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Research insights

This research is aimed to propose a characterisation model for assessing the seismic vulnerability of
historical cities.

The main tOpICS to be explored are. i What do we i_» Set of semantic descriptors P Historical Centre - Buildings
a) The Characterisation Of the i need to know? | Relevant attributes and metrics h Existing physical entities

historical city from the seismic- |

vulnerability point of view. T -

' ow do we ! e, .
] ] ) ) : ire this L Description’s acquisition > Surveys, BIM models, etc.

b) Characterisation of the seismic : achu;:z? : Surveying techniques Sources of information

vulnerability of historical ommmmmmmeeees : |

constructions. e . v

' How do we '
. - . ' ! Coded infi ti (0] ised GIS DATABASE

c) Suitability and pertinency of | managethe b PERCMIOTIENON M e AT Anact

multiple data-acquisition p o date? |

strateges. s

- . I What | - Statistical treatment

d) VU|nerabIIItY'Or|ented data | knovs frcjrl:r: \:vheis E—b V.ulnera\.blllty assessment P Qualitative / quantitative

management by the means of GIS ! data? p | Simulation of phenomena analysis

plattorms.

A 4

e) Risk analysis based on urban Report

vulnerability GIS DATABASE. Vulnerability Indexs and index

Rafael Ramirez Eudave
Towards an integrated vulnerability-based approach for evaluating, managing and mitigating earthquake risk in urban areas.



Schematic workflow

The original workflow has suffered minor changes from its initial concept. The project is conceived as a
workflow with five major axis (in blue) linked by a series of research questions (in gray), existing theoretical
frameworks and definitions (white, pointed lines) and processes to be designed and implemented (white,
full lines). The organic growth and enrichment of this workflow has defined the tasks of the research.
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Task 1. State-of-the-Art

As the first task of the project, the literature review permitted to have an insight on the suitability of
assessing the Historic Urban Landscapes by the means of the integration of multiple tools, such as GIS
GIS DATABASE and BIM or HBIM models. This work offered a first insight on the research questions,
supporting the establishment of the project axis.
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Task 1. State-of-the-Art

This literature review was a major part of the Thesis Project defence (September, 2020). This part of the
research was further condensed and consolidated in a journal paper, stablishing a suitable and preliminary
structure.
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Task 2. Characterisation of Risk and approach to Risk Analysis

Some valuable tools were analysed and discussed in the context of the INFRRISK curricular unit
«Reliability and Risk Analysis». In particular, the use of Failure Tree Analysis, Event Tree Analysis and
Failure Mode and Event Analysis approaches were considered as potentially applicable for this research.
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Task 2. Characterisation of Risk and approach to Risk Analysis
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Task 3. Semantic description of the Historic Urban Landscape

The third stage of the project consisted in the review of literature devoted to the description of the Historic
Urban Landscape and historical constructions. This process permitted to identify valuable sets of semantic
descriptors that would later be included in the survey model.

Historic Urban Landscape
v Building Building Building Building

GIS DATABASE

What do we
need to know? What can we know
HUL description: environment, . from th.IS )
seismic context, efc. information’
Seismic ¢
vulnerability How to manage
assessment and store the Vulnerability Index
methods information? l

_—— 4

-
| Urban FTA, ETA :
I and FMEA analysis |

DESCRIPTORS

How can we |r _E)(?s;i;g_B_ll\_ﬂ o |r CityGML, IFC : VU|_S|\I|E é?:{l\iguy
obtain HBIM models :—’: standards
information? LTI 4 ASEISSSIIENT

> Remote sensing | | Point clouds > 3D urban model Risk mitigation
tools measures

DATA
ACQUISITION

Rafael Ramirez Eudave
Towards an integrated vulnerability-based approach for evaluating, managing and mitigating earthquake risk in urban areas.



Task 3. Semantic description of the Historic Urban Landscape

The concept of the Historic Urban Landscape and its implications lead to a theoretical analysis devoted to
propose how to systematically characterise the urban entities, namely in the context of GIS DATABASE.
This approach tries to conciliate the numerous interests and specialised views on the historical city. This
analysis and an example of application in the city of Guimaraes were presented in a journal paper.
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Task 4. First insights on survey methods: on-site survey

Besides the evidence of a potential GIS-BIM-HBIM integration in Task 1, the possibility of enhancing and
enriching field-survey campaigns was analysed. Therefore, a workflow based on the integration of GIS
DATABASE, cloud-based storage and collaborative work on portable devices was successfully tested,
adding a valuable tool for data acquisition.
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Task 4. First insights on survey methods: on-site survey

An example of the use of this workflow and a discussion on its advantages and limitations was presented in
the 1t Croatian Conference on Earthquake Engineering.

