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Thesis timeline

M3: Writing of an article

M1: Writing of a review article about M2: Writing of an article about the about the developed
mixed typologies performed numerical analysis methodology
31 May 31 May 31 Mar

2017 [KeolSr 2018 October October October 2021 2021

Today

of the art 8 months

T2: Numerical modelling and analysis

buildings

T3: Development of a methodology for the seismic vulnerability assessment _ 11 months
T4: Development of vulnerability and fragility curves for mixed buildings _ 11 months
T5: Final writing of the thesis _ 6 months

Updated timeline

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

M1: Publication of a journal article about

. mixed typologies
May 28

M1: Publication of a conference article M2: Writing of an article about the

about mixed typologies > performed numerical analysis

Apr 30 May 31
Submission of a journal article about a new M3: Writing of an article about
approach for the N2 method > the developed methodology
Jull Mar 31

2017 2021

Today

e e of

the art

T2: Numerlclal modelling am.:i analyslls .of Jun 1-May 31

representative models of mixed buildings

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

T4: Development of vulnerability and fragility curves for mixed buildings

T5: Final writing of the thesis Apr1 -Sep 30
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T State of 8 months
the art

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

T3: Development of a methodology for the seismic vulnerability assessment
T4: Development of vulnerability and fragility curves for mixed buildings

T5: Final writing of the thesis

Jun1-May31 24 months

Oct 1 - Sep 30 12 months
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Part 1
A BIM-based methodology for the seismic

performance assessment of existing mixed
URM-RC building typologies

Anamnesis
historical investigation
laser scanning
BIM modelling
Diagnosis
numerical modelling
modal analysis
numerical analysis
seismic vulnerability assessment
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BIM-based methodology

1. Anamnesis

1.2. Geometric surveying and 1.4. Other engineering surveying
recording techniques and recording techniques

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

\ 4

1.1. Historical investigation 1.3. BIM modelling
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BIM-based methodology

1.1. Historical investigation

e Residential palace fromthe 18th
century located in the city of
Aveiro, Portugal;

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

e Partition walls made with

=1 =N )t R lathwork and plaster

LTI (‘tabique’) (140-230 mm);

‘ &2  Timber floors (230 mm);

= ¥ | ~ ¥l * Rehabilitation intervention in
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first floor and the replacement of
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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
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BIM-based methodology

1.3. BIM modelling
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BIM-based methodology

1.3. BIM modelling

AUTODESK
REVIT
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BIM-based methodology

1.3. BIM modelling

AUTODESK
. REVIT
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BIM-based methodology

1.3. BIM modelling

AUTODESK
REVIT
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BIM-based methodology

1.3. BIM modelling

AUTODESK
REVIT
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BIM-based methodology

1.3. BIM modelling

AUTODESK
REVIT

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



BIM-based methodology

1.3. BIM modelling

AUTODESK
REVIT
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BIM-based methodology

1.3. BIM modelling

AUTODESK
REVIT
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BIM-based methodology

1.3. BIM modelling

AUTODESK
REVIT

B
]
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BIM-based methodology

2.1. Numerical modelling

AUTODESK
REVIT
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BIM-based methodology

2.1. Numerical modelling

3DNACEQ

MASONRY BUILDINGS
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BIM-based methodology

mechanical properties

S

2.2. Modal analysis: calibration of URM

Global mode no. 1 Global mode no. 2 Global mode no. 3
3D4/1ACEQ, |
SOFTWARE FOR E
MASONRY BUILDINGS 5 \
7 \
2 \ k {
L
f = 6.058Hz f =7.1778Hz f =9.697Hz
ARTeMIS Modal 2 | -
, N s | | ——— I N
ST T T R { g ‘ | | L ' L
‘ _g "_ln..
— - — - — =
B2 f = 6.07Hz f = 6.53Hz f =10.07Hz
s Af[%] = 0.20% Af[%] = —9.02% Af[%] = 3.85%
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BIM-based methodology

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

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

Pushovercurve

Sae(T,d*)
(u=1

(a) EC8 iterative procedure
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The N2 method revisited

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

14
150%[*
Pushovercurve
e
Sae(T,d?)  100%[-------- > S y(d?)
k=D
EDl ¥ D3
Sp S
(a) EC8 iterative procedure (b) Proposed method

Scale factor for the initial seismicdemand, y

So(d)-T*(d") Te—S,(d)- (T*(d)) +d* - 4n?

T*(d") <T¢ |y(d*) = See(d?) - T*(d*) T,

d* - 4m?
Sae(d?) - (T*(d")”

T*(d") =T, |v@") =
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BIM-based methodology

2.4. Seismic vulnerability
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BIM-based methodology

2.4. Seismic vulnerability
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Part 2
Ongoing tasks and
upcoming tasks

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

Numerical calibration and validation
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FIGURE 31 Comparison of numerical and experimental pushover curves.
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Logic-tree with the definition of the possible building models

Floor

Buildingtype URM walls diplois Load pattern
Type |
Type | | —
| — Type Il
Type | —
— Type |
Type Il <—
| — Type Il
Original URM | —
Type |
Type | | —
— Type Il
Type Il | —
— Type |
Type Il <—
| — Type Il
| —
Type |
Type | —
— Type Il
Type | | —
_ Type |
Type Il <—
| — Type Il
| —
Type |
Type | —
| — Type Il
Type Il —
| — Type |
Type Il <—
— Type Il
| —
Type |
Type | | —
_ Type Il
Type | | —
| — Type |
Type Il <—
— Type Il
RC type Il p—
Type |
Type | <—
| — Type Il
Type Il | —
— Type |
Type Il <—
_ Type Il
—

Selection of representative derived URM-RC buildings

Intervention nature/type

Reinforced render or ~ Cooperating slabs New [shear] walls  Supplemental frames, Intermediate floors ~ Plan enlargement Additional floors
jacketing (diaphragms) beams or columns (raising)
c
kel
%
2
<
c
kel
=
!
£
o
Walls (in the original  Reengineered frames
c position)
kel
2
k7
Qo
a3
(¢}

Variations (epistemic uncertainties):
Building type (original and mixed URM-RC)

Masonry quality

Rigidity of floor diaphragms

RC quality
Load pattern

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

29




Thank you for your attention!

Goncalo Correia Lopes
PhD candidate in Civil Engineering
email: gclopes@ua.pt

Thesis title: Mitigating earthquake vulnerability of mixed URM-RC
buildings at the urban scale

Acknowledgements are due to the PhD grant PD/BD/135201/2017 provided by
Foundation for Science and Technology (FCT), within the scope of the Doctoral
Programme InfraRisk- (Analysis and Mitigation of Risks in Infrastructures) and to
University of Aveiro, FCT/MEC for the financial supportto the research Unit RISCO
— Aveiro Research Centre of Risks and Sustainability in Construction —
(FCT/UID/ECI/04450/2013)

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



