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INTRODUCTION & PRESENTATION PLAN

0. 

View of the method of construction of the proposed new bridge at 
Blackfriars in London (Piranesi, 1766) [@British Museum]
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Structural diagnosis and health assessment of a built work 
(A.Gros, 2023)
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4Abstract: challenges

Structural diagnosis and health assessment of a built work 
(A.Gros, 2023)

Gaps in information
The building’s history 
is patchy and full of 
unknowns. Some parts 
of the structure are 
inaccessible

Open system, 
influenced/influenced by 
its environment.

Representation diversity
Measurements, models, 
diagrams, texts, 
photographs...

Iregularities, non-
standard geometries
The buildings studied 
rarely correspond to 
the products of the 
construction industry

Model diversity
The builtwork is 
represented by a set of 
ad-hoc models

Vocabulary diversity

Process diversity
Each party applies 
expert methodologies, 
the choice of which is 
specific to the building 
under study
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How can we identify, structure 
and enable manual and automated 
interaction between the data and 
knowledge produced during the 
structural diagnosis of a masonry 
built work ?

Semantic distance between manipulated data and knowledge: the case 
from observed material alteration to modeled damage  
(A.Gros, 2023)
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act [Activity] Définition, préparation et simulation mécanique 
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FROM STRUCTURAL DIAGNOSIS OF A BUILT 
STRUCTURE  

0. 

Observation of cracking in the dome of St. Peter’s in Rome in 1742. 
The sketches at the top of the page are based on the analytical model 
developed by Le Seur, Jacquier and Boscovitch.
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9Structural diagnosis of a masonry built work, generalities

Pont en maçonnerie sur la rue St Croix-Simon 
(Ponts&Chaussées, 1889) ; Usines Battlo à 

Barcelone (Anon, 19xx) ; Voûtes sexpartites à 
Notre-Dame de Paris post-incendie (C2RMF, 
2019) ; Pont Fraissinet (A.Gros, 2021) ; Voûtes 
quadripartites à St Sophie (L.Haghe, 18xx) ; 

Isométrie du fort l’Écluse de Léaz (A.Gros, 2022)
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10Structural diagnosis of a masonry built work, simulation

Mechanical simulation of the Rotella tower (Ascoli Piceno, Italy) during 
an earthquake (Ferrante et al.,2021), using the discrete element method 
and the LMGC90 solver (Dubois et al., 2011)
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11Mechanical Simulation, an hypothesis of the initial state to the actual

ACTUAL STATEINITIAL STATE

Usage

Fire Damage

Salts alteration of the materials

Structure modification

Loads history
Quality of building foundations

Climatic impacts
?

?

?

?

?

?

?

“[To comprehend the present,] to foresee the future, it is necessary to know the past, for 
the events of  this world have at all times links to the times that preceded them.”.  

(Machiavel, 1532)

General and specific knowledge of the structure under study, inferring 
the initial state of its structure  
(Gros, 2023)
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12Structural diagnosis, the canon of a hypothetico-deductive method

ObservationsInitial State Hypothesis Modélisations Simulations

Evaluation =>Invalidation

Evaluation => Validation

Statements production
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13Builtwork-specific statements, initial conditions

BUILTWORK GEOMETRY MATERIAL

masse volumique: 2500kg/m3 
résistance à la compression: 3MPa 
module d’Young: 1500MPa 
coef. de Poisson: 0.25

res. 28j: 5MPa

masse volumique: 1600kg/m3 
résistance à la compression: 2.9MPa 

module d’Young: 1962MPa 
coef. de Poisson: 0.2

masse volumique: 1000kg/m3 
résistance à la compression: 2.9MPa 

module d’Young: 1962MPa 
coef. de Poisson: 0.2

“Lutetian” Limestone

Mortar, eq. NHL3.5

Limestone

Microfissured Limestone

Modeling the barrel vault at the entrance to Fort l’Écluse de Léaz, 
geometry and materials (A. Gros, 2023)
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14Builtwork-specific statements, boundary conditions

Modeling the barrel vault at the entrance to Fort l’Écluse de Léaz, 
boundary conditions (A. Gros, 2023)

SUPPORTS LOADS
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15System Engineering and Semitics

System analysis as a complex system.  
Systems engineering. MBSE.

