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• Thesis timeline and publications

• Part 1 – A BIM-based methodology for the seismic performance 
assessment of existing mixed URM-RC building typologies: a case 
study

• Part 2 – Ongoing tasks and upcoming tasks

Presentation summary
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Thesis timeline

Updated timeline

2017 2021

Today

Oct Feb Jun Oct Feb Jun Oct Feb Jun Oct Feb Jun

M1:	Submission	of	a	review	article	about	
mixed	typologies
Nov	22

M1:	Publication	of	a	journal	article	about	
mixed	typologies
May	28

M1:	Publication	of	a	conference	article	
about	mixed	typologies
Apr	30

Submission	of	a	journal	article	about	a	new	
approach	for	the	N2	method
Jul	1

M2:	Writing	of	an	article	about	the	
performed	numerical	analysis
May	31

M3:	Writing	of	an	article	about	
the	developed	methodology
Mar	31

T1:	State	of	
the	art

8	monthsOct	1	- May	31

T2:	Numerical	modelling	and	analysis	of	
representative	models	of	mixed	buildings

24	monthsJun	1	-May	31

12	monthsOct	1	- Sep	30T3:	Development	of	a	methodology	for	the	seismic	vulnerability	assessment

6	monthsOct	1	- Mar	31T4:	Development	of	vulnerability	and	fragility	curves	for	mixed	buildings

6	monthsApr	1	- Sep	30T5:	Final	writing	of	the	thesis
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Thesis timeline and publications
Presentation of a 
communication in a 
conference:
Lopes, G. C., Vicente, R., Ferreira, T. M., 
& Azenha, M. (2019). Desafios e 
direções de investigação na
identificação e caracterização de 
tipologias de edifícios de alvenaria
intervencionados com recursoa betão
armado. Sísmica 2019 - 11º Congresso
Nacional de Sismologia e Engenharia
Sísmica, Instituto Superior Técnico, 
Lisboa, Portugal.

Publication of a journal 
paper:

Lopes, G. C., Vicente, R., 
Ferreira, T. M., & Azenha, M. 
(2019). Intervened URM 
buildings with RC elements: 
typological characterisation 
and associated challenges. 
Bulletin of Earthquake 
Engineering, 1-33.
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• Anamnesis 
• historical investigation
• laser scanning
• BIM modelling

• Diagnosis
• numerical modelling
• modal analysis
• numerical analysis
• seismic vulnerability assessment

Part 1 
A BIM-based methodology for the seismic 

performance assessment of existing mixed 
URM-RC building typologies
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BIM-based methodology 

4.	Control

3.	Therapy

2.	Diagnosis

2.1.	Numerical	modelling 2.2.	URM	mechanical properties 2.3.	Numerical	analysis 2.4.	Seismic vulnerability

1.	Anamnesis

1.1.	Historical investigation 1.2.	Geometric surveying and
recording techniques 1.3.	BIM	modelling 1.4.	Other	engineering	surveying	

and	recording	techniques



7Gonçalo Correia Lopes / Mitigating earthquake vulnerability of mixed URM-RC buildings at the urban scale

BIM-based methodology 
1.1. Historical investigation

• Residential	 palace	from	the	18th	
century	located	 in	the	city	of	
Aveiro,	Portugal;

• Main	walls	made	with	uncut	
and	fragmented	limestone	
masonry	(550-720	mm);

• Partition	walls	made	with	
lathwork	and	plaster	
(‘tabique’)	(140-230	mm);

• Timber	floors	(230	mm);
• Rehabilitation	 intervention	in	

1979	consisted	 in	the	addition	of	
RC	screed	in	some	areas	of	the	
first	floor	and	the	replacement	of	
a	partition	wall	by	a	steel	 frame	at	
the	ground	floor	level.
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BIM-based methodology 
1.2. Geometric surveying with 3D laser scanning
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BIM-based methodology 
1.2. Geometric surveying with 3D laser scanning



10Gonçalo Correia Lopes / Mitigating earthquake vulnerability of mixed URM-RC buildings at the urban scale

BIM-based methodology 
1.3. BIM modelling
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BIM-based methodology 
1.3. BIM modelling
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BIM-based methodology 
1.3. BIM modelling
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BIM-based methodology 
1.3. BIM modelling
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BIM-based methodology 
1.3. BIM modelling
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BIM-based methodology 
1.3. BIM modelling
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1.3. BIM modelling
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BIM-based methodology 
1.3. BIM modelling
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BIM-based methodology 
2.1. Numerical modelling
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BIM-based methodology 
2.1. Numerical modelling
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ARTeMIS Modal
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BIM-based methodology 
2.2. Modal analysis: calibration of URM mechanical properties



22Gonçalo Correia Lopes / Mitigating earthquake vulnerability of mixed URM-RC buildings at the urban scale

Pushover	 +X Pushover	 +Y

BIM-based methodology 
2.3. Numerical analysis: non-linear static (pushover) analysis
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The N2 method revisited

	 	
(a)	EC8	iterative	procedure	 (b)	Proposed	method	

	

𝑆8

𝑆9

𝑆8: 𝑇,𝑑∗
𝜇 = 1

𝑑B∗

𝐹D∗ 𝑚∗⁄

𝑑G∗𝑑H∗𝑑D∗

Pushovercurve

Proposal of a new displacement-based method to determine the target displacement
(and for the seismic performance evaluation and vulnerability assessment of buildings)
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The N2 method revisited

	 	
(a)	EC8	iterative	procedure	 (b)	Proposed	method	

	

𝑆8
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𝑆8: 𝑇,𝑑∗
𝜇 = 1

𝑑B∗

𝐹D∗ 𝑚∗⁄
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Pushovercurve
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𝛾 𝑑∗ =
𝑆& 𝑑∗ ⋅ 𝑇∗ 𝑑∗ ⋅ 	 𝑇* − 𝑆& 𝑑∗ ⋅ 𝑇∗ 𝑑∗

,
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𝑑∗ ⋅ 4𝜋,
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,

𝑇∗ 𝑑∗ < 𝑇*

𝑇∗ 𝑑∗ ≥ 𝑇*

Scale	factor	for	the	initial	seismic	demand,	γ

Proposal of a new displacement-based method to determine the target displacement
(and for the seismic performance evaluation and vulnerability assessment of buildings)

D1 D2 D3
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BIM-based methodology 
2.4. Seismic vulnerability
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BIM-based methodology 
2.4. Seismic vulnerability

  
a) Force applied in +/-X direction b) Force applied in +/-Y direction 
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Numerical calibration and validation
Numerical analysis of representative intervened URM-RC buildings 

Part 2 
Ongoing tasks and

upcoming tasks 
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Numerical analysis of representative intervened URM-RC buildings 
Numerical calibration and validation

EUCENTRE experimental program
Ilaria Senaldi, Guido Magenes, Andrea Penna, Alessandro Galasco, 
Maria Rota (2014)
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Thank you for your attention!
Gonçalo Correia Lopes

PhD candidate in Civil Engineering
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Thesis title: Mitigating earthquake vulnerability of mixed URM-RC 
buildings at the urban scale
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