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Abstract

The current paper presents a digital platform developed to manage the damage evaluation campaign for buildings in the aftermath of earthquakes, or any
event such as industrial explosions or fires, landslides, floods, or tsunamis. Scientific software, embedded in this platform, automatically derives the
building's damage category, according to the damage observed on its constitutive components, during a quick visual inspection performed by trained and
technical staff and engineers. The scientific methodology is adapted to the case of the evaluation form in use in the concerned countries. For illustrative
purposes, this study focuses on the case of the Algerian evaluation form, although it can be adapted to other countries since the evaluation forms are very
similar and based on empirical principles or calibrated according to past accidents. During the field inspection, the qualified staff complete the evaluation
form on connected or non-connected digital devices i.e. PC, tablet, smartphone, and even paper sheets. As soon as the digital devices are connected, an
immediate real-time or slightly delayed survey of the damage extent on GIS-based maps, with automatic reporting, becomes available to the authorities,
owners, and stakeholders, depending on specific rights to access the platform. This is helpful in decision-making regarding the rescue, relief, and sheltering
for the inhabitants who have no further access to the houses, offices, markets, factories, schools, health facilities, etc., if these places have to be evacuated
until they are further investigated and repaired or demolished. This study reports real applications during recent earthquakes and stress tests.
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Introduction

In emergency management, it is of crucial importance to be
trained and prepared. Worldwide, natural and technological disas-
ters can be greatly mitigated by adequate management of the post-
disaster occurrence. In the case of major or extreme earthquakes,
tens and hundreds of thousands of houses and constructions can be
impacted, damaged, and destroyed. It is still challenging through a
quick inspection to evaluate of the residual capacity of these build-
ings and provide pertinent information for the local, regional, and
national authorities. The required information is related to the
number of constructions to keep in service vs those that have to be
evacuated since there is a need to shelter the evacuated persons.

Post-disaster assessment is normally performed in two distinct
phases. The first phase takes place in the immediate aftermath of
the triggering event (earthquake, floods, tsunami, fire, explosion,
landslides etc.). In general, a quick visual inspection is undertaken by
qualified staff to evaluate the level of damage suffered by the
inspected buildings. Accordingly, a decision is taken on evacuating
the building for certain levels of damage. Besides the rescue and
relief for the injured persons, this influences the sheltering of the
persons who were living in houses that have to be evacuated. The
second phase, several hours or days later, can then be more thor-
ough, i.e. it is not a quick visual inspection, but rather a more
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detailed technical inspection to decide on the repair and strength-
ening or demolition of the damaged structures.

Worldwide, the quick visual evaluation is conducted by trained
staff, engineers, and technicians, and a national standard evaluation
form is followed by qualified inspectors to perform their
evaluationl'-27],

These evaluation forms, in general, empirically based, are estab-
lished by national consensus among practitioners. These evaluation
forms have received few scientific investigations, that would have
improved them and given them a strong scientific backing.

In the aftermath of a disaster such as a severe earthquake, thou-
sands of houses and constructions are, in general, affected. Evalua-
tion forms on paper sheets are traditionally the most used. Their
collection to make a synthetic mapping of the damage extend may
then take time, although there is a need for quick decision-making,
when it comes to evacuating the inhabitants, and finding shelter for
those concerned. Furthermore, the staff in charge of the inspection
are not always entirely qualified or trained for such evaluation.
Therefore, some inspections suffer slight bias: some untrained prac-
titioners would score the final damage category severely, to guaran-
tee more security, while others will underscore the final damage, in
order to avoid huge numbers of units being evacuated.

To avoid such 'empirical' bias, modern facilities, connected
devices, GIS capacity, and loT devices can provide strong support for
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real-time surveys and assist the engineers during the post-disaster
evaluation campaign(’11.1517.251_ During the visual inspection, the
technical staff, i.e., inspectors can be digitally assisted.

The present study has the purpose of presenting a national digi-
tal platform that has been developed for quick visual inspection and
real-time survey of the damage extent at local (municipality),
regional (a Wilaya, which represents what could be called a region
or province, in some countries), and national levels.

