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In this research, a rapid seismic assessment of the I Gymnasium in 
Sarajevo (Bosnia and Herzegovina) was conducted. Structural infor-
mation was obtained from original designs, visual inspection, and 
supported by the usage of a drone and infrared thermography. The 
vulnerability of the structure was assessed by implementing the Vul-
nerability Index Method (VIM), producing a vulnerability curve that 
quantifies mean damage grades for various seismic intensities 
according to the EMS-98 scale, enabling the quantification of risk for 
various seismic scenarios. The structure would experience no to 
minor damage if exposed to weaker earthquakes (IV-V), while inten-
sities VII-VIII, relevant for Sarajevo, lead to moderate damage with 
mean grades of 1.86 and 2.93 and increasing probabilities of very 
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severe damage and collapse (≈24% and 2% at VIII). For earthquakes 
of higher intensities (X-XII), there is a significant increase in heavy 
and severe damage, leading to the complete collapse in the case of 
XII intensity level (mean grade 4.89). While this assessment focuses 
on a single building, its reinforced concrete frame with masonry infill 
represents a common typology in Sarajevo, making the results 
broadly relevant for similar educational structures. The paper further 
discussed the effects that have a direct impact on the degradation of 
masonry material, leading to a reduction of its resilience. An aspect of 
inadequate strengthening is emphasized, together with the impor-
tance of regular maintenance for prolonging the life of these types of 
structures.
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Introduction

 The period of Austro-Hungarian rule in Bos-
nia and Herzegovina (1878-1918) marked a 
significant transformation in the region’s ar-
chitectural and construction practices, with 
the introduction of contemporary principles 
of urban planning, infrastructure develop-
ment, and European architectural styles. Dur-
ing this period, structures were made of ma-
sonry, either stone or brick load-bearing 
walls, of various thicknesses, while the floors 
were made of timber, representing flexible 
floors. At that time, no seismic rules existed, 
so most of these structures were constructed 
without any seismic regulations.

This region became a part of the Austro-Hun-
garian Empire, so construction practices 
changed significantly in relation to the Otto-
man Empire; however, certain local features 
were kept. This approach led to the construc-
tion of numerous public buildings, residen-
tial houses, and administrative buildings that 
reflected a combination of European histori-
cal styles and traditional Ottoman influences. 
Masonry constructions with wooden ceilings 
became a recognizable sign of this period 
due to their adaptability and the availability 
of materials.

Bosnia and Herzegovina is located within a 
seismically active region influenced by the 
complex interaction between the Adriatic mi-
croplate and the Eurasian plate. Moderate  
to strong earthquakes have been recorded 

throughout history, highlighting the built envi-
ronment’s seismic vulnerability. In particular, 
the 1969 Banja Luka earthquake caused sig-
nificant damage to masonry buildings, expos-
ing their inadequate seismic resistance and 
leading to the first systematic implementation 
of seismic design regulations in the former 
Yugoslavia. Similarly, the 1979 Montenegro 
earthquake had widespread regional impacts, 
further emphasizing the need for improved 
seismic assessment methodologies.

A large portion of the existing building stock, 
including structures constructed during the 
Austro-Hungarian period, was designed with-
out consideration of seismic actions. These 
buildings are typically characterized by unre-
inforced masonry walls, flexible diaphragms, 
and insufficient connections between struc-
tural elements, making them particularly vul-
nerable to seismic loading. Therefore, their 
assessment represents a critical task within 
the broader framework of seismic risk mitiga-
tion in Southeast Europe.

In this paper, the seismic vulnerability of a 
single school building from the Austro-Hun-
garian period has been assessed. The analy-
sis focuses exclusively on this building, ex-
amining its historical construction character-
istics, structural typology, and potential 
damage level due to various macro seismic 
intensities of earthquake.

Structural elements  
of masonry structures

Elements made of stone and fired bricks were 
most frequently used for the construction of 
the load-bearing walls in masonry structures, 
and lime mortar as a binder. This type of con-
struction has several benefits, including fast 
construction, good thermal insulation, im-
portant for the climate conditions of this re-
gion. Due to higher compressive strength, 
stone was often used for the construction of 
load-bearing walls at the lower floors, and 
the upper floors were usually made of fired 
brick. The dimensions of the bricks during the 
Austro-Hungarian era were approximately 
30cmx15cmx7cm (Ademović, 2024), which 
was larger than the standard bricks (25 cm x 
12 cm x 6.5 cm) used today.

