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(1) Buildings

(2) Fragility

(3) Infrastructure 



Buildings Assessment:

Structural
Electrical
Electronics
Mechanical
Fire 
Sanitary / Plumbing
Locational 
Accessibility, etc...



Structural

Pre-Earthquake
Structural Evaluation

Post-Earthquake
Structural Evaluation

Buildings Assessment: SEISMIC EVALUATION  HOW?
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PPAs by Hazard Categories & Thematic Pillars

153 PPAs to achieve 27 Outcomes Note: Some PPAs are repeated because they address multiple hazards.



Seismic Risk Evaluation of the Nine Central Schools in the Division of Cagayan de Oro City (2015)



Risk Parameters
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Information System
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..adapted from Brizuela & Oreta (2013)
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Structural 
Vulnerability

Year Built

Plan Irregularity

Vertical Irregularity

Building Proximity

Building Height

Structural System 
Material

Number of Bays in the 
Short Direction

Column Spacing

Non-structural 
Vulnerability

Functional 
Vulnerability

..adapted from Brizuela & Oreta (2013)







Number of Buildings with High Seismic Risk Level
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Number (and Percent of Total) of Buildings
with High Seismic Risk Level

(55%)

(42%)

(32%)

(Total of 210 bldgs)

Chan, et al (2015)



Chan, et al (2015) and beyond...



The aim of SCOSSO is to 
develop an innovative, 
advanced, 
multi-hazard risk 
assessment framework 
for school infrastructures 
in the Philippines. 
(2016-2017)



The goal of PRISMH is to investigate the effectiveness of 
building retrofit measures, early warning provisions 
and social preparedness measures as means of 
preventing casualties, reducing economic losses and 
maintaining functionality of school infrastructures and 
its role in the community during disasters. (2017-2019)





Fragility curves for different performance levels (OP – Operational, IO – Immediate Occupancy, LS – Life Safety and CP – Collapse Prevention) 
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UNESCO Chair in DRR & RE

will create a research network and a shared knowledge, 
which promotes a shift in approach to school safety 
from individual building to local and regional school 
infrastructure, including the critical lifelines that make 
schools functional. (2021-...)

in Disaster Risk Reduction 
and Resilience Engineering



 Resilience of education infrastructure 
School buildings     Community     Transportation

 Performance assessment of the system

 Decision-making for optimal recovery 



 Estimate the states of operational capacity of 
schools and bridges due to structural and non-
structural damage

 Estimate the state of operational capacity of 
school due to shelter function

ROAD SYSTEM

SCHOOL SYSTEM SOCIAL SYSTEM

 Resilience of education infrastructure 
School buildings     Community     Transportation



GLOSI Taxonomy for Seismic Vulnerability Assessment

• Global Program for Safer Schools (GPSS): Initiative by the World Bank.
• The Global Library of School Infrastructure (GLOSI) taxonomy classifies school 

buildings based on 12 parameters.
• 3 primary and 9 secondary parameters. 
• Output of the taxonomy is a building’s string of attributes related to each parameter
• The taxonomy string can be seen as the building’s DNA. 

UNESCO Chair GLOSI Course 

https://gpss.worldbank.org/en/node/571
https://www.ucl.ac.uk/epicentre/unesco-chair/unesco-chair-educational-activities


GLOSI Taxonomy Parameters and their Attributes

MR
(2-3 stories)

HR
(4+ stories)



GLOSI Typologies

RC2/LR/MD

RC2/MR/MD

Distribution of typologies 
according to primary parameters

Distribution of all 
typologies

Fragility functions



Typology of transportation infrastructure elements

Structure Typology

NMMC-Gaisano Overpass Single span concrete girder 

Masterson Overpass Single span concrete girder 

Lapasan Overpass Single span concrete girder 

Ilaya Overpass Single span concrete girder 

Gateway-USTP Overpass Single span steel girder 

Centrio-Gaisano Mall Overpass Single span steel girder 

Maharilka Flyover Multi span simply supported concrete girder

Macanhan Flyover Multi span simply supported concrete girder

Ysalina Bridge Multi span continuous steel girder 

Puntod-Kauswagan Bridge Multi span simply supported concrete girder

Pelaez Bridge Multi span simply supported concrete girder

Maharilka Bridge Multi span simply supported concrete box girder 

Bonbon-Macabalan Bridge Multi span simply supported concrete box girder* 

Kagay-an Bridge Multi span simply supported concrete girder

JR Borja Bridge Multi span continuous steel girder 

Balulang-Macasandig Bridge Multi Span simply supported concrete girder 



PARNASSUS Approach for Flood Vulnerability Assessment

Indication of vulnerability index parameters (D’Ayala et al. 2020)



PARNASSUS

𝑉𝐼𝑖 = 
𝑗
𝑉𝑅𝑖𝑗

𝑛𝑉𝐼𝑖 =
𝑉𝐼𝑖

𝑉𝐼𝑚𝑎𝑥 − 𝑉𝐼𝑚𝑖𝑛

𝑗: vulnerability parameter identifier
𝑖: buildings identifier

Vulnerability index of a building:

Normalised vulnerability index of a building:





Affordable and 

accessible

decision-

support tool

against hazard 

risks for local 

communities in 

developing 

countries





1. Qualitative / descriptive assessments are 
important. Stories matter.

2. Quantitative (engineering) assessments 
can offer added-value: problem-focused, 
solutions-driven.

3. Systems approach in social parameters, 
but also in physical-structural-functional 
parameters.



Rm 103, Agriculture Building
Xavier University Main Campus
Corrales Avenue, Cagayan de Oro 
City Philippines

+63 88 853 9800 ext 9173

xu.edu.ph/social-development

facebook.com/XUSocialDevelopment

vpsocdev@xu.edu.ph