In order to demonstrate the suitability of the workflow in the context of a vulnerability-oriented survey, the
Vulnerability Index Method was selected. This parameter-based method, originally designed and applied in
Italy, departs from a selection of parameters that influence the seismic behaviour of masonry constructions.

Hence, an experimental campaign for acquiring these parameters from nine constructions damaged during
the 2017 Earthquake in Atlixco (Puebla, México) was carried-out.
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Rafael Ramirez Eudave & Tiago Miguel Ferreira.
Proposal for a suitable workflow for assessing the
seismic vulnerability of historical buildings. Atlixco
(Puebla, México) as a case study. Proceedings of 1st
Croatian Conference on Earthquake Engineering,
1CroCEE. Zagreb, Croatia - March 22nd to 24th, 2021.
DOI: https://doi.org/10.5592/CO/1CroCEE.2021.22
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Task 5. The suitability of the INAH datasheet for assessing seismic
vulnerability.

The existence of the National Catalogue of Historical Monuments permitted to explore the suitability of the
Vulnerability Index Method approach in Mexican buildings. The consequences of the September 2017
Earthquake in Puebla were analysed, by comparing the correspondence between the real and forecasted
damages in nine historical constructions of the city.
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Task 5. The suitability of the INAH datasheet for assessing seismic
vulnerability.

Parameters Class Cy;) Weight ) Relative weight
A B C D
Group 1. Structural building system 50/100
BP1. Type of the resisting system 0 5 20 50 2.50
BP2. Quality of the resisting system 0 5 20 50 2.50
BP3. Conventional strength 0 5 20 50 1.00
BP4. Maximum distance between the walls 0 5 20 50 0.50
BP5. Number of floors 0 5 20 50 0.50
BP6. Location and soil condition 0 5 20 50 0.50
Group 2. Irregularities and interaction 20/100
BP7. Aggregate position and interaction 0 5 20 50 1.50
BP8. Plan configuration 0 5 20 50 0.50
BP9. Height regularity 0 5 20 50 0.50
BP10. Wall fagade openings and alighnment 0 5 20 50 0.50
Group 3. Floor slabs and roofs 18/100
BP11. Horizontal diaphragms 0 5 20 50 0.75
BP12. Roofing system 0 5 20 50 2.00
Group 4. Conservation status and other elements 12/100
BP13. Fragilities and conservation status 0 5 20 50 1.00
BP14. Non-structural elements 0 5 20 50 0.75

Discrete damage grades, Dy

D,— No damage. No observed damage.

D, — Slight damage. Presence of very localised and hairline cracking.

D, — Moderate damage. Cracking around openings; localised detachment of wall coverings (plaster, tiles, etc.).

D, — Severe damage. Opening of large diagonal cracks; significant cracking of parapets; masonry walls may exhibit visible separation
from diaphragms; generalised plaster detachment.

D, — Very severe damage. Facade walls with large areas of openings have suffered extensive cracking. Partial collapse of the facade
(shear cracking, disaggregation, etc.).

D, — Destruction. Total in-plane or out-of-plane failure of the facade wall.
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Task 5. The suitability of the INAH datasheet for assessing seismic

vulnerability.

Despite the limitations imposed by the size of the sample, the results of this analysis supported the
suitability of using the Vulnerability Index Method approach for assessing Mexican constructions.
Furthermore, this approach is compatible with the National Catalogue of Historical Monuments, since most
of the parameters are already considered in its survey model. The comparative analysis between the
Vulnerability Index Method and the Catalogue is included in a recently published journal paper. Besides,
this document includes and discusses the results of the application on the city of Atlixco.
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Ongoing tasks — The opportunity of Atlixco and the INAH Datasheet

The ongoing tasks are devoted to the analysis of a recently found source of data that includes the pre-event
state and the damages found in a total of 85 historical constructions in Atlixco, Puebla. The current state of
the research includes the refinement of the Vulnerability Index Method for its application in Mexican
buildings and the potential outcomes that the vulnerability assessments can offer. These tasks will enrich
the strategies for data management as well.
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Ongoing tasks — The opportunity of Atlixco and the INAH Datasheet

Adaptation and calibration the Vulnerability Index Method based on the extended sample of Atlixco.
Uncertainty analysis and uncertainty management.

Potential correlations between the full-building and fagade-based approaches.

Setup and test of a dedicated database.

288
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Ongoing tasks — The opportunity of Atlixco and the INAH Datasheet

BENEMERITA UNIVERSIDAD AUTONOMA DE PUEBLA.

FACULTAD DE ARQUITECTURA.

MAESTRiA EN ARQUITECTURA CON ESPECIALIDAD EN CONSERVACION DEL PATRIMONIO EDIFICADO.

