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Abstract: This paper presents an original contribution with assessment of the current state in exploitation safety and usability of thin concrete domes of the beauteous 
Subotica Synagogue, built in 1902. The authors are analyzing the condition of the materials used in the Subotica Synagogue, on extracted samples of concrete and steel 
reinforcement with a binder which was used instead of cement, a gypsum - CaSO4×0,5H2O. The source of the problem, according to the author, is the lack of lime - 
Ca(OH)2 from the mixture of gypsum and pozzolanic aggregates made of baked clay. This is the main reason for poor concrete strength of only 7.6 MPa and the present 
significant corrosion processes in the steel reinforcement of that concrete, which far from the recommended values of pH ≥ 12, have a measured value of only pH = 7.55. 
These results advise a need for repair of the part of the building that has not been analyzed or investigated yet, partially due to difficult access and also apparently good 
condition, since cracks, larger deformation or collapse have not appeared yet. The condensation on the domes is damaging the painted decorations with gilding which is 
falling and reduces the exploitation safety and the mood of the visitors and believers, who came to the synagogue. The authors are proposing a method for rehabilitation of 
the vaults and ribs of the beautiful Subotica Synagogue domes by simultaneously satisfying the exploitation safety and avoiding the occurrence of condensation and 
damaging of the painted and gilded ceilings. We believe that the article will inspire and have a positive effect in the professional and scientific society so in other 
synagogues in Europe and around the world the exploitation usability of vaults will be inspected and if necessary, possible repairs can be made in the same or any similar 
way as proposed in this scientific work. 
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1 INTRODUCTION  

  
The Subotica synagogue was declared to be one of 

"The Seven Most Endangered Cultural Monuments in 
2014" by the international organization Europa Nostra, a 
movement for the safeguarding of Europe’s cultural and 
natural heritage, on May 4, 2014 [1].  Attempts at the 
restoration of this exceptional structure have been going 
for nearly four decades. After this long period, during 
which many different measures and procedures for 
technical protection were implemented, finally there is a 
possibility that in the very near future work on the 
technical protection of the synagogue will be completed. 

The synagogue was completed in 1902 according to 
the design of the architectural firm of Marcell Komor 
(Komor Marcell) and Dezső Jakab (Jakab Dezső). The 
project started as an entry in an open competition for the 
construction of the synagogue in nearby Szeged. In the 
Szeged competition in 1900, the entry of architect Lipot 
Baumhorn (Baumhorn Lipót) won first prize and the 
synagogue was completed according to Baumhorn's 
design. At the request of the Jewish community of 
Subotica the design by Marcell Komor and Dezső Jakab 
was executed in Subotica [2].  

During World War II the Jews of Subotica, a 
community which numbered about 4,000 people before 
the war, were deported to Nazi concentration camps from 
where only a very small number returned. 

The weakened Jewish community was not able to 
maintain such a large synagogue and the building started 
to decay. In 1975 the Regional Institute for the Protection 
of Cultural Monuments in Novi Sad issued a decision 
founding that the synagogue had the status of a cultural 
monument. Immediately afterwards, a committee was 
formed at the request of the President of the Municipal 
Assembly of Subotica. The committee concluded that 
there was significant damage to the facility and that the 
central part of the dome was threatening to collapse. In 
the same year, essential protection work was started on 
the facility. During 1978, a complete photogrammetric 

record of the exterior of the synagogue was made by the 
Institute for Photogrammetry of the Faculty of Geodesy of 
the University of Zagreb. 

During the examination of the synagogue in 1979, 
further inclination of the wooden structure above the 
central dome was detected and the conclusion was made 
that a reconstruction was urgently needed. The same year 
a contract was executed stipulating that the Jewish 
Community permanently and irrevocably donated the 
synagogue as a social property to the Municipality of 
Subotica as the holder of rights to use and manage it. 
During the 1980's and in 1981 the rehabilitation work 
started on the timber roof structure of the dome to raise it 
to the intended level and to replace the damaged structural 
elements [3]. Over the following years, carpentry, sheet-
metal, roofing and masonry work was carried out on the 
restoration and reconstruction of the roof structure, 
including also the four smaller domes. The galvanized 
steel roof cladding of the main dome was replaced by 
copper.  

