é Proceedings of the 3 Croatian Conference on Earthquake Engineering - 3CroCEE
19-22 March 2025, Split, Croatia

3CroCEE Copyright © 2025 CroCEE
DOI: https://doi.org/10.5592/CO/3CroCEE.2025.130

SUZI-SAEE EARTHQUAKE IMAGE DATABASE: A FRAMEWORK
FOR TAGGING EARTHQUAKE-INDUCED DAMAGE

Filip Pordevi¢ ¥, Marko Radisi¢ ®, Svetlana Brzev ), Marko Marinkovi¢ @

) Teaching Assistant, Department of Engineering Mechanics and Theory of Structures, Faculty of Civil Engineering,
University of Belgrade, Belgrade, Serbia, fdjordjevic@grf.bg.ac.rs

@ Dr, Project Engineer, SDA-solutions GmbH, Herzogerath, Germany, radisic@sda-solutions.de

) Adj. Prof., Department of Civil Engineering, University of British Columbia, Vancouver, Canada, sbrzev@mail.ubc.ca

@ Assist. Prof., Department of Engineering Mechanics and Theory of Structures, Faculty of Civil Engineering, University of
Belgrade, Belgrade, Serbia, mmarinkovic@grf.-bg.ac.rs

Abstract

The Serbian Association for Earthquake Engineering (SUZI-SAEE) has developed a database platform with
images taken during the reconnaissance missions after the earthquakes, with the aim to provide a comprehensive
framework for documenting and analyzing earthquake-induced structural damage. This paper presents the main
aspects of the database platform with the images of the SAEE team members. The initial database is developed
from extensive post-earthquake field investigations carried out by the members of SAEE. This platform tends to
gather and label images of damaged buildings from seismic events, incorporating crucial metadata such as
structural type, damage level, and failure modes. The importance of this framework also lies in its ability to
facilitate the extraction of important statistics, enabling deeper insights into damage patterns, structural
vulnerabilities, and responses to seismic forces. Due to its ability to systematically analyse data gathered from
past earthquakes, the database is expected to serve as a valuable resource for researchers and practitioners to
improve seismic codes, optimize retrofitting strategies, and improve the understanding of the behavior of
structures under earthquakes. In addition to providing a direct benefit to earthquake mitigation, the database is
expected to serve as an educational and research tool, accessible to the wider community. Due to high seismic
risks around the world, the SAEE database also stands as a tool for advancing the field of earthquake engineering
and improving the resilience of our built environment, making it a valuable contribution to civil engineering
research and practice. By facilitating the study of past seismic events, the SAEE database provides a valuable
contribution toward reducing seismic risks.

Keywords: earthquake engineering, post-earthquake analysis, damaged structures, educational tool, suzi-saee
tagger, database

1. INTRODUCTION

Earthquakes are among the most destructive natural disasters, causing significant damage to
infrastructure and profound social losses, including human casualties [1], [2]. Effective post-earthquake
damage assessment is essential for improving building resilience, optimizing retrofitting strategies, and
enhancing seismic codes. However, the systematic documentation and analysis of earthquake-induced
damage remain challenging due to the diversity of structural systems, materials, failure modes, etc.

The Serbian Association for Earthquake Engineering (SUZI-SAEE) has developed the SUZI-SAEE
Earthquake Image Database, associated with a platform designed to address these challenges. This
database is supported by the SUZI-SAEE Tagger, a Python-based tool [3] that enables efficient
annotation and classification of earthquake damage images. The framework integrates metadata with
images, offering a comprehensive resource for researchers, practitioners, and educators. Photographic
documentation has long been recognized as important resource in earthquake engineering. The
Earthquake Engineering Slide Information System (EASY), developed by Fischinger et al. [4],
demonstrated the value of annotated image databases for understanding structural behavior during
seismic events. EASY’s emphasis on metadata integration and accessibility laid the groundwork for
modern systems like the SUZI-SAEE Tagger, which builds on these principles by leveraging
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advancements in digital tools and novel technologies. The SUZI-SAEE Earthquake Image Database
also builds on other notable initiatives, such as the Earthquake Image Information System (EqIIS),
currently known as the Earthquake Engineering Online Archive [5] which provided access to thousands
of images from seismic events worldwide.

The primary objective of the SUZI-SAEE Earthquake Image Database is to streamline the
documentation and analysis of post-earthquake damage. The Tagger facilitates this by allowing users
to annotate images with selected metadata. This capability enhances the understanding of structural
vulnerabilities and promotes informed decision-making in earthquake engineering.

