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Abstract

The structural stability of many buildings, including important institutions like hospitals, was seriously affected
following the 2019 earthquake in Albania. This paper presents a detailed case study of the retrofitting project
undertaken for a hospital in Albania, which experienced significant damage during the earthquake. The primary
objective of this project was to restore and improve the hospital’s structural stability, ensuring its functionality in
future seismic events.

The retrofitting strategy used a combined approach, including reinforced concrete jacketing of the masonry walls,
installing steel framing for the masonry openings, and using textile-reinforced mortar (TRM) to strengthen the
infill walls. Additionally, new reinforced concrete (R/C) walls were added to improve structural irregularity.
These measures are designed to address specific weaknesses identified in the existing hospital structure.

This paper discusses the complete assessment of the hospital's structural condition, the design and implementation
of retrofitting solutions, and the challenges encountered during the project. The results demonstrate the
effectiveness of these retrofit techniques in increasing the seismic performance of the hospital. The findings
provide valuable insights and practical recommendations for similar retrofit projects in earthquake-prone regions.

Keywords: structural resilience, retrofitting, post-earthquake reconstruction, building safety, earthquake-
resilient design

1. Introduction

The devastating earthquake that struck northwest Albania on November 26, 2019, had a moment
magnitude of Mw 6.4 and revealed significant vulnerabilities in the country's building infrastructure
[1]. The earthquake caused extensive damage across at least 11 municipalities, including the populated
cities of Tirana and Durr€s. It impacted over 200.000 people, resulting in 51 fatalities, over 900 injuries,
and substantial displacement of residents. The collapse of 10 buildings in Durrés and Thumané
underscored the urgent need for improved seismic resilience in the housing sector [2].

Additionally, the earthquake exposed critical deficiencies in the seismic design codes and construction
practices for essential structures, such as educational institutions and healthcare facilities. Damage was
reported in 321 educational institutions and 36 healthcare facilities, with estimated damage costs of
approximately 64 million euros and 10 million euros, respectively [3] [4]. The absence of established
procedures for retrofitting these vital buildings further magnified the earthquake's impact, highlighting
the necessity for standardized retrofitting guidelines and processes [2] [3] [4] [5].

The Earthquake Engineering Field Investigation Team (EEFIT) conducted a mission to assess the
damage, primarily focusing on the housing sector [3]. Their findings emphasized the need for
comprehensive retrofitting programs that address both residential buildings and critical infrastructure.
The earthquake's effects on educational institutions, healthcare facilities, and other essential buildings
illustrated the importance of a multi-faceted approach to retrofitting that considers all potential
vulnerabilities [5].
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This paper addresses these deficiencies by presenting a thorough assessment of the structural conditions
and necessary retrofitting measures for the affected buildings. The study includes detailed
documentation of the damages, and advanced seismic performance assessments. The findings and
recommendations from this project provide valuable insights for future retrofitting initiatives in
earthquake-prone regions, stressing the importance of a holistic approach to retrofitting to ensure the
safety and resilience of both residential and critical infrastructure.

2. Assessment of Structural Damage

2.1.1Initial condition of the hospital post-earthquake

The building, located at the University Hospital Center "Mother Teresa" (QSUNT) in Tirana, currently
functions as a hospital unit. Constructed between 1984-1985, it comprises three independent units: a 2-
story load-bearing masonry structure (Unit A), a 4-story reinforced concrete skeleton structure with
prefabricated elements and perforated brick walls (Unit B), and a 2-story load-bearing reinforced
masonry structure (Unit C).

Over the years, interventions have included expansions and openings of doors and windows for access.
On the ground floor, some windows have been converted into doors, and new door/window openings
have been created. At higher levels, new window openings are concentrated in the transverse load-
bearing walls of the exterior facades. Interventions have also been observed in the internal longitudinal
and transverse walls, mainly in the form of new doors or door expansions. The most significant
interventions have been observed on the ground floor.

