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iNDiS 2012 

This year, Department of Civil Engineering and Geodesy, Faculty of Technical 

Sciences - Novi Sad, organizes Twelfth International Scientific Conference "iNDiS 

2012". 

The first conference took place in the 1976 with main topic „Industrial construction 

of apartments“ as current. In the following years, conference topics were extended 

to “Industrialization in civil engineering“, and soon, papers form all areas of 

construction, from urbanism planning and designing buildings to maintenance and 

major interventions on engineering structures. It has caused the expansion of the 

area covered by this conference and, beside civil engineers in various fields, 

urban planners, architects, engineers in other fields who work in construction, 

sociologists, economists and others took a part. 

The present moment is characterized by, among other things, a crisis in 

investment sector, especially in new construction, but, as in the world, more and 

more resources must be directed to building management. This requires a 

transformation of our activities in construction and adaptation to these trends. This 

conference, as well as several previous ones, includes problems of planning, 

design, construction and renewal, which led to an adequate response of foreign 

and domestic participants. This wide area includes not only the aforementioned 

researchers, planners and designers but also the contractors, including installation 

and finishing works in construction, i.e. all professions whose work is connected to 

architecture, construction and the built environment. 

It is our pleasure that a number of members of the International Scientific 

Committee actively participated in the preparation of the Conference and wrote 

papers published in this Proceeding. These, as well as other papers, contain a 

variety of ideas and results of experimental and theoretical research that became 

the basis for formulating adequate calculation models of structures and models 

used in other areas of civil engineering and environmental protection. It is 

expected that, using experience from abroad, adjustment to the legislation already 

adopted in Europe will be easier. In addition, it is expected to point out the main 

directions of the development of civil engineering in order to meet modern 

conditions and needs. 

Two Proceedings were published for this conference, one in the Serbian and the 

other in the English language, which allows better communication and exchange 

of experiences with colleagues from foreign countries as well as establishing new 

and strengthening of existing professional and collegial relationship. 

The editors would like to express sincere gratitude to all authors for the effort 

invested in writing papers and for the contribution to this event. 

Novi Sad, November 2012  Editors 
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Abstract: Awareness of the need to protect the architectural heritage of the twentieth century in Serbia 
has just started to develop. The future of the architect Nikola Dobrovi ’s Generalštab building, legally 
protected as a cultural property, but for a long time in a state of a ruin after the bombing in 1999, is still 
uncertain. After any future interventions with an aim to preserve the building, it will be necessary for it 
to remain the old Generalštab, but to become a modern facility. It brings us to a great number of 
processes that it will pass through, within its rehabilitation and adaptive reuse, when the selection of 
materials for new constructions and coverings, or repairs and conservation of the existing ones, will be 
inevitable. With the analysis of physical and mechanical characteristics of facade stone, we can make 
conclusions about the causes of current facade state and the possibilities of its renewal. 
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OBNOVA FASADE ZGRADE GENERALŠTABA U PROCESIMA 
REHABILITACIJE I ADAPTIVNE PRENAMENE  

Rezime: Svest o potrebi zaštite arhitektonskog nasle a dvadesetog veka u Srbiji tek po inje da se 
razvija. Budu nost zgrade Generalštaba arhitekte Nikole Dobrovi a, zakonom zašti ene kao kulturno 
dobro, ali ve  dugo u stanju ruševine posle bombardovanja 1999. godine, još uvek je neizvesna. Posle 
bilo kojih budu ih intervencija sa ciljem njenog o uvanja, neophodno je da zgrada ostane stari 

Generalštab, a postane savremena gra evina. To nas dovodi do velikog broja procesa kroz koje e ona 
pro i u okviru rehabilitacije i adaptivne prenamene, kada e odabir materijala za izgradnju novih, 
odnosno sanaciju i konzervaciju postoje ih konstrukcija i obloga biti neizbežan. Uz analizu fizi ko-
mehani kih karakteristika kamena fasadne obloge, izvode se zaklju ci o uzrocima njenog trenutnog 
stanja i mogu nostima njene obnove. 
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1.  INTRODUCTION 

The complex of Generalštab building at the crossroads of Nemanjina Street and Kneza 
Miloša Street in Belgrade was heavily damaged during the bombing in 1999. (Figure 1, Figure 
2, Figure 3) Although the overall damage is repairable, it has not been decided yet about the 
future of these buildings. [1] 

