€ OMpenems
KaTo HeycToiunBo. CHIIHO pa3BUTH MPOLECH HA €pO3Usl B HAJMYHUTE 3UA0BE, BOACIIU J10
CETaNTHOTO CHCTOSIHME W TPEINOCTABSIIN OBICHIA JSCTPYKTHBHU TPOIECH. 3UIAPCKUTE
pa3TBOpH, KOWTO Ca HAJWYHH, BEPOSATHO Ca H3ILIO KapOOHHM3WPAIM M CJIEIOBATEIIHO
Kpexku. Ta3um 0COOCHOCT MpaBy HAJIMYHATA CyOCTaHIUS YYBCTBUTEIHA KbM Pa3BUBAIINATE
ce€ BbB BpeMeTO JieopMaIiiu.

[Ipemyiaranure B TOBa MPOEKTHO PEIICHHE MEPKH IEIAT ChXpPAaHEHUE Ha KyJITypHaTa
[IEHHOCT, MOJ0OpsSBaHE Ha EKCIUIOATAlMOHHUTE T[IOKa3aTelld Ha KOHCTPYKUUATA U
IOBITOTPAMHOCTTAa HA eleMeHTHTe. KOHCTPYKTMBHHTE MEPKHM Ca pPa3BUTH TIpHU
chOJII0/TaBaHE Ha CJICTHUTE BaKHU MOMEHTH [3]:

1. IlpemaxBaHe Ha HECHCTOSITCIIHM HAMECH MPHU MPOBEKIAHE HA JOCETAITHUTE
MEPKH 3a OIla3BaHE Ha Xpama.

2. 3ana3BaHe Ha BCUYKHU €JIEMEHTH, OTTOBAPSIIN HA KPUTEPUUTE 32 aBTEHTUYHOCT
(opurmHanmHM  oOpasum), omnpeneleHd oT BeHemumanckara Xaprta, OT
HallMOHAJTHOTO 3aKOHOJATEJICTBO, NPEABUACHHM B pa3pabOTKUTE B YaCTU
apXUTEKTypa U TEXHOJOTHUSl Ha KOHCEPBAIUATA U PECTaBPALIUATA.

3. 3a3gpaBsiBaHE€ uYpe3 HOBOMBTPAXKIAHUTE 3MJIAaHU €JIEMEHTHU MpPU BJIaraHe Ha
JUCTIEPCHO MO3UIIMOHUPAHU TEOMPEXKH C eI IMoJ00psiBaHe Ha paboTara.

Bb3 ocHOBa Ha HampaBeHUs aHAJIU3 MOXE Ja CE HAIPaBH 3aKJIIOYCHHUETO, Y€ BHIIPEKU
CTPYKTypHaTa CH HEOCUTYPEHOCT KaTo IIsI0, crpajaTa Ile pa3BHUe pa3pyLIeHHs C
OTpaHUYCHO PA3MPOCTPAHCHHE.
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ACCIDENT WITH TIMBER COLONNADE OF THE 200 YEARS OLD
CHURCH AND METHODS FOR THE STRENGTHENING

Petar Grekov 1, Anton Gorolomov * , Doncho Partov 3, Bohumil Straka * ,
and Radoslav Nikolov ®

University of Structural Engineering and Architecture, VSU “L. Karavelov”, Sofia,
University of Technology in Brno, Czech Republic,

Abstract: The article describes an accident in colonnade of the 200 years old
church, “Sv. Uspenie Bogorodichno” in Kyustendil. The article has investigated
several interesting approaches to amplify damaged wooden columns in historical
structures in China, Azarbaijan, Iran, Spain and USA. The decision was made to
temporarily reinforce the whole structure of the church during its renovation and the
method of strengthening the damaged wooden columns in the church was propose.

Key words: wooden structures, damaged wooden columns, mechanical joints

1. Introduction —

About the history of the erection of the church building we can say that the
church was built in 1816, and is made of stone walls and a wooden roof structure. It
is built according to the traditions of the Revival Age in Bulgaria and consists of
walls with stone masonry, wooden floor constructions for emporium, wooden beams
and columns. The outside walls are made of brick stone with a thickness of 60-70
cm. On both sides and outside, these walls are plastered with mortar. The building of
the church is on one floor with height to the emporite-3.30m, height to the roof of the
church with H-2.40m, with double sided roof, made with wooden constructions and
roofing: boarding, waterproofing and tiles and three drum wooden dome (Fig.1a, b).
The entire roof structure of the temple is wooden. Inside the church are two rows of
wooden columns (6 in the main space-naos). On the columns, at the level of the floor
beam designed for the emporium are located longitudinal beams embodying,
respectively, the weight of the amporium and the weights of the respective parts of
the roof structure. The building of the church is executed from the outside with
powerful stone walls, the upper end of which reaches the level: 3,30m. In the interior
of the church there are 12 main wooden columns in the longitudinal and transverse
direction, which reach the level of the floor structure on the first floor of the church
(the emporium).
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Fig.1a, b. Facade "South" and a general view on the southern fagade of the building of the church

According to the plan, the church is a dyed single-pseudo-three-nave pseudo-basilica
with a wooden roof structure and geometric plan dimensions: 23,60m x 14,40m (Fig.2.a.b).
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2a) F— : T ——— 2b)
Fig. 2a, b. Crossed architectural section of the church and look at the naos of the church

In the longitudinal direction, the columns are axially spaced through: 3,70 +2,40
+290 +2,70 +2,60 + 3,03m. In the transverse direction, the columns located on the axes
of the building B and B are at a distance of one another axially through 6,230m. From
the longitudinal stone walls these columns are symmetrically located at 3,510 m
distances. Thus the total transverse light of the church is 15,280m. In the longitudinal
direction, the first row of columns is located from the stone wall, which is after the
narthex at a distance of 1,800m. The last row of columns is located from the stone wall
of the altar at a distance of 2,400-2,600m. Thus, the total length of the light church of
the two stone walls is 24,600m(Fig.2b). The wooden pillars of the church are dressed in
a special casing, covered on top with a lime - cement plaster. The columns are
supported at the bottom, on stone steps whose depth of foundation at this stage of
project development has not been established (Fig. 4a, b, c). At the upper end, the
columns in the longitudinal direction are connected with decorated curvilinear parts,
over which a longitudinal belt extending continuously along the whole length of the
church is developed (Figures 3a, b, c).
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3b) “ 4c)

Fig. 3a, b, ¢. View on the inside of the church and in particular on the lower and
upper end of the wooden columns

At the top, the columns before being connected to the vaults are decorated with special
ornaments, which are in good condition (fig.3¢c). The coating of a part of the wooden columns
taking the loads from the roof structure on 15.06.2015 is severely cracked during the night,
which indicates a degraded load bearing capacity which imposes their emergency
reinforcement with a metallic scaffold mounted between the columns (Fig. a, b). On the day of
16 June 2015, a partial temporary reinforcement of the church's support structure was carried
out, covering certain areas under the longitudinal wooden beams above the wooden columns,
with metal stands from the Ninebeck scaffold (Figures 4a, b, c).

4b) '
Fig. 4a, b, c¢. Replacing in certain places the longitudinal wooden beams located above the wooden
columns with metal stands from the Huenebeck scaffolding on the A axis.