Results

Theme analysis and development. 
Semiological methods.

How can we define and identify cross-cutting themes for all players 
when applying their methods? How can we trace privileged links 
between data and knowledge, as well as between different works or 
models?

How can we define and identify the processes involved in the structural 
diagnosis of a building? Their synchronicity or asynchronicity? The 
moments of document production and the dependencies of these 
between actors, independently of their teleology?

A

B
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FROM MODELED PROCESSES 
TO KNOWLEDGE MODELING

II. 

(E. Demazières, 19xx)
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18Semantic web 101

+ a data architecture based on the conceptual, technical, ethical and political aspects of data; 
+  an artifact derived from the World Wide Web for information sharing and interoperability; 
+ a research domain ;

Semantic Web

An ontology is a formal specification of a shared 
conceptualization (Gruber, 1995).

Ontologies

Linked data is data linked to other data, so that a 
person or a machine can explore the network of 
this data. In this way, linked data can always be 
accessed by others (T.B.Lee, 2006).

Generic term for a knowledge base in which data is 
structured as a network.

Linked Open Data Knowledge Graph
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19Transversal components

Material
Generic or specific, 
understood at different 
levels as a category, a 
model, a set of properties

Material alteration and 
damagin
Local or global affection 
of the structure deduced 
from its geometry or the 
state of the material

Built work
Ausculation of a building 
at different scales

Event sequence
Several event 
rearrangements create 
different sequences

Hypothetico-deductive method 
Experimental method
The intersection of several scientific disciplines 
according to a classic epistemological progression

Information 
Spatialization
A great deal of 
information is restricted 
to certain areas of space
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20Choix d’une ontologie fondamentale, extension, profil d’application

Développée initialement pour l’intégration des données GLAM, cette ontologie de base a pour vocation :  
+ l’intégration de données hétérogènes  
+ “d’accommoder des opinions alternatives et des informations incomplètes”  

CIDOC CRM

L’extension CRM Geoinformation, préfixée 
CRMgeo, étend les capacités du modèle CRMcore 
pour la gestion des données spatialisées. Bien 
que CRMgeo soit orientée vers les Systèmes 
d’Information Géographique par sa jointure avec 
GeoSPARQL, nous avons explicité sa capacité 
à gérer tant les lieux définis par leur géométrie 
3D que par des relations topologiques dans un 
bâtiment (Guillem et al., 2023)

L’extension CRMax n’a pas vocation à être un 
plugin pour CRMcore comme le sont CRMgeo 
ou CRMsci. Elle contient l’ensemble des 
raccourcis de modélisation et les extensions 
nécéssaires à la modélisation du domaine. 
Cette extension respecte la monotonie, la 
consistance et la volonté de simplicité de CRM 
; en cela seulement 4 classes et 8 propriétés 
originales sont ajoutées.

CRMgeo/GeoSPARQL CRMax

L’extension CRM Science, préfixée CRMsci, étend 
le modèle CRMcore aux préréogatives scientifiques 
ainsi qu’aux méthodes employées. 
Nous avons montré la capacité de CRMsci 
à modéliser les processus liés au GC et des 
séquences d’événements conjoints aux sciences 
de la conservation comme de l’histoire (Gros et al., 
2023) (Guillem et al., 2023)

Langages standards pour la confection 
d’ontologies (RDFS & OWL). 
Ontologies génériques pour la gestion de 
profils de métadonnées simples (Dublin Core), 
de vocabulaires contrôlés par thésaurus 
(Simple Knowledge Organization Sytem) et 
pour la gestion des unités de mesure