Although restoration work was still ongoing on the 
synagogue in 1985, the building was reassigned to the 
temporary use of the National Theatre - Népszinház. In 
early 1988, associates of Intermunicipal Institute for the 
Protection of Cultural Monuments visited the synagogue 
to determine its condition. Their report stated that the 
National Theatre - Népszínház did not take adequate care 
of the entrusted building. Various kinds of unskilled work 
and interventions on the interior and exterior of the 
building permanently damaged the exceptional cultural 
monument. In the same year, horizontal waterproofing 
work on the walls was carried out and the painted 
decoration on the interior of the central dome was 
restored, as well as the damaged stained glass windows. 
During 1989, finishing work was carried out on the water 
supply, sewerage, and electrical installations in the 
sanitary blocks of synagogue [4]. In September of the 
same year, a committee of UNESCO visited the 
synagogue. Subsequently Samuel D. Gruber, director of 
the Jewish Heritage Council of the World Monuments 
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Watch in New York, also visited the synagogue. Since 
then until today, various international entities showed 
interest for the destiny of the Subotica synagogue.  

In December 1990, the Government of the Republic 
of Serbia proclaimed the synagogue to be a cultural 
monument of great importance. In recent years, 
restoration work continued on certain parts of the 
building: the central chandelier was restored, the external 
fence was extended to the part of the site where the 
Jewish school previously stood, the sewer manholes were 
restored, and waterproofing and a concrete floor slab were 
installed in the synagogue [5]. In 1995, the civil war crisis 
in the former Yugoslavia caused an interruption of the 
work of restoration. Interest in the restoration of the 
synagogue still did not wane. The synagogue has been 
included four times on the list of 100 most endangered 
cultural monuments, in 1996, 2000, 2002 and 2006, by 
the World Monuments Watch [6]. During these years, a 
certain amount of financial support was also gained for 
continuation of the works from various international 
organizations. Restoration is currently in progress on the 
west facade. The east facade has been already restored, 
and now, by inclusion in the list of "The Seven Most 
Endangered Cultural Monuments" opportunity has 
appeared to finally complete the restoration. However, 
there are still a few open questions about the restoration. 
One of the problems is the restoration of the main dome 
and vaults made of concrete reinforced with steel Rabitz 
mesh1 [7]  
 In this way builders of old met the requirements for 
concrete with steel reinforcement without the modern 
binder, cement. The first synagogues were built in the 
Middle East since the emergence of Judaism. Old 
synagogue-builders were building in a manner and with 
materials to meet the exploitation conditions of safety and 
living comfort of worshipers and other visitors in such 
facilities. Until the present day all religious buildings 
were constructed in a way that believers and other visitors 
should feel peace, tranquillity and protection in every 
moment of their staying in the religious facility, 
regardless of the season, day and night. Jews live in larger 
communities all over the world, in almost all continents, 
in Asia, Europe, America, Australia... It is very hard to 
apply the same style, with the same architectural and 
structural principles in totally different climate conditions. 
Therefore, construction of religious buildings should be 
adaptable, considering the different climatic conditions 
and physical laws, as natural sequence to be appreciated. 
Synagogues, built in Europe, specifically in Southeast 
Europe have problems related with durability, since these 
objects were poorly maintained. After the Second World 
War the Jewish Community was reduced in this part of 
Europe, as people were being killed and involuntarily or 
in an organized way emigrated from these areas. 

The main reason some synagogues deteriorate faster, 
lies in the fact that they were handed over for use and 
taking care of them to governments. Synagogues were 
turned into objects for cultural events such as theatres and 
concert areas. In winter time, during public events, it is 
necessary for such areas to be warmed up. 

                                                           
1 Note: The term "Rabitz" herein refers to a method of building that 
involes the spreading of plaster on a stretched wire-mesh surface in wall 
and ceiling applications (named after German builder K. Rabitz). 
 

Synagogues and other religious buildings have been 
painted on the walls and ceilings. Decorations of the 
dome with gilding during the winter would fall off from 
the ceiling due to the occurrence of condensation (Fig. 1), 
since they were not insulated from external side as they 
were built according to the original architectural heritage 
of Synagogues from the homeland of the Jews. 
 

