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Abstract:Nowdays, fire safety of high-rise buildings relies on a combination of passive building elements and 

active fire detection, alarm/notification, and suppression systems to control fire and its effects. However, sixty 

years ago, the technology available to us to create fire-safe high-rise buildings was quite basic, missing modern 
and effective firefighting features, while the regulations concerning fire safety were in the process of 

development. On 06th of April in 2000, a fire broke out in the 13-storey Open University building in Novi Sad. 

The building lacked all the neccessary passive and active fire-safety meastures, which allowed easily fire 

spreading throughout interior and accross the building's facade, resulting in numerous damages of the structure 

and one casualty. This paper addresses the fire safety analysis of the building before fire and assessment of the 

structure after the fire. The assessment revealed that the condition of the load-bearing structure of the building is 

such that the designed load-bearing capacity and durability can be retrieved by appropriate structural and non-

structural repair measures. 
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1. INTRODUCTION 

The building of the "Novi Sad Open University" is located at Vojvodjanskih brigada 7 Street in 

Novi Sad. It was designed in 1962, and the construction of the building was completed in 1966.  

On 06th of April in 2000, in the afternoon, the building was engulfed in fire. The fire broke out on 

the XII floor and very quickly spread to the last 6 floors of the building (VIII - XIII floor). Due to the 
fire that lasted for about 6 hours and which was mostly extinguished by water, the load-bearing 

structure of the building was damaged, while the facade, interior and installations on the floors 

affected by the fire were partially or completely destroyed. 

In the period after the fire (2000.), an assessment and the repair of the reinforced concrete (RC) 

structure were conducted, whereas the following works were performed: 

 dismantling of the complete facade structure, 

 repair of damaged RC elements on floors that were exposed to high temperatures, 

 construction of new RC stiffening walls (seismic strengthening of the structure) and 

 construction of a new steel fire-rated staircase. 

In order to determine the actual condition of the load-bearing RC structure of the building, after 

decades of exposure to atmospheric influences and deterioration processes, and to define any 
necessary specific repair works, a detailed visual inspection of available elements of the load-bearing 

structure was carried out in 2021. Within the assessment process, the following activities were 

realized: 

 Analysis of available design and technical documentation on the load-bearing structure, 

 Detailed visual inspection of available parts of the load-bearing structure,  

 Subsequent determination of the concrete surface hardness in the characteristic elements of the 

load-bearing RC structure (non-destructive testing - Schmidt hammer method). 
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The paper presents the results of this research for the part of the structure from the second to the 
seventh floor. 

2. BASIC DATA ON THE BUILDING AND FIRE SAFETY ANALYSIS  

The building consists of a basement, a high ground floor and 13 floors, which are connected by 

one staircase and three elevators. The dimensions of the building in the basis are 30x15m (Fig. 2), and 
the height is 54m. Floor heights in the building are: basement 2.6m, ground floor 6.0m, first floor 6.0, 

second - thirteenth floor 3.5m.The building is constructed as a RC frame structure with RC columns, 

partially reinforced with RC seismic wall panels and pot-ribbed RC floor structure.  

  

Figure 1 - The street 

view of the building 
Figure 2 - Basis of the building (characteristic floor) 

The elements of the load-bearing structure are: 

 RC columns, variable cross section (largest dimensions in the basement - 50x90cm and 
50x76cm and the smallest dimensions on the XIII floor - 35x40cm and 35x35cm).   

 RC longitudinal beams, 6m span, rectangular cross section, variable dimensions (measured 

from VIII - XI floor - 80x35cm and 60x35cm, XII floor - 35x45cm).  

 RC transverse beams, 6m span, rectangular cross section, height 35cm and variable width - 

from 44cm to 38cm (measured from VIII - XII floors).  

 RC stiffening walls, constructed along the entire height of the building in the staircase and 
elevator space, constant thickness of 30cm. 

 RC walls of the basement and ground floor. 

 RC pot-ribbed floors, slab 5cm thick, ribs 10x25cm at a 60cm centre-to-centre distance (Fig. 3). 

 RC slab, above the basement and mezzanine. 

 RC facade beams, 10x32cm. 