The thickness of the walls often varied, with 
public buildings having more massive walls 
for increased durability and protection. The 
outer walls of public and administrative 
buildings could have reached a thickness of 
50 cm and up to 1 meter, especially on the 
lower floors, due to the need for structural 
stability and thermal insulation. On higher 
floors, the thickness of the walls was smaller, 
around 30-40 cm. The inner walls of residen-
tial buildings and less massive buildings 
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were around 25-30 cm thick, while partition 
walls had dimensions of 7 to 15 cm. The walls 
surrounding the staircase and the elevator in 
the basement are 60 and 45 cm thick, where-
as all other floors have their thickness re-
duced by 15 cm. The wall thickness was pre-
scribed in the Viennese building code (Kol-
bitsch, 1989: 15).

Seismic behaviour of structures  
with respect to floor types

Timber was extensively used for floor con-
structions due to its availability and ease of 
construction. Floors were typically supported 
by wooden beams embedded in the stone 
walls, and wooden planks formed the walk-
ing surface (Fig. 2a). In some cases, the 
beams were reinforced with iron elements to 
increase their resistance and longevity. Al-
though there were no universal standards as 
they exist today, certain characteristics were 
typical of wooden ceilings of that time. The 
typical dimensions of these beams were 12 to 
20 cm x 20 to 30 cm (Peulić, 2022: 512), de-
pending on the length and load-bearing ca-
pacity required for the construction. Beams 
were typically placed at a distance of 60-100 
cm, depending on the load and the room’s 
size. The ceiling height was on average be-
tween 2.5 and 4 m, but in administrative or 
larger public buildings, the ceiling height 
could reach larger dimensions, even up to 5 
m in some cases. For older buildings with 
larger spans Peulić, 2022: 512), such as 
schools and halls, it was recommended to re-
tain double-beamed ceilings. Although larger 
beams had a larger volume, they did not com-
pletely eliminate vibrations.

A common practice in seismic analysis of 
buildings is to assume that diaphragms, or 
floors, are rigid. This assumption is consid-
ered acceptable for reinforced concrete 
floors, which, due to their massive character-
istics and strength, can effectively transfer 
seismic forces to vertical elements. This type 
of action is known as “box action”. However, 
this assumption does not apply to wooden 
floors, which, due to their relatively lower 
mass and elastic properties, behave differ-
ently from reinforced concrete floors. For 
buildings with wooden floors, it is necessary 
to carry out specific analyses that take these 
characteristics into account.

A floor structure is considered flexible when 
the maximum lateral deformation of the dia-
phragm is twice the average displacement of 
the floor. This can be confirmed by compar-
ing the calculated displacement of the mid-
point in the floor plane under lateral load 
with the displacement in adjacent vertical el-
ements under the same lateral load (Elsher-

beny, 1999: 11). Unlike rigid floors, flexible 
floors cannot redistribute forces resulting 
from torsional deformations of the structure. 
This inability to transfer the forces can lead to 
serious problems and structural failure, be-
cause the forces are not distributed evenly 
throughout the structural elements. On the 
other hand, rigid floors better distribute tor-
sional effects to vertical elements, with the 
distribution being proportional to the stiff-
ness of these elements.

Thus, in older masonry buildings with flexible 
floors without horizontal bracing, and in 
which the wooden beams are not firmly con-
nected to the walls, the walls separate from 
each other during an earthquake. Due to the 
lack of adequate bonding, vertical cracks 
form at the joints of the walls, especially on 
the end walls, i.e., those perpendicular to the 
direction of the earthquake. These cracks are 
caused by the walls bending out of plane, 
which is a type I failure mechanism.

Additionally, cracks appear at the ends of 
walls parallel to the direction of earthquake 
action due to their limited tensile strength, 
which is not sufficient to transfer inertial 
forces. In such conditions, uncoordinated 
movement of individual walls occurs, which 
increases the overall vulnerability of the struc-
ture. The outer walls are particularly suscepti-
ble to overturning and breaking, which further 
jeopardizes the stability of the building.

Figure 1 shows the influence of the connec-
tion between the floors and walls and the 
stiffness of the floors on the seismic action of 
the structure. The variants shown illustrate 
different seismic response scenarios depend-
ing on the degree of interconnection of struc-
tural elements.