 
Figure 1 Damage on the vaults because of condensation 

 

 
Figure 2 Large cracks on the facade of religious building 

 
Synagogues built in the Middle East did not have 

insulated domes or walls because there was no need for 
that. The temperature of outside air is always more than 
zero degrees and in the summer months it is even very 
high. During the summer high temperatures, warm air and 
humidity inside were raising up until the domes, which 
were usually 6 or more meters high. The colder air, as 
heavier, tends to be over the floors made of stone, thus 
making a pleasant feeling for believers and other visitors. 
Synagogues were attracting large number of their 
believers and other visitors because of that feeling of 
comfort, peace and the protection that they were 
providing, particularly in hot summer days. It is a 
completely logical conclusion. The same logical 
conclusion can be made with other religions and nations. 
A religious building with its structure, function and 
exploitation requirements must comply with the most 
stringent terms of safety, convenience and comfort of 
staying, peace and tranquillity. If a religious building does 
not meet these conditions, it will attract fewer believers 
and other visitors. If on an object some cracks would 
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appear (Fig. 2), or other kind of damage, for believers 
such damage can be interpreted as a higher power against 
the religion and believers, and that should not be allowed. 

All possible damage on religious sites should be 
repaired in the best and quickest possible way. The design 
and construction of new religious buildings should not be 
allowed to slip through even the slightest mistake, 
precisely from the reasons already mentioned. 

 
2 CONSTRUCTION OF THE SUBOTICA SYNAGOGUE 
2.1 Materials used in the Synagogue 

 
The synagogue was built in a traditional way, with 

foundations and walls made of local materials, stone or a 
combination of brick and stone masonry, with a relatively 
weak but a flexible bonding medium, such as plaster (Fig. 
3).  

Vaults of synagogues were mostly made of concrete 
using traditional technologies. The basic and oldest binder 
in the history of construction is gypsum, CaSO4×0,5H2O. 
Gypsum as a binder creates an acidic environment. 
Gypsum binds rapidly, much faster than today's cement. 
Concrete or mortar with gypsum as the binder can achieve 
compressive strengths from 5 MPa to 20 MPa. Since 
gypsum is not a hydraulic binder, it does not harden in 
wet conditions and is water-soluble.   
 

 
Figure 3 The walls of the Subotica synagogue are made of brick masonry and 

the foundations of stone 
 
A major disadvantage of gypsum as a binder is that it 

is corrosive to steel. Gypsum as a binder is compatible 
with lime which is highly alkaline and provides an 
alkaline environment in concrete. The authors assume that 
during the casting of concrete intended to be reinforced 
with steel, the builders of the synagogue necessarily 
applied lime, Ca(OH)2, in addition to gypsum in order to 
make the concrete more alkaline and thus avoid steel 
corrosion; this  will not occur if the concrete alkalinity 
provides an environment with a pH value greater than 12. 
For aggregate the builders must have used inert, granular 
material typical for traditional concrete, such as river sand 
and gravel with the addition of pozzolanic materials, 
natural or artificial. For artificial pozzolans crushed fired 
clay was used (Fig. 4). 

For natural pozzolans, volcanic ash, brecciated opal, 
diatomaceous earth, tuff and quartz sand were used. 
Pozzolanic materials are the oxides SiO2, Al2O3, Fe2O3. 

These oxides react with the lime resulting in stable 
compounds: calcium silicate hydrate, calcium aluminate 
hydrates and hydrates of calcium ferrites. These 
compounds have good strength, durability and resistance 
because they are stable in water and in chemically 
aggressive environments. 

 

 
Figure 4 Sample from the concrete vault of the Subotica synagogue with a 
coarse crushed fired clay aggregate and gypsum, which partly dissolved in 

water 
 
2.2  Structure 

 
The Subotica synagogue is the result of pioneering 

work by the partnership of architects Marcell Komor and 
Jakab Dezső. The synagogue was built in 1902 in the 
style of the Hungarian Secession, with rich floral 
ornamentation inside and outside, inspired by Hungarian 
folk art. Its greatest significance lies in the unique 
structure made of steel columns and beams supporting the 
vaults and domes made of concrete with steel Rabitz-
mesh (Fig. 8). 

Instead of the longitudinal layout used in the majority 
of synagogues in Central Europe, the Synagogue in 
Subotica was arranged on a central plan around 8 main 
pillars, connected at the top by steel beams, 80 cm in 
height, which supported an octagonal perimeter wall, 
forming the barrel on which the main Rabitz-dome rested 
(Fig. 5). Central dome has inner diameter of 14.8 meters, 
strengthened by external concrete ribbing 6 - 8 cm thick, 
arranged in the form of a star. The dome is 8 meters high 
and ends at the top with an octagonal opening 2.3 meters 
in diameter, closed with the stained glass window. The 
dome is also pierced with windows on two levels: on the 
lower level are eight large, semi-circular windows, and 
above them 28 small, vertical windows [8].  

