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Abstract: 

In the context of globalization, cultural heritage has an exceptional value that must be preserved 

through measures of public interest. 

The renovation of the immovable cultural and historical values is a result of the need to improve 

the condition of the existing values in accordance with the requirements of the new conditions 

for sustainable development, as well as to preserve them for future generations. 

The need for constructive renovation of cultural and historical sites is justified by the goal of 

achieving one or more of the following circumstances: the presence of visible defects in the 

building; damage or destruction after an event that affects the stability and load-bearing 

capacity of the structure of the building (such as earthquakes and other natural disasters and 

accidents); the change of the functional purpose of the building; and application of the 

requirements of modern norms and standards regarding the stability and load-bearing capacity 

of structures (Eurocode, modern norms for design of seismic impacts). 

This article presents a dissertation developed by Eng. Stanislava Miteva, which focuses on this 

important issue for construction practice, related to determining an appropriate and modern 

methodology for strengthening and / or restoration of buildings with cultural heritage status. 

The aim is to study (analytically and experimentally) the behaviour of masonry shells, as a 

common element of the construction of buildings with cultural heritage status, as well as the 

search for appropriate systems to improve load-bearing capacity and, in general, their 

resilience. seismic impacts. 
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1. INTRODUCTION 

In the context of globalization, cultural heritage has exclusive value that should be 

protected by measures of public interest. One of the most important documents for the 

preservation of cultural heritage is International Charter on the Conservation and Restoration of 

Monuments and Sites – the Venice Charter. Rigorous methodology for interventions is defined 

in the Charter, to be preserved the heritage.  Article 9 from the Charter in most decisive and it 

becomes a law on the restoration and renovation activities. It states: “The process of restoration 

is a highly specialized operation. Its aim is to preserve and reveal the aesthetic and historic 

value of the monument and is based on respect for original material and authentic documents. It 

must stop at the point where conjecture begins, and in this case moreover any extra work which 

is indispensable must be distinct from the architectural composition and must bear a 

contemporary stamp. The restoration in any case must be preceded and followed by an 

archaeological and historical study of the monument.” (The Venice Charter 1964, article 9) [9].   

The adaptation is one of the eligible ways of interfering with the ICH in the process of its 

preservation.  According to the current Cultural Heritage Act “"Adaptation" is the protection of 

immovable cultural property by ensuring their contemporary use, consistent with the 

conservation and restoration methodology”. (Cultural Heritage Act, § 4, p.19, Additional 

provisions) [10]. The understanding of adaptation evolved into a complex method that includes 

activities for conservation and restoration and sets the function of the site, it restores its usability 

and adapt it to the actual structure.  The role of adaptation in conservation is in the rebirth of old 

or introduction of a new function. Every new function on a site brings a new attitude to the 

object itself.  The adaptation allows to preserve the nature of the object while it persists over 

time. The adaptation is intervention, which is determined by the need for modern use of the site. 

It can be treated in two ways - first as compromise with site's documentary, but on other hand as 

an only way for continuing existence on the site. The adequate new function provides excellent 

reintegration of the site in modern life without reduce its value and preserve its viability. The 

preservation of the original spirit is the most important characteristic, that will remain a major 

carrier of the historicity of the site. While at the beginning of the previous century the processes 

of adaptation run relatively smoothly and the basic rule is to accumulate historical layers, the 

subsequent economic, political, and social changes lead to a change in attitudes to architecture 

and urban planning - clearing urban layers and replacing them with new components. The result 

of these actions is sharp and nasty intervention in historical zones and in urban structure. Today 

these areas, usually in the central areas are attractive places for replacement of building with 

"higher," "more representative", "more comfortable" or "commercial". The inherited values do 

not adapt to modern need, this is reason for the appearance pseudo-ancient houses or modern 

faceless structures that do not harmonize with the surrounding buildings. [1-5] 

Today the cultural heritage of every nation is perceived as human wealth, the protection 

of which the world community, respecting cultural specifics and traditions of different peoples 

backs general principles. Knowledge and respect for these principles is a sign of civility and 

professionalism in the attitude to the heritage. Modern principles of the protection of 

architectural and construction values embody [9-10]: 1) The renovation intervention is preceded 

by a thorough understanding and research of the value of its kind, state, typology, style of similar 

objects on it etc.; 2) Respect to the original in cultural property - the authenticity of value is its 

essential feature (if an object is not authentic certificate, it just is not valuable as defined by it). 

