
An open platform for   
                            high-resolution structural 
design and inelastic modeling for regional 
seismic risk assessment

Carlos Arteta
Victor Ceballos, PhD(s)

Verónica Abuchar, MSc(e)

Universidad del Norte
Colombia PEER Annual Meeting

Berkeley, August 24 - 2023



MOTIVATION I: COLOMBIAN 
NATIONAL RISK MODEL

Task 1: Residential building inventory covering 60% of the population.
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MOTIVATION I: COLOMBIAN 
NATIONAL RISK MODEL



MOTIVATION I: COLOMBIAN 
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Task 2: What is the seismic fragility and vulnerability of the Colombian RC frame and frame-
wall system?



PEER PBEE Equation

MOTIVATION II: FACILITATE 
INTEGRATION OF THE PEER EQ.

1

Loss Estimation by Story3

𝐄𝐄 𝐋𝐋𝐓𝐓|𝐈𝐈𝐈𝐈 = 𝐸𝐸 𝐿𝐿𝑇𝑇|𝑁𝑁𝑁𝑁,𝑁𝑁𝑁𝑁, 𝐼𝐼𝐼𝐼 ∗ 𝑃𝑃 𝑁𝑁𝑁𝑁 ∗ 𝑃𝑃 𝑁𝑁𝑁𝑁 𝐼𝐼𝐼𝐼 + Non-collapse and Non-demolition

𝐸𝐸 𝐿𝐿𝑇𝑇|𝑁𝑁𝑁𝑁,𝐷𝐷, 𝐼𝐼𝐼𝐼 ∗ 𝑃𝑃 𝐷𝐷 ∗ 𝑃𝑃 𝑁𝑁𝑁𝑁 𝐼𝐼𝐼𝐼 + Non-collapse and Demolition

𝐸𝐸 𝐿𝐿𝑇𝑇|𝐶𝐶 ∗ 𝑃𝑃 𝐶𝐶 𝐼𝐼𝐼𝐼 Collapse

Expected losses due to:

2 Fragility Formulation

Discrete Formulation

Continuous Formulation



HOW TO DEVELOP A REGIONAL 
SEISMIC RISK ASSESSMENT?

Systems of interest:

RC Frames Frame-wall system

Automate the design
of detailed models

Hazard-consistent NLRHA

Sa(T=1.0s)

SD
R m
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Fragility of a Building

V-FAST

Fragility of a Taxonomy

Taxonomy: Group of buildings with the same
characteristcs

JUST WITH A 
CLICK

Losses

Story
level

Building
level



Creates a linear model in 
OpenSees and designs it
with 1 click!

INPUT 
PARAMETERS 
FOR ELASTIC 

DESIGN



Accept desing
parameters

C2B Strength Ratios & 
Design Drifts

Beams detailing

Columns detailing

Walls detailing

DESIGN GUI



Damping
model for NL 
RHA

Infills strength
model

Joint
flexibility
model

NL Shear model for
walls and columns

Creates a nonlinear model
in OpenSees with 1 click!

NL PARAMETERS
 GUI

Plastic hinge
models



Pushover analysis options

Risk-based
analysis options

IDA options
NL ANALYSIS

 GUI



PUSHOVER: FRAMES

End rotations heatmap

Plastic hinge projector
Pushover curveα = SDRj / RDR



PUSHOVER: FRAME-WALL

Plastic hinge projector
Pushover curveα = SDRj / RDR



PUSHOVER: INFILLED-FRAME

Plastic hinge projector
Pushover curveα = SDRj / RDR



PUSHOVER: OLDER INFILLED-FRAME

Plastic hinge projector
Pushover curveα = SDRj / RDR



CSS RESULTS GUI

IM vs EDP

EDP exceedance
curves



DIST. OF EDP PER STORY



FUNDAMENTALS: FRAGILITY 
AND VULNERABILITY

Fragility of Buildings Fragility of Taxonomies Loss Components Loss of Buildings Loss of Taxonomies

Fragility estimation of up to two
buildings at a time for comparison 

and/or combination.

Taxonomy fragility estimations of buildings of 
the same height and construction typology.

Loads and plots fragility of 
components and estimates 

expected repair cost.

Estimation of expected losses 
by story and by building.

Currently working in this 
section…

V-FAST includes: 

V-FAST



V-FAST: FRAGILITY OF 
BUILDINGS

Structural Period

Fragility Curves Parameters (DS vs EDP)



DAMAGE STATE DEFINITION PER 
BUILDING HEIGHT

Post-earthquake evidence

Experimental Studies

Mechanical behavior of structures (first-principles)

Expert opinion and/or judgment

Panagiotakos and Fardis (2001)

Yielding

𝜃𝜃𝑢𝑢 % = 𝛼𝛼𝑠𝑠𝑠𝑠𝛼𝛼𝑐𝑐𝑐𝑐𝑐𝑐 1 +
𝑎𝑎𝑠𝑠𝑠𝑠
2.3

1 −
𝑎𝑎𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤

3
0.2𝑣𝑣

𝑚𝑚𝑚𝑚𝑚𝑚 0.01,
𝜌𝜌′𝑓𝑓𝑦𝑦′
𝑓𝑓𝑐𝑐′

𝑚𝑚𝑚𝑚𝑚𝑚 0.01,
𝜌𝜌𝑓𝑓𝑦𝑦
𝑓𝑓𝑐𝑐′

𝑓𝑓𝑐𝑐′

0.275

𝐿𝐿𝑠𝑠
ℎ

0.45
1.1

100𝛼𝛼𝜌𝜌𝑠𝑠𝑠𝑠
𝑓𝑓𝑦𝑦𝑦
𝑓𝑓𝑐𝑐′ 1.3100𝜌𝜌𝑑𝑑

Ultimate Capacity

Experimental Studies
First-principles

Experimental Studies



DAMAGE STATE DEFINITION
Damage states definition for each

building height, detailing and code era
Comparison with PACT and HAZUS



V-FAST: FRAGILITY OF 
TAXONOMIES File generation with taxonomy 

parameters (e.g., CR/PRM/DMO/3)

Taxonomies grapher and comparison of them

CR/PRM/DMO – θ4 CR/PRM/DMO – β4

Fragility curves 
for taxonomiesComparison between fragility curves of 

taxonomies and specific buildingsDistribution of θ or β for one taxonomy
and buildings included in it

Distribution of θ or β for taxonomies
according to different Nstories and DS

Distribution of θ or β for taxonomies
according to Nstories and specific DSParameter surfaces are developed with 

different IMs



V-FAST: LOSS OF BUILDINGS
Expected losses by storyExpected Losses of buildingExpected losses of building by events Based on Ramirez & Miranda (2009)



- RC-FIAP and V-FAST are open tools for the practice, 
research and academia.

-Enables high-resolution modeling of a large number of 
structural models with ease.

 - Enables understanding the consequence of detailing 
decisions in the seismic risk of RC structural typologies.

CONCLUSIONS
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