The main nave of the synagogue with the transept, 
was also vaulted with Rabitz-ceilings supported by arches 
made of concrete, which are in the zone of the roof also 
reinforced with webs. Ceilings were also protected by a 
wooden roof structure covered with glazed 'Zsolnay' tiles.  

Four smaller towers placed above the corners house 
the four stairways that connect the gallery with the ground 
floor, creating a balance of mass emphasizing the 
verticals of four stairways.  

As the central dome is supported by the interior 
columns the external walls are relieved of the load and 
serve only as membrane walls. The central outer dome, as 
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well as four smaller towers was at first sheathed with 
galvanized iron, while the quarter-domes above the side 
entrances on the corners were covered with sheet lead, but 
during the restoration all the sheets were replaced with 
copper sheathing. 
 

 
Figure 5 Cross-section of the Subotica synagogue (Source: Međuopštinski 

zavod za zaštitu spomenika kulture Subotica) 

3 PRESENT CONDITION OF THE SUBOTICA 
SYNAGOGUE  

 
As already noted, modern concrete with the kind of 

cement produced currently was known in 1902 when the 
Subotica synagogue was built. Nevertheless, the vaults of 
the synagogue were built in the traditional way with 
gypsum binder, CaSO4×0,5H2O. The assumption of the 
authors is that the traditional concrete in this case was 
composed of gypsum in addition to lime Ca(OH)2. In the 
chemical and mineralogical analyses, lime Ca(OH)2 is 
practically unobservable in samples of concrete taken 
from the vaults of the synagogue (Fig. 6). Calcium 
carbonate can be seen only in small amounts. The results 
demonstrate the presence of gypsum CaSO4×2H2O. 

Concrete test samples from the vaults were analysed 
for pH-value in the laboratory of the Faculty of Civil 
Engineering in Subotica. The authors were expecting that 
this value will at least approximately correspond to the 
required standards considering that the concrete is 
reinforced with steel. The measured value of pH = 7.55 is 
not even close to the present norms for reinforced 
concrete, which require a pH≥12 (Fig. 7). 

 
SYNAGOGA SUBOTICA

00-017-0763 (I) - Calcium Carbonate - CaCO3 - Y: 24.69 % - d x by: 1. - WL: 1.5406 - Orthorhombic - a 8.90000 - b 8.42000 - c 7.14000 - alpha 90.000 - beta 90.000 - gamma 90.000 - 10 - 535.057 - I/Ic PDF 1. - S-Q 1
01-078-2315 (C) - Quartz - SiO2 - Y: 149.17 % - d x by: 1. - WL: 1.5406 - Hexagonal - a 4.91239 - b 4.91239 - c 5.40385 - alpha 90.000 - beta 90.000 - gamma 120.000 - Primitive - P3221 (154) - 3 - 112.933 - I/Ic PDF 
00-033-0310 (D) - Bassanite, syn - CaSO4·0.5H2O - Y: 27.99 % - d x by: 1. - WL: 1.5406 - Orthorhombic - a 12.03100 - b 12.69500 - c 6.93400 - alpha 90.000 - beta 90.000 - gamma 90.000 - Body-centered - I*** (71) -
00-033-0311 (*) - Gypsum, syn - CaSO4·2H2O - Y: 62.93 % - d x by: 1. - WL: 1.5406 - Monoclinic - a 6.28450 - b 15.20790 - c 5.67760 - alpha 90.000 - beta 114.090 - gamma 90.000 - Base-centered - C2/c (15) - 4 - 4
Operations: Import
File: SUBOTICA SZNAGOGA BIELE.raw - Type: Locked Coupled - Start: 10.000 ° - End: 64.990 ° - Step: 0.017 ° - Step time: 70.6 s - Temp.: 25 °C (Room) - Time Started: 9 s - 2-Theta: 10.000 ° - Theta: 5.000 ° - Chi: 
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Figure 6 Chemical-mineralogical analysis of a concrete sample from the vault in the Subotica Synagogue 

 
On a sample, obtained from the concrete vaults thin 

steel reinforcement wires can be seen, corroded over the 
past 114 years. We have measured the depth of corrosion 
on the steel wires, reaching 1 mm (Fig. 8).  