In this sense, the preservation of the original is a-priori objective of its conservation; 3) the 

renovation concept is a function of the heritage value; 4) the renovation additives are different 

from the original as well as the material and the manner of construction; 5) architectural 
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monument should be preserved in its development, preserving and proclaiming the valuable 

contributions of all periods of his life and traces of passed the renovation activities; 6) value of 

the monument in all its aspects (scientific - documentary and aesthetic - art) is the renovation 

intervention. Each renovation is based on a thorough understanding of the monument; 7) The 

renovation must demonstrate a lack of knowledge about the monument and allow future studies 

of unclear fragments - this feature of the renovation approach is extremely important because it 

is a contribution for the European renovation theory, it is a jump to the modern principles of the 

renovation; 8) The renovation intervention rather than physical preservation of the monument is 

to be achieved and its readability - renovated value must be understood and liked by the people 

to enable them to appreciate and preserve; 9) renovation of values is associated with the first idea 

of using the monument, but still such an intervention is seen as a compromise with the principles 

of its conservation; 10) communication of the monument is an important tool for inclusion of the 

general public to architectural heritage and understanding as a social value, but it should be 

achieved on a strictly scientific basis without any compromise on the authenticity of the 

knowledge of antiquity; 11) With renovation we apply modern building materials; 12) The 

renovation intervention is preceded and implemented in documenting the memorial and 

performed the renovation activities;13) The environment of the monument is subject to 

equivalent care protection. The term "cultural environment" is gaining in importance, which 

raises the question as to sustainable development; Recalling are links between different 

categories of heritage on the one hand, and policies for urban planning and development of 

territories on the other. Architectural value, although set in a bygone era, is part of the modern 

environment and should be viewed as a vital element of modern reality and potential for its 

development. [1-8] 

Renovation of cultural property (architectural and construction) is a topic of great 

importance worldwide, especially in the most developed societies. It is the result of the need to 

improve the condition of the buildings of the existing values in accordance with the new 

conditions for sustainable development and preserve it for future generations. 

 

2. MASONRY SPATIAL STRUCTURES (SHELLS) - BEHAVIOUR AND 

GEOMETRICAL CONSIDERATIONS 

2.1. The Historical review 

The structural elements allowing masonry to have more free and open spaces are arches, vaults, 

and domes. The dominant profile used for these elements are semicircle, parabola and elliptic. 

The load bearing capacity and deformation behavior of the surfaces generated with these profiles 

and distribution of forces on such variety of geometry show different characteristics and it is 

important to understand the surface to predict possible weaknesses. [11-13] 

The domes have a long architectural line that stretches back to prehistory. The domes were built 

in ancient Mesopotamia and are found in Persian, Hellenistic, Roman and Chinese architecture in 

the ancient world, as well as among several local building traditions around the world. Dome 

constructions were common in both Byzantine and Sassanid architecture, which influenced that 

of the rest of Europe and Islam in the Middle Ages. The domes of European Renaissance 

architecture spread from Italy in the early modern period, while the domes were often used in 

Ottoman architecture at the same time. Baroque and neoclassical architecture are inspired by 

Roman domes. [13-14] 
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The Romans 