 RC staircase, constructed along the entire height of the building: a double turn staircase within 

the typical floors, a three turn staircase connecting the first and second floor, and single 

staircase in the form of a crank-slab on the ground floor and first floor. All types have 10cm 
thick slab.  

 Piles and ground beams. 

The building had a pore fire-safety measures implemented. The basement, ground floor, 

mezzanine and 13 floors, were connected with one (non-isolated) staircase, as the only evacuation 

corridor. The unfavorable structure of the building (non-existence of vertical fire resistant elements, 
noninsulated installation openings and staircases, etc.), a large amount of flammable materials and 

coverings in the building enabled quick spreading and instant development of the fire both along 

horizontal and vertical lines. The fire destroyed six floors (8th to 13th), jeopardizing the load-bearing 

capacity of RC structure.  
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The behaviour of the non-isolated pot-ribbed structure was rather disadvantageous in relation to 
the fire due to its dimensions (small slab and rebars thickness), hence it is the most severely damaged 

element of the load-bearing structure. RC elements were constructed with a number of defects which 

contributed to easier development of high temperatures into the structure. 

Most columns and beams were not plastered, but covered with wooden sheets which completely 
burned, affecting fire-load increase. The load-bearing elements of the structure that were protected 

with non-flammable cover (marble plates and mortar) were not significantly damaged. The RC stairs 

also were not damaged in fire because they were protected in the same way. 

The building, therefore, lacked all the necessary passive and active fire safety measures, which 

influenced serious damages of the load-bearing structure of the tallest building in Novi Sad. 

In addition, the unfavorable weather conditions - remarkably strong wind (13–15 m/s), as well as 
hindered fire brigade action, due to the difficult access, enabled rapid spreading of the fire onto the 

lower floors (a rather rare case). 

3. THE ASSESSMENT OF THE STRUCTURE 

3.1. RC columns and beams 

The following characteristic defects of RC columns and beams were registered:  

 insufficient thickness of the protective layer of concrete, 

 segregation, 

 honeycombs, 

 geometric imperfections: uneven surfaces and uneven edges, 

while the detected damages include: 

 mechanical damages: broken parts of concrete, bare reinforcement, 

 corrosion of stirrups, 

 corrosion of main reinforcement. 

As a consequence of insufficient thickness of the protective layer of concrete and/or in zones of 
inadequately compacted concrete (honeycombs), the corrosion process affected stirrups and/or main 

reinforcement. Corrosion of reinforcement is mostly manifested as surface (stage I, without reduction 

of cross section). The listed defects and damages are shown in Figs. 4-6. 

   

Figure 3 - Honeycomb in 

the lower part of the 

column, visible corroded 

reinforcement  

Figure 4 - Small 

protective layer, visible 

reinforcement with 

surface corrosion 

Figure 5 - Local corrosion of the stirrups on 

the beam, a bar lost its adhesion to the 

surrounding concrete 

3.2. RC seismic walls 
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A large number of damages and defects were noticed on the walls, with the degree of damage 
varying from floor to floor. Figure 6 shows the damages and defects on the RC wall on the second 

floor. On a large surface of the wall, the protective layer of concrete fell off, most likely due to 

excessive adhesion between the concrete and the formwork plane. 

 

Figure 6 - General appearance of the wall on the second floor and detail: a hole in the wall, 

honeycombs, surface corrosion of the reinforcement 

3.3. RC pot-ribbed floor structure 

RC pot-ribbed floor structure is the most damaged structural element with a large number of 

registered damages and defects. Zones of inadequately compacted concrete (honeycombs) are a 

characteristic rib defect. In these places, the concrete is cellular, and the reinforcement is affected by 
surface corrosion – Figures 7-8. Characteristic damages of the ribs are local mechanical damages, 

which manifested through the detachment of the lower parts of the ribs in average lengths of about 

20cm along the ribs. 

  

Figure 7 - Concrete honeycomb on 

longitudinal rib, detached part of concrete 

and visible reinforcement 

Figure 8 - Corrosion of reinforcement in the zone of 

concrete honeycomb, partial loss of adhesion between 

concrete and reinforcement 

The slabs of the ribbedfloor structure are more damaged than the ribs. Cracks and fissures of all 
orientations (longitudinal, transverse, oblique and net-like fissures) were observed on the slabs and are 

often accompanied by traces of leakage. Longitudinal cracks in the middle of the field between the ribs 

as well as cracks at the joints of the slab and the ribs can adversely affect the load-bearing capacity of 
the pot-ribbed structureas they disrupt the integrity of the concrete section in the compression zone. 