Fig. 1a illustrates a structure with a flexible 
floor without a rigid connection between or-
thogonal walls. In such a case, each wall acts 
as a separate element, without the possibili-
ty of working together with other load-bear-
ing walls. This configuration significantly 
weakens the resistance to horizontal forces. 
As the walls are not mutually supported, this 
increases the risk of a local or global collapse 
during seismic loading. Fig. 1b shows a con-
struction in which the walls are connected by 

Fig. 1 Influence of connection and stiffness  
of floor on the “box” model:  
a) flexible floor without horizontal bond 
beams; b) flexible floor with horizontal  
bond beams; c) rigid floor with horizontal 
bond beams (Gallonelli, 2007: 57)

a) b) c)
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horizontal bond beams at the junction with 
the floor, while the floor remains flexible. 
This solution somewhat improves seismic re-
sistance because horizontal bond beams 
connect the walls and enable their partial as-
sociated deformation. It is what reduces the 
possibility of complete separation of the 
walls during an earthquake. In this type of 
construction, the significant out-of-plane 
bending of the walls is still present, which 
may lead to local collapse mechanisms. The 
construction of the rigid floors and horizontal 
bond beam is illustrated in Fig. 1c. This 
changes the action of the structure once ex-
posed to an earthquake. Now the structure 
overall demonstrates “box action,” which is 
more favourable. In this case, horizontal forc-
es are efficiently transferred onto the walls 
with respect to their stiffness.

The recognized dominant problem in all com-
binations of flexible floors is the possibility of 
out-of-plane failure due to the fact that in 
these structures, walls are not mutually con-
nected, and they are also not connected to 
the floors, leading to significant relative 
movements between individual elements.

The case study building (1st Gymnasium) is 
characterized by a masonry structural system 
with timber floor diaphragms. The load-bear-
ing system consists of longitudinal and trans-
verse masonry walls with variable thickness, 
forming a predominantly regular plan layout. 
Openings constitute approximately 17.55% 
of the façade surface, locally reducing wall 
stiffness and load-bearing capacity.

The floor system is composed of timber 
beams with plank decking, acting as flexible 
diaphragms with limited in-plane stiffness. 
No effective horizontal bracing or diaphragm 
stiffening elements were identified, and con-
nections between floors and walls are as-
sessed as insufficient to ensure composite 
action. Consequently, diaphragm continuity 
is limited, and load transfer between orthog-
onal walls is not fully achieved.

Inadequate strengthening of unreinforced 
masonry structures (URM) may lead to cata-

strophic scenarios. An example of this was 
seen, after the earthquake in the Friuli re-
gion, where improper interventions on his-
torical buildings caused the so-called ham-
mering effect. In particular, the installation of 
reinforced concrete slabs significantly al-
tered the dynamic response of the structure. 
The increased stiffness of the floor led to the 
concentration of seismic forces in the walls, 
which resulted in out-of-plane failure (see 
Fig. 2).

There is empirical evidence from recent re-
gional seismic events, specifically the 2020 
Zagreb and Petrinja earthquakes, which 
prominently affected the URM buildings. The 
2020 Zagreb earthquake struck the city’s ur-
ban area, resulting in extensive damage to 
historic URM buildings, including school fa-
cilities and cultural heritage buildings, de-
spite moderate seismic intensity levels. Many 
buildings experienced cracking, partial fa-
çade collapses, and other forms of structural 
degradation, highlighting the seismic vulner-
ability of traditional masonry construction 
without adequate diaphragms, ties, or retro-
fitting measures (Arbutina et al., 2025; St-
epinac et al., 2023; Lulić et al., 2021).

Later that same year, on 29 December 2020, 
a Mw 6.4 earthquake occurred near Petrinja, 
causing widespread damage in Sisak‑Mo
slavina County and surrounding areas, with 
URM buildings being among the most severe-
ly affected structural types. Post‑earthquake 
reconnaissance and damage assessments 
reported significant structural failures in 
schools and other public buildings, underlin-
ing the limitations of conventional strength-
ening techniques such as rigid insertions or 
poorly detailed infill repairs.