Timber centering was the most common arching technique, which could be replaced by filling in 

rubble and mounds or intelligent construction techniques that avoided the use of centering, such 

as Catalan arches. The Romans were responsible for the true spread of this technique. The use of 

pozzolanic concrete facilitates the construction of this type of structure, as it is adaptable to 

curved shapes. Its high strength also allows long distances up to 20 m for arches and 40 m for 

domes. The New Basilica - built between 308 and 312 AD - had the main nave, covered with 

arches with a span of 25 m, and the Pantheon - built in 125 AD. with a dome of 43.3 m, which 

was the largest section until BC. 15th century. [4][7][28] 

     

         Basilica of Maxentius in Rome                                                 Pantheon of Rome                  (Source: Internet ) 

The Persian  

Persian domes or Iranian domes have ancient origins and a history dating back to modern times. 

The use of domes in ancient Mesopotamia was brought through a series of empires in the region 

of Greater Iran. The domes were built as part of royal palaces, castles, caravanserais and temples, 

among other structures. With the introduction of Islam in the 7th century, the architecture of 

mosques and mausoleums also adopted and developed these forms. Structural innovations 

include pointed domes, drums, conical roofs, double and triple shells, and the use of flour and 

bulb shapes. Decorative brick patterns, intertwined ribs, painted plaster and colored mosaics with 

tiles were used to decorate the exterior as well as the interior surfaces. [4][7] [32-33] 
 

        
   Samanid Mausoleum in Bukhara,              Dome of the Mausoleum of               The Jameh Mosque in Isfahan, 

Iran.  
                    Uzbekistan                                  Öljaitü in Soltaniyeh, Iran                                           (Source: Internet )                 

The Chinese 

Very few have survived from ancient Chinese architecture due to the widespread use of wood as 

a building material. Brick and stone arches used in the construction of tombs have survived, and 

the dome with cornices has rarely been used in tombs and temples. [4][7][34] The earliest real 

domes found in Chinese tombs are shallow vaults of a monastery called monkey jieding, derived 

from the Han use of barrel vaulting. Unlike the monastery arches in Western Europe, the corners 

are rounded when raised. [35] The first known example is a brick tomb dating from the end of 

the Western Han period, near the modern city of Xiangcheng in Henan Province. The technique 

of interconnected brick was quickly adopted, and the four-sided domes became widespread 

outside Henan by the end of the first century AD. [4][7][36] 
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                                                                  Lei Cheng Uk Han Tomb, Hong Kong                            (Source: Internet)                 

The Byzantine 

The Byzantines also built several vaulted and domed structures. They developed the technology 

from the Romans, adapting the structure to the trajectory of forces with the use of ribbed domes 

and supports instead of massive walls. The main material used in Byzantine construction is the 

masonry of rubble with lime mortar. During the Byzantine period, domes were usually 

hemispherical and had, with rare exceptions, drums with windows. All surviving specimens in 

Constantinople are ribbed or pumpkin domes, the divisions corresponding to the number of 

windows. Dome roofs range from ordinary ceramic tiles to more expensive, more durable and 

more form-fitting lead sheets. Metal brackets between stone cornice blocks, metal rods and metal 

chains have also been used to stabilize the dome structure. The technique of using double domed 

shells, although revived during the Renaissance, originated in Byzantine practice. [4][7][28][37] 

   
Basilica of San Vitale from Ravenna (Italy)         Church of Christ Pantocrator,             Church of St John the 

Baptist/                                                                                                                  

                                                                                              Nesebar                                               Kerch, Ukraine 

  

 

                                       Church of St. George, Sofia                                               Saint Sofia Church, 6th century 

AD 
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                                                             Church of Hagia Sophia, Istanbul, Turkey                            (Source: Internet) 

The Romanesque 

The Romanesque style of construction prevailed in Europe from the 10th to the 12th century and 

is much simpler than those mentioned earlier, with extensive use of barrel vaults and massive 

three-leaf walls. These constructions are characterized by their redundancy and plasticity. Gothic 

construction is characterized by the skeletal type of construction, using arches, ribs, flying 

arches, piers and supports. [4][7][28][37] 