The observation carried out on the damaged and cracked cover on the columns and its
detection in several places made it possible to describe the following facts. The wooden
columns have a circular cross-section with a diameter of 46¢cm. Their support is done on
stone base that protrude above the floor of marble slabs at a height of about 50cm. The
revealed wooden columns show an interesting composite wooden-steel structure, made of
timber, on which steel rings are attached (Fig.5a, b, ¢).

b) c)
Fig. 5a, b, c. Cracked outer cover of the column in the church shot at16.06.2015 at 18.30 hours. The
ties are arranged side by side, on which about 40 cm are placed steel rings with a height of 40 mm and a
thickness of 2.0 mm. The rings are attached to the wooden column with ordinary iron nails
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2. Brief literature review - survey of examples concerning strengtening of the
timber pillars in the historic structures

2.1 Example 1: Investigation about the decay of the timber structure of an
ancient wine cellar in la rioja (spain) and sanitation proposal[1]

In 2011 the collapse of one of the timber pillars of the centuries-old warehouse of
maceration that the firm "Bodegas Bilbainas, S. A.", helds in the town of Haro (La Rioja),
occurred[1]. According to the level of decay, the assessment of the damage in the different
elements of the timber frame through non-destructive testing is analyzed. Based on the
results obtained, it is proposed the repair process necessary to preserve the timber
structure, taking into account the heritage significance and the extension of the harm of
their components. The company is the owner of many modern pavilions for winemaking
and other auxiliary buildings. Specifically, these primitives maceration and fermentation
naves, which still keep the ancient wooden vats built in 1859 (Fig. 6 and 7).
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Fig. 6 Vats Fig.7. Cellar floor timber structure and cross section respectively

The structure of the nave consists of load bearing stone walls in the perimeter of the
building, with thickness 60 cm. The inside masonry walls divides the cellar into two areas of
nearly identical inner dimensions: 33.30 m long and 8.70 m wide. The pillars, spaced at regular
distances of 2.90 m from each other and the side walls, with approximate section 220x220 mm
and height 1.90 m, lead from stone bases of 200 mm on edge. On the other hand, indicate that
each portico has a large girder or spreader beam of 200x200 mm section that bridges the joint,
and connect the heads of the pillars, allowing a perfect load distribution. The cellar floor and its
structure is shown in Fig. 7. The moisture content in all the pillars looked to be certainly high,
especially in the lower part of the support, in contact with the stone bases. In fact, in some
cases fungi colonies were detected during the visual inspections (Fig. 8a). By contrast, no
singularities or defects such as cracks, knots, ring shakes, or deviations of fiber, which
Jeopardize the stability of the parts, were observed. Moreover, as discussed above, to a height
of only 1.90 m, sections close to the 220x220 mm, the associated mechanical slenderness
round the value of A = 32.90, so it can be said that the security against buckling, for all the
timber pillars in the same condition, is fully guaranteed.
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However, evidences of significant moisture content in both the factories and in
the timber components were detected. Furthermore, during the previous inspection,
high humidity content in the indoor air was detected. According to the information
gathered, the action plan and the tests to be performed on each portico and on the
load bearing walls were defined as follows (Fig. 8b): The water content of the pillars
should be assessed by xilohigrometers, placed in two different positions; Next to the
stone bases, and 50 cm above it. In the same points, the resistograph and the
ultrasonic unit should be also applied, in order to analyze the level of damage of the
timber elements. From the data collected along the inspections, and the results of tests
on structural timber elements some conclusion was made: The material used for the
bases is too porous, and favours the rise of water from the ground to the pillars.
Through the analysis of the pillar affected by termites, it could be known that it
consists of common elm (Ulmus minor). The square ends of the pillars and beams that
rest on the south wall are seriously affected by moisture, despite of the natural
resistance to degradation of the common elm. Along the time, the water contained in
the ground rose by capillarity. And later, when the moisture took contact with the
wood, favoured the termite attack, causing it to collapse. Fig. 8c shows the
resistograph device applied to a timber pillar. Fig. 9 shows a resistographic profile
taken from the square head of a beam very close to the Southern wall As it can be
seen, both graphics are completely different. The first one allows to appreciate the
important decay because of the probably termite attack, while the other one keeps
almost in perfect condition. The constant supply of water from the garden area, leads
that the indoor surrounding air keeps a state close to saturation, with a relative
humidity around 90%. In other words, that the condensation on the stone components
is constant.
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Fig. 9. Resistographic test and profile (beam on Southern wall). Fig. 10. Proposed solution

According to these problems, a group of correcting measures were suggested, in
order to improve the current situation, and prolong the life of the building, preventing
its demolition and subsequent reconstruction in reinforced concrete. In this sense,
garden, is proposed to remove the ground to a depth of 1.0 m, and build there an open
drain with minimum slope 0.5% (Fig.10). This solution should collect the rainwater,
and at the same time should allow the evaporation of the humidity contained both in
the wall and in the timber elements. For the pillars, since up to a height of 20-30 cm,
counted from the level of the base, all of them present an excessive moisture content,
there are suggested three possible actions: removal of existing supports and their
bases, and supply new ones, with the treatment and moisture content suitable for the
type of exposure; or remove the bases, cut the pillars at a height of 40 cm, replacing
the degraded part by a wooden prosthesis glued by adhesive; and also remove the
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bases, cut the pillars to a height of 40 cm, and place new non-porous stone bases, 40
cm high, waterproofed in support. Finally, the timber structure should be protected
with biocides. The treatment method may be by injection, to limit the area of action
and not affect the vats. Along the surrounding area, a baiting system against termites
should be placed. These measures will be achieved to preserve the original timber
elements of the building, ensuring its stability and security for a long time. In
addition, these classic solutions have been used for centuries in strengthening
structures, so that at no time will be lost the entity and the traditional style of the
cellar.

2.2. Example 2: The conservation and renovation of the timber constructions in
the palace museum|2]

The Palace Museum, which was constructed in the 18th year (1420) of the reign
of the Yingle emperor, is the largest and the most complete ancient palace complex
existent in China as well as in the world. It has manifested traditional Chinese
construction technology and revealed a remarkable achievement in art. By
illustrating the main types of the ancient timber constructions and representing the
construction features, the following text provides some useful references for the
conservation and renovation of the northern palace-style buildings that were
constructed during the Ming and Qing Dynasties[2 ]. As concerning the basic
structural type of timber construction: Architectural types of the Palace Museum are
varied, while the main type is bond to the shape of roof. On the basis of the building’s
sections, the Palace Museum buildings can be divided into four types: Diantang style,
Tingtang style, Column-beam style and Composite style.