Educational institutions

In Bosnia and Herzegovina, several schools 
are situated in buildings constructed during 
the Austro-Hungarian period, which still 
serve their original purpose today. Some of 
the examples are:

First Gymnasium (High School) in Sarajevo: 
Founded in 1879, this is the oldest secular 
high school in Bosnia and Herzegovina. It was 
originally located in other locations; however, 
in 1891, it was moved to a new building built in 
neo-Renaissance style (Fig. 3a).

Elementary School “Safvet-beg Bašagić”: 
The building of this school was constructed 
between 1890 and 1892, specifically for edu-
cational purposes (Fig.3b).

Sarajevo High School of Applied Arts: This 
school, founded during the Austro-Hungarian 
administration, is in a building built in 1893 
(Fig. 3c).

Fig. 2 Inadequate strengthening methods 
(Binda and Modena, 2011)
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gies for assessing seismic vulnerability. 
These approaches use vulnerability indices 
based on key building parameters, such as 
typology, materials, number of floors, and 
geometric irregularities, to classify buildings 
into predefined vulnerability classes. The 
methodologies are suitable for large-scale 
assessments when detailed engineering 
analyses are not feasible. For example, in 
Mostaganem (Algeria), the RISK UE method-
ology was applied to 516 school buildings, 
generating vulnerability curves and damage 
scenarios according to EMS 98 intensities 
(Bendehiba et al., 2023: 7).

In the specific case, seismic assessment of 
the I Gymnasium was carried out in accor-
dance with the RISK-UE Methodology (Miluti-
novic and Trendafiloski, 2003), taking into 
account several parameters, such as struc-
tural typology, including the type of the floor, 
location of the building, number or floors, 
roof type, layout dimensions, soil morpholo-
gy, complex structure, maintenance, irregu-
larity in height and plan, and a vulnerability 
curve was obtained (Fig. 4).

The vulnerability index, , for a building is ob-
tained according to the well-known equation 
(1), where , the vulnerability index, de-
pends on the building’s typology and the 
seismic action modifier , into account, 
which takes into account the above men-
tioned parameters.

	 � (1)

The mean damage grade , representing the 
average level of physical damage (in this 
case, only for this structure) when exposed to 
a specific earthquake intensity, is obtained 
using equation (2), primary employed in the 
macro seismic method

	 � (2)

Where  represent the intensity according to 
the EMS-98 scale, and  represent the ductility 
factor taken as 2.3 for this masonry structure.

The building of the public institution “High 
School of Agriculture, Food, Veterinary Medi-
cine and Services” (Fig.3d) is located across 
the street.

All these structures date from the Austro-
Hungarian period and display the character-
istic architectural features of that era, marked 
by rapid urbanization and the construction of 
many public and educational buildings in 
modern architectural styles.

For this study, the focus is limited to a single 
building, the First Gymnasium in Sarajevo 
(Fig. 3a), selected due to its historical signifi-
cance, representative construction charac-
teristics, and the fact that only this building 
was a part of the project: “Austro-Hungarian 
Educational Buildings and their Sustainabili-
ty in Specific Conditions, with Special Refer-
ence to the First Gymnasium of Sarajevo“ The 
other institutions are mentioned here solely 
to provide contextual background on the ty-
pology and architectural trends of Austro-
Hungarian school buildings in the region.

Methodological framework  
and vulnerability index

In studies assessing the seismic vulnerability 
of school buildings, the vulnerability index is 
often used as a quantitative measure of their 
sensitivity to seismic impacts. Nonlinear 
parametric analysis, which allows the calcu-
lation of the Seismic Vulnerability Index 
(SVI), or the Vulnerability Index Method 
(VIM), which is based on the statistical rela-
tionship between macro seismic intensity 
(e.g., according to the EMS 98 scale) and ac-
tual observed damage to buildings (Bene-
detti and Petrini, 1984), GNDT (1993). In this 
model, parameters are defined (e.g., type of 
construction, irregularities in the floor plan, 
number of floors, age of the building, etc.) to 
which weight values are assigned. By com-
bining these parameters, the final vulnerabil-
ity index is calculated.