Testing of the concrete strength on cylindrical 
samples obtained from the dome showed poor concrete 
quality with an average compressive strength of 7.6 MPa. 
This strength was measured on small, 50 mm diameter 
cylindrical cores. The results presented are not 
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encouraging. The compressive strength of the concrete 
dome could have been reduced in the past 114 years. 
Today, we cannot say that the concrete is not good. The 
concrete is 114 years old and still satisfies stability. What 
is alarming is the corrosion of the steel in the concrete. 
Corrosion is clearly visible and measurable. By measuring 
the pH value of 7.55, we found that the concrete does not 
protect the steel from corrosion (Tab. 1). The authors are 
led to assume that some technological mistakes were 
made in the production of the concrete used for the dome 
and vaults. Lime as the binder should have been 
combined with gypsum, at least equal in weight with the 
gypsum. 
 

 
Figure 7 Measuring the pH-value of a concrete sample from synagogue in 

Subotica 
 

 
Figure 8 Corrosion of steel in concrete sample from synagogue in Subotica 

 
The authors are intensively dealing with materials, 

including cement and concrete. The concrete was made 
with aggregate larger than 8/16 mm with pozzolanic 
origin, namely baked clay. That is not sufficient; the finer 
fractions of the aggregate should also have had pozzolanic 
properties. In case the mixture would contain lime, during 
the time elapsed there would have been a chemical 
reaction between Ca(OH)2 and oxides (SiO2, Al2O3, 
Fe2O3) from the aggregate of pozzolanic origin and that 
could provide a concrete strengths much greater than 20 
MPa for a period of 114 years. Unfortunately, in the 
concrete that was used in the synagogue there is no lime, 
so the aforesaid chemical reactions did not happen, the 
concrete during the time did not receive any strength or 

quality and the steel in the concrete does not have 
adequate protection against corrosion. 
 

Table 1 The loss of cross section due to corrosion of steel bars in concrete 
vaults of the synagogue in Subotica, a function of the individual rod size 
Diameter 

(mm) 
Sectional 

area (mm2) 
Corrosion 

(mm) 
Reduction of 

area (%) 
2 3,14 0,7 91,9 
3 7,065 0,7 71,5 
4 12,56 0,7 57,7 
5 19,625 0,7 48,15 
6 28,26 0,7 41,2 
8 50,24 0,7 31,93 

10 78,5 0,7 26,04 
12 113,04 0,7 21,97 
14 153,86 0,7 19,0 
16 200,96 0,7 16,73 
18 254,.34 0,7 14,95 
20 314 0,7 13,51 

 

 
Figure 9 Sampling of concrete from the dome in Subotica Synagogue 
 

4 PROPOSAL FOR THE RESTORATION OF THE 
SUBOTICA SYNAGOGUE  

4.1 Proposal for the Restoration of the Vaults from 
Structural Aspect   
 
The vaults in the synagogue have a thickness of 8 to 

10 cm and their restoration is more a secondary goal than 
primary. The primary goal should be the restoration of the 
reinforcing webs incorporated into the vaults and rising 
up into the attic section above the vaults (Fig. 10). The 
webs of the vaults have a supporting role. The degree of 
steel reinforcement corrosion requires that the webs be 
strengthened. Strengthening and repair can be carried out 
by repair of the webs on the vaults using concrete with a 
new composition, where the gypsum, CaSO4×0,5H2O, 
binder is combined with lime, Ca(OH)2, and the aggregate 
is a mixture of ground fired clay (The oxide composition 
of the material - SiO2; Al2O3; Fe2O3) and riverbed 
(Danube) quartz sand SiO2. 

The proposed rehabilitation solutions need to meet 
the requirements of restoration. We think the option of 
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using the improved historical concrete composition would 
be more suitable for at least two reasons: 
-  Authenticity of construction  
-  Easier execution, with the concrete pumped into the 

formwork under the roof. 
 

 
Figure 10 Repair of the webs above vaults in Subotica synagogue using 

traditional concrete with an improved composition 
 

The repair would have to be solidly anchored in a 
layer of lightweight concrete with a set of galvanized 
anchors (one anchor/2 m2). A 10 cm thick layer of 
lightweight concrete with a bulk density of 700 kg/m3 
would be cast over mesh reinforcement sheets mounted 
on the vaults from top, between the roof and vault. 
Lightweight concrete with galvanized and plastic-coated 
steel mesh reinforcement should be applied because of 
structural and physical- thermo dynamical reasons. 