FICHA DE CATALOGACION DE BIENES INMUEBLES PARA ZONA DE MONUMENTOS HISTORICOS. ATLIXCO, PUEBLA.

Folio de Campo: 21-019-001

No. de Ficha: 4

Folio Unico: SECII-4

Clave Geoestadistica: 2101900010634006

1 LOCALIZACION DEL INMUEBLE.
Estado: Puchla

Localidad: Atlixco

Regidn geogrdfica: Region 17

Calley Nimero: Libertad No. 202
Otralocalizacion: Calle Libertad esquina 4 Ote
Colonia e Barrio: Centro

Georeferencia: 20°9]1 0.36 N 14°55 96,67 E

2. IDENTIFICACION.

Nombre del Inmueble: Casa Habitacion
Use Original: Casa Habitacion

Uso Actual: Casa habitacion v escuela
Epoca de Construccion:

S.XVI( ) S.XVI( ) S.XVII( )
S.XIX(X) S.XX(X)

3. CARACTERISTICAS CONSTRUCTIVAS.
Fachada Principal,

Acabados: Adobe con aplanade Azul

Muros.

Materiales Predominantes: Piedra, adobe v tabigue
Ancho: 80cnr

Entrepisos: Viga, ladrillo

Materiales Predominantes: Ladrillo

Cubierta de Azotea.

Materiales Predominantes: Viga y Ladrillo
Forma de la cubierta: Plana

Nunrero de Niveles: 2

Otros Elementos: Escalera

Estado de Conservacién: Bueno

4. ASPECTOS LEGALES.
Régimen de propiedad: Privada

Propiedad Actual: Persona Fisica

5. ANALISIS DEL LARGUILLO,

En estos contextos se observa por wn lado que las alturas son
uniformes, si embargo por el otre lado son discontinas, debido en
parte a la i fe il inea que esta
sobrepasando los iimites de las construcciones ex y resalta de
entre todo el conjunto, pero también resalia el uso de diferentes

6. CROQUIS DE UBICACION.

4 ORIENTE

2 ORIENTE

7. PLANTA ARQUITECTONICA.

Wi_q
11

£ -4 —
" 1 L
Ll L] ¥

10, FACHADA.

Lateral

8 DESCRIPCION DEL INMUEBLE:

Fachada Principal: Antes desplamtada sobre un rodapié
hoy se encuentra lisa con cuatro vanos en la parte baja de
los cuales tres corvesponden a locales comerciales y uno
al acceso principal que se enmarca por una plata banda
conservando la puerta de madera, en la parte alta cuatro
vanos de igual simetria con baleén de piedra y barandal
de herreria rematados con un arco conopial v cierra el
conjunto una cornisa y pretil moldurados con pequenas
perforaciones semicirculares.

Fachada Lateral. Sobre la 4 ote de apariencia lisa con
tres vanos simétricos que se repiten en lo alto, baleones de
piedra y barandal de herreria con arco conopial. Remata
con un pretil y cornisa similares a la fachada principal.
Interior del Inmueble: Aunque ha sido modificado para
albergar las aulas de la escuela actual, mantiene sus
dimensiones en habitaciones, asi como los dos patios: el
ceniral yuno trasero quees utilizado para servicio.

12. RECOMENDACIONES DE INTERVENCION:
Respetar el patrimonio historico existente.

Respetar alturas que predominen en el patrimonio
edificado.

Revisar propuestas de color en base a la paleta de
colores del INAH para patrimonio edificado.

Consultar a especialistas para conocer los criterios
minimos en provectos de intervencicn.

Todo lo que no es considerado come patrimonio
histérico y artistico deberd integrarse de manera visual
alos inmuebles reconacidos existentes.

11. CONTEXTQ INMEDIATO.

9. CARACTERISTICAS TIPOLOGICAS:

El inmueble mantiene la distribucion original a través
del patio ceniral que da acceso a las aulas, mismas
dimensiones, aunque fachada modificada.
Arquitectura del S. XIX: Se utiliza el concreto armado
para el cambio en la fachada. Distribuciin de
habitaciones que surge a partir de dos patios
interconectados con los diferentes espacios. Los
muros, como en olras elapas, coniinitan siendo mixtos
con el emplea de piedra, adobe y tabique. Asi como
cantera en elementos coma el pise y la escalera.
En la actualidad ha sido modificado para albergar una
escuela, motivo por el cual permanece conservado, sin
embargo un falso histérico se creo al tapar la fachada
original por una de concreio, misma que tras el sismo
de septiembre de 2017 se vino abajo dejando al
descubierto la original. Sin embargo permanecerd
ocultapues se volvia a levantar de concreto,

13. HISTORIADELINMUEBLE:

“CASA HABITACION: La fachada ha sufride
modificaciones en la parte baja ya que varios vanos
han side ampliados; construccion que data del siglo
XIX, cuyos muros indican la posibilidad de wna
edificacion anterior; es de dos niveles y cuenta con dos
patios, en uno de ellos de conserva una hermosa
escalerade piedra original.”