In Europe, the RISK-UE (Milutinovic and Tren-
dafiloski, 2003) significantly contributed to 
the development of simplified methodolo-

Fig. 3 a) I Gymnasium; b) Safvet-beg Bašagić 
Elementary School; c) High School of Applied 
Arts; High School of Agriculture, Food, 
Veterinary Medicine and Services
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The vulnerability curve illustrates the rela-
tionship between the expected mean dam-
age grade of the building and the earth-
quake’s intensity as per the EMS 98 scale. 
Structure action is assessed for different 
earthquake intensities, from the weakest (IV) 
to the most catastrophic earthquake (XII). Ac-
cording to the assessment, the building 
where the I Gymnasium is located would ex-
perience small damage if exposed only to 
earthquakes of lower intensity (IV), keeping 
the mean damage grade lower than 0.5, indi-
cating superficial or negligible damage to the 
structure and facades. The slope of the vul-
nerability curve gradually increases as the 
earthquake intensity rises. The most interest-
ing intensities for Sarajevo are VII and VIII, 
whereby the mean damage grade reaches 
values of 2.12 and 3.19, indicating moderate 
damage, which would be manifested with 
cracks in the non-load-bearing walls and po-
tential damage to load-bearing elements. At 
intensity VII, the building shows moderate 
resilience, with the highest probabilities in 
moderate damage (≈34.3%) and substantial 
to heavy damage (≈25.3%). As the intensity 
rises to VIII, the probability of substantial to 
heavy damage increases sharply to ≈34%, 

and very serious damage would be experi-
enced by 30% of all structures, reflecting a 
significant escalation of vulnerability with 
stronger ground shaking. This is following 
the observed damages in the Croatian 
schools of this typology (Salaman et al., 
2023: 10, 15; Lulić et al. 2021: 2; Atalić et al. 
2023). These results highlight the building’s 
sensitivity to higher-intensity earthquakes 
and emphasize the importance of targeted 
risk reduction measures, structural strength-
ening, and informed seismic risk manage-
ment strategies (Fig. 5). The quantified prob-
abilities provide a reliable basis for planning 
targeted risk reduction measures, structural 
strengthening, and informed seismic risk 
management. The main limitation of this 
analysis is that it does not account for the 
strengthened floor; a more detailed assess-
ment incorporating this element will be con-
ducted in subsequent analyses.

For earthquakes of higher intensities (X-XII), 
the curve shows a rapid, sharp increase, indi-
cating a significant increase in heavy and se-
vere damage, leading to the complete col-
lapse in the case of XII intensity level, where 
the mean damage grade reaches the value of 
4.91. This kind of information is very valuable 
as it identifies earthquake intensities when 
the building becomes particularly vulnerable. 
Useful information for engineers and planners 
when in the processes of decision-making 
with respect to strengthening, rehabilitation, 
and seismic safety of educational facilities. 

Degradation of masonry structures

Factors that have a direct influence on the 
degradation of masonry structures are mois-
ture and water penetration, chemical reac-
tions, biological activity, and mechanical im-
pacts. These elements can accelerate the 
degradation of the material and reduce the 
load-bearing capacity of these structures. For 
that reason, it is of the utmost importance to 

Fig. 4 Vulnerability curve for the building  
of the I Gymnasium

Fig. 5 Damage probability matrix

Fig. 6 Moisture penetration, cracking,  
and peeling of the material (author’s photos)
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understand this process and use this knowl-
edge for adequate maintenance, and if need-
ed, the strengthening of masonry structures.

Moisture penetration

One of the most common causes of masonry 
deterioration is the penetration of moisture 
into walls (see Fig. 6), which can have various 
negative consequences. Water penetrating 
the walls carries soluble salts that crystallize 
on the surface, weakening the mortar and re-
ducing the building’s aesthetic value.

In colder areas, freeze-thaw cycles of water 
absorbed into the walls can cause cracking 
and peeling of the material (see Fig. 6), espe-
cially in porous walls such as limestone or 
sandstone. Incomplete or inadequate drain-
age can lead to moisture rising through the 
walls due to capillary action, causing the rot-
ting of wooden structural members, mold 
growth, and deterioration of stone or brick 
walls, reducing the durability and safety of 
the building.