Besides the computational aspects and facilities, the GIS maps
and capacity, the scientific methodology used to assist the inspec-
tors, during the field evaluation of the damaged constructions, has
been developed and calibrated for a database that contains 50,000
evaluation forms collected during past earthquakes!'.11.15.17.27-371,

Thus, the present case study describes the national digital plat-
form, undertaken by the Organisme National de Controle Tech-
nique de la Construction (CTC, in Algeria; National Organism in
Charge of the Technical Control of the Constructions). This digital
platform has been tested in the case of some recent earthquakes
and has also been tested under a stress-test mode which simulates
hypothetical earthquakes.

The whole process of field evaluation of constructions, in a real or
hypothetic post-disaster phase, is entirely digitized: the evaluation
form is digital and embedded in connected or non-connected
devices. The digitized platform is also collaborative for the entire
stakeholders and authorities concerned with the emergency and
disaster management. This platform serves also as a virtual training
and qualification center so that beginners can learn and the experi-
enced staff can improve their knowledge since the database of
photos and pathologies is incremented and updated after each
earthquake. The platform and its embedded scientific methodology
have been used by CTC for several purposes in recent years: includ-
ing earthquakes, fires, and floods.

Objectives

The project DIMA, acronym for Digital Inspection & Monitoring
Assistant, is a national project developed, for CTC needs in Algeria,
with the purpose of supporting, in real-time, the quick visual inspec-
tion of the constructions in the early hours and days in the after-
math of any disaster. In its current form, it focuses on the case of
seismic disasters. This platform is depicted into several complemen-
tary components:

e An integrated digital platform and server to evaluate the build-
ings' damages and allow data flow with automatic reporting - GIS
referenced and connected in real-time when access to a network is
available - of post-earthquake damage to the buildings.

o A scientific engine which is an embedded App that will play the
role of the digital assistant. It is scientifically backed by research
work and can derive the global category of the building's damage
based on the damage category observed on its constitutive struc-
tural (main), and non-structural (secondary) components!'-'71. For
the development of the scientific methodology, various approaches
have been investigated and calibrated on a set of 50,000 evaluation
forms collected during an important earthquake (Algiers, 2003, May
21, M,, 6.8): probabilistic approach, neutral networks, and artificial
intelligence, fuzzy logic, and response surface methods!'-51,

e A virtual simulator developed for the training and qualification
of the inspectors before the real field-inspection.

Integrated platform and server

DIMA project relies on a specific architecture (servers for produc-
tion, server for backups and storage), computing facilities for the
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network and security, as well as dedicated tools for the evaluators,
see Figs 1-3. It allows:

e In the few hours or days after the occurrence of the triggering
event (earthquake, explosion, fires, flooding with debris and mud, land-
slides etc.) as there is a need for a field inspection campaign: define
the affected zones, considered afterward as zones of interest, and
upload, on the server, the footprints of the buildings through digi-
tal maps (OpenStreetMap or Google maps, for instance) when
available.

® Once the zones of interest (ZI) are identified: the whole set of
buildings, located within the ZI area, is concerned by the field
inspection. A quick visual technical inspection is scheduled with
trained technical staff and engineers: a group of inspectors (two in
general for cross check) is then assigned for each unit. Each unit is
thus expected to be inspected and evaluated, and the assigned
inspectors are notified with the list of units, and the timeline, for
their field inspection.