I Dougong section

Fig. 11a,b.c,d. Sections of four kinds of structural types

In the Palace Museum, all members of the timber structures are jointed by
mortise and tenon(Fig.12,13,14,15). The gaps between the mortise and tenon leave
room for movement of the timber members. Under external forces, the joints
connected by timber members mobilize friction on the contact surfaces of the mortise
and tenon. This friction guarantees the stability of the mortise and tenon joints.
Several mortise and tenon typologies can be applied to connect the timber members.
Important forms used in the Palace Museum are as follows: pin tenon, dovetail tenon,
corner tenon, straight tenon and half tenon. The pin tenon is used to make the column
base, and it restrains the column from transversal displacements. In some large-scale
constructions, the column is stable due to its thickness and the effect of the walls. The
column base and column top are formed to be flat and the pin tenon is omitted, so as
to make the construction less complicated.
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Fig.12 ,13,14,15 and 16. Dovetail tenon and Xiujian, Conner tenon, Half tenon — Queti, Two
kinds of Dunjie methods

As concverning the renovation of the timber constructions for timber structural
constructions, daily maintenance and renovation are necessary. The common methods
including mending, matching, reinforcing, replacing, etc. These methods are applied
according to each particular situation. The following specific cases of the renovation and
protection of ancient buildings in the Palace Museum will be discussed in detail.
According to the result of on-the-spot investigation, many of the wooden columns are
rotted only on their bases; and the upper parts are intact. In such circumstance, should
preserve the upper part of the column and repair the bases partially, usually by using
Veneering method or by Dunjie, thus replacing the column’s base, according to the extent
of its decay, thus restoring the columns’ bearing capacity. Veneering method: Generally
speaking, the veneering method is used when the degradation happens only on the surface
of column bases, while the core is intact and the depth of surface degradation is less than
1/5 of the diameter of the cross-section of the column. To veneer the base of the column,
the Japanese chisel is used to cut off the decayed parts, and then the veneering timber is
built according to the shape and size being cut off. The veneering woods should be the
same sort of old dried timber as the original column, and the moisture content should meet
the requirements (< 25 %). If the base of the column is only partially decayed, the
veneering timber is used to replace just the missing parts. If the decay circles the column,
the veneering timber is used to wrap the surface, with the same diameter of the column,
and then reinforce the veneering wood with one to two strips of iron hoop, to ensure the
balance of loading force on both original and new timbers. Both of the situations
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mentioned above should guarantee the smooth and fully roundness of the column after
veneering. Dunjie method:When the area of decay is larger than 1/2 of the cross-section, or
if the centre of the column is rotten, and the decay of column-out-of-wall is less than 1/5 of
the total height, and the decay of column-in wall is less than 1/4 of the total height, the
Dunjie method will be used: the column’s base will be replaced to recover the bearing
capacity of the column. For example the Juanqin Zhai project, the column is embedded in
the wall, which was dismantled to carry out the operation. Before the Dunjie operation, the
weight was taken off the column, with support posts being placed beside the column, in
order to bear the force from the top. Before the operation of Dunjie, supports on the second
floor were set between the floor and the floor beam. Then the decay of column-in-rear-wall
was examined, the decayed parts were sawn off (sawing action would be stopped rightly
when any sound timber was found. The height of Dunjie parts was also controlled, because
the higher the Dunjie, the weaker would be the column after the operation. The height of
Dunjie should be less than 1/4 of the height of the column. The Dunjie timber requires the
same sort of old dried timbers as the original columns’. Thus it is necessary to make sure
the moisture content meets the requirement (< 25 %). The most common operation of
Dunjie are “half tenon Dunjie” and “cross tenon Dunjie”. “Half tenon Dunjie” (Fig. 16-a)
is to cut off half of the diameter of the timber as the overlap parts, and the lapping length
should be 1.5 times to the diameter of the column, but not less than 400 mm. Then making
tenons on the top of the timbers, each 20-30 mm wide. “Cross tenon Dunjie” (Fig. 16-b) is
to cut the original column and the Dunjie timber separately in 4 parts, then cut off
diagonally 2 parts and to insert them. Both of the methods of Dunjie require tightness of fit
in the joining points. After Dunjie, the joining parts should be bound with two to three
strips of iron hoops. The hoops should be embedded into the column, making the surface
of column smooth and round, thus to ensure the firmness and stability of the joining points,
and to prevent movements in the joining area.

2.3. Example 3:-wood assessment and historical research on timber testing at fort
Aams, Newport, Rhode island in USA|3 |

Fort Adams, located in Newport, Rhode Island, USA, designed by French military
engineer Simon Bernard and American military engineer Joseph G. Totten, was
constructed from 1824 - 1857. Construction was overseen by Totten from 1824 through
1838. Built of stone, brick, and timber, the fort served as a testing laboratory for
determining the strength of various types of stone, mortar, and timber species. An
investigation was undertaken to assess the current conditions of the timber and investigate
the historical significance of the testing programs developed by Totten. The following text
focuses on three aspects of the project: (1) The timber testing program and its implications
for construction of the fort and subsequent timber testing in the U.S. (2) using non-
destructive testing to identify causes and patterns of deterioration, and recommending
actions to extend the service life of the historic timbers. (3) Correlating the findings of the
condition assessment with the published results of Totten’s experiments. Using Field
Procedures and Findings and method of the Species identification: Wood species were
identified from various structural members by removing small samples from which the
species or species group was identified using microscopic features of the wood. All of the
samples removed from structural members within the fort were identified as southern
yellow pine (Pinus spp.). As concerns moisture content measurements identify wood with
favorable moisture levels for the growth of wood-decay fungi. Generally, if moisture
content is less than 20 percent wood-decay fungi are unable to grow. Moisture contents
from 20 to 30 percent indicate areas of concern where moisture is sufficient for fungi to
grow but not sufficient to support long-term active decay. Moisture contents above 30
percent are often an indication of advanced decay with internal voids and/or surface
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deterioration. Moisture content measurements were taken randomly throughout the fort
with an electronic resistance-type moisture meter. Evidence of moisture damage of the
wood and efflorescence of the masonry is prevalent in almost every casemate, indicating
high moisture contents within the masonry and the wood (Fig.17). Moisture contents were
typically greater than 30 percent, indicating that the wood has a favorable moisture
environment for active wood decay. However, the fort’s close proximity to the Atlantic
Ocean and the presence of efflorescence on the masonry and wood, as well as the presence
of “fuzzy” wood (Fig. 18), indicates the presence of salt in the wood, which can
dramatically influence moisture content readings taken with an electronic meter. Archival
research has also revealed that the engineers at Fort Adams were negotiating with the
holders of the U.S. rights to John Kyan’s process of treating timber against decay with a
“corrosive sublimate” material that likely contained mercury salts, which, if used, would
also have an influence on the moisture content readings. Additional testing of material
samples, such as chemical analyses and oven-drying samples to attain true moisture
content readings will be required to confirm whether the timbers were treated and what
effect the treatment had and may continue to have on the performance of the timbers.

17) LT Tl 18) ¢
Fig. 17. Moisture stains, Fig. 18. Fuzzy (PUH,MAH,ZACAPAN,NEYASEN)
efflorescence on joists within a wood on a timber joist along the west wall

corner casemate and arch;

2.3.1. Visual inspection, probing, and decay quantification

Visual inspection, used in combination with probing the wood with an awl, allows for
the rapid identification of missing or broken elements as well as voids, incipient decay, and
advanced decay present near the surface of the wood. For the quantification of internal
deterioration, resistance drilling must be used. Resistance drilling, a quasi-nondestructive
technique, is used to identify and quantify internal voids and decay by determining the
relative density profile of the wood. At the fort, a combination of visual inspection,
probing, and resistance drilling was used to identify and quantify deterioration in the
structural timbers. Wood conditions found within the fort were divided into three
classifications: good, fair, and poor. Good condition describes wood that may exhibit
moisture staining and/or efflorescence but is not structurally impacted and has no evidence
of insect damage or deterioration from wood decay fungi. Wood in fair condition may have
minor insect damage and may also exhibit evidence of past moisture damage, including
minor deterioration from wood decay fungi. Wood in poor condition may have severe
visible insect damage and may also exhibit ongoing deterioration caused by wood decay
fungi. In general, most of the structural members within the fort were found to be in fair to
good condition along their lengths; areas of poor condition tend to be limited to the bearing
areas. In a few instances, the structural members are in extremely poor condition and have
failed due to deterioration caused by wood decay fungi (Fig. 19). Some of the posts are
“brooming” at the base due to a combination of high moisture content and deterioration by
wood decay fungi (Fig. 20).
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Fig. 19. Deteriorated girder and Fig. 20. Brooming at the base of a column.
joists within a casemate.

