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PROCENA OTPORNOSTI NA ZEMLJOTRESE ZGRADE OZONA 

KOJA JE DEO VODOSNABDEVANJA  

Rezime: 

Zemljotres jačine 6,2 stepena Rihterove skale potresao je 29. decembra 2020. godine područje 

Petrinje u Republici Hrvatskoj. Posledice zemljotresa su značajna oštećenja na velikom broju 

objekata. Kako bi se moglo pristupiti što efikasnijem renoviranju, zakon predviđa izradu analize 

seizmičke otpornosti postojećeg objekta. U radu će biti prikazana procena seizmičke otpornosti 

objekta ozona koji je deo postrojenja za zahvatanje i preradu vode za piće u Novom Selištu. 

Analiza obuhvata istražne radove, predloge hitnih mera i numeričku procenu seizmičke 

otpornosti. 

Ključne reči: zemljotres, seizmička otpornost, numerička analiza 

SEISMIC RESISTANCE EVALUATION OF OZONE BUILDING AS 

PART OF THE WATER SUPPLY SYSTEM 

Summary: 

On December 29, 2020, an earthquake of 6.2 Richter hit the area of Petrinja in the Republic of 

Croatia. The consequence of an earthquake is a significant damage to many buildings. As a part 

of building reconstruction, the Croatian law predicts the evaluation of seismic resistance of the 

existing buildings. This paper presents a seismic resistance evaluation of ozone building as a part 

of the water supply in city of Novo Selišće. Evaluation includes experimental research, proposals 

for emergency measures and numerical analysis. 
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1. BUILDING DATA 

The building was built in the early 1980s and is a part of the Petrinja water purification plant 

near the right bank of the Kupa river. Its rough dimensions are 24 m by 22 m and height is 8 m, 

and the structural system was achieved by combining monolithic and prefabricated elements – it 

combines reinforced concrete frames (columns and beams), plates and walls. The epicenter of 

the devastating 6.2 magnitude earthquake is less than 5 kilometers away from the building and 

the damages following the earthquake were clearly visible, leading to an urgent seismic 

inspection of the building. Inspection of the building revealed significant damage, leading to its 

closure. The figures below show a floorplan and a section of the building. The north is on the 

upper side in the floorplan and on the left in the section. 

 

 
Figure 1 – Ground floor plan and north-south section 

 

Figure 2 – Building elevations (clockwise from the upper left elevation: north, east, west, 

south) 
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Figure 3 – View of the building from the south-east corner 

 

Figure 4 – View of the building from the south-west corner 
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Figure 5 – Interior of the building, looking to the south 

2. DAMAGES OVERVIEW 

Out of all the damages, the diagonal cracks in the load-bearing reinforced concrete columns 

were recognized as critical. They appeared on all columns on the south side of the frames, at 

window level, due to excessive shear forces at that point during the earthquake. This is obviously 

the structure's weak point and was poorly designed, so these damages had to be fixed as soon as 

possible in case of further aftershocks. 

 

 

Figure 6 – View of one diagonal crack 
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  Furthermore, the westward wall placed between the reinforced concrete columns and beams 

is a masonry wall, unlike the eastward reinforced concrete wall. This westward wall has suffered 

a large out-of-plane displacement due to the lateral forces of the earthquake, and it was noticed 

that it could fall to the exterior. This was promptly secured by removing the masonry wall and 

placing a "sandwich" panel in its place. 

 

 

Figure 7 – Out of plane displacement of the westward masonry wall 

3. URGENT STRENGTHENING OF THE COLUMN DIAGONAL CRACKS 

In order to proceed with any further work or assessments, it was crucial to secure the 

columns’ diagonal cracks. This was done by removing the first windows on both sides of the 

columns and pouring a reinforced concrete wall segment in their place. These walls were 

additionally reinforced by embedding steel HEB200 profile columns in the concrete near the 

reinforced concrete columns. The new concrete segments were anchored to the walls above and 

below, and also to the existing columns using 16 mm dowels at 15 cm spacing. The used steel 

mesh is Q503, and the concrete itself is C30/37. This secured the columns at their most exposed 

point. This urgent securing was proven as sufficient at this point after the numerical analysis. 