This paper presents the development and current functionalities of the SUZI-SAEE Earthquake Image
Database, highlighting its potential role in advancing damage assessment methodologies. Engineers,
researchers, and students can benefit greatly from the database's open-access collection of annotated
earthquake damage images. In order to promote a more thorough understanding of structural
performance under seismic excitations, this framework seeks to close the gap between unprocessed
post-earthquake visual data and useful insights.

2. OVERVIEW OF SUZI-SAEE RECONNAISSANCE MISSIONS

In the last 5 years SUZI-SAEE organized several post-earthquake reconnaissance missions,
demonstrating its commitment to advancing earthquake engineering and contributing to post-disaster
recovery efforts. The teams visited several cities affected by the 26.11.2019. Albania earthquake, the
December 29, 2020 Petrinja (Croatia) earthquake, and the February 8, 2023 Tiirkiye earthquake
sequence.

These missions were organized to provide vital assistance to local colleagues in the immediate aftermath
of earthquakes, focusing on critical tasks such as assessing the usability of buildings, determining
damage states, and prioritizing interventions to ensure public safety. The team members collaborated
with local authorities and engineers in tagging buildings according to their usability and safety status.
A core aspect of these missions was meticulous documentation of earthquake-induced damage. The
teams conducted detailed visual inspections of affected structures and captured extensive photographic
records of damaged buildings, and documented various types of structural and non-structural damage.
This documentation serves as a valuable dataset for further research aimed at understanding the
earthquake damage mechanisms and improving resilience of future construction.

In addition to their field efforts, SUZI-SAEE teams have actively disseminated their findings to both
the scientific community and practicing engineers, in the form of presentations which shared lessons
learned from the missions, focusing on practical insights into damage patterns, building performance,
and the effectiveness of existing design and construction practices. These presentations have been
instrumental in bridging the gap between academia and practice, fostering collaboration, and promoting
the application of research findings to real-world challenges. Moreover, the knowledge and data
gathered during these reconnaissance missions have been formalized in the form of several conference
and journal papers [6-13], contributing significantly to the global body of knowledge in earthquake
engineering. These publications provided detailed analyses of observed damage patterns, evaluated the
performance of different construction techniques, and offered recommendations for improving building
design and construction practices in seismically active regions. Also, lessons learned in organizing the
SUZI-SAEE’s reconnaissance missions were published with the aim of helping other organizations to
organize and act after future earthquake events [14].

Through these reconnaissance missions, SUZI-SAEE collaborated with other associations and
institutions actively working in the field of earthquake engineering all over the world. This initiative
exemplifies the importance of collaboration, both in responding to seismic disasters and in translating
lessons learned into actionable strategies for improving resilience, and presents strong basis for
activities after future earthquake events.

Images and information collected during these reconnaissance missions present the basis for developing
the SUZI-SAEE Earthquake Image Database.
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3. EXISTING EARTHQUAKE IMAGE DATABASES

Although large number of earthquake damage-related images are collected by reconnaissance teams
after major earthquakes, usually only a small fraction of all collected images are included in various
field reports, journal and conference papers, and presentations. Most frequently, majority of these
images are stored in archives by individual researchers, research labs at universities, and/or professional
organizations engaged in earthquake engineering. Very few organizations have made an effort to share
the images collected during post-earthquake reconnaissance missions with professionals and general
public. In this section a few of the existing earthquake image databases will be described to illustrate
their organization/structure and the type of information that has been presented.

The most comprehensive earthquake image database, called the Earthquake Engineering Online
Archive [5], was developed by the National Information Service for Earthquake Engineering (NISEE)
at the University of California (UC) Berkeley, USA (https://nisee.berkeley.edu/elibrary/). The database
includes more than 8,000 records from 80 earthquakes from the USA and other countries, and is a
valuable repository of earthquake damage information. The same web site also features a special
collection of 875 images documenting historic earthquakes called the “Kozak Collection”. Access to
the NISEE image database is available only to the members of NISEE e-Library
(https://nisee.berkeley.edu/elibrary/register.jsp).

Each record in the database consists of an image and the following fields: 1) title (type of structure or a
structural element), ii) creator (author of the image), iii) date (when the image was taken), iv) location
(including city, province/state, and country), v) earthquake (description of the earthquake epicenter,
including city and state, date, and magnitude), and vi) a description (characterization of the damage).
Besides that, an image has a unique alphanumerical ID, consisting of two letters (abbreviated
earthquake name) and a number. Figure 1 illustrates a typical record from the NISEE database related
to the January 17, 1994 Northridge, California earthquake (M 6.7), which is a part of the collection
comprising 598 records related to that earthquake. The image shows a two-storey unreinforced masonry
building in Santa Monica which experienced a failure of out-of-plane walls at the upper floor. The
image was taken on January 20, 1994 (3 days after the earthquake) by Bozidar Stojadinovi¢, current
president of the SUZI-SAEE, who was a PhD student at the UC Berkeley at the time of the earthquake.
The database is accessible free of charge, however high-resolution images are available at a nominal
fee.