These cracks run deep into the cross section of the slab or pass through its entire thickness, as 

indicated by traces of leakage and leaching. There is also a large number of holes (openings) on the 
slabs, through which water flows. The holes are small in size, but during their penetration, a larger 

local zone of concrete was damaged, especially on the lower side. The thickness of the concrete slab in 

these zones is significantly reduced, to a thickness of 10-20mm. At the places of this damage, the 

concrete is extremely porous and friable and prone to falling off – Figure 9. 



8TH INTERNATIONAL SCIENTIFIC CONFERENCE  

SAFETY ENGINEERING 

 

48 

 

 

Figure 9 - Holes in the slab with surrounding concrete falling off; bare and corroded reinforcement 

4. NON-DESTRUCTIVE TESTING OF CONCRETE 

Subsequent testing of concrete compressive strength was performed using a non - destructive test 
method - Schmidt hammer. The test covered four measuring spots on the RC elements of the building: 

two on RC columns and two on RC stiffening walls. Table 1 shows the values of the rebound hammer 

index and the calculated values of compressive strength. 

Table 1 Sclerometer index and analytically determined compressive strength 

 
Wall in axis 7 

(II floor) 
Wall in axis 
11 (III floor) 

Column A10 
(III floor) 

Column C9  
(III floor) 

Sclerometer index 53,7 51,4 54,5 57,2 

Concrete compressive 
strength (MPa) 

67.8 63.3 69.5 74.9 

 

Based on the obtained results, following conclusions can be derived: 

 The values of the calculated compressive strengths of concrete are in the range of 63-68 MPa 

for RC walls and in the range of 69-75 MPa for RC columns. 

 The average value of the calculated compressive strength of concrete for all RC walls is 

65.6MPa, and for RC columns 72.2MPa. 

 The standard deviation for the values of compressive strength for RC walls is ±8MPa, i.e. ± 
11.5MPa for RC columns. Thus, it can be adopted, as the most unfavourable case, that the 

calculated mean values of compressive strength of concrete are 57.6 MPa for RC walls, and 

60.7 MPa for RC columns. 

5. CONCLUSIONS 

Based on the data collected by visual inspection of all available RC elements, it was concluded: 

As the corrosion of the stirrups and the main reinforcement are predominantly of a local character 

and the damages to the concrete are only within the protective layer, the load-bearing capacity of RC 
columns, beams and stiffening walls has not been reduced. Registered damages should be repaired in 

order to stop the process of further corrosion of reinforcement. By analysing the obtained values of 

estimated compressive strength of concrete (surface hardness of concrete), it can be concluded that the 
average and minimum values of compressive strength in the tested elements are high, hence concrete 

has satisfactory mechanical properties.  

Regarding pot-ribbed floor structure, similar defects and damages were recognized, but to a 
greater extent. Given the degree of damages on the ribs: surface corrosion of stirrups, local surface 

corrosion of the main reinforcement, the widths of transverse cracks in ribs do not exceed the limit 

values, concrete damages are mostly within the protective layer, the load-bearing capacity of these RC 

elements is not reduced. However, registered damages of reinforcement and concrete should be 
repaired to stop the process of further corrosion of reinforcement and maintain the designed durability. 

The slab of the ribbed floor structure is the most damaged element. Simultaneous effect of a large 
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number of defects and damages in the form of extremely uneven slab thickness, porous and friable 
concrete, irregular porous and cracked cold joints, holes with major local damages and various types 

of cracks, including particularly unfavourable longitudinal cracks at the slab and ribs joint and in the 

middle of the field between the ribs, reduced the load-bearing capacity of the slab, and consequently 

the load-bearing capacity of pot-ribbed floor structure as a structural unit. Constructive repair 

measures are, on this account, obligatory. 

As the building's height exceeds 30m in relation to the surrounding level, it is neccesary to 

perform fire-safety analysis and implement adequate passive and active measures, based on the Project 
technical fire safety documentation in accordace with the Rule on fire protection of high-rise buildings 

(Official Gazette RS, No. 103/2018). 
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