In its current condition, minor structural damages due to seismic activity have been observed in
elements such as columns, beam-column joints of prefabricated elements, and load-bearing walls. These
damages manifest as fine cracks. Non-structural damages are widespread, primarily affecting infill and
partition walls, which have been compromised due to interaction with the main structure, especially at
their contact points with structural elements. Another issue is the corrosion of steel bars in reinforced
concrete elements caused by moisture presence. Additionally, plaster on the facade and protective layers
of reinforced concrete elements have suffered damages in many areas.

Figure 1. a) The current hospital building in a 3D model; b) Fragment from the original construction project

2.2.Methods used for structural assessment

The seismic assessment of buildings relies on the collection of factual data. This process includes
obtaining available documents, field observations, investigations, and photographic documentation. For
the building in question, an in-depth expert report has been conducted before, serving as a fundamental
basis for understanding the structure and identified issues.
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Figure 2. Observed post-earthquake damages: a), b) corrosion of reinforcement bars; ¢) Cracks and det
of plaster layers.
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However, in drafting the structural retrofitting project, a detailed field investigation was necessary. The
primary objectives of the structural retrofitting project were to ensure the accuracy of the provided
drawings and determine the basic information of the buildings. This involved verifying the existing
documentation and conducting detailed field investigations to identify any visible structural damages,
such as cracks or fractures. These steps were crucial to understanding the current state of the building
and planning the necessary interventions.

Additionally, the investigation also aimed to identify potential risks from non-structural elements that
could pose a danger if they were to fall. This included assessing ceilings, partition walls, mechanical
systems, and other non-structural building elements. Documenting the existing conditions with
photographs was also a key objective, providing a visual record to support the findings and
recommendations for the retrofitting process.

The data collection process, in addition to field observations and photographic documentation, also
includes obtaining existing building documents. For the realization of the structural intervention project,
the following documentation was made available:

1. The in-depth expert report conducted for the assessment of the structural capacity, dated
30.04.2020 [6];

2. The implementation project and its specifications for the building, from the Central Technical
Archive, including the architectural project, structural project, electrical project, and
mechanical project [7].

The collected information and recommendations from the in-depth expert report served as the
fundamental basis for the realization of the structural intervention project. Based on the collected data,
recommendations from Table 3.1, SSH EN 1998-3, and the conducted in-depth expert report, the level
of knowledge KL2 (normal knowledge) has been determined, with a reliability factor CFxi.=1.2 [8].

2.3.Key findings from the previous structural assessments
The in-depth earthquake damage assessment has clearly established the following critical findings.

The 2-story load-bearing reinforced masonry building (Unit C) has sustained corrosion in its reinforced
concrete elements and the Unit A displays only minor overall damage. In contrast, the 4-story reinforced
concrete skeleton structure (Unit B), which incorporates prefabricated elements and perforated brick
walls, shows significant deficiencies including cracks and detachment in plaster layers, minor cracks in
beams, corrosion of reinforcement bars, inadequate concrete cover, and voids at column-beam joints.

Material tests confirmed that the concrete grades are C30/37 for the prefabricated structure and C12/16
and C16/20 for the others. Importantly, the reinforcement steel meets the project specifications despite
existing corrosion. The masonry characteristics adhere to KTP 9-78 standard [9], utilizing M-75 class
bricks and M-25 class mortar.
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Seismic performance assessments, executed per Eurocode 8, Part 3, were comprehensive, employing
both linear and nonlinear analyses with a ground acceleration of asr= 0.240g on type B soil. The
assessment rigorously considered significant damage states with a seismic action probability of 10%
over 50 years.

The analysis definitively concludes that the load-bearing capacity of the 2-story reinforced masonry
building (Unit C) is insufficient, and the two additional buildings fail to meet required performance
(Unit A and B). Consequently, retrofitting interventions for all units are not just recommended but
essential.

The findings from the in-depth study were crucial for preparing the retrofitting project. They offered a
comprehensive understanding of the existing structural conditions, including the identification of
damages and material characteristics.