The aerial and thermographic documentation 
was carried out using a DJI Mavic 3T drone 
equipped with an integrated thermal imaging 
system. The thermal sensor is based on an 
uncooled VOx microbolometer with a resolu-
tion of 640×512 px, 30 Hz frame rate, 12 μm 
pixel pitch, and NETD ≤ 50 mK, which makes it 
suitable for the non-contact detection of sur-
face temperature differentials potentially as-
sociated with moisture ingress, detachments, 
fissures, and other material discontinuities. 
The platform also ensured stable flight per-
formance and reliable positioning, enabling 
inspection of elevated and otherwise diffi-
cult-to-access areas. The survey was per-

formed through three separate recording 
sessions during winter temperature inver-
sion conditions, with the interior space addi-
tionally heated to enhance the thermal gradi-
ent between interior and exterior surfaces. 
Recordings were undertaken during three 
different parts of the day, each with a dura-
tion of approximately 10 minutes. This re-
peated acquisition strategy was adopted to 
improve the consistency of thermal observa-
tions and to reduce the possibility of inter-
preting isolated or transient anomalies as 
representative defects. During image acqui-
sition, the thermal camera operated in auto-
matic calibration mode, which was main-
tained as the standard survey setting.

The conditions of the building envelope were 
clearly revealed by infrared thermography. 
Zones with higher temperatures are marked 
in colours going from yellow, orange to green, 
while areas with lower temperatures are 
marked with cyan and dark blue. Locations 

Fig. 7 Infrared thermography method  
of the I Gymnasium (author’s photos)

Fig. 8 Strengthening of the third floor  
of the I Gymnasium with horizontal bond 
beams (author’s contribution)
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where magenta colour is present are of par-
ticular significance, as it indicates not only 
the lowest surface temperatures but also the 
presence of moisture in the material, consid-
ering that water, due to its thermal conduc-
tivity and evaporation, often causes charac-
teristic thermal deviations.

The magenta colour is seen on the ground 
surface next to the school (see Fig. 7). This 
phenomenon directly indicates the capillary 
rise of moisture from the foundation soil to-
wards the walls. Such moisture distribution is 
characteristic of masonry buildings without 
adequate horizontal waterproofing, where 
porous materials enable capillary transport of 
water to higher zones of the structure. Identi-
fication of these cold and damp areas utilizing 
the infrared thermography method is an im-
portant step in diagnosing the condition of 
the building, as it allows the identification of 
locations with an increased risk of material 
degradation, reduced thermal efficiency, and 
the development of biological damage.

It should be noted that no quantitative mea-
surements, such as in-situ moisture content 
or laboratory testing of material properties, 
were performed as part of this study. There-
fore, the interpretation remains qualitative 
and is based on visual assessment, historical 
documentation, and standard thermographic 
analysis. Despite this limitation, the observa-
tions provide important guidance for conser-
vation planning, highlighting areas of con-

cern that may require targeted monitoring, 
further material testing, or preventive inter-
vention to ensure the building’s structural 
and architectural integrity.

The construction of additional storeys of ex-
isting structures, made as unreinforced ma-
sonry structures (URM) without vertical and 
horizontal tie-beams, represents a significant 
challenge from the aspect of statics and con-
servation requirements, illustrated by the ex-
ample of the I Gymnasium. From the perspec-
tive of seismic safety, partial and localized 
strengthening can cause non-uniformity in 
stiffness and strength distributions between 
the strengthened and original floors. Such 
discontinuities in the structural system can 
lead to stress concentration at transitions, 
which increases the building’s susceptibility 
to seismic damage. For the strengthening 
measure to be effective, it is of the utmost 
importance to apply consistent measures to 
the entire height of the structure, and not just 
localized as is done in this structure. In this 
case, the original load paths were not re-
spected, which, as a result, has an impact on 
the overall action of the structure once ex-
posed to ground shaking. The construction of 
the third floor included the introduction of 
the horizontal bond beams and tie columns 
(marked in red), as illustrated in Fig. 8 and 
Fig. 10 by red colour. 

Cement mortar was most probably used in 
the construction of the new additional floor. 

Fig. 9 I Gymnasium, 
construction  
of the third floor  
(author’s contribution)
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As the rest of the structure is made of lime 
mortar, this is completely inconsistent with 
international guidelines for historic struc-
tures, (ICOMOS, 2003: 5), where the impor-
tance of material compatibility is empha-
sized. Cement mortars are significantly stiffer 
and less vapor permeable than traditional 
lime mortars, which leads to mechanical and 
chemical incompatibility with original materi-
als. This kind of incompatibility can have 
negative impacts on the structure, which can 
be seen in the accumulation of stress, possi-
ble crack formations, and salt accumulation. 
This all could and most probably would ac-
celerate the deterioration of the structure.