® During the inspection: each group of inspectors starts the evalua-
tion by clicking, on the pre-loaded GIS map (with the addresses and
footprints of the buildings available on the digital device connected
or not), or SketchUp, on the map, the polyline that represents the
building footprint. The evaluation form, standard in use in the
concerned country (Algeria, in the present case study), is then
completed and the database is in real-time fed with the damage
scored by the inspectors for each of the constitutive structural and
non-structural components of the building. The inspectors can also
take significative pictures with possible annotation when pertinent,
make written remarks or comments, and upload them with the
whole evaluation form on the server to populate the database. The
scientific method embedded in the platform will then derive the
global building's damage category, according to the scores
observed for the component's damage. The global damage is then
proposed to the inspectors who can confirm the automatic process-
ing. They can also decide to score the global damage differently in
case some singular situations are observed during the inspection.
It's worth reminding that the global score of the damage should
range within the five possible categories currently in use in Algeria,
i.e., slight or no damage (category D,, tagged as light green), small
damage (category D,, tagged as dark green), important damage
(category D3, tagged as light orange), very important and serious
damage (category D,, tagged as dark orange), extreme damage, and
even collapse (category D5, tagged as red). These tags are painted
therefore, at the entrance of the built units which is a meaningful
code for the safety agents and the owners or users of the units: for
green tags D;—D,, the units can remain in service, and access is
allowed; for orange tags D;—D,, the units are evacuated and access
is forbidden until future detailed technical evaluation of the resi-
dual capacity, for tag Ds, the units are evacuated and will be de-
molished if it is not already the case during the disaster occurrence.

® In real-time during the evaluation campaign: the final scores and
tags, as well as the whole evaluation form and annex documents are
therefore uploaded on the server and populate the database. The
access to the database, and to the synthetic or thematic reports and
mappings are accessible on the server. This access to the contents
and reports are tailored according to the rights assigned to the cate-
gories of users: inspectors themselves and the official institutions
(institutions and authorities at local, regional, or national levels).
They can have access to only parts or to the whole reports automati-
cally generated, following pre-defined templates and formats for
data interoperability. A real-time dynamic dashboard, fed as soon as
a report and evaluation are terminated, displays the global damage
extent and locations. It serves as support for decision-making and
real-time survey by the authorities and all stakeholders.
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Fig.1 General flowchart of DIMA platform and servers.

e During the preparatory stages before field inspection: a virtual
center for training and qualification is also developed. This virtual
center has three modes: for beginners, a fixed guided training that
covers the used terminology and pathologies until the final stage of
inspection and scoring, a training mode with thematic topics, and the
quadlification mode as a certification delivered for those who can be
part of the team for upcoming campaigns when there will be a
future need. Artificial intelligence concepts are also used to build
well-tailored and customized sessions to be proposed for the train-
ing and knowledge updates, adapted to each user and trainee. FAQ
mode is also available as it gathers the questions and answers that
are frequently expressed by the users.

Mebarki et al. Emergency Management Science and Technology 2025, 5: €003

Scientific methodology for damage evaluation
embedded in the DIMA platform

The scientific methodology is based on research work['", Its
basic concept consists of adequate combinations of failure events,
of both the structural (main) and non-structural (secondary) consti-
tutive components of the structure. This methodology has been
calibrated and validated for 50,000 evaluation forms that have been
collected during field inspection, in the aftermath of the earthquake
that struck the Algiers region in 2003 (Boumerdés earthquake,
21/05/2003, Mw 6.8), see Fig. 3.
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Fig.2 Synthetic view of DIMA platform capacity.

The results of the methodology have also been confirmed by
additional methods, i.e. neural networks, fuzzy logic, and response
surfaces with mathematical fitting and matching!'.

Illustrations in real situations

The platform has been tested under two modes, see Figs 4 &
5038-41],

e An ' a posteriori' application: it has been performed a few
months after the occurrence of an earthquake in a region impacted
by a medium magnitude earthquake. Figure 4 shows the concerned
zone with an earthquake that struck the region, with an epicenter
located in the Mediterranean Sea a few kilometers in the northern
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vicinity of the city in Algeria: Béjaia (2021, March 18, Mw 5.9). The
digital map and the footprints of the buildings as well as the zones
of importance are illustrated in Fig. 4. The mapping of the damage
extent is depicted in Fig. 5.

e A stress-test in an 'a priori' situation (case of Mila earthquake,
July—August 2020, NE Algeria): the teams test the platform and the
trained staff in a hypothetical situation to foresee the operational
difficulties and be ready in case any upcoming emergency occurs,
see Figs 4 & 5.