 
4.2 Proposal for the Restoration of the Vaults from a 

Thermodynamic Aspect, and to Prevent the 
Occurrence the Water Vapour   

 
As we had already pointed out, synagogues in Europe 

with its continental climate need to be comfortable with 
pleasant temperatures and micro-climate in summer as in 
winter during religious ceremonies. Synagogues in 
summertime already are comfortable, but in winter they 
need to be heated. The vaults of the synagogue, according 
to the original construction, were not insulated. In winter, 
when warm air inside the synagogue comes into contact 
with the cold vault, water vapor in the air condenses and 
turns into water on the material of the vault. Thus a 
condensate is generated on the bottom side of the vaults. 
The condensate adversely affects the ornaments painted 
on the vaults. Also, the condensate droplets separate from 
the vault and fall on the floor or on worshipers in the 
synagogue. In order to avoid this, vaults of the synagogue 
need to be insulated in a special way, that will guarantee it 
will not be transformed into a "plastic bag" which would 
be a barrier for water vapor in the summer. A layer of 
special thermal insulation made of lightweight concrete 

should be placed over the vault with a thickness of 10 cm. 
The binder in the lightweight concrete should be a 
mixture of lime, Ca(OH)2, and gypsum, CaSO4×0,5H2O. 
The best and most stable aggregate for lightweight 
concrete from the thermal aspect would be ground 
expanded polystyrene, a hydrophobic material. The 
lightweight concrete should have a bulk density of 700 
kg/m3 with a compressive strength between 3 MPa and 5 
MPa. That way the layer of lightweight concrete, with a 
coefficient of thermal conductivity λ = 0,1 W/mK and 
with ability to prevent condensation, would have a 
structural role also, since it would be reinforced with mild 
steel mesh reinforcement - as already described in section 
4.1.  

Summer would provide an even more pleasant 
microclimate inside the synagogue. Water vapor in the air 
beneath the vaults would diffuse into the hygroscopic 
concrete layer of the vault with a tendency of moving 
towards the outer layer, made of lightweight concrete, 
where it would dry with a water saturation pressure value 
of 0 %. The lightweight concrete would permanently dry 
due to high temperatures of 30 °C and over, present 
beneath the roof during the summer months (Fig. 11). 
That way the synagogue would be naturally air-
conditioned over the vaults in the hot summer months. At 
the same time a new layer of lightweight concrete would 
not allow the transfer of heat from beneath the roof to the 
vault. At night, when the temperatures are lower, the heat 
from the surface layer of lightweight concrete could 
transfer to the air under the roof. Such heat-exchanges and 
releases of  heat are very important in the summertime. 

 

 
Figure 11 Summer mode of heat and water vapour exchange through vaults - a 

natural way of air-conditioning spaces [9] 
 

In winter the physical phenomenon of condensation 
forming appears in all cases when water vapour from the 
warm air comes into contact with cold materials of the 
vaults, walls, or floor slabs. The requirement for avoiding 
condensation is that the structure not be cold. This means 
that we must prevent the cooling of material that usually 
happens from outside due to low temperatures. In this 
case, a layer of thermal insulation of lightweight concrete 
placed on the vaults, beneath the roof, would be enough to 
increase the temperature of the vault, enough to evade the 
appearance of condensation on the intrados of the vault. 
As the air humidity increases, the temperature of the 
material should be higher also on the intrados of the vault 
(Fig. 12). 
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Figure 12 Relationship between the humidity and temperature of the material, 

as a requirement to avoid the occurrence of condensate [10] 
 

There is a way to regulate the air humidity in winter. 
The present material of the vaults and the lightweight 
concrete that would be cast on it could absorb the 
moisture from the air because of its hygroscopic 
properties [11]. Another possibility is to cover the walls 
with a light plaster, where the binder would be a mixture 
of lime and gypsum dehydrate, CaSO4×2H2O. Thus, the 
thermal plaster on the walls at the same time would play 
the role of thermal insulator and a humidity regulator in 
winter and summer also. 
 