Fig. 9 illustrates the current state of the struc-
ture, indicating the creation of the additional 
third floor. This addition has increased the 
mass of the structure, and with the usage of 
the reinforced concrete bond beams and tie 
columns, this has significantly altered the dy-
namic action of the original URM structure. 
The addition of the mass and the change in the 
stiffness of the upper floor have had an impact 
on the natural frequency. If the connection of 
the old part of the structure and the new part 
is not conducted in a proper way, this could 
have an impact on the structure’s seismic re-
sponse. At the location of intervention, there 
is an obvious stiffness and mass discontinuity, 
which may lead to differential movements, 
cracks, and stress concentrations, as seen in 
similar cases in Italy (Fig. 2). The dynamic 

properties of reinforced concrete elements 
(bond beams and tie columns) are not fully 
compatible with URM walls, together with un-
even stiffness distribution, may cause the am-
plification of the vibration effects, especially in 
the transition zones, reducing overall seismic 
resistance. 

In conclusion, the construction of the new 
floor added new mass to the structure, and 
localized reinforced concrete elements 
changed the localized stiffness of the struc-
ture, which altered the original dynamic ac-
tion of the URM structure, increasing its 
vulnerability. One of the most important 
elements in the process of strengthening ex-
isting structures is to maintain and ensure 
uniform mass and stiffness distribution along 
the building height. This is crucial as, in this 
way, the dynamic behavior of the structure 
will not be changed, or this change will be 
kept to a minimum, leading to higher struc-
tural resistance.

Prevention and mitigation  
of degradation

Poor maintenance can be identified as one of 
the crucial causes of masonry structures’ 
degradation (Fig. 11). If regular inspections 
and timely repairs are conducted, many of 
the causes (water infiltration, crack forma-
tion, and biological influences) can be signifi-
cantly mitigated. Progressive deterioration is 

Fig. 10 I Gymnasium, 
structural reinforcement  
of the second-floor ceiling 
(source: archival materials 
of the First Gymnasium)
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usually seen on masonry structures that are 
not timely and well-maintained, which may 
lead to severe damage that requires expen-
sive and extensive interventions.

Therefore, regular maintenance is seen as the 
first step for preventing the various effects that 
can have a direct impact on the deterioration 
and degradation of the material, which would 
lead to the reduction of the structural resis-
tance. Key measures include proper drainage 
and waterproofing, removal of surface salts, 
timely repair of cracks, and the use of aggre-
gates, mortars, and protective coatings that 
limit moisture and pollutant penetration.

Conclusion

The assessment based on the RISK-UE meth-
odology was conducted on a I Gymnasium, a 

school masonry building located in Sarajevo 
(Bosnia and Herzegovina). 

It was noted that the masonry structure ex-
hibits low vulnerability under very weak 
seismic events (mean damage grade <0.5 at 
intensity IV), but a pronounced increase at 
intensities VII-VIII, characteristic of Saraje- 
vo, where mean damage grades reach 2.12 
and 3.19. 

At intensity VII, the structure is most likely to 
experience moderate (≈34.3%) and substan-
tial damage (≈25.3%), while at intensity VIII, 
the probability of substantial damage in-
creases to ≈34%, and very serious damage 
affects approximately 30% of cases, confirm-
ing a non-linear escalation of vulnerability. 
These results are consistent with observed 
damage patterns in comparable school build-
ings of similar typology in Croatia, providing 
validation of the applied methodology. The 
analysis’s primary drawback is that it ignores 
the stronger floor; a more thorough evalua-
tion that takes this factor into consideration 
will be carried out in later assessments.

Infrared thermography and drone usage 
proved to be very helpful tools, as it was pos-
sible to determine the current condition of the 
building’s envelope. With the help of infrared 
thermography, defects of the structure were 
identified, such as the location of cracks, 
moisture regions, and other signs of degrada-
tion. The findings further highlight that mate-
rial degradation, and non-uniform strengthen-
ing interventions significantly reduce seismic 
resilience, emphasizing the need for system-
atic maintenance and comprehensive, com-
patible retrofitting strategies.

Regular inspection, together with proper and 
timely maintenance, can lead to the preser-
vation of cultural heritage buildings and the 
extension of their service life.

Fig. 11 I Gymnasium, inadequate maintenance 
(author’s contribution)
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