* Title: Masonry building.

¢ Creator(s): Stojadinovic, Bozidar

+ Date: 1994-01-20

* Location: Los Angeles County/United States/Santa
Monica/California/NORTH AMERICA

« Earthquake: Northridge, California earthquake, Jan. 17, 1994
Magnitude: 6.69

Description: Second story of a masonry building. The facade fell off. (4th St.Santa Monica, California)

To view MrSID images, download the ExpressView Browser plug-in from LizardTech. Please address questions
about reproduction and use of images to NISEE.

Figure 1. A record from the NISEE’s Earthquake Engineering Online Archive (NR411), related to the 1994
Northridge, California earthquake

In terms of the organization/structure and extent of detail, the most relevant database is the Earthquake
Engineering Slide Information System (EASY), which was developed in 1997 at the Faculty of Civil
and Geodetic Engineering, University of Ljubljana under the leadership of Prof. Matej Fischinger [4].
The database contains 500 images from 4 major earthquakes (1979 Montenegro, 1985 Mexico City,
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1994 Northridge, and the 1995 Kobe earthquake). The database used to be accessible free of charge at
the web site of the the Faculty of Civil and Geodetic Engineering, University of Ljubljana, and a
complementary CD version was also available.

EASY is organized in the form of a relational database. Several fields are assigned to each record,
including 1) author, ii) earthquake, iii) location (where image was taken), iv) type of structure (e.g.
building, bridge, etc.), v) structural system, vi) structural element (e.g. column, beam, wall), vii)
material of the structural system (e.g. reinforced concrete), viii) type of failure (failure mode), e.g.
flexure, shear, etc. and ix) additional comments. Figure 2a) shows a sample record (Slide 217), which
documents the collapse of Hotel “Slavija” in Budva in the 1979 Montenegro earthquake. It can be
observed from the figure how various fields were used to explain the image.

Data entry for the records was organized in a user-friendly manner, through drop-down menus which
facilitated the selection of appropriate attributes for a specific image. In some cases, e.g. cause of
failure, it is possible to select more than one option (e.g. soft storey irregularity, nonductile elements,
building configuration in plan, etc.).

A very useful feature of the database is section “Related slides”, which contains hyperlinks from
specific records to other records (e.g. overall building damage and damage of a structural element in
the same building. Also, in some cases there are links to general comments (section “See Global
Comments™), which are usually related to several slides. For example, for Slide 217 shown in Figure
2a), a Global Comment is hyperlinked (Slide 53), and it discusses the building and its deficiencies which
led to collapse (see Figure 2b).

- EASY: Earthquake Engineering Slide Information System - Netscape
File Edit View Go Communicator Help

Information:
Location:
—— Type O
@Search for ' e o Structure:
slavija \ o Purpose:

(ype words & press Ente)
ides: Element:

Cause Of
Failure:

See Global
Comments:

IR
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Figure 2. A sample record from the EASY image database: a) a record (Slide 217) which documents collapse of
Hotel “Slavija” building in the 1979 earthquake, and b) a Global Comment (Slide 53) providing additional
information related to the collapsed building.

4. SUZI-SAEE TAGGER TOOL

The SUZI-SAEE Tagger presented in Fig. 3 is a Python-based [3] application developed to support the
systematic annotation of earthquake damage images. Built using the Tkinter library, the tool provides a
user-friendly interface and a wide range of functionalities, which are described in the following sub-

sections.

IMAGE NAVIGATION

METADATA ANNOTATION

/20240220 165957 jpg

INTERACTIVE
I B o I FEATURES

Imimich Login m
Immich Upload:

Earthquake D Croatia Petrinja Dec 2 2020 Magnitude 64 —

Photo Date 20.02.2022
Photo Lecation Petrinja, Croatid
Photo Author Filip Djordjevic —
Type of Document Image —
Type of Information Globl view of the sructure) — |
Additional Attributes =
Function/Occupancy Educational — |
Material Masonry —i
Structurel System Unreinforced masonry

Mode of Failure 1 Large lateral displacements (drift)
Mode of Failure 2 Heavy roof —i
Mode of Failure 3 Non-structural damage —

Comments:

Browse Folder

Figure 3. SUZI-SAEE Tagger: data entry screen
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4.1. Image Navigation and Interactive Features

One of the key features of the Tagger is its ability to efficiently navigate through large datasets. Users
can browse through folders containing earthquake damage images, select specific documents, and load
them onto the main canvas for detailed analysis. The interface also includes a fullscreen mode, which
enhances the viewing experience by allowing users to focus on image details without distraction. These
navigation capabilities ensure that even extensive datasets remain accessible and manageable.

