
III International Scientific Conference
“Preservation of Cultural Heritage”
BASA' 2019
21-23 November 2019
Sofia, Bulgaria

SPECIFIC STRUCTURAL FEATURES OF THE BULGARIAN 
CHURCH 

ST STEFAN IN ISTANBUL

Prof. Marina Traykova, Phd , University of Architecture, Civil 
Engineering and Geodesy, Sofia

Assoc. Prof. Blagovesta Ivanova, PhD, University of Structural 
Engineering & Architecture "Lyuben Karavelov", Sofia



III International Scientific Conference
“Preservation of Cultural Heritage”
BASA' 2019
21-23 November 2019
Sofia, Bulgaria

SPECIFIC STRUCTURAL FEATURES OF THE BULGARIAN 
CHURCH 

ST STEFAN IN ISTANBUL
1. Introduction
2. Short historical review
3. Basic concepts of the structure, specific details 
4. Conclusions and recommendations



1. Introduction 
ØThe St Stefan’s Iron Church, 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.

Ø 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.

3



1. Introduction 
ØThe 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
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. 4

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is based on the available historical
documents in the Central State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



ØThe possibilities and aesthetics of metal
in architecture during the 19th century
is a novelty.

ØThe 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.

ØIn 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.



ØA 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.

ØThe 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.



2. Short historical reviewØThe 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.

ØHe donated his land to Bulgarians living
in Istanbul to help meet their religious
needs under the new 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.



2. Short historical review

ØThe 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
timber. The landslide problem is the main
when the construction of a large-sized
masonry church began in 1856.

ØThe famous architects Gaspare and Giuseppe
Fossati were invited to design it. Due to poor
cohesion of the soil and short piles which
strengthened the terrain, the masonry
substructures are cracked. This feature
becomes a signal for the problems that lead to
many future field surveys.



ØThe study 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.



ØIn 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. At that time,
various purpose-built cast iron and steel
buildings were being built for churches
as well as pavilions for world exhibitions.

ØThey are made of steel structure 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.



ØSome 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. 

ØKnowledge 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.



ØThe architect of the church is Hovsep
Aznavour. He initially studied at the
Armenian Catholic School of Armenian
Catholic on Saint Lazar Island in Venice.
He then received the best education,
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.



ØHovsep Aznavour also created two
projects for masonry churches. The
second was adapted for steel structures. His
project was recalculated in Vienna. He
worked according to the European
regulations, using French standards. The
Bulgarian Ministry of Construction allowed
the Austrian company to produce steel parts
according to the Austrian standard. The
copies of a part of Hovsep Aznavour's
projects have been preserved, which now
are the 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.

ØUntil 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.



ØThe 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.

ØThe 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 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.



ØThe 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.

ØSince 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 
ØSixteen 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 available
at the moment. They are
a valuable source that
can be used in future
studies of the structure
and its behavior.



3.1. Assignement for the design

ØThe 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
ØIn “Cahier des charges” the article 7

gives the general characteristic of
the steel. They should be from the
best quality and protected by
corrosion. Concerning the bearing
capacity, they should possess at least
minimum capacity of 15 kg/mm2 in
compression.

ØThe galvanized sheet with
thickness of 0,0015 mm is the
material for the facades according
to article 8.



3.2. Characteristic of the construction materials
Church in Manila, Philippine

ØAn 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.

ØAnother 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, 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..[4] 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. The certificate is
one of the most important documents concerning the
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
ØThe 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) 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.

ØThe plan of the structure according to the original
Aznavour’s project is given on the right side.



ØThe 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 is a system of beams. The design 
permanent load of the ground floor is 
1000 kg/m2. The connection between 
the elements is realized by bolts and 
rivets. 

3.3. Basic concept of the structure



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

ØThe article 5 is dedicated to the bolts
and the rivets

ØIn the analyzed documentation a table
of the different profiles used for the
building is attached.

3.3. Basic concept of the structure



3.3. Basic concept of the structure
ØIt 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.

ØImportant 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.

ØParticular 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
ØBased 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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