2.4. Example 4: Mosques with wooden construction — south of East Aazerbaijan
province, functions and methods of conserving[4]

Wooden mosques of the south region of Azerbaijan have specific characteristics and
being built in different towns such as Maraghe, Bonab, Ajab- Shir, and Qoravan village[4].
The local materials are wood, stone, brick, and adobe. Pillars and beams were made of
poplar, species of willow, and aspen. Although wood was rare in the region and structure
of the buildings were arch and dome, wooden construction became popular and common
for the aesthetic characters and beginning of new style in Safavid period (17th Century).
As is wel known, wooden pillars and columns were used in Shabestan and walls. All
pillars play the role of the structure and the ornaments are the parts of the construction.
Pillars were constructed in 3 parts: base, wooden body, and capital in different forms. The
main beams, pillars, sub beams, all, were made of wood and joints had special
characteristics which add to the resistance of the building. In this study Bonab Mehrabad
mosque is highlighted(Fig. 21a,b,c).

Fig.21a,b,c. Chamber(Shabestan) of Mehr- abad mosque;
Sample of capitals in Mehr- abad mosque- Bonab

The wooden structures of Azeri architecture can be observed in the West of Iran like
Maragheh, Bonab, Ajabsher, Gougan. As it was mentioned this style has been used in
Isfahan at the time of ruling shah-abbas and it has been imitated in many glorious Safavids
palaces.(Fig.21). The foundations of wooden mosques are located in the depth of 1.5 m and
by the dimension of 1.70*1.50 cm. The only decoration of the walls is perforated mud
brick works with keel shaped arches. Some of them also are made of stone with the height
of 90 to 150 cm and the local Sinjan stones. The columns and the level ceiling of the
mosques are all made of wood. The height and stem of trees, poplar (Tabrizi) and aspen
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trees used to cover the columns, ceiling, beams and the main beams. The main function of
the wooden columns is structural and decorative. All the columns have three parts: column
base, column body and capitals (Fig. 22a,b).

a) ' b)
Fig. 22a,b. a) Capitals of Mehr- abad Mosque- Bonab; b) The method of arranging pillars on stone

The column bases are all made of stone and in different mosques have different
forms and thickness(Fig.22b). The form and shape of the column bases are circle,
square, and hexagon, but the bases are generally square on the floor and the upper
part is hexagon. The material of the mentioned column bases is all black and white
sedimentary stones or engraved marbles. The bases have been located on foundations
that their dimension is about 1.5%1.5 m and the estimated depth is 80-90 cm.
Connection of the stone bases to the foundation: flat; mortise and tenon. The column
is directly located on the stone and there is no connection or mortar between the
bases. The load which is transferred from the column to the base keeps the column
body firm on the base. The end part of the column body is located on the mortise of
the stone base which is different in the mosques. This connection is called mortise
and tenon. In this connection like the flat one, there is no connection and mortar;
however, in rare cases there is a space between the connections which mostly has
been considered for expansion and contraction. The last part could be located inside a
special pad. As the height of the column increases, its volume increases too. In high
caps, this combination or increasing the volume of the caps from down to the top is
influential in dividing the load. The diversity in columns and column caps in addition
to showing the ability of the carpenters, could create diversity and movement in the
space. Generally the caps of the columns in the mosques are divided to five groups
according to their stalactite works. The column caps with rectangle section or square
with decorative arches are decorated in the form of a horn of the goat. Column caps
with rectangular or square section with sharp arches such as Mehrabad and Kabood
mosques in Bonab. Caps which have changed from rectangle to circle. As mentioned,
most of the columns are lead to the cubic wooden box where the pad) of the column
cap is located on it.

2.4.1. Example 4.1-about the Mehr-Abad Mosque in Bonab[4]

One of the mosques of the region with wooden columns is Mehr-abad mosque in
Bonab which has been located in the eastern side of Motahhari St. Mehrabad is one of
the old allies of Bonab and the mosque is called by the same name. A stone
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inscription clearly shows the date of construction and the builder of the mosque.
Totally, there are four stone inscriptions in the northern walls of shabestan and
eastern wall. The building date has been mentioned in two inscriptions. Considering
the date, the mosque has been built in Safavid era (17 Century). The mosque has only
one minaret that mostly it is built in Qajarid era. It is located in the eastern wall and
the southern part of the entrance. It is decorated with small blue, azure, yellow, green
tiles and geometrical designs. Mehrabad mosque is rectangular and it develops north-
south that includes main parts such as shabestan with columns, terrace or women's
part, porch, nave, howzkhane, and ablution place, etc. To enter the mosque, there are
two porches that they are related to each other through the lane and yard of the
mosque. The dimension of shabestan is 18.80 x 19.60 m. and it has 36 columns.
Twenty of the columns are in the middle space and 16 of the half-columns are in
women part and balconies. The columns of the middle part are located in four rows
with five columns and all of them have caps with stalactite works. All the columns
are wooden and hexagon with the height of 4.75 m. The bases are similar to the
columns of the other mosques; made of stone and polygonal; however, the caps are
different. they have different designs, colors and drawings. Generally, stalactite
works include the deep and semi-deep arches and the volume of those works
increases upwards(Fig.23a and Fig.23b).

Fig. 23a,b. Ground floor plan Mehr- abad mosque;
Perspective section Mehr- abad mosque - wooden structure

As concern the pathology of wooden structures in mehrabad mosque in Bonab,
we can say that the main element of damage on the body and decoration of Mehrabad
mosque is decay of the materials, overloading and humidity in the inner spaces.
Overloading, decay of the materials and the foundation because the columns lose
their stability, bend, and the stone bases are moved. To solve the problem, piling the
columns, replacing the stone bases, and enforcing the foundation was carried
out(Fig.24a,24b). Then the columns and the stone bases are returned to their former
position. The other problems include the breakages in wooden parts of the column
caps, and the boxes because of the pressure inserted through metal joints (nails) and
lack of resistant against the inserted pressures. In this stage, by using the piling and
raising the main beams, the caps are separated from their original place; so, some of
them are repaired and some are renewed. The loose parts are restored and the metal
joints are fixed. In the parts that wooden parts were decayed, these parts are changed
and the caps are restored on their original place.
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Fig. 24a: Collapsing the decayed Fig. 24b: Restored foundation and stone base
foundation and restoration of the foundation

2.5. Example 5: Development of an in situ repair strategy for the timber roof
of the breeding barn at shelburne farms

Shelburne Farms quickly became one of the most ambitious model farm operations in
the U.S.A(Fig.25a) The Breeding Barn at Shelburne Farms, a National Historic Landmark, is
dominated by its complex-sloped 8094 m2 hipped roof with multiple dormers and an
enormous central lantern. The timber-framed building has a main block that is approximately
32.6 m wide by 127.4 m long, with a two-story annex centered on the rear facade. The main
interior feature is the riding ring, approximately 22 m wide and 114 m long, constructed for
daily exercise of the horses. The roof system over the riding ring consists of a series of
composite principal trusses of iron and timber, supporting a deck of timber purlins and
common rafters. Trusses are supported on timber columns around the perimeter of the riding
ring and bear most of the roof weigh(Fig.25b). Construction was begun in August of 1890 and
by December 1891 the building was nearly complete. The barn, designed by architect Robert
Henderson Robertson, was the center of Seward Webb’s horse breeding operation, one of the
largest in the country. Strengthening of the wooden columns was done by cutting of the
decayd part and substitute by with new wooden part(Fig.25¢).New column bases were
placed on limestone plinths and white oak shims, elevating them above a concrete floor
installed in the mid-20th century (left). In four cases, column splices were made at the aisle
level, requiring renewal of girt joinery and replacement of the girts on either side (right))25d).
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Conclusion