The tool also incorporates interactive features for detailed image inspection. Users can zoom in and
zoom out image to examine specific areas of interest, rotate images for better alignment, and pan across
the canvas to explore different sections of an image. These capabilities allow for a comprehensive visual
analysis, enabling users to identify and document discrete damage details effectively.

4.2. Metadata Annotation with Customization

At the core of the Tagger’s functionality is its metadata annotation system. This feature enables users
to systematically document key information about each image, such as earthquake details (e.g. event
name and date), structural characteristics (e.g. structural system and material type), and failure modes
(e.g., "Flexural failure" and/or "Liquefaction") (see Fig. 4). Additional fields allow for the inclusion of
text comments, occupancy types, and retrofitting details. To minimize errors and enhance efficiency,
metadata fields are dynamically filtered based on the selected type of information and occupancy. For
instance, selecting a specific type of information, such as "Infrastructure" or "Building element,"
updates the available structural system and failure mode options to reflect relevant categories. This
adaptability ensures the tool’s applicability to different types of structures, including buildings and
bridges (see Fig. 5).

Earthquake ID

Photo Date

Photo Location

Phote Author

Type of Document

Type of Information

Additional Attributes

Croatia Petrinja Dec 29 2020 Magnitude 64 —

20.02.2024,

Petrinja, Croatia

Filip Djordjevic —
Image —i

Global view (of the structure) —i

B

Function/Occupancy Residential multi-family building — ‘

Material

Structural System

Mode of Failure 1

Mode of Failure 2

Mode of Failure 3

Comments:

Educational

Government

Historic structure (e.g. fortress)
Hospital

Hotel

Industrial

Mixed use (residential and commercial)
Religious (church, temple, mosque)
Residential multi-family building
Residential single-family building
Other

a)

Earthquake ID

Croatia Petrinja Dec 29 2020 Magnitude 64 —

Photo Date

Photo Location
Photo Author

Type of Document
Type of Information
Additional Attributes
Function/Occupancy
Material

Mode of Failure 1
Mode of Failure 2

Mode of Failure 3

Comments:

20.02.2024.

Petrinjs, Croatia

Filip Djordjevic —
Image —

Global view (of the structure) —

=]

Resiclential it family biiding | — ‘

Concrete —! ‘

Braced frame
Confined masonry
Concentric braced frame
Core
Coupled wall
Eccentric braced frame
Flat slab
Large | G .
Frame with infills
Inverted pendulum
Precast - frame
Precast - panels
Reinforced masonry
Unreinforced masonry
Wall
Waffle slab
Other

b)
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Photo Author

Type of Document

Type of Information

Additional Attributes
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Material

Structural System

Croatia Petrinja Dec 29 2020 Magnitude 64 —

20.02.2024.

Petrinja, Croatia

Filip Djordjevic —
Image —
Global view (of the structure) —
=]

Residential multi-family building —! ‘

Mode of Failure 1

Mode of Failure 2

Mode of Failure 3

Comments:

Concrete —
Frame with infills —
Flexible structure —f

Flexible structure

Heavy roof

Higher mode effects
Large lateral displacements (drift)
Non-redundant structure
Non-structural damage
Nonductile elements
Pounding

Short column

Soft (weak) storey
Torsional effects

Vertical acceleration

<)

Figure 4. Metadata annotation with dynamic filtering and customization — Example 1 (Building):

a) Function/Occupancy; b) Structural System; ¢) Mode of Failure.

4.3. Technical Implementation

The tool leverages the Python Imaging Library (PIL) for image processing and XML for metadata
management. Metadata is saved in XMP format, ensuring compatibility with existing image analysis
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tools. The modular design allows seamless integration with external platforms for data storage and
sharing. In its final form the tool is in the form of an executable file; this flexibility makes it a robust
solution for post-earthquake damage documentation. Looking ahead, several enhancements are planned
for the SUZI-SAEE Tagger. These include the automation of metadata annotation, the expansion of
metadata fields, and improvements to the user interface based on feedback from researchers and
practitioners.