 

 

Figure 8 – Added steel columns by the concrete columns 
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Figure 9 – reinforcement sketches (clockwise from the left: section, floorplan, elevation) 

 

Figure 10 – RC segment after pouring of concrete 

4. FIELD TESTS 

The field tests determined the actual quality of the used materials (concrete and 

reinforcement) after over 30 years of use. The concrete compressive strength and density were 

determined at different positions in the building using 21 cylindrical samples taken from the 

structure. The actual positions of the reinforcement were determined at 6 points, along with a 

check of the thickness of the protective layer and the size of reinforcement bars using 

electromagnetic induction. Additionally, the intensity of corrosion was determined by measuring 
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half-cell potentials. All field and laboratory tests led to the expected conclusion – the quality of 

the concrete has fallen off during the years, or the designed quality concrete was never achieved. 

What came as a surprise was that one group of samples from a column showed that the designed 

quality was MB30, and the evaluated compressive strength was 16,2 MPa, which is a 46% drop. 

Regarding the reinforcement, the position and sizes matched the original designs retrieved from 

the building's archives. The probability of corrosion was estimated as less than 10%, and the 

carbonatization depth reached the reinforcement at only a few spots, which leads to the 

conclusion that the existing reinforcement is in good condition. 

5. NUMERICAL ANALYSIS 

With these field tests and preserved original design documentation, it was possible to create 

a reasonably accurate building model. The concrete quality for the whole building was modelled 

as either MB30 reduced by 70%, or as an exact value according to the field test results. The 

reinforcement was inputted as GA 240/360 (smooth reinforcement), in the exact sizes and 

positions as tested or as drawn in the original plans. 

 

 

Figure 11 – View of the analytical model from the south-west side 

The considered loads were as follows: building self-weight, imposed loads, additional snow 

loads, and lateral earthquake loads. The earthquake loads were created by using a spectrum 

response analysis. All loads were defined according to the currently valid Eurocodes. According 

to the Croatian seismic map, the peak ground acceleration is 0.16g for the 475-year return period. 

The soil type is C, and the spectrum type is 1 because we expect an earthquake’s magnitude to 

be higher than 5.5. The behavior factor is 1.5 to consider a design spectrum for the worst-case 

scenario. Over 90% of building mass activation was achieved when taking into account the first 

100 vibration modes. 
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Figure 12 – Used design response spectrum 

 

 

Figure 13 – Actually used reinforcement of the second frame 

The results were reviewed and checked for any inconsistencies, and the model was iteratively 

perfected to gain a more real overview. The structure’s elements were checked for the applied 

forces, and all elements’ resistance checks were performed. 
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Figure 14 – 2nd frame south façade column unity checks before and after the urgent 

strengthening 
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The figures show the action/resistance (Ed/Rd) ratios for the 2nd frame south facade column 

before and after the undertaken urgent measures described earlier. The critical ratios all over the 

column come from the column's resistance to the lateral earthquake forces. This confirms the 

starting assumption: the columns failed at these points because of the underestimated earthquake 

lateral forces. After the columns’ securing the internal forces of the structure were redistributed, 

and now the critical point is also on these columns, but by the upper row of windows. Based on 

all other analysis results it was determined that the plate elements (plates and walls) mostly 

satisfy today's criteria, except for several specific points which need reinforcement. The columns 

and beams often fail today's criteria, especially because of significant shear forces. 

6. CONCLUSION AND FURTHER RECCOMENDATIONS 

Following all the field tests, strengthening, and numerical analyses, it was concluded that the 

first and urgent securing was valuable and indispensable to the continued safety of the structure. 

However, work mustn't stop here. To secure the structure and raise it up to today's standards, a 

wholly encompassing strengthening proposal is needed which will include all elements that need 

reinforcement at all necessary positions. After finishing all works and owing to the structure's 

value and infrastructural meaning, further monitoring and maintenance are paramount. 
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