The proposal for a design-construction solution for the rehabilitation of wooden
columns in the naos of the church Sv. Uspenie Bogorodicno”, taking into account the high
pressures in them, the disturbance of the wood structure at the lower end and the
unfavorable humidity and temperature conditions for many years of work will be done in
several option acoording the above mentioned examples. For our cases, however, the most
commonly applied solutions are the dentures of columns with wooden dentures which
reach 1-2 m height.
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Abstract: This study attempts to perform seismic vulnerability assessment of a sub-
urban sector of the historic centre of Sant’Antimo, a district of Naples (Italy), in
order to assess the expected damage scenarios as a consequence of seismic events.
The vulnerability analysis is carried out by means of an index-based methodology
integrated into a GIS tool, in order to identify the Structural Units (S.U.) most
susceptible at damage due to earthquakes. Furthermore, the prediction of the
possible damage scenarios, by changing magnitude and epicentre distances, is
adopted for the loss quantification in term of collapsed and unusable buildings and
human casualties. Finally, once identified the risk, a set of retrofitting techniques are
considered and examined taking into account their contribution for the reduction of
the seismic vulnerability of the sample of buildings analysed.

Keywords: Vulnerability assessment, seismic risk mitigation, seismic attenuation
law, expected damage scenario, loss estimation, retrofitting techniques.

1. Introduction

Seismic risk can be understood as the combination of three factors, Exposure (E),
Vulnerability (V) and Hazard (H). The large-scale seismic risk is a useful tool for assessing
the susceptibility of clustered buildings of historical centres to exceed, in a specific period
of time, a certain seismic event of an assigned intensity. As a result, a model for
vulnerability assessment and for evaluation of economic and social losses would not only
be able to estimate future potential losses due to the occurrence of earthquakes affecting a
given region, but it should also be used to prepare and implement risk mitigation measures
[1]. To this purpose, in the framework of the vulnerability assessment, the proposed study
provides important indications in order to estimate the seismic impact effects in terms of
spatial damage distributions on a built area of Sant’Antimo, a town in the province of
Naples.
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2. Typological classification of buildings exposed at risk
Sant’ Antimo is an Italian town with 33.905 inhabitants sited 16 km far from Naples,
the capital city of the Campania region (Fig. 1).
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Fig. 1. The city of Sant’ Antimo in the Campania region of Italy.

In the historical centre of Sant’Antimo a sub-sector composed of 42 clustered
buildings with 153 inhabitants has been considered as a case study. According to the
Building Typology Matrix (BTM) [2] in the examined sub-sector two different typological
classes have been identified: class M3.3 for masonry structures with composite steel-
hollow tile floors (in 36% of the cases) and class M3.4 for masonry structures with
reinforced concrete floors and roof (in 64% of the cases) (Fig. 2).
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Fig. 2. Numbering (a) and typological classes of clustered buildings in the sub-sector
of Sant’ Antimo examined.

3. Seismic vulnerability assessment

Aiming at implementing a quick seismic evaluation procedure for masonry clustered
buildings, a novel vulnerability form has been herein implemented for the study area [3],
[4]. This new form is based on the Benedetti & Petrini’s vulnerability index method [5],
widely used in the past as a rapid technique based on the collection of some features of
individual buildings to investigate their vulnerability in case of earthquake.
Methodologically, the procedure is based on the calculation for each S.U. of a vulnerability
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index, I, as the weighted sum of scores multiplied by weights related to 15 parameters.
Theses parameters are distributed into 4 classes (A, B, C and D) having a score, S;, with
growing value from A to D. Each parameter is associated to a weight, Wj, that can range
from 0.25 for the less important parameter to a maximum of 1.20 for the most important
one.

The vulnerability distribution in the study area is illustrated in Fig. 3a, while the
mean vulnerability curves associated to the typological classes inspected are shown in Fig.
3b.
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Fig. 3. Spatial vulnerability distribution in the study area (a) and typological
vulnerability curves for M3.3 and M3.4 typological classes (b).

From the application of the vulnerability index methodology, it can be seen that in
the study area the distribution of vulnerability indexes is quite homogeneous with an
average value of 0.43 for both the typological classes analysed (see Fig. 3a). The standard
deviation (o;) associated to the vulnerability index distributions for the analysed
typological classes M3.3 and M3.4 is respectively 0.048 and 0.062. The synthetic
representation of the statistical data has shown how the frequency distribution of
vulnerability indexes provides for the typological class M3.3, 25% of buildings with a
vulnerability index of 0.45 and 8% of them with an index of 0.35. On the other hand, for
the class M3.4, 20% of buildings have a vulnerability index of 0.35, while 4% of them
have an index of 0.55.

4. Parametric damage scenarios

The proposed study is based on empirical forecast analysis, which allows to estimate
the probable damage scenarios by means of the disaggregation of the seismic hazard for
the N-sources combined. Such a procedure is usually obtained by correlating each moment
magnitude, My, to the site-source distance, R, for evaluating the global hazard. According

317



MEXIYHAPOJHA HAYYHA KOH®EPEHIIUA BAHN’2019
INTERNATIONAL SCIENTIFIC CONFERENCE BASA'2019

to the seismic hazard map proposed by National Institute of Geophysics and Volcanology
(INGV) [6], the city of Sant'Antimo is characterized by a maximum expected PGA of 0.25
g (medium-high seismicity) with a probability to be exceeded of estimated 10% in 50
years. Furthermore, based on the disaggregation of the PGA’s, the maximum moment
magnitude, My, is 5.15.

Thus, the seismic damage severity is addressed in this work on the basis of
appropriate analyses performed according to the seismic attenuation law proposed in [7],
which estimates the seismic damages suffered by the built-up under different epicentre
distance. The correlations obtained between moment magnitude, M, and macroseismic
intensity, Igms.og, for different epicentre distances, R, are provided in Table 1.

Table 1 Correlation between moment magnitude and macroseismic intensities for different
site-source distances.

Magnitude | R=7[km] | R=21[km] | R=35[km]
M., Macroseismic Intensity Igms.og
4 IX VI Vv
5 XI VIII VII
6 XII IX VIII

Therefore, nine damage scenarios to evaluate the damage parameter, pp, of buildings
investigated in the study area have been obtained. For the sake of example, the most severe
analysis cases are shown in Fig. 4 for a moment magnitude equal to 6 and different
epicentre distances.
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Fig. 4. Damage scenarios in the study area (a) and spatial distribution of detected
damages (b).

From the previous figure it is apparent that the damage level mainly depends on the
site distance from the seismogenic source. In particular, it is possible to note that, when
increasing the magnitude, the expected damage tends to increase progressively.
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5. Retrofitting techniques for risk mitigation

Although historical masonry buildings work satisfactorily under service loads, they
can be severely damaged in the presence of high lateral loads, such as earthquake inertia
forces. The demolition and replacement of these old structures is generally not feasible due
to the enormous effort and cost of the new constructions.