Results and discussion

The DIMA platform has been developed by a multi-disciplinary
team of researchers, engineers, and developers, with multiple

Mebarki et al. Emergency Management Science and Technology 2025, 5: €003
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Fig. 3 Scientific methodology and engine embedded in DIMA platform. (a) Standard evaluation form in use. (b) Standard evaluation form in use: an
example. (c) Events of failure combination: structural and non-structural components failures and damages. (d) Building damage category: D3. (e) Building

damage category: D4. (f) Global damage category and corresponding tags.

backgrounds that are mainly civil engineering, and computing
sciences.

From the collected results in two a posteriori seismic events (Mila,
2020, July-August, Mw 4.6—4.8, located at the Algerian eastern part,
at almost 350 km from Algiers; Béjaia, 2021, March, Mw 6.0) and
during stress tests in various cities in order to train and prepare the
technical staff (cities at different locations in Algeria: Annaba and
Jijel in the eastern part, Béjaia and Mahelma in the central part, and
Ain Temouchent in the western part)['6.17],

From the collected results, it can be seen that, see Figs 6-8:

e The automatic processing of the components' damage to derive
the global damage category helps to assist the inspection teams.
Some situations are difficult to handle since the global damage is at

Mebarki et al. Emergency Management Science and Technology 2025, 5: e003

the frontier of two neighbor categories. The automatic processing
assists the engineers in deciding on the global scoring.

e The digitization of the evaluation form provides more confi-
dence and ease for the inspectors. The traditional evaluation of
paper sheets is time-consuming. These evaluation forms had to be
gathered at the end of the day and processed before a global
synthesis became ready. The digitization and geo-referenced units
under evaluation guarantee a real-time survey since the central
server receives the digital forms that feed the database.

e The reporting is immediate and the decision -making is then
dynamic and adapted continuously. The real-time dashboards and
thematic reports are objective and quantitative supports for the
authorities and stakeholders. It is helpful in estimating in real-time
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a b Zoning d'Interventlon du CTC au nlveau de Bélala

la Wilaya

de Béjaia

LETe
(e

Fig.4 Earthquake in Bejaia (Algeria) — zones of importance concerned by field inspection. (a) Download of the maps (satellite, OSM). (b) Zones of interest
for the evaluation campaign. (c) Footprints and automatic selection. (d) Unit by click or polylign sketchup.

Bejaia ,

Figure 7,8 : points lumineux indiquant le niveau de dommage pointé sur les batisses Figure 13,14 : exemples de photographies prisent & partir de I'application

Fig. 5 Earthquake in Bejaia (Algeria) - field inspection and DIMA support. (a) Field evaluation and inspection. (b) Mapping of the damage extent and
tags according to damage. (c) Evaluation and tag. (d) Photos and annotation for the database.
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evaluation campaign. (c) Footprints and automatic selection. (d) Unit to evaluat
for construction control (Algiers).

Earthquake (Mila, July-August 2020, NE Algeria) — a posteriori evalua
e. (e) Simulation of evaluation. (f) Remote survey from the central authority

the need for sheltering, repair, and strengthening needed for the
damaged constructions.

® The stress tests have been a good opportunity to train and
prepare the technical staff for future potential evaluation cam-
paigns. Usually, some evaluators were discovering the manual for

Mebarki et al. Emergency Management Science and Technology 2025, 5: €003
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evaluation and the paper evaluation form at the occurrence of the
disasters. They were not trained enough and had to face heavy deci-
sions sometimes under social pressure since the evaluation will
sometimes result in the reallocation of people. Being trained and
having at their disposal the digital platform and virtual training
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Fig. 7 DIMA virtual training and qualification centre with the purpose of learning, testing/validating, and qualifying. (a) Virtual training center: typology
masonry. (b) Virtual training center: typology metal.(c) Pathology: damage of nodes. (d) Pathology: damage of walls.