     

                                                                Sainte-Chapelle, Paris, France                                          (Source: Internet) 

The Italian Renaissance  

During the Renaissance (15th and 16th centuries) the domes were restored as roofing solutions 

for important buildings. The typology of construction combines Roman and Gothic techniques, 

as easily recognized in the dome of Florence - the most iconic dome in the world, with a range of 

43.6 m and 33 m high. It is characterized by a pointed geometry, which leads to less horizontal 

thrust and a ribbed structure with a double membrane. [4][7][28][37][39] 

   

 
Cathedral of Santa Maria                   Basilica of San Lorenzo, Florence   St. Peter's Basilica The Tempietto in Rome 
del Fiore in Florence                                                                                      in Vatican City            (Source: Internet) 
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The Russian domes 

The multi-domed church is a typical form of Russian church architecture that distinguishes 

Russia from other Orthodox nations and Christian denominations. Examples of churches are the 

13-domed wooden St. Sophia Cathedral in Novgorod (989) and the 25-domed stone Tithe 

Church in Kiev (989–996). The number of domes is usually symbolic in Russian architecture, for 

example, 13 domes symbolize Christ with 12 apostles, while 25 domes mean the same with an 

additional 12 prophets from the Old Testament. The many domes of Russian churches were often 

relatively smaller than the Byzantine domes. [4][7] [40-41] 

   

 

Saint Basil's Cathedral (1555–61), Moscow       Cathedral of the Annunciation, Moscow Kremlin      (Source: 

Internet) 

The Modern period 

The domes built in the 19th, 20th and 21st centuries are characterized by more efficient 

techniques for the production of iron and steel, as well as advances in structural analysis. 19th-

century metal-framed domes often mimic earlier masonry dome designs in a variety of styles, 

especially in church architecture, but have also been used to create glass domes over commercial 

arcades and greenhouses, domes over locomotive sheds and exhibition halls. and larger domes 

than any other in the world. The variety of domed buildings, such as parliaments and capitol 

buildings, gas meters, observatories, libraries and churches, is based on the use of reinforced 

concrete ribs, light papier-mâché and a triangular frame. In the 20th century, the domes of the 

planetarium stimulated the invention by Walter Bauersfeld of both thin reinforced concrete shells 

and geodesic domes. Stretch membrane construction became popular for domed sports stadiums, 

which were also innovative with rigid retractable domed roofs. [4][7] [42-44] 

    

Geodesic domes of the Eden Project, United Kingdom   Temple of Saint Sava, Belgrade, Serbia     (Source: Internet) 
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Alexander Nevsky Cathedral, Sofia - The Alexander Nevsky Cathedral is a cross-domed basilica featuring an 

emphasized central dome. [20-21] 

    

The Sveti Sedmochislenitsi and formerly The Black Mosque is a Bulgarian Orthodox church in Sofia, the capital of 

Bulgaria. It was created between 1901 and 1902 through the conversion of an Ottoman Mosque and was 

inaugurated on 27 July 1903. [29] [30-31] 

2.2. Structural analysis methods applied to historical structures 

Most historic vaulted and domes buildings are constructed of masonry blocks as stone and brick 

that are not resistant to tension and can only withstand compression. Masonry is a composite 

material made by assembling units - stone, brick, or brick - usually connected by mortar joints. 