Inseripeion en placa del edificio

e

Calle Libertad Calle 4 Oriente

materiales v sistemas consiructivos en una misma calle,

=
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Ongoing tasks — The opportunity of Atlixco and the INAH Datasheet

GRADING DISTIBUTION AMONG PARAMETERS - FULL BUILDING APPROACH
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Future tasks: GIS-BIM-HBIM and Remote Sensing implementation

The future tasks are focused on the analysis and implementation of the GIS-BIM-HBIM integration for
obtaining vulnerability-based descriptions from existing models. Furthermore, the data acquisition based on
remote sensing tools will be also studied and put in practise. The design of the database will be done
according to the results and knowledge generated in the present stage of the research. The potential
outcomes of the database will be stablished in order to design the urban-scale vulnerability assessment.

S
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Y

GIS DATABASE

Building Building

Building Building

What do we
need to know?

r |
| HUL description: environment, |
| seismic context, etc. '

How to manage
and store the
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SEISMIC
VULNERABILIY

ASSESSMENT

\ 4

What can we know
from this
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v

Vulnerability Index
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3D urban model

Risk mitigation
measures
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Future tasks: Implementation of the workflow in a case of study

The research is expected to reach a full-scale test in a real urban centre as final stage. This case of study
would reflect the suitability and interoperability of all the stages of the workflow, permitting to provide a
valuable risk analysis and a general insight of the most important mitigation measures. This example of
application would permit to identify some potential limitations and opportunities for the entire workflow as a

systematised procedure.

Historic Urban Landscape

v Building Building Building Building

A 4

GIS DATABASE

tools measures

What do we v
need to know? A i _________ What can we know
| HUL description: environment, : _ from this )
_— 1 : seismic context, etc. ' information’
| Seismic 5 [ ' o 1
| wulnerability '\, | ow to manage
: assessment | |r INAH : and store the Vulnerability Index
| information?
L__methods __, »  Catalogues —r:_ _ catalogue l
r ____________ |
| Urban FTA, ETA |
DESCRIPTORS » On-site survey ¥ Input+Mergin | and FMEA analysis I
How can we |r _Ex_/s?/;g_B_ll\:l_ B 1' Ir _C7t;GTI\/7LT ;—'_C_: VU LS,\IJE IIE?RI\AIBCILIY
obtain | HBIM models r’: standards |
information? | | c-————————— G ASSESSMENT
DA »{ Remote sensing | | Point clouds —» 3D urban model FilSs Tgeer
ACQUISITION
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Schedule

Ist Year 2st Year 3st Year
Trimester Trimester Trimester
Task | Task description T2 T3 T2 T3 T1 T2 T3 T4
T0 State-of-the-art and literature review
On the suitability of a unified GIS-BIM-HBIM
Paper frameV\{qu .for F:ata!oging and assessing
vulnerability in historic urban landscapes: A
critical review.
Subm. June 4th, 2020
T1 Design of semantic characterisation models
HUL entities semantic characterisation
Paper . .
oriented to vulnerability assessment.
Subm. February, 2021 (expected)
T2 Design of survey methods
HUL Vulnerability-oriented HUL surveying
Paper
tools.
Subm. July, 2021 (expected)
3 Design of vulnerability assessment
frameworks
Paper HUL Multi-level seismic vulnerability
P assessment for HUL entities.
Subm. November, 2021 (expected)
Ta Design of an unified data management
framework
Unified framework for HUL seismic
Paper .
vulnerability assessment.
Subm. March, 2022 (expected)
T5 Integration and application
Seismic vulnerability assessment for the
Paper Historic Urban Centre of Tomar: a
methodological approach.
Subm. July, 2022 (expected)
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Conclusions

« The present research project is aimed to propose a suitable and comprehensive workflow for

assessing the seismic vulnerability of historical urban areas.
» At the present moment, the completed tasks comprises:
« Aliterature review that supports the general framework and its elements;
* Areview on strategies for risk assessment;
« The definition of a strategy for the description of the HUL and the historical constructions;
« Afirst insight on the suitability of GIS distributed tools for data acquisition and;

« Afirstinsight on the use of the Mexican catalogue and the Vulnerability Index Method for

large-scale seismic vulnerability assessment of constructions.

« The current stage of the research is devoted to the analysis of a set of 85 constructions for

adapting the Vulnerability Index Method for Mexican constructions.

« The future works include the implementation of GIS-BIM-HBIM integration, urban-scale

vulnerability assessments and at least one example of application.

« At the present moment, all the tasks have been carried-out according to the Schedule.
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