Consequently, for risk mitigation, especially in areas with high population density,
retrofit strategies are a solution to reduce the seismic emergency problem. In the specific
case, in order to improve the buildings behaviour also in a cost-effective perspective, two
distinct solutions are taken into consideration: steel tie rods (TR) [8] and floor shear
connectors (FSC) (Fig. 5).
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[t
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Fig. 5. Mitigation interventions: steel tie-rod (a) [12] and floor shear connectors (b).

The peculiarity of these methods is to guarantee a good structural performance under
seismic conditions. Specifically, the TR system guarantees an important constraint between
perimeter walls, a prerequisite for the survival of the building to seismic actions.
Generally, this intervention technique consists in using a steel tie rod with a diameter
between 16 mm and 20 mm, to connect horizontally the walls, which are anchored by
means of metal plates to in order to guarantee a box behaviour of the structure (see Fig.
5a). On the other hand, the use of shear connectors together with a new RC slab armed
with a steel mesh allows to increase the height of the floor height, avoiding therefore the
formation of cracks induced by the flexural regime (see Fig. 5b).

The proposed intervention techniques (PI=TR+FSC) have been indistinctly applied
to all buildings in the study area.

In methodological terms, this can be done by reassessing the vulnerability classes, S;,
of the parameters that are related to those features, namely Parameter 1, which evaluates
the organization of the vertical structures, Parameter 7, which assesses the horizontal
diaphragms, and Parameter 8, which deals with the roofing system. Thus, the buildings
have been virtually retrofitted and the effects of proposed interventions have been
considered reducing the original vulnerability indexes and, consequently, their mean
damage grade values, up (Fig. 6).
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Fig. 6. Comparison between mean typological vulnerability curves before (BI) and
post (P]) interventions (a, b) and vulnerability distributions for the building classes
examined (c, d).

From the results achieved, it is possible to see how the retrofitting strategies taken
into account are able to improve the global behaviour of the building samples. In
particular, there is a vulnerability reduction of about 39% for both typological classes.
Statistically, the standard deviation provides a measure of the magnitude of the sample
variation examined, with a reduction of 4.16% and 11.29% for typological classes M3.3
and M3.4, respectively.

Furthermore, adopting the same criterion followed in Section 4, the worst-cases
damage scenarios have been presented aims in the PI condition (Fig. 7).

Damage Distribution -/ Damage Distribution ] Damage Distribution !
A Mw=6.0R=7km [Er=s A Mw=6.0|R=21km A Mw=6.0R=35km

Fig. 7. Worst-cases damage scenarios considering the proposed retrofitting
strategies.

Subsequently, the consequences of seismic events in terms of collapsed and unusable
buildings have been evaluated following the empirical correlations proposed for the Italian
territory in [9] on the basis of the observed damages. Thus, the probabilities of collapsed
and unusable buildings have been estimated for the damage scenarios analysed (Fig. 8).
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Fig. 8. Estimation of collapsed and unusable building before (BI) (a) and after (PI)
(b) interventions.

From the results obtained, it has been seen how the two retrofitting solutions provide
a significant reduction of expected losses. In fact, focusing on the worst-case scenario
(R=7 km, M,=6.0), we moved from a situation where about 40% of buildings are expected
to collapse to a situation without any collapse.

Moreover, identified the number of collapsed and unusable buildings, it has been
possible to estimate casualty rates, that is number of deaths and severely injured people,
and homelessness. The number of deaths and homelessness have been computed for
buildings expected to suffer partial (D4) or total collapse (D5) and in the cases of
substantial (D2) and significant (D3) damages or partial collapse (D4), respectively [10].
According to the model proposed, the simulation of the casualty rates has been achieved
(Table 2).

Table 2 Estimation of casualty rates before (BI) and post (PI) interventions

Source Number of casualties and homelessness (BI)

distance M,=4 M,=5 M,=6

R[km] Fpeaths [ Homelessness | Deaths | Homelessness | Deaths | Homelessness
7 - - 3 (2%) 92 (60%) 64 (42%) 87 (57%)
21 - - - - - -
35 - - - - - -

Source Number of casualties and homelessness (PI)

distance M, =4 My=5 M,=6

R[km] Fpeaths [ Homelessness | Deaths | Homelessness | Deaths | Homelessness
7 - - - 52 (34%) 10 (7%) 92 (60%)
21 - - - - - -
35 - - - - - -

As it can be seen from the gotten results, referring to the worst-case scenario, there is
a strong reduction (about 85%) of casualties after retrofitting interventions.

6. Concluding remarks

In the paper a seismic damage forecast model has been proposed for a built-up area
of Sant’ Antimo, a town in the district of Naples. Based on the seismic hazard map of the
study area, a deterministic approach based on the selection of a set of magnitudes (My,) and
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epicentre distances (R) has been applied aiming at evaluating the influence of these factors
on the seismic damages suffered by clustered buildings in the inspected urban habitat.

The results obtained have shown that, as expected, for distances very close to the site
of interest, the damage increases with increasing seismic intensity. In fact, for R=7 km and
M,,=6, the most severe scenario (57% of unusable buildings, 40% of collapsed building)
has been achieved, it being characterised by 64 casualties and 87 homelessness.

Subsequently, two risk mitigation techniques, namely tie rods and shear connectors
for floors, have been used to reduce the seismic vulnerability of buildings in the
investigated urban sub-sector. From a critical comparison of results in terms of losses
before and after these interventions, it has been noted that the proposed retrofitting systems
reduce the number of casualties of about 85%. In the cases of site-source seismogenic
distances of 21 and 35 km, the earthquake effects before and after interventions have not
caused any losses and homelessness. In conclusion, the presented work has shown the high
seismic vulnerability of the study area and it can used as effective tool to implement
emergency management plans.
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Abstract: The proposal for a complex approach was described in the report in 2016
regarding the surveying and development of a project for reinforcement, conservation, and
restoration of the architectural and artistic values of the mediaeval church of St. Theodore
— a typical representative of the archetype dating from the period of the second flowering
of Byzantine architecture (867-1204 CE). The characteristics are described, and it is noted
from the ruins that have remained up to this day that the church is a cross-in-square
domed building of the square dome type with freely extending cross arms. The frescoed
decoration has been preserved in fragments in two painted layers dating from the twelfth
and fourteenth centuries. The technical condition is marked, and it is noted that the
stability of the constructional and artistic structures is compromised, despite the partial
reinforcement works carried out over the last sixty years. On the basis of these findings, a
multidisciplinary set of problems has been set out relating to the preservation of this value.
The methodological grounds and arguments for the proposed solution are summarised and
comprise several major areas. In relation to the architectural appearance, it is noted that a
significant part of the superstructure has been preserved, which gives sufficient grounds
for the analysis, and motivates the restoration of the tectonic and decorative structure
according to authentic information. This permits the structural reinforcement of the
building to be integrated into a restored architectural appearance whilst preserving the
authentic architectural impact. Regarding the preservation of the artistic values, an
integrated programme of conservation and restoration interventions is proposed. The
aspects relating to the elements of the environment and the cultural landscape have been
clarified, and the authors consider that the restoration of the church will also restore the
structural and spiritual significance of the church as part of a series of religious sites in
the area of the Struma River.The proposal for a complex approach was described in the
report in 2016 regarding the surveying and development of a project for reinforcement,
conservation, and restoration of the architectural and artistic values of the mediaeval
church of St. Theodore — a typical representative of the archetype dating from the period of
the second flowering of Byzantine architecture (867-1204 CE). The characteristics are
described, and it is noted from the ruins that have remained up to this day that the church
is a cross-in-square domed building of the square dome type with freely extending cross
arms. The frescoed decoration has been preserved in fragments in two painted layers
dating from the twelfth and fourteenth centuries. The technical condition is marked, and it
is noted that the stability of the constructional and artistic structures is compromised,
despite the partial reinforcement works carried out over the last sixty years. On the basis
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of these findings, a multidisciplinary set of problems has been set out relating to the
preservation of this value. The methodological grounds and arguments for the proposed
solution are summarised and comprise several major areas. In relation to the architectural
appearance, it is noted that a significant part of the superstructure has been preserved,
which gives sufficient grounds for the analysis, and motivates the restoration of the
tectonic and decorative structure according to authentic information. This permits the
structural reinforcement of the building to be integrated into a restored architectural
appearance Wwhilst preserving the authentic architectural impact. Regarding the
preservation of the artistic values, an integrated programme of conservation and
restoration interventions is proposed. The aspects relating to the elements of the
environment and the cultural landscape have been clarified, and the authors consider that
the restoration of the church will also restore the structural and spiritual significance of
the church as part of a series of religious sites in the area of the Struma River.