The global mechanical properties of masonry depend on: the dimensions and mechanical 

properties of each element; the behavior of the interface between the joints and the joints of the 

mortar; design techniques also affect the final behavior of the material; the properties of the 

material depend on the state of preservation. Due to the high ratio between the specific weight 

and the bearing capacity, masonry structures bear loads in massive and rigid forms. Aging, 

increased loads, exposure to environmental factors often result in deterioration of such 

structures. [11-13] [18-19][28] 

Some of the difficulties encountered by structural analysis of historical structures are related to 

the description of geometry, materials, and actions, all of which acquire a remarkable uniqueness 

in these cases. The geometry of the elements constituting the structure is important for safety 

evaluation of historic masonry structures. There is a minimum thickness-to-span ratio for any 

masonry arch. Thus, a masonry dome is stable only if the thickness of the arches that it splits into 

is greater than the minimum thickness for the span. The variety of different forms used to span 

between vertical supports and enclosing walls are of basic surfaces. When a space is covered by 

forms using combination of these surfaces, it is important to identify these basic surfaces for 

each surface carry its own characteristics. It is important to understand the force distribution of 

these forms to predict possible weaknesses during preliminary survey of a damaged masonry 

building. [12-14] [18-19] [22-26][28] 

The main challenge in the structural analysis of masonry spatial shell structures is to determine 

the horizontal thrust acting on the struts to properly design the struts. The domes can be 

considered doubly curved surfaces, made from the rotation of an arch around its central vertical 

axis. The domes have similar behavior to vaults, with the meridian forces responsible for the 

vertical transfer of thrusts. However, they also develop internal horizontal thrusts – the hoop 

forces, which form parallel rings responsible for resisting the out-of-plane bending moment from 
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the meridians, acting as lateral support. Existing deformations and cracks, together with the 

presence or absence of filling, are crucial in the analysis of such structures. Various techniques 

used to assess the behavior of masonry spatial shell structures established with history are: 

Ancient geometric rules; Rational approaches and border analysis; Finite element method 

(FEM), and Discrete Element Method (DEM). [14] [18-19][28] 

 

3. ORGANIZATIONAL AND CONSTRUCTIONAL SOLUTIONS IN RESTORATION 

AND STRENGTHENING OF MASONRY SHELLS, AS AN ELEMENT OF BUILDINGS 

WITH CULTURAL HERITAGE STATUS 

According to ICOMOS Guidelines 12, repair is always preferable than placement, the choice 

between “traditional” and “innovative” techniques should be determined on a case-by-case basis 

with preference given to those that are least invasive and most compatible with heritage values, 

consistent with the need for safety and durability. [27]  

Masonry spatial shell structures are double curvature vaults and exhibit both membrane-type and 

flexural-type stresses. In a masonry spatial shell structures subjected to vertical loads, 

membrane-type tension stresses develop along the shell parallels and may cause cracking along 

the meridians, especially near the connection with the supporting structure.  

The use of materials with expanding property is a very good choice for pre-stress strengthening 

in historical buildings. Because not only do they structurally reduce the tension, deformation, 

and, finally, the cracks in the masonry structure by creating a uniform prestress, but their use is 

consistent with the rules of restoration of the historical structures in terms of minimizing 

manipulation in the building. By injection of these materials into the gaps of the mortar in areas 

of the masonry shell where tensile cracks exist, it is possible to avoid expansion of the cracks 

and creating new cracks in the dome, and thus strengthen the masonry shell against the 

vibrations from earthquakes and any other loads that can lead to create tensile stresses. [1-5] [7-

8] [18-19][27] 

 

4. CONSLUTION 

With its well-recognized advantages, the use of fiber-reinforced polymer (FRP) is fast becoming 

the preferred choice in strengthening and rehabilitation of existing structures, ranging from 

retrofitting and rehabilitation of buildings to the restoration and strengthening of historic 

monumental masonry structures. Historic structures such as spatial shell structures have been 

largely reinforced by FRP due very high strength-to-weight ratio, which helps to avoid the most 

critical mode of damage to such structures. In many seismically active countries, the use of FRP 

materials to strengthen and retrofit existing structures there was widely introduced due to recent 

earthquakes and natural disasters. It is important that FRPs are special effective for strengthening 

structures against seismic/dynamic loads, as they have a very low weight, which makes them 

ideal for this type of retrofit. [18][19][28][45] 
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