This information was essential for developing effective retrofitting strategies tailored to the specific
issues identified in each building unit. In addition to relying on the conclusions from the in-depth study,
further investigations were conducted to verify and enhance the recommendations. These additional
investigations confirmed the accuracy of the study’s findings and provided further insights that were
incorporated into the retrofitting plans.

This combined approach ensures that the retrofitting interventions are based on a thorough and accurate
assessment of the current structural conditions, leading to more effective and reliable solutions. By
integrating the findings from both the in-depth study and the additional investigations, the retrofitting
project will address the identified structural deficiencies while also improving the overall safety and
resilience of the buildings. This comprehensive strategy is vital for ensuring the long-term stability and
functionality of the structures.

3. Retrofitting Strategy

3.1.Challenges encountered during the project

The project faced several significant challenges. Identifying and documenting minor structural
damages, such as fine cracks in columns, beam-column joints, and load-bearing walls, required careful
field observations and detailed photographic documentation. Widespread non-structural damages in
infill and partition walls posed another challenge, necessitating extensive fieldwork to accurately record
the affected areas. Corrosion of steel bars in reinforced concrete elements due to moisture presence
further complicated the project, impacting the structural integrity of the buildings.

To address these challenges, several solutions and adaptations were implemented. Enhanced
documentation efforts, including detailed photographic records and field observations, were undertaken
to accurately identify and catalogue both structural and non-structural damages. Advanced seismic
performance assessments were conducted using both linear and nonlinear analyses to accurately
evaluate the buildings' response to seismic activity. By integrating the findings from the in-depth study
with additional investigations, a thorough and accurate assessment was achieved, leading to more
effective and reliable retrofitting solutions.

3.2.0verview of the Chosen Retrofitting Techniques

In earthquake-prone regions such as Italy, Greece, and Turkey, structural retrofitting is essential to
enhance the resilience of buildings against seismic activity [10][11] [12]. By strengthening the structural
integrity of existing buildings, retrofitting helps ensure that they can withstand seismic forces more
effectively [13] [14]. This proactive approach not only preserves the building but also contributes to the
overall safety and sustainability of communities in these regions.
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Several advanced techniques are recommended as best practices for the restoration of buildings. Similar
methods, extensively utilized across Europe, were chosen as rehabilitative interventions and are
described as follows:

1. Jacketing of Masonry Walls: Applying reinforced concrete jacketing with a steel mesh to
masonry walls to enhance their strength and stability.

2. Metallic Framing of Masonry Openings: Adding metal profiles to contour openings in masonry
walls, such as doors and windows, to improve structural integrity.

3. Textile Reinforced Mortar (TRM) for Infill Wall Reinforcement: Using the TRM system to
reinforce infill walls and appropriately connect them to the surrounding reinforced concrete
frame.

4. Addition of New Reinforced Concrete (R/C) Walls: Introducing new reinforced concrete walls
to create structural regularity and enhance overall stability.

3D VIEW OF PROPOSED RETROFITTING SCHEME, SCALE 1:350
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Figure 3. Proposed scheme for implementing the rehabilitation structural interventions.

4. Results and Discussion

A mathematical model was developed to assess the load-bearing capacity of the building in its
retrofitting state, following the requirements of SSH EN 1998-3. This model incorporates the geometric
dimensions of the structure, the physical and mechanical properties of the materials, permanent and
temporary loads, and the proposed retrofitting interventions, which are based on findings from the
previously conducted report. The loads used in this analysis were sourced from that same in-depth
expert report.

The program 3Muri/TreMuri was utilized for seismic calculations in accordance with Eurocode 8 for
the reinforced condition of the two-story units, which features a load-bearing masonry system. For both
units, the verification criteria for the building's reinforced condition essentially involve ensuring that
the demand, calculated using permitted analysis methods, does not surpass the capacity.
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Figure 4. Numerical models of the units: Unit A (right), Unit B (middle), and Unit C (left).

This is assessed by calculating the risk index a (osp). The seismic vulnerability index (o) serves as an
indicator to determine whether the capacity has been exceeded.

