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Background
Seismic risk in planning instruments

National Development Plan (NDP) 2018-2022 

Objetive 1 Advance knowledge of current and future risk scenarios to guide decision-making in development 
planning.

Strategy The Colombian Geological Service (SGC) will formulate a National Seismic Risk Model

Objetive 4 Guarantee effective disaster management and adapted and resilient reconstruction

Strategy The technical-scientific entities of the National Disaster Risk Management System will carry out hazard 
studies due to mass movement, flood, drought, forest fire, torrential flood, coastal erosion, volcanic, 
seismic and technological events on a relevant scale for the municipal level. ”.

National Disaster Risk Management Plan (NDRMP) 2021-2025

Strategy 1.1 Probabilistic assessment of earthquake risk in 13 capital cities

Strategy Evaluate the possible socioeconomic losses that may be caused by earthquakes in capital 

cities with a high seismic threat, in order to have inputs to take financial protection measures.
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Background
National seismic hazard model

A The National Seismic Hazard Model of Colombia, MNAS (2018) 
Documentation, map viewers, and input files are available at

https://amenazasismica.sgc.gov.co/ 

Integrated Seismic Catalog
(2018)

Source model for 
Interplate seismicity

Peak ground acceleration at rock 
level (TR=475 years)
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Background
National seismic hazard model

Hazard grid results

Characteristics of the 

seismic sources of the 

model



2 National Seismic Risk of
Colombia
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¿What is it?

National Seismic Risk of Colombia

A Objective – the collaborative creation of a seismic 

risk model for residential buildings that allows to 

estimate the potential consequences of a seismic 

event with regional impacts

B Intended use in DRM (at national level)

 Assessment of installed capacity for disaster 

response and preparedness

 Cost-benefit analysis of retrofitting strategies in 

support of policies for DRR

 Disaster risk financing and insurance

 Prioritization of vulnerable buildings for detailed 

analyses

 Risk communication and awareness
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¿What is it?

National Seismic Risk of Colombia

It´s a tool that allows estimating the damages and losses that can be expected in the country 
before the occurrence of earthquakes.

Inputs of the national seismic risk model

https://amenazasismica.sgc.gov.co/

Seismic

hazard model

Exposure

models

Fragility 

vulnerability 

models

National seismic

risk model

2018 2022 2023 2024
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Objetives

Develop an exposure 
model

• Set assets location
• Identify main structural features
• Set the value ($|    ) of the elements

- Describe and document the main structural 
typologies

- Evaluate its seismic behavior through analytical 
models

Develop fragility functions 
of structural typologies

Estimate expected 
damages and losses

¿what is exposed?

¿How does it behave against earthquakes?

¿How much can be the loss?

- Damage scenarios
- Collapse probability assessments for certain 

security levels
- Risk assessment

National Seismic Risk of Colombia
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Specific objectives

The specific objectives for development of the national seismic risk model are:

Objetive 1: Identification and entailment of local/territorial actors, institutions, research 
centers, that contribute to the development of the National Seismic Risk Model.

Objetive 2: Definition or selection of specific construction typologies to each region.

Objetive 3: Development of a unified national exposure model under uniform criteria.

Objetive 4: Development of a national model of seismic vulnerability of residential buildings 
under uniform criteria.

National Seismic Risk of Colombia
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Scope and limitations

- Geographic extension: National coverage (pilot cases)

- Unit of analysis for the exposure model: census block

- Exposed elements considered:
- Buildings for residential use.
- Governmental**: Essential buildings and community service.
- Infrastructure** (bridges, dams, transmission lines, communications, etc.)

- Fragility analysis: Use of analytical models. Ground motion will be expressed in terms of 
spectral accelerations.

National Seismic Risk of Colombia
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Previous studies and existing information

Exposure model UNGRD-SGC 2016

GAR - Global Assessment Report

SARA - South American Risk Assessment

World Bank - CAPRA

Site effects and Risk Scenarios Studies
Bogotá
Valle de Aburrá
Pasto
Popayán
Palmira, Tuluá, Buga
Mocoa
Cali
Pereira*, Tunja*, Villavicencio*
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National Seismic Risk of Colombia
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Development of exposure models

National Seismic Risk of Colombia

Visual inspectionsSecondary information

Build 
material 

Load resistant 
system

Story 
number

OccupationRoof Irregularities



Development of fragility functions

National Seismic Risk of Colombia

Prioritized building 
typologiesA

Construction documents 
(architectural and 
structural)

B
Databases of building attributes and 
mechanical properties of const. materialsC

Deformación (mm/mm)
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Arteta et al. (2018) y 
Carrillo et al. (2019)



Development of fragility functions

National Seismic Risk of Colombia

Identification of index buildings 
& design of archetypes

D Development of platforms for nonlinear analyses using OpenSeesE

Unreinforced

Masonry 
(index bldg.)

RC wall

Archetype of a 
RC frame-wall 

system

RC wall 
(index bldg.)

Unreinforced 
masonry 

RC moment frame [RC-Fiap, 
Arteta y Ceballos, 2022]



Development of fragility functions

National Seismic Risk of Colombia

Selection and scaling of hazard 
consistent ground motions

F Seismic fragility and vulnerability functionsG

Fragility functions

[Source: Arteta, Ceballos & Abuchar, 2022]
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Exact method [Ramirez &

Miranda, 2009]

Simplified method [Porter et

al., 2014]

Vulnerability curves

 Drift-based damage thresholds 
selected from experimental tests 
and numerical simulations 

 Building-to-building variability is 
accounted for via 3 or more 
index/archetype buildings

 Derived form simplified loss 
assessments using storey-based 
loss functions [Ramirez y Miranda, 
2009]

 Component fragility curves and 
consequence functions from FEMA 
P-58 and other relevant literature
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Scientific collaborative effort

Strategy

Public sector

Academy

Private sector



Strategy

since October
de 2021!

Meetings

Scientific collaborative effort



80
Students

13
Universities 

involved

1

7

Professors

25
Professionals/ 

Consultants

58

undergraduate

16
6

Ph.D.
Master

11
Universities

for the

Exposure

6
Universities

for the

Fragility y 
Vulnerability
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