Fig. 8 Real post-seismic evaluations and stress tests run for preparatory purposes. (a) Stress-test in Sidi Abdallah (Algiers): footprints. (b) Damages
extent. (c) Real earthquake (Béjaia): footprints. (d) Damage extent. (e) Stress test (Jijel): footprints. (f) Damage extent. (g) Stress test (Annaba): footprints. (h)
Damage extent and dashbord for real-time survey. (i) Stress test (Ain Temouchent): footprints. (j) Damage extent. (k) Dashbord for real-time survey. ()
Training and qualification sessions (hundreds of engineers and technicians) with reporting from real earthquakes and stress-tests.

center gives more confidence and objectivity in the evaluation of e The training center appears now as a good opportunity to learn
the damaged structures. also the pathology of existing structures and evaluate their residual
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capacity before any disaster occurs. Hundreds of technicians and
engineers have now received a training session and are from now
on considered qualified to undertake evaluations for potential disas-
ters that may arise: earthquakes, fires, flooding, industrial or gas
explosions, landslides, etc. (see Fig. 6 & 7)

e Since the scientific engine is embedded as an App in the DIMA
platform, there is now a possibility to improve the existing evalua-
tion form and develop a new scientific generation of evaluation
formsl42-441,

Conclusions

The present case study describes a digital platform that serves as
a collaborative platform to handle emergency situations. It has been
mainly developed to address the case of post-earthquake situations.
It is also adapted to the case of any other emergency, besides earth-
quakes, since it can also handle any natural or technological disas-
ter or NaTech disaster: floods, tsunamis, fires, explosions (industrial
explosions or gas in some domestic situations when there are leak-
ages), landslides, etc.

The platform consists of an adequate hardware architecture, i.e.,
servers as well as computing facilities and a specific database. This
database contains GIS-referenced information on the built stock
which is well adapted for the new trends in digital twins of territo-
ries, cities, facilities, infrastructure, and buildings.

In the case of buildings, each building is addressed with a unique
reference and, at the occurrence of a disaster such as an earthquake,
the impacted buildings are evaluated by trained staff: engineers and
technicians.

A scientific embedded software, resulting from research work,
allows us to derive the global category of damage according to the
damage observed on the constitutive components of the concerned
building: structural (main such as beams, columns, roofs, slabs, foun-
dations, etc) or non-structural (secondary such as partition walls,
stairs, balconies, etc) components. The inspectors are assisted by the
scientific Apps on their connected (or non-connected device:
laptop, tablet, smartphone, etc) to determine the global damage
and classify it into slight damage (with no need to evacuate the
construction), important (with the need to evacuate the building),
and severe (with the need to demolish the construction).

The platform DIMA, for Digital Inspection and Monitoring Assis-
tant, allows the real-time survey of the extent of the damage since
the stakeholders and authorities, as well as the owners and users,
know whether the construction should be kept in service or evacu-
ated: emergency management consists then in evacuating the fami-
lies and find appropriate provisional shelters and permanent reallo-
cation.

Such a kind of real-time survey of the damage extends with
synthetic and thematic mapping by category of construction, by
category of damage, by geographic location, etc, and allows deci-
sion-making.

The platform has also developed a virtual training center so that
the technical staff are trained and qualified to undertake future eval-
uation actions, since it learns the procedure in use for the evalua-
tion, it can consult past evaluation forms and photos of pathologies,
etc. The trained staff then feel confident and secure in undertaking
evaluation actions without the risk of committing bias for underesti-
mating or over-estimating the global damage, in particular under
social pressure during real disasters.

For prospective purposes, the platform will integrate progres-
sively the stock of the built environment on a large scale: cities,
regions, and at large scale territory.

Mebarki et al. Emergency Management Science and Technology 2025, 5: e003
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It will also integrate easily the new generation of evaluation forms
as soon as they are calibrated and validated by the research work,
that are ongoing.

Furthermore, the platform will propose in its improved version a
set of strengthening and repair options with estimated cost and
duration time for recovery of the damaged construction. This
improved version might be also extended to the estimated sub-
sidies given by the government to the victims according to the local
laws and legislation. It might also add the status of victims living in
the building (renter, owner, etc) according to official documents
presented by the victims, and add the information if the building
has CATNAT insurance. These additional aspects are very important
for the reconstruction step and the recovery.
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