CRMsci

RDFS/OWL/DC/SKOS/OM



abcrmex:P2x_has_type

skos:Concept

theso:/act/lasergrammetry

abcrm:P53 abcrm:E53_Place

astragale:<$__bwuri__>

rdfs:label

abcrmgeo:Q11_approximates abcrmax:Qx5_is_defined_in

abcrmax:Px168_place_is_defined_by

abcrmgeo:SP6_Declarative_Place

astragale:<$__bwuri__>

rdfs:label

abcrmax:Qx5_is_defined_in
abcrm:E59_Primitive_Value

astragale:<$__bwuri__>

dc:creator...
abcrmax:Px90_has_value

abcrmgeo:
SP4_Spatial_Coordinate_Reference_System

astragale:<$__bwuri__>

rdfs:label

abcrmsci:O16_observed_value

abcrm:P7_took_place_at

abcrm:
E16_Measurement
astragale:<$__bwuri__>

rdfs:label

abcrm:E22_HumanMade_Object

astragale:<$builtwork_uri>
rdfs:label

abcrmax:P2x_has_type

II. From modeled processesto knowledge modeling 
21Modélisation géométrique de l’ouvrage (appareillage simplifié)

BUILTWORK 
GEOMETRY



crmsci:O16_observed_value

crmsci:
S4_Observation

astragale:S4-obs_calcaire

aecrmex:Px_approximates
crmsci:S10_Material_Substantial

<https://astragale.crns.fr/data/S10-<uuid8>>

rdfs:label "Calcaire (paramètres mat.)"

utmp:density "1600"^^[xsd:float]

utmp:res_c "2.9"^^[xsd:float]

utmp:e "1962"^^[xsd:float]

crm:P148_has_component

crm:P2

crm:P67_refers_to

crmsci:
S7_Simulation

astragale:S7-simulation_ruine

om [Physical Data Model] Simulation [Materials]

crm:P2

crmsci:P141_assigned

crm:P148
crmsci:

S9_Data_Evaluation

astragale:S8-simulation_material_selection_calc

crm:E55_Type

theso:/meca/DEM-NSCD

crm:E55_Type

theso:/act/material_selection

crm:E55_Type

theso:/brgm/calcaire

crm:P2

crm:E57_Material

<https://astragale.crns.fr/data/E53-<uuid8>>

rdfs:label "Calcaire lutétien"

II. From modeled processesto knowledge modeling 
22Modélisation du matériau et de ses propriétés mécaniques

MATERIALS

masse volumique: 2500kg/m3 
résistance à la compression: 3MPa 
module d’Young: 1500MPa 
coef. de Poisson: 0.25

res. 28j: 5MPa

masse volumique: 1600kg/m3 
résistance à la compression: 2.9MPa 

module d’Young: 1962MPa 
coef. de Poisson: 0.2

masse volumique: 1000kg/m3 
résistance à la compression: 2.9MPa 

module d’Young: 1962MPa 
coef. de Poisson: 0.2

Calcaire “Lutétien”

Mortier, eq. NHL3.5

Calcaire

Calcaire altéré

Modélisation ontologique pour l’intégration des métadonnées liées à :  
la définition des paramètres matériau (A.Gros, 2023)



crm:P56
bears_feature

crm:E22_Human-Made_Object

astragale:E22-voute_berceau

crm:P2

crm:E55_Type

theso:/meca/DEM-NSCD

crmsci:
S6_Data_Evaluation

astragale:S6-fissure_postpro

crm:P141
assigned

crm:P53 crm:E26_Physical_Feature

astragale:E26-fissure_étoile_voute

crm:P7
took_place_at

crm:P7
took_place_at

crm:P7
took_place_at

crm:E53_Place

astragale:E53-fissure_étoile_voute

crmsci:
S4_Observation

astragale:S4-obs_fissure

crm:P2

crm:E55_Type

theso:/hist/archives

crmsci:
S8_Categorical_Hypothesis_Building

astragale:S8-lecture_registres_capitulaire

crm:P2

crm:E55_Type

theso:/archi/relevé_état

crm:P141
assigned

crmsci:O16
observed_value

om [Physical Data Model] Same feature observed/read/simulated

crm:P148
crmsci:

S7_Simulation

astragale:S7-simulation_ruine

ALTERATION, 
CROSS CRACK

Modélisation ontologique pour l’intégration des métadonnées liées à :  
l’observation, l’hypothèse née de la lecture d’une archive et la prédiction 

II. From modeled processesto knowledge modeling 
23Describing the same alteration per three different events



crm:E22_Human-Made_Object

astragale:E22-voute_berceau

refers_to refers_to

abcrmsci:
S9_DataEvaluation

astragale:S7-simulation_tassemnt

crmsci:P141
assigned

crm:P53 crm:E26_Physical_Feature

astragale:E26-fissure_étoile_voute

crm:P7
took_place_at

crm:E53_Place

astragale:E53-fissure_étoile_voute

abcrmsci:S4_Observation

astragale:S8-lecture_registres_capitulaire

crmsci:P141
assigned

crm:E53_Place

astragale:E26-fissure_trait_voute

crm:P7
took_place_at

crm:P53crm:E26_Physical_Feature

astragale:E26-fissure_trait_voute

abcrmsci:S7_Simulation

astragale:S8-lecture_registres_capitulaire

crm:E55_Type

theso:/meca/DEM-NSCD

crm:E55_Type

theso:/meca/DEM-NSCD

crm:E55_Type

theso:/meca/DEM-NSCD

crm:E55_Type

theso:/meca/DEM-NSCD

crm:E55_Type

theso:/meca/DEM-NSCD

ALTERATION, 
CROSS CRACK

II. From modeled processesto knowledge modeling 
24Pre-processing, Simulation, Post-Processing
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FROM MODELED PROCESSES 
TO KNOWLEDGE MODELING

III. 

Voûte en berceau à l’entrée du Fort l’Ecluse de Léaz (A.Gros, 2023)
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27Hypothesis validation

In-situ observation of material alterations, 
recorded in an alteration log.

Complementary diagnosis and in-situ 
auscultation in the light of simulation scenarios, 

whose information can be consulted in the 
same area.

Comparison of two simulation scenarios for the 
same diagnosis on the same structure.

Comparison between several structures of the 
same type, whose observations are recorded 
on different surveys, but whose geometric 

model remains the same.

Pre-damaging the simulation avatar according 
to the observed alterations.

Post-processing of a mechanical simulation 
and extraction of annotations according to 
crack openings

Observations

Observation

Simulation

Observations/Modélisations/Simulations

Simulation

Simulation

Observations/Modélisations/Simulations

Simulations

Millefeuille (A.Gros, 2023)
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Millefeuille 
(A.Gros, 2023)
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Sharing scientific knowledge

Sharing expert knowledge

Mots-clefs: communauté de données, graphe 
de connaissances, catalogue de données, 
donnée structurée

Mots-clefs: Building Information Modelling, 
Digital Twin
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SUPPORTING ARCHITECTUREDATA POLICIES

Ethics

Security

Digital EcosystemFAIR (Findable, Accesible, Interop., Reusable)

Digital Twin

Data Common

Building Information Modelling

Service

Service Service

Db Service

Service

View

Service Service

View

View

View

Service Service

View

Db

Db

Mediation 
Service

Building Model

Service
Service

View

Physical Model Digital Model
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31Cas d’étude 2 : Notre Dame de Paris, Arcs boutants



32

CONCLUSION

IV. 

Essai de résistance en compression d’un mur en brique historique (Anon, 19xx)
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Suivi de projet, écriture

Notebooks, examples, documentation des API et du 
système, pipelines de données et traitement

Inlake is a data gateway for an event-centric 
knowledge-base system. It is intended for the 
smooth ingestion of: binary files and their metadatas, 
structured and unstructured textual information.

Stream_Graphiti is a faust-based stream processor 
for RDF data mapping to a SPARQLStore compliant 
triple store. Its behavior is heavily conditionned to 
the provided schemas and mappers.

KIBOS est l’implémentation d’une architecture 
système orientée événement pour la visualisation et 
le traitement des données scientifiques relatives au 
diagnostic structurel. 
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