The modeling, along with static and dynamic analysis, of the reinforced condition of the four-story unit
was conducted using the ProtaStructure calculation program and integrated with OpenSees. According
to SSH EN1998-3:2005, Annex A, point A.3.2.3, the structure's capacity assessment for the significant
damage limit state is taken as equal to three-fourths of the ultimate displacement capacity of the
structure. The ultimate displacement capacity is defined as the displacement at the curve point where
the lateral resistance (base shear force) falls below 80% of the peak resistance (the highest point on the
curve), due to progressive damage and the failure of elements that resist lateral loads. The target
displacement is calculated based on SSH EN 1998-1 (Annex B) for the specified seismic loading.

For each constituent unit, verification is performed according to the significant damage limit state (SD).
Additionally, the seismic demand is accepted as increased by an importance factor of 1.4. The seismic
loading, per Eurocode standards, relies on the findings of the previous expert report, where the ground
acceleration was accepted as agr=0.240g, with the soil type classified as B.

The seismic vulnerability indices according to SSH EN 1998:1 indicate that the Unit A in its reinforced
state, meets the required capacity criterion in both directions. The same conclusion also applies to Unit
C.

On the other hand, for the Unit B, there is a high probability of sustaining significant controlled damage
if it experiences an earthquake, in reference to the seismic demand and Eurocode requirements.

Table 1. Result details for the Unit A

Unit Limit PGA o
state (m/s?) Sp
X direction SD 4.016 1.706
Y direction SD 2.528 1.074
Table 2. Result details for the Unit C
Unit Limit PGA o
state (m/s?) Sp
X direction SD 2.938 1.248
Y direction SD 4.404 1.871
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Table 3. Result details for the Unit B

% of
Aql Defined melflbers
. Limit in
Unit level of -
state significant
performance
damage
region
X direction |  SD Significant 97%
damage
Y direction SD Significant 100%
damage

4.1.Evaluation of the retrofitting effectiveness

The retrofitting effectiveness can be evaluated by examining the improvements in the structural capacity
and seismic performance of the buildings. The mathematical calculation model, which includes
geometric dimensions, material properties, and proposed interventions, provides a comprehensive
assessment of the reinforced condition. The use of advanced programs like 3Muri/TreMuri and
ProtaStructure, along with OpenSees integration, ensures accurate modeling and analysis. The findings
indicate that the retrofitting interventions have significantly enhanced the load-bearing capacity and
seismic resilience of the buildings.

4.2.Comparison of pre- and post-retrofitting structural performance

The comparison of pre- and post-retrofitting structural performance reveals substantial improvements.
In the pre-retrofitting condition, the buildings exhibited various structural and non-structural damages,
including fine cracks, corrosion of steel reinforcement bars, and insufficient concrete cover. The seismic
performance assessment indicated limited capacity to withstand seismic loads. In contrast, for both Unit
A and C, the post-retrofitting condition shows enhanced structural integrity, with the buildings meeting
the required capacity criteria in both X and Y directions. The reinforced condition of the Unit B building
demonstrates a high probability of sustaining significant damages during an earthquake, highlighting
the effectiveness of the retrofitting interventions.

4.3.Insights gained and lessons learned

Several insights and lessons have been gained from this project. First, the importance of thorough
documentation and field observations in identifying and cataloguing damages cannot be overstated.
Accurate data collection is crucial for developing effective retrofitting strategies. This project
highlighted the need for thorough attention to detail in documenting both structural and non-structural
damages, as even minor issues can significantly impact the overall structural integrity.

Second, advanced seismic performance assessments are essential for ensuring that retrofitting
interventions meet the required standards. The use of programs like 3Muri/TreMuri and ProtaStructure,
along with OpenSees integration, provided accurate modeling and analysis, leading to reliable solutions.
This approach emphasized the value of leveraging advanced technology and software in structural
engineering to achieve precise and dependable results.

