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OpenQuake Vulnerability Modellers Toolkit
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OpenQuake Vulnerability Modellers Toolkit

Python-Based Library
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OpenQuake Vulnerability Modellers Toolkit

Model Builder & Analysis Module
° Powered by OpenSeesPy

° Modelling of idealised systems such as single-degree-of-freedom oscillators (SDoF), multi-
degree-of-freedom stick models (MDOF)
° Analysis of idealised systems:
¢ Gravity Analysis
¢ Modal Analysis
¢ Static and Cyclic Pushover Analysis Nodes
® Nonlinear Time-History Analysis \
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OpenQuake Vulnerability Modellers Toolkit

Model Calibration Module
* Cadlibrates storey-based force-deformation relationships based on Spectral Acceleration
— Spectral Displacement input
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OpenQuake Vulnerability Modellers Toolkit

Postprocessing Module(s)
* Processing NLTHA: Cloud Analysis, Multiple Stripe Analysis

° Fragility Function Derivation: Conventional (e.g. Lognormal CDFs), State-of-the-Art
Generalised Linear Models (e.g., Ordinal, Probit, etc.)

° Vulnerability Function Derivation

° Calculation of risk metrics: Average Annual Damage State Probabilities, Average Annual
Loss Ratios
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OpenQuake Vulnerability Modellers Toolkit

Postprocessing Module(s)

* Record Processing: Fetching Intensity Measures (e.g., Amplitude-Based, Structure-Based,

Duration-Based, etc.)
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OpenQuake Vulnerability Modellers Toolkit

Postprocessing Module(s)

assessment
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OpenQuake Vulnerability Modellers Toolkit

Data Visualisation
° Visualise Analysis and Post-Processing Results
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OpenQuake Vulnerability Modellers Toolkit

e Unit Tests

Catch Bugs Early: Identify and fix bugs at an early stage, reducing the cost
and complexity of debugging later.

Improve Code Quality: Writing unit tests encourages better design,
modularization, and clearer logic in the code.

Enable Confident Refactoring: Developers can safely refactor code, knowing
that existing functionality is protected.

Facilitate Continuous Integration: Unit tests are essential for automated
testing pipelines, ensuring that new changes don't break existing code.
Document Intended Behavior: Tests act as executable documentation,
showing how code is expected to behave under various conditions.

Boost Developer Confidence: Developers are more confident deploying
changes when robust unit tests validate correctness.

rA“ GLOBAL QUAKE MODEL .¢

Continuous Integration

o
20

Debugging
4

2
Practicality

GEM 12



OpenQuake Vulnerability Modellers Toolkit

* Automation and Continuous Integration / q

¢ Avutomated Testing and Validation: Cl workflows automatically run tests and ‘ -
checks on every push or pull request, ensuring code quality and correctness. . ) .

¢ Improved Collaboration: C| makes it easier for teams to work together by &
validating every conftribution, preventing broken code from being merged 1))
into the main branch. —

® Enforce Standards and Policies: Cl ensures consistent coding standards, test Continuous Integration
coverage, and security checks are applied automatically across all /
contributions.

¢ Supports Scalable Development: As teams and projects grow, Cl workflows in
GitHub help maintain stability, reliability, and coordination across all

contributions.
@ Windows tests T £ 5 days ago
Windows tests #58: Scheduled & 7m19s
@ pages build and deployment S £ 5 days ago
pages-build-deployment #21: by github-pages ' bot O 28s
@ Linux tests and Page deployment B 5 days ago

main
Linux tests and Page deployment #84: Scheduled (b 4m 46s

RN GEM -



Demos

CONTRIBUTORS FORKS 5 STARS 7 ISSUES | LICENSE AGPL-3.0
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Vulnerability Toolkit

This repository contains an open source library that provides modelling of multi-degree-of-freedom systems and
assessment via nonlinear time-history analyses for regional vulnerability and risk calculations. The vulnerability
toolkit is developed by the Global Earthquake Model (GEM) Foundation and its collaborators.

Explore the docs »

View Demos - Report Bug - Request Feature

GEM 14
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Demos

og-vmtk / demos /

(RN RN rENeEE N

in

out/nitha

README.md

example_lipynb

example_2.ipynb

example_3.ipynb

README.md

S N\

GLOBAL QUAKE MODEL .ORG

Refactor sif_generator and create example

Update get_fragility_function to account distinctively for both epist...
Update README.md

Fix bug in example_1

Fix bug in example_2

Lump examples 2 and 3 into end-to-end demonstration of cloud analysis

Demos

This folder contains an ensemble of example python notebooks demonstrating various steps within the GEM global vulnerability workflow
highlighting earthquake catastrophe modelling and visualization techniques. Below is an overview of the four available examples:

Example 1: Ground-Motion Record Processing

This example provides a workflow for processing ground-motion records, such as spectral analysis and identification if intensity measure
values for distinct intensity measure types (e.g., PGA, Arias Intensity, etc.).

Example 2: End-to-End Vulnerability Analysis of an MDOF System using Cloud
Analysis

This example performs nonlinear time-history analysis on a multi-degree-of-freedom (MDOF) structural system calibrated using SDOF

global capacity and using cloud analysis to assess seismic performance. The example additionally demonstrates postprocessing of cloud
analysis results, including fragility curve estimation and vulnerability assessment visualization.