Generalštab building, the only one in Serbia designed by architect Nikola Dobrovi ,
created in the period from 1954 to 1963, represents the legacy of Modern movement in 
architecture. It was inscribed in the list of the immovable cultural properties as a cultural 
monument in 2005, and so protected by law from any free intervention. On that ocassion, it 
was prescribed “to preserve an authentic look, the horizontal and vertical dimensions, 
structural and elements of form, as well as original materials“, and “regular monitoring and 
maintenance of construction and static system, the roof covering, all facades, interiors and 
safety of installations“ were conditioned. [2] In the world, there are specific guidelines and 
methods, even regulations and standards, positively directed to the protection of twentieth 
century architecture legacy. In Serbian milieu, this area of the protection of monuments has 
just begun to develop. [3] 

From the 1950s, when the construction of Generalštab began, reinforced concrete has 
become the dominant material in architecture, “fascinating designers with its capacity to be 
molded”. [4] However, a large number of architects did not know about the possibilities of its 
decay over time, including changing of the look, but also cracking of concrete and corrosion 
of  reinforcement due to mechanical, chemical and physical agents. Today we know that in 
places with a large percentage of carbon dioxide in the atmosphere, reinforcement with 
minimum of 13mm protective concrete layer will corrode in twenty-five years. [5] Reinforced 
concrete is the material  that most of Generalštab construction was built of. It probably 
suffered considerable damage, that we can not see by simple observation, resulted from 
mechanical impacts – shock, vibration and explosion during the bombing, but also because of 
the lack of protection and different chemical and physical agents in last thirteen years. Susan 
Macdonald, the architect of The Getty Conservation Institute, wrote about the inccorect 
building technologies, as the result of the need for a major constructions after World War II, 
but also of the industrialization of construction industry with the main objectives of efficiency, 
speed and economic saving. Due to the prefabrication, there was no need for skilled labor. 
Architects and other engineers used structural inovations, new technologies and materials, “in 
ways that were not fully understood in terms of their long-term performance or safety”. They 
often had very small budgets available, and there was also the shortage of materials. All of 
this, in many cases, led to a reduction in quality of construction. [6] So, for most buildings 
constructed during this period, it was needed fifty to sixty years to pass, from the construction 
to the need for large repairs. During the construction of Generalštab building the budget was 
probably almost unlimited, but the fact that it was built in post-war era of innovations, tell us 
that there had to be mistakes in its construction, and if it had not been bombed, elements of the 
earliest buildings parts would probably require major repairs or replacements today, and those 
slightly younger would require the same in a few years.   
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If we accept Generalštab as a building that will live again, with the need for rebuilding of 
destroyed parts, possible changes in the structure in accordance with the new standards, 
replacements and improvements of the installation systems, while preserving its external 
dimensions, and restoration and conservation of the original materials, but as a builing that has 
to go through the process of possible change of use with accompanying alterations in the space 
organization, with the adjustement to the new values and needs, [7] than the whole process 
related to restoring the building can be named rehabilitation with the adaptive reuse. Although 
the official conditions for the protection of Generalštab do not require keeping the original 
interiors, and according to sources, architect Dobrovi  was not involved in its creation, [8] the 
question of the need for its protection as a historical ambient can be asked.

During the processes of preserving buildings of the Modern movement in architecture, 
such as Dobrovi ’s Generalštab, there is a need to think about two principles: one is 
faithfulness, which can be called physical authenticity, and the other is authenticity, actually 
the spiritual one.The principle of faithfullnes can refer to restoring the building to its original 
constructed state. The principle of  authenticity refers to the respect for the idea of a building 
that its architect or a builder had during the process of creating. [9] Despite the clear minded 
attitudes towards  authenticity that different charters and declarations adopted throughout the 
twentieth century, conservation practice has shown that any rules can not be taken undisputed, 
because every monument is unique and requires different approach. 

2. FACADE RENOWAL OF GENERALŠTAB BUILDING 

The shell of a building is becoming increasingly important in the overall consumption of 
energy today. It is a dynamic surface that adapts to different climatic conditions. Today the 
facades with stone are done exclusively in dry procedure, as ventilated. Stone slabs are fixed 
by subconstruction to the massive walls, so the air layer is made. The layer allows natural air 
circulation and provides better thermal insulation, reduces heat gain in summer, and 
condensation and heat loss in winter. That is why it is important for the renewal of existing 
buildings to think about the possibilities of the replacement of existing non-ventilated system 
of facade construction with the ventilated one. [10] 

The facade of the Generalštab building, with the facing of natural and artificial stone was 
built using the wet process, so it is not ventilated. Big wall surfaces made of red stone were 
built simultaneously with casting of concrete. (Figure 4) Only for linear elements of 
construction – beams and columns, the stone was laid in cement mortar to the already casted 

Figure 1 – Generalštab building, 

view down Kneza Miloša St.