1. Architectural survey — archetype

The Church of Saint Theodore is located 2 km north of the town of Boboshevo. The
archetype and some particularities in the construction technology (which will be described
later) provide the grounds for the authors to presume that the church was built during the
period of the second flowering of Byzantine architecture (867-1204 CE) — more precisely,
during the eleventh century. A particular characteristic of Byzantine architecture is the
decorative richness and sculptural expressiveness in a unified architectural design that
combines and is subservient to an organic link between arches, vaults, and domes. The so-
called tectonics (the harmonious unification of structural form, function and systematics
with artistic and aesthetic symbolism and significance) of the buildings is additionally
accented by the decorative impact of the materials used in the different elements, so that in
this way an integrated whole is achieved in the artistic impact (fig. 1).

St. Theodore’s Church is a typical representative of the archetype of this period and
comprises a cross-domed building in its cross-in-square form with freely extending arms of
the cross (fig. 2). This type dates from the ninth century and was widely used in the
construction of small churches, as in the case of the site being researched here. The length
is 7.40 m, and the width is 6.30 m. The dome has collapsed, but it rested on a cylindrical
drum with four windows along the directions of the arms of the cross. The church is built
of stone, while the dome and vaults are made of brick. In the dome, the brick construction
was carried out using the technique of “concealed” or “sunken” brick, where the bricks are
plastered in alternating rows. This creates a decorative system with a ratio of brick to grout
of 1:2. The stone construction is mixed with brick fragments with an even grout (the
surface of the facade is flush with the plasterwork that covers the concave parts of the
stone, while the convex parts are left visible) (fig. 3). The clearly defined openings along
the facades and the drum are particularly characteristic, being formed with brick or stone
framework and with facing bricks in their depths. The generally accepted intended use of
these openings is to support the construction scaffolding where, in their standard
formation, they are closed off with bricks or stones as part of the general decorative
scheme, remaining concealed and difficult to discover. In the case of St. Theodore’s, they
have been left open and are clearly formed with stones or bricks. And so, in their tectonic
sense, they have acquired an independent significance and have become a part of the
overall architecture. In the opinion of the authors, apart from their intended use related to
the construction process, these openings were also intended for airing out the masonry
structures during use of the church. The characteristic of the construction work using not
well-shaped stones supplemented by brick fragments, non-homogenous sealing and a
dense grout provides the prerequisites for penetration and retention of highly capillary
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damp in the walls. That is why these openings could have helped to ventilate the building
and quickly remove the damp (fig. 4).

2. Condition and authenticity

The church has reached the present day in ruins.

No systematic care has been taken of it. In 1962, a wooden protective cover was
built over it, which was renovated in 2012-2013 with a metal framework and plank sheath.
Over the nearly ten centuries of its existence, the church has undergone a series of repairs
and attempts to shore it up, including using earthworks, additional sealing of the tops of
the walls, patching, reinforcement of the frescoes, laying of cement foundations for
coverings, etc. All these constructional interventions have wiped out the original substance
of the church and the immediate surrounding area.

We garnered information regarding the preserved original structures of this cultural
monument from preserved archival photographs from the end of the nineteenth century and
the beginning of the twentieth century (fig. 5). As regards the interventions carried out and
the preserved parts of the building, as well as the availability of authentic data, we made
our judgements from the survey carried out on-site regarding:

e Materials and substances that have been preserved: the main structure
(load-bearing side walls of the vaults, part of the vaults, pendentives,
drum of the dome) and fragments (arches above the windows of the
drum, the bays of the vault of the bema (sanctuary), the original floor
level, partial remains of the walls and figuring of the facades, the
openings for scaffolding and ventilation;

e Traditional techniques: the general principles of the tectonics in
Byzantine architecture and the synthesis of the sculptural and decorative
systems, and the connection between the dome and the vaulting via a
drum set on pendentives have been established; the appearance of the
vault structure in the facades; the characteristics of the “sunken” or
“concealed” brickwork, plastered and forming a wide grout; mixed
walling made of stone and bricks;

e Symbolic/metaphorical sources of information: a conformity with the
characteristics of Byzantine churches of the same type and historical
period was discovered together with the proportional relationships (2:3
ratio of width to height of the interior space, and 1:1 ration of width to
height in the exterior measurements of the church); analogous details
(cornices, shaping of the windows); the type of roofing elements and
other details (fig. 6 and fig. 7);

Technical condition: the stability of the building is generally ruined as a result of
serious destruction and compromised or weakened connections between the load-bearing
elements; the stability of the structures themselves is in a critical state due to ruin and
weakening of the strength of the mortar; the grouting of the facades has lost its structure
everywhere; poorly implemented patching and reinforcement with unsuitable sealings;
erratic earthworks (fig. 8).

3. Theoretical grounds for the methodological approach
e In relation to the church:
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The accepted methodological approach is regulated in the Cultural Heritage Act as
“reconstruction in an authentic way” (§ 4, p. 15 Supplemental provisions of the CHA),
namely: “partial rebuilding on the basis of graphic, textual, photographic documentation
and other sources that provide information about the form and design, the materials and the
substance, the use and function, tradition and techniques, location and situation, spirit and
mood/feel and other internal and external factors”. The proposal is in accordance with the
directives of the Venice Charter (1964-1965), more precisely: “[the] aim [of restoration] is
to preserve and reveal the aesthetic and historic value of the monument and is based on
respect for original material and authentic documents”, and is in complete synchronicity
with the philosophy and definitions of the Nara Document on Authenticity (1994), namely:
“Depending on the nature of the cultural heritage, its cultural context, and its evolution
through time, authenticity judgements may be linked to the worth of a great variety of
sources of information. Aspects of the sources may include form and design, materials and
substance, use and function, traditions and techniques, location and setting, and spirit and
feeling, and other internal and external factors. The use of these sources permits
elaboration of the specific artistic, historic, social, and scientific dimensions of the cultural
heritage being examined”. This document defines sources of information as “all material,
written, oral and figurative sources which make it possible to know the nature,
specifications, meaning and history of the cultural heritage.”