5 CONCLUSION 
 

The paper gives an insight into the current usability 
of the synagogue in Subotica, built 114 years ago. As the 
authors, we carried out specific sampling of materials 
from the vaults and, based on the results of examination 
of physical and mechanical properties, we tried to 
reconstruct the technology of the construction of the 
concrete vaults. The results indicate that the concrete in 
the vaults has a relative poor quality. The examined 
concrete does not ensure the protection of the steel 
reinforcement in it. The corrosion of the steel 
reinforcement is visible. The synagogue has no thermal 
insulation in the vaults and walls. This is a big problem if 
the synagogue were to be put into function in winter, 
when heating needs to be provided, that would result in 
the appearance of condensate on the intrados with the 
adverse effect of deterioration of the ornaments on the 
vaults.  

The authors suggest measures and methods of 
rehabilitation with a precise selection of materials. This 
paper is an introduction to the next study where a concrete 
with a binder mixture of lime Ca(OH)2 and gypsum 
CaSO4×2H2O is planned to be designed and investigated.  
The aggregate in that new concrete would be a pozzolanic 
material originating from the region. The expected 
strength of that concrete at 28 days would be between 10 
MPa and 20 MPa. During a period of several decades that 
concrete strength should reach a value between 40 MPa 
and 60 MPa. 
 
 

Acknowledgements 
 
The work reported in this paper is a part of the 

investigation within the research project III 42012 
"Energy efficiency enhancement of buildings in Serbia 
and improvement of national regulative capacity for their 
certification", supported by the Ministry for Science and 
Technology, Republic of Serbia. This support is gratefully 
acknowledged.   
 
6 REFERENCES  

 
[1] Europe’s 7 most endangered monuments and sites. 

http://www.europanostra.org/news/449/ (09.05.2017) 
[2] Klein, R. Zsinagógák Magyarországon 1782-1918. 

Synagogues in Hungary. Budapest. Terc. 2011. 
[3] Levai, E. (1998). Subotička sinagoga. Rukovet, 4-5-6, 36-

39. 
[4] Aladžić, V. (2000). Hronologija radova na sinagogi. 

Rukovet, 5-6-7-8, 56-63. 
[5] Aladžić, V. (2001). A 25 Years Long Attempt in Preserving 

the Synagogue in Subotica // International Scientific 
Conference "Theoretical and Practical Issues of Built 
Heritage Conservation" / Tusnad 06 – 13 May, Kolozsvár: 
Utilitas, 2001, 83-85. 

[6] A Closer Look Subotica Synagogue. World Monuments 
Fund, http://www.wmf.org/project/subotica-synagogue 
(07.05.2017) 

[7] Aladžić, V., Kukaras D. & Grković, S. (2011). Synagogue 
in Subotica – proposal for restoration and Conservation. 5th 
International Congress on Science and Technology for the 
Safegard of Cultural Heritage in the Mediterranean Basin. 
Istanbul, Roma: Valmar, 2011, pp. 80. 

[8] Kiralj, L. (1998). Rabic svod subotičke sinagoge. Rukovet, 
4-5-6, 40-43. 

[9] Skenderović, B. & Kekanović, M. (2011). Građevinski 
materijali hemija - struktura - tehnologija - korozija. 
Udžbenik Agm knjiga, Beograd, p132. 

[10] Dew point from Wikipedia, the free encyclopedia, 
https://en.wikipedia.org/wiki/File:Dewpoint-RH.svg 
(09.05.2017) 

[11] Kekanović, M., Kukaras, D., Čeh, A. & Karaman, G. 
(2014). Lightweight concrete with recycled ground 
expanded polystyrene aggregate. Tehnicki Vjesnik-
Technical Gazette, 21(2), 309-315. 
 
 

Contact information: 
 
Milan KEKANOVIĆ, Associate Professor, Ph.D. 
Faculty of Civil Engineering Subotica, 
University of Novi Sad 
Kozaračka 2a, 24000 Subotica, Serbia 
kekec@gf.uns.ac.rs 
 
Viktorija ALADŽIĆ, Assistant Professor, Ph.D.  
Faculty of Civil Engineering Subotica, 
University of Novi Sad 
Kozaračka 2a, 24000 Subotica, Serbia 
aviktorija@hotmail.com 
 
Arpad ČEH, Assistant  
Faculty of Civil Engineering Subotica, 
University of Novi Sad 
Kozaračka 2a, 24000 Subotica, Serbia 
ceh@gf.uns.ac.rs 
 

 

 


	1 INTRODUCTION


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