Figure 2 - Building A, facade to 

Kneza Miloša St.

Figure 3 - Building  B, corner 

of Nemanjina St. and Kneza 

Miloša St.  
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concrete. (Figure 5) In the process of selection of the facade structure for the building, actually 
during the testing of the possibilities of its replacement with ventilated facade, in addition to 
the usual ground checks, it is important to take care about the damages of the existing walls, 
which can influence the way of facing, and the mechanical resistence of the bearing 
construction that can be different depending on the position in building structure. 
Characteristics of stone slabs determine their thickness, other dimensions and the ways of 
fastening in the case of ventilated facade. [11] In any possible future processes of this kind, it 
will be important to try to keep the existing dimensions of stone slabs in order to preserve the 
original appearance of the Generalštab building facade.  

            

The facade structure of Generalštab building does not include any thermal insulation, so 
the assembly made of reinforced concrete wall and stone facing has the overall heat transfer 
coefficient far above the allowed, which is in accordance to Serbian regulations for existing 
buildings, 0.4W/m²K [12] Tests done for this paper, using the construction physics principles, 
compared thermal characteristics of existing facade and possible future ventilated facade of 
the building, on the example of the red stone facing on big wall surfaces. With the addition of 
the appropriate type of thermal insulation, thickness 8cm, and air layer of 3cm, respecting the 
existing thickness of stone slab, existing overall heat transfer coefficient of 2.526 W/m²K can 
be 0.329 W/m²K. [13]   

Besides the ventilated facade, other solution can be applied, although not so often in 
practice, and that is using the thermal insulation on the inner side of the exterior wall 
construction. Different systems of final inner layers for this system have been already 
developed, so that the allowed overal heat transfer coefficient can be achieved. [14] 

2.1. The current state of the stone facing 

For building the facade of Generalštab, two types of architectural and building stone were 
used. Polished white stone called “Veselje“ (Figure 6) got its name after an ancient quarry 
from which it was exploited in past, and that was located above the bay of the same name on 
the island of Bra  in Croatia. These limestone was used for building of Diocletian’s palace in 
Split, Croatia, the facade cladding of Federal Executive Council (SIV) building in Belgrade, 
and for many other buildings in former SFRY. [15] The stone is exploited today also in the 
same Croatian island, in the bay and the town of Pu iš a. It is appeared in the market in two 
types, named “Veselje Unito“ i “Veselje Fiorito“, which differ from each other in the amount 
of fossil remains, their size, structure and color. Stone used for Generalštab is “Veselje Unito“, 
white to ivory toned, with yelow nuances. [16] It is used for the linear concrete construction 

Figure 4 – Big wall surfaces of red stone built 

simultaneously with casting of concrete

Figure 5 – Linear elements of construction with 

stone laid in cement mortar to the casted concrete 
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elements – beams and columns, some filling walls – parapets, but also for the entire walls of 
front pavilions.   

Red bossage stone got its name “Koral“, (Figure 7) during the selection of this stone for 
Generalštab facade in 1957. [17] The deposit of this limestone called “Koral-Lazovi“ is 
located 2km west to Kosjeri , in Serbia. [18] Processing this limestone into blocks is very 
expensive, so its exploitation as an architectural stone was stopped because of unprofitability 
in 1971. After the construction of cement factory in Kosjeri , today“Titan“, in 1975. godine, 
the exploitation was continued, but since then the stone has been used only as a ground stone, 
and as one of the main raw materials for cement production. [19] Production of processed 
stone blocks could possibly be restarted only in the case of a major investment or buildings of 
national importance, which Generalštab surely is. “Koral“ has four applications on the facade 
of Generalštab. It has an important place in most of the massive walls of the buiding, used as a 
rectangular block, but also as a polygonal block in cyclopean masonry of the lower parts of 
buildings, and as thin facing of the linear elements of constructions, actually protruding ribs at 
the facade of the tower building. Also, it was the raw material for making the artificial stone 
that was used for courtyard facades of Generalštab. [20] 

           

The time during which stone may remain unchanged, depends on its properties, methods of 
installation and the environment which it is set in. The main causes of the chemical changes of 
stone in exterior are atmosphere and rainwater, which impacts are much stronger in the urban 
and industrial environment. All the chemical changes entirely change the look of stone, and 
the most aggressive agent from atmosphere is sulfur dioxide.  