Third, integrating findings from both in-depth studies and additional investigations leads to more
reliable and effective retrofitting solutions. By combining the insights from the expert report with on-
site verifications, a more holistic understanding of the building's condition was achieved. This
comprehensive approach ensured that the retrofitting interventions were tailored to address the specific
needs of each building unit, resulting in more effective and sustainable solutions.

The specific interventions implemented included reinforced concrete jacketing with a steel mesh for
load-bearing walls, contouring openings with metal profiles, reinforcing infill walls with the TRM
system, adding new reinforced concrete walls for structural regularity, cleaning and removing rust from
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steel bars. These interventions provided valuable lessons on the importance of using appropriate
materials and techniques to enhance structural integrity and resilience.

One critical insight gained from these interventions is the necessity of a multi-faceted approach to
retrofitting. Each intervention addressed a specific aspect of the building's structural deficiencies,
highlighting the need for a comprehensive strategy that considers all potential vulnerabilities.
Additionally, the project demonstrated the importance of continuous monitoring and maintenance to
ensure the long-term effectiveness of the retrofitting measures. Regular inspections and timely repairs
can prevent minor issues from escalating into major structural problems.

Another lesson learned is the significance of collaboration and communication among all stakeholders
involved in the project. Effective coordination between engineers, architects, contractors, and other
professionals is essential for the successful implementation of retrofitting interventions. Clear
communication and a shared understanding of the project's goals and challenges can lead to more
efficient and effective solutions.

Finally, the insights gained and lessons learned from this project will be invaluable for future retrofitting
efforts. By applying these lessons, future projects can achieve greater structural resilience and safety,
ensuring that buildings are better prepared to withstand seismic events.

5. Conclusion

The in-depth study has provided a thorough understanding of the structural conditions and necessary
retrofitting measures for the buildings. Key findings include the identification of minor structural
damages such as fine cracks in columns, beam-column joints, and load-bearing walls, as well as
widespread non-structural damages in infill and partition walls. Corrosion of steel bars in reinforced
concrete elements due to moisture presence was a significant issue, impacting the structural integrity.
The seismic performance assessment revealed limited capacity for Unit C and insufficient capacity for
the other two units, Unit A and Unit B. The retrofitting interventions, including reinforced concrete
jacketing, contouring openings, reinforcing infill walls, adding new reinforced concrete walls, cleaning
and removing rust from steel bars, have significantly improved the structural integrity and seismic
resilience of the buildings.

The findings and interventions from this project have several implications for future retrofitting projects
in earthquake-prone regions. First, thorough documentation and field observations are essential for
accurately identifying and documenting damages. This ensures that retrofitting strategies are tailored to
address specific structural deficiencies. Second, addressing corrosion issues was a critical step in
improving structural integrity. The use of protective coatings and corrosion-resistant materials can
prevent further deterioration and extend the lifespan of the building. Third, comprehensive material
testing and advanced seismic performance assessments are crucial for ensuring that retrofitting
interventions meet the required standards. Leveraging advanced technology and software in structural
engineering can lead to precise and reliable solutions. Finally, a multi-faceted approach to retrofitting,
which considers all potential vulnerabilities, is necessary for achieving greater structural resilience and
safety.

Further research is recommended to build on the findings and insights gained from this project. Future
studies should focus on developing more advanced and cost-effective retrofitting techniques that can
be easily implemented in Albania. Additionally, research should explore the long-term effectiveness of
various retrofitting interventions, including their impact on the overall structural integrity and resilience
of buildings. Investigating the use of innovative materials and technologies, can provide valuable
insights into their potential applications in retrofitting projects. Finally, continuous monitoring and
maintenance of retrofitted buildings should be emphasized to ensure the long-term success of the
interventions and prevent minor issues from escalating into major structural problems.
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One critical issue highlighted by this project is the lack of established procedures for retrofitting
important buildings, such as hospitals, in Albania. The 2019 earthquake in Albania caused considerable
damage to many such buildings, underscoring the urgent need for standardized retrofitting guidelines
and procedures. Developing and implementing these procedures will be essential for ensuring the safety
and resilience of critical infrastructure in future seismic events.
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