¢ In relation to the surrounding space:

The principle of “integrated conservation” is accepted, which “includes various
measures aimed at enshrining cultural heritage as part of a corresponding environment
created by Man and Nature, where the usage and adaptation of the heritage sites are for the
needs of society (§ 4, p. 10 Supplemental provisions of the CHA). This regulation is in the
context of the doctrine of sustainable development within the spirit of the following
documents: European Charter of the Architectural Heritage; The Declaration of
Amsterdam; Congress on the European Architectural Heritage; Resolution 76 (28) of the
Committee of Ministers; the Grenada Convention; Guiding principles for development of
legislation and management systems for cultural heritage; Leading principles for
sustainable territorial development of the European continent, 2000, Recommendation
(2000) 1 of the Committee of Ministers.

4.Proposal for interventions to the cultural monument
- In relation to the church (fig. 9 and fig. 10)

Based on the cited theoretical, methodological and legal regulations, the proposed
project plans for partial reconstruction and restoration according to authentic information.
The proposal is predicated on respect for the preserved original substance and type of
material (Venice Charter). It envisages preserving all the elements corresponding to the
criteria for authenticity as set forth in national legislation and international documents. It is
proposed that the obviously inconsistent interventions be removed. Restoration of the
architectural look of the facade design and the impact of the interior is based on the
preserved original elements and symbolic/metaphorical sources of information (pursuant to
the Nara Document on Authenticity). The planned actions are directed towards:

e Restoring the lost tectonic link between the architecture of the exterior
and the interior, and the general tectonic structure of the church (vaults
and load-bearing walls) by correcting them in relation to the organic
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connectivity of the elements in the Byzantine tectonic system and its
decorative impact;

e Restoring the unity and connectivity of the structure of the building by
building up the wells with mixed masonry (stone and bricks) and vaults
with bricks, and so returning the original scale of the walling with bricks
corresponding to authentic Byzantine sizes: 34.5x34.5x4.5 cm;

e Restoring the authentic chromatic-decorative impact of the facades on
the basis of research into the composition of the original mortar and the
formation of the facades of the lower register typical of the church
(mixed masonry) with the flush grout and the profile and structure of the
grouting at the enveloped brickwork of the drum;

¢ Restoring the authentic structure of the windows;

e Restoring the authentic look of the roof covering with single-curve
rooftiles;

e Restoring the entrance opening on the west facade with the original
stone architrave demolished in front of the entrance to the church;

e Restoring the stone courtyard surrounding the church.
- In relation to socialisation:

The project envisages optimal socio-cultural realisation through revival of the
pilgrimage functions, the liturgical functions of the church for major Christian holidays,
exposition of the artistic, architectural, and archaeological treasures, and providing
opportunities for including the church within the system of cultural tourism.

- Within the surrounding space:

The solution for civil works in the surrounding space is directed towards reviving
the significance of the church for the region and the country. The church is a part of a
series of religious sites in the Struma River valley. In this context, the project envisages
reestablishment of its structural and spiritual meaning. Using a new, compositional
solution, the aim is to maximise its appearance and functionality within the context of the
natural surroundings — the hillside and the river. It is planned that the property be
landscaped and a new vertical plan offering the opportunity to exhibit any archaeological
structures found in the future. In this regard, all the civil works must be carried out under
the supervision of an archaeologist.

- Structural policy and integrated conservation

The project includes various measures aimed at showing off the qualities of the
cultural monument, the archaeological remains, and the importance of the surrounding
space. The functionality of the church and the area around it provide an opportunity for
organically connecting the cultural monuments with their religious purpose, which is
aimed at opening up the social and cultural potential of the tangible and intangible
elements of cultural heritage as sustainable elements for regional development.
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The Red Ruins of a Church: Upcoming conservational interventions at the Church of
Saint Theodore near Boboshevo

Iliya Nikolov

The church is located in the centre of the Bishopric of Velbazhd. It belongs to the
so-called cross-in-square type ofcubic buildings organised around a central space. Two
layers of frescoes have been document (in places there are traces of a third). The frescoes
are dated within a wide time range in several publications from the eleventh to the
fourteenth century. V. Minkov dates them to the 13"-14" century; N. Mavrodinov — 12
century; D. Panayotova — first quarter of the eleventh century. The second layer of frescoes
dates to the first half of the fourteenth century.

The first conservation works on the polychromatic decoration and paintings of the
church were carried out in the 1970s. the preserved fragments from this stage amount to
about 57 square metres. Despite a series of interventions carried out over the years and
administrative correspondence in the period 1993-2010, the “temporary wooden
sheathing” collapsed onto the church. The frescoes and plaster support subsequently
experienced exceptionally aggressive stress. (fig. 8 and fig. 11)

Up to now, the silhouette of the church is as it was described by Konstantin Ire¢ek—
as “red ruins of a church”. The temporary roof and the emergency work and interventions
carried out to date have not solved the structural problems. Serious architectural,
conservation and restoration work are planned which must be synchronised with
preservation of the interior of the church space up to complete conservation and exposition
of the church. The present project deals with the mediaeval Church of St. Theodore in
Boboshevo, together with its frescoed decorations. The proposals for conservation work at
the church relate to the interior of the church — conservation in situ. The conservational
intervention would permit the application of the so-called holistic approach to the original,
1.e. use of materials inconservation practice that are close to the authentic technology.

The earliest layer of frescoes is preserved partially but is distinguished by its high
artistic and historical value. It includes genre scenes from Bulgarian mediaeval painting
such as “The Last Supper”, “Pedalavium”, “The Agony in the Garden of Gethsemane”,
“The Betrayal of Christ by Judas” etc. The frescoes comprising the second later are,
according to S. Angelov, the work of the Master of the Kastoria school of painting who
frescoed the Church of St. Nicholas Magaliouin Kastoria (1504/5), and also those at the
Church of the Archangel Michael above the village of Saparevo, District of Dupnitsa.

The upcoming conservations works shall be carried out within those months when
the weather conditions are beneficial for such interventions. The conservation-restoration
techniques developed are based on a detailed survey of the particularities of the
construction and frescoing of the church.

Identification of the microflora will assist in carrying out an appropriate biocide
procedure. At the same time as removal of dirt, the frescoed layer needs to be supported —
the areas with disintegration and flaking. We propose that the emergency stabilisation of
the disintegrating paintings and the eroded plaster support be carried out with acrylic
compositions. The deep reinforcement of the sections with peeling and gaps, and also those
with a poor binding between the plaster and the painted later, shall be adhered with lime
casein tempera. Before being injected with the tempera mixtures, the frescoes will be
protected with a protective layer of Japanese paper and tarpaulin.

Buffers comprising sandwiches of textile, Fibran and polyurethane foam will be
fitted at the site. They will form a negative surface with the shape and volume of the
original structure. Thus protected, the frescoes will be resilient during the restoration of the
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architecture, and afterwards, the buffers and the temporary structural supports will be
removed.

At the same time as removal of dirt is taking place, reinforcement work will be
carried out on the painted layer, the places where disintegration and flaking is evident, and
also in those microsections where the bonding with the plaster support is poor. The final
exposition of the decorative plaster and the chromatic reintegration shall complete the
integrity of the church.

ILLUSTRATIONS:
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Fig.1. Fig.2: Floor plan at height +0.00 scale 1:20
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Fig.6: Lengthwise section A-A Fig.7: South fagade — architectural investigation
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Fig.8. Fig.9: West fagade— technical project
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Fig.10: South facade — technical project. Fig.11
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