Physical-mechanical properties of stone that must be analysed before its application on the 
exterior walls, are primarily flexural strength, density, porosity, water absorption, frost 
resistance, chemical agents resistance and linear thermal expansion, but it is also necessary to 
do petrographic analysis. During the stone mounting, it is important to take into account its 
coefficient of thermal expansion which value is much lower than the value of the same 
coefficient of concrete or steel. Facades, especially those exposed to strong insolation are 
subject to relatively rapid changes of temperature, which, among the other things are brought 
by summer rains. [21]  

Both types of stone, “Veselje“ and “Koral“, are resistant to frost and chemical agents. 
However, values that are very important in the analysis of the entire facade of Generalštab are 
those of porosity and water absorption for both stone types, because their considerable 
differences indicate also different stone changes over time, and those characteristics are the 
most important ones in the use of stone in dense and heavily polluted urban areas, which is 
certainly the location where Generalštab is. “Koral“ absorbs very little ammount of water and 
is compact in terms of porosity, while “Veselje“ moderately absorbs the water and is quite 

Figure 6 - “Veselje Unito“ Figure 7 - “Koral“ 
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porous. The percentage of total porosity of “Koral“ is 1,40% vol., percentage of water 
absorption is 0,36% mas, whereas the same properties of “Veselje“ are 7,82% vol. and 2,12% 
mas. Comparing these values, it can be seen that the porosity of “Veselje“ has five times 
greater value then the porosity of “Koral“, while the value of water absorption of “Veselje“ is 
six times greater that the value of water absorption of “Koral“. [22] Characteristically big 
values of porosity and water absorption of “Veselje“ stone, caused the appearance of brown 
stains amd dirt on the slabs, that were seen even before the bombing. (Figure 8), and can be 
seen today at some spots where the stone slabs are not damaged due to the bombing. (Figure 9 
and Figure 10) Stains appeared under the impact of the atmospheric water solutions that 
contain a lot of salt. The greatest impact on the slabs probably happened after the collapsing of 
the buildings, when those solutions contained products of excretion of cement and other 
materials. They were transferred through the pores and holes of the stone and got to its surface 
where they deposited dissolved salts. 

Since the slabs of “Veselje” used to be polished, and because of their porosity and 
environmental conditions, chemical degradation, i.e. dissolution happened, when some 
components were washed, and caused the loss of the polish. The stone became rugged and lost 
its shine. Cubes of “Koral” in the facade of Generalštab are much more preserved. (Figure 11) 
Except of the small values of porosity and water absorption, a huge advantage in terms of 
aesthetics is their bossage processing that prevents any change, due to the exposure to weather 
and other agents, to be easily visible. Greater thickness of “Koral” cubes also influenced their 
better state of preservation. The effects of sunlight and chemical agents from the atmosphere 
and the rainwater can lead to the phenomenon of decolorization, i.e. loss of stone colour. 
Stone gets lighter on surface, because of the solubility of carbonate minerals, and it is called 
“light patination.“ Decolorization is normally harmless to the quality and structure of stone, 
but in case of large representation, it may affect the entire look of the facade.Usually the red 
limestones are very prone to decolorization and often become greyish or bluish. However, the 
phenomenon is not so often on the facade of Generalštab, and different tones of red colour we 
see on “Koral“ are actually characteristics of this type of stone, not decolorization.

Looking at the present state of these two types of stone facing, we can see that they have 
some common forms of degradation. On the coverings in lower zones of facade there is a lot 
of accumulated garage and soot. (Figure 12 and Figure 13), which is caused by hard particles 
in air. The ammount of sediment on sloping and horizontal surfaces is greater than on vertical 

Figure 9 – Facade of  front 

pavilion of the building A with 

stains on “Veselje“ slabs  

Figure 10 – Facade of the 

tower of the building B with stains 

on “Veselje” slabs  

Figure 8 – Facade of building 

A with stains on “Veselje“slabs 
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surfaces, it is greater on rough surfaces than on smooth ones, it is greater on more porous than 
on less porous stone.  

2.2. Proposals for the restoration of the stone facing 

What needs to be done to the majority of the “Koral“stone facing of Generalštab building 
is probably only cleaning. However, it is very difficult to determine what is the big dirt, dust 
or other covering layer, and what is damage, if we look at the stone while it is on the facade. 
Its dimensions and shape were once very well selected. Its small dimensions and square shape, 
contrary to big dimensions and rectangular shape of  “Veselje“ absorb the possible lowering of 
mechanical characteristics. It is certain that the force caused by bombing, i.e. mechanical 
shock, impacted the stone and made microcracks and microfractures in slabs, even at the spots 
of the facade where we can not see the damage at first glance. Therefore it is very important to 
remove and clean the stone first, and then check it before any future use. For the purpose of 
entire facade renewal, some ammount of new stone will be needed, as a replacement for those 
slabs that were damaged.