Earthq ID Turkey Kak Feb 6 2023 Magnitud Earthq D Turkey Kak Feb 6 2023 Magnitude ' EarthquakeID  Turkey K: Feb 6 2023 Magnitude 7
Photo Date 2023 Photo Date 2023 Photo Date 2023
Photo Location Kahramar{naras, Turke Photo Location Kahlamar‘naras, Turke Pheto Location Kahramarjmaras, Turke
Photo Author Marko Marinkovie —t Photo Author Marko Marinkovic — R ANEIITIEGE =
Type of Decument Image — Type of Document Image — UpEEER T M
R Type of Information Infrastructure —i
Type of Information Infrastructure — Type of Infermation Infrastructure —
Additional Attributes -~
Additional Attributes — Additional Attributes —
Function/Qccupancy Bridge —
Function/Occupancy Bridge — Function/Occupancy Bridge —
Bridge Material Concrete —
Material Railway Material Concrete —
Road Structural System Bridge with vertical pier system —
Structural System Structural System Bridge with vertical pier system — ‘
Mode of Failure 1 Bearings —
Arch bridge
Mode of Failure 1 Mode of Failure 1 Bridge with vertical pier system ‘ |
Mode of Failure 2 —

Cantilever bridge Bearings

=]
=]
=]

Mode of Failure 2 Mode of Failure 2 Viaduct e — Flexural failure of piers
Foundation failure

Mode of Failure 3 Mode of Failure 3 - Comments: Geotechnical conditions
Highly skewed bridge

Comments: Comments: Large horizontal curve (of the bridge)
Liquefaction
Pier failure
Shear failure of piers
Shifting or collapse of the deck
Soil Failure
a) b) c)

Figure 5. Metadata annotation with dynamic filtering and customization — Example 2 (Bridge):
a) Function/Occupancy; b) Structural System; ¢) Mode of Failure.

5. APPLICATIONS AND BENEFITS

The SUZI-SAEE Tagger has important role in advancing earthquake engineering by supporting the
identification of structural vulnerabilities through detailed damage classification. This tool provides
critical insights into seismic behavior of structures.

The database is a valuable resource for training engineers and conducting advanced research. The
repository of labelled images enables the development of predictive models, which are essential for
simulating structural response to seismic events. This capability not only advances theoretical
understanding but also informs practical decision-making in engineering design and disaster mitigation.

The intuitive interface of the Tagger is expected to attract interest of students and young professionals.
By engaging with the tool, users gain hands-on experience in damage assessment and metadata
annotation, fostering a new generation of earthquake engineering experts. This educational aspect
ensures that the knowledge and skills required for effective seismic resilience are passed on to future
practitioners.

The scalability of the overall framework is another significant benefit. The system is designed to
accommodate global datasets, allowing for the integration of diverse seismic event records. This
adaptability enhances its utility as a universal tool for earthquake damage assessment. Furthermore, the
possibilities for integration of machine learning algorithms can automate the tagging process, reducing
manual effort and improving the consistency of metadata annotations. These advancements as well as
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interface in English language, have a potential to expand the framework’s applicability and efficiency,
making it a valuable asset for international collaboration.

Beyond its technical and educational applications, the SUZI-SAEE Tagger has a potential to contribute
to disaster preparedness. By analyzing patterns of structural damages and failure modes, the database
can inform governmental and institutional strategies for risk reduction. The tool’s ability to aggregate
and analyze data from multiple seismic events provides a robust foundation for developing targeted
interventions that enhance community resilience.

6. CONCLUSIONS

The SUZI-SAEE framework for labelling earthquake-induced damages represents a significant step
forward in the field of post-earthquake damage documentation and analysis. By combining systematic
tagging with detailed metadata, the framework improves the quality and usability of damage data. This
initiative has the potential to enhance seismic resilience by identifying structural vulnerabilities and
informing enhanced design and retrofitting practices. The tool’s user-friendly interface and
customizable metadata fields make it valuable for global community, supporting both advanced
research and education.

Future improvements to the framework include expanding its scope to incorporate additional document
types and leveraging machine learning for automated tagging by reducing manual effort with increasing
the consistency and scalability of metadata annotations, and strengthening international collaborations.
These developments are expected to further enhance the database’s utility in advancing seismic
resilience research and practice. By addressing the challenges of systematic damage documentation,
SUZI-SAEE hopes to contribute to the global effort to mitigate seismic risks and improve the resilience
of the built environment.

Despite challenges in data consistency and user expertise, the ongoing SUZI-SAEE initiative to create
a comprehensive Earthquake Image Database underscores the importance of comprehensive damage
documentation for mitigating seismic risk and advancing earthquake engineering research. Its robust
functionalities make it a cornerstone of a global effort to mitigate the impact of earthquakes on
communities and infrastructure.
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