As for the Generalštab facade of  “Veselje”, from the analysis of its characteristics and 
visual examination of the situation, the conclusion is that this facing should be replaced by 
another type of stone. [23] The dirt is very shallow from the surface, so the stone could be 
easily cleaned. However, analysing the state of the stone before the bombing, it can be seen 
that it was in very bad condition even then, only four decades since it was set up. Similar 
damages and stains can be seen today at the facades of other buildings built with the same 
stone. [24] Therefore, the stone type “Veselje“, highly porous, very bright coloured, shiny and 
polished, was not a good choice for a busy Belgrade streets. However, if we decide to replace 
“Veselje“ with another type of stone and try to chose that stone, we must take into account that 
the future slabs should have similar appearance but better characteristics, so we can ask 
ourselves whether we could manage it. Types of stone similar in appearance, usually have 
similar characteristics. [25] Very important thing to say is that damages of many “Veselje“ 
slabs came also from lack of regular maintainance of the facade. So, any future stone facing 
should be cleaned regularly, and treated with appropriate materials to gain the protection of 
aggresive agents from atmosphere and rainwater.  

It is important here to go back to the beginning of the paper and to the technical 
measurements of protection of Generalštab that regulate preserving the original materials, 
which replacement of “Veselje” with some other stone makes unacceptable. So, do the 
institutions and protection services take into an account all the characteristics of the building, 

Figure 11 - Preserved wall 

surface of  “Koral“ on building 

B

Figure 12 - Dirty wall surface 

of “Koral“on building B 

Figure 13 - Dirty  wall 

surface of   “Veselje“ on 

building B 
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and do they analyze the behavior of construction and material over time, when they write the 
measurements of protection? “The exact knowledge of building material – its composition, its 
aging properties, its physical and static coactions with other building materials – is most 
important for concepts for the future preservation of old buildings.” [26]  

It is necessary to continuously improve the states of the existing buildings around us. Most 
of the actions sometimes include a change in the building appearance, because the visible 
architecture of Modern movement is “not often accepting the patina of age“, and “a glass, 
concrete, steel and plastic look unhappy when decayed“. We should celebrate the “abstract 
intellectual achievement of modern buildings, and not focus on the tangible steel and glass, 
concrete or plastic”. [27]  

In favor of replacing “Veselje“ with another type of stone, stands the fact that some things 
tell us that architect Dobrovi  himself maybe did not select that stone for the facade of 
Generalštab. [28] He predicted the crossroads of Kneza Miloša and Nemanjina streets as it is 
today, a very busy and noisy place which produces high pollution, and in descriptions of 
facade he mentioned that the stone had to have excellent technological characteristics, for 
being able to deffend itself from the atmosphere agents the building would be exposed to. [29] 
Therefore, we may ask ourselves whether it was architect Dobrovi  who selected “Veselje“ as 
a stone facing of Generalštab building. 

3. CONCLUSION 

In support of the preserving of Generalštab building, which is opposite to complete 
demolition, stands a fact that one of the biggest benefits to the environment is just the process 
of preserving and improving the historical buildings and maintaining their embodied energy, 
actually energy that is used in all processes related to creating of building, from the using of 
natural resources to the delivery of the product for the construction, and finally to the 
construction itself. Reuse of buildings makes the emboided energy saved and stored, so the 
processes of rehabilitation and adaptive reuse are more sustainable than it is the building 
demolition and making the new building in its place instead. [30] 

In the entire process of rehabilitation and adaptive resue of Generalštab building, the most 
important decision will be the choice between the principle of faitfullness and principle of 
authenticity. Since the architect Dobrovi  can not participate in these processes explaining his 
ideas that are not clearly visible because of the differences between the designed and the built 
state, it may be best to follow the principle of faithfullnes and return the buildings to the state 
they were in before the bombing. Misinterpretation of architect Dobrovi ’s ideas, while trying 
to correct the built state, building the designed state, can lead to a solution with which “the 
new Generalštab” can become a copyrighted work of some other architect. Reasonable 
changes may be done due to technical or technological reasons, which include, among others, 
changes in the facade system and the replacement of the facade stone from island of Bra  with 
some other type of stone. It will be one of the great decisions of the architect that will guide 
future rehabilitation of Generalštab building. 
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