Example 3: Generating and Visualizing Storey Loss Functions

This example focuses on computing and visualizing storey loss functions, providing insights into seismic damage assessment and economic
loss estimation.

1 Top

3 months ago
3 months ago
2 months ago
last month
last month

3 months ago

7 =
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Found an Issue? Report it!

CONTRIBUTORS ‘ STARS ISSUES LICENSE AGPL-3.0

©) GEM g&ll Vulnerability-Toolkit

GLOBAL EARTHQUAKE MODEL
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Vulnerability Toolkit

This repository contains an open source library that provides modelling of multi-degree-of-freedom systems and
assessment via nonlinear time-history analyses for regional vulnerability and risk calculations. The vulnerability
toolkit is developed by the Global Earthquake Model (GEM) Foundation and its collaborators.

Explore the docs »

View Demos - Report Bug - Request Feature

N\ Clonaumnenmi GEM 1o



Found an Issue? Report it!

o GEMScienceTools / og-vmtk

<> Code () Issues 3 19 Pullrequests 2 () Actions [ Projects [0 wiki (@ Security |~ Insights {8 Settings

is:issue state:open

[ ] Open 3 Closed 1 Author ~

[} ( Add soil-structure interaction functionality ~enhancement

#3 - mouayed-nafeh opened on Jan 7

[ ©® Add earthquak functionality

#2 - mouayed-nafeh opened on Jan 7

(] & Add ground-motion selection functionality

#1 - mouayed-nafeh opened on Jan 7

O GEMScienceTools / og-vmtk

<> Code (©) Issues 3 1% Pullrequests 2 ® Actions [ Projects [0 wiki @ Security |~ Insights

is:issue state:closed

[J Open 3 Closed 1 Author ~

[] © Add storey loss function generation functionality = enhancement

#9 - by mouayed-nafeh was closed 1 minute ago

GLOBAL QUAKE MODEL .ORG

S N\

Labels ~

83 Settings

Labels ~

Projects ~

Q Type (7] to search 8 -~

Q  © Labels & Milestones

Assignees ~ Types ~ =4 Newest ~

Open lIssues or
Enhancements

Q Type (7] to search

Closed Issues

Q Q © Labels > Milestones m

Milestones ~ Assignees ~ Types ~ =1 Newest ~

GEM 17



Request Features

CONTRIBUTORS ‘ STARS ISSUES LICENSE AGPL-3.0

©) GEM g&ll Vulnerability-Toolkit

GLOBAL EARTHQUAKE MODEL
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Vulnerability Toolkit

This repository contains an open source library that provides modelling of multi-degree-of-freedom systems and
assessment via nonlinear time-history analyses for regional vulnerability and risk calculations. The vulnerability
toolkit is developed by the Global Earthquake Model (GEM) Foundation and its collaborators.

Explore the docs »

View Demos - Report Bug - Request Feature

N\ Clonaumnenmi GEM 1o



Documentation

# OpenQuake Vulnerability
Modellers Toolkit Suite # / Welcome to the OpenQuake Vulnerability Modellers Toolkit’s documentation!

* Dedicated documentation page hosted on
hTTDS://QGI’T\SCI@HCGTOO'S.QH’hUb.iO/OQ-Vmﬂ(/ Welcome to the OpenQuake Vulnerability Modellers

Toolkit's documentation!

Installation

¢ Ensures Clarity: Detailed instructions from IM Caleator e

Model Calibration Module

. . . . f The OpenQuake Vulnerability Modellers Toolkit ( og-vntk ) is an open source library that provides
installation to implementation of og-vmtk Mode Buiing Matkie e
H H Postprocessing Module (SDOF) and multi-degree-of-freedom (MDOF) systems and to carry out analysis via linear, nonlinear
fU n C TI O n O | I 1- I es . . static, and nonlinear dynamic approaches for regional vulnerability and risk assessment
Storey-Loss Function Generation
Module icatic The vul bility toolkit is developed by the Risk Team at the Global Earthquake
[ ) E h .I. . | | ‘I' Model (GEM) Foundation. Contributions from external users are very welcome!
nhances Code Usability: Well-documented - i

functions, and modules make it easier for others The St o s bosd oo Gl o e gk
(and future you) to understand how to use the
code effectively.

¢ Encourages Community Contributions: A well-
documented project lowers the barrier to entry
for external contributors, making it more inviting to
participate.

N\ Conaman GEM 1o
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Documentation

# OpenQuake Vulnerability
Modellers Toolkit Suite

# / Welcome to the OpenQuake Vulnerability Modellers Toolkit's documentation!
View page source

* Dedicated documentation page hosted on
https://gemsciencetools.github.io/og-vmtk/

¢ Ensures Clarity: Detailed instructions from
installation to implementation of og-vmtk
functionalities

¢ Enhances Code Usability: Well-documented
functions, and modules make it easier for others
(Ond fUTUre YOU) TO UnderSTond hOW TO Use The Aclass to model and analyze multi-degree-of-freedom (MDOF) oscillators using OpenSees.
COde effeCTlvely. Parameters: ¢ number_storeys (int) - The number of storeys in the building model.

« floor_heights (list) - List of floor heights in meters.

[ ) Encourages Community Contributions: A We”_ o floor_masses (list) - List of floor masses in tonnes.

 storey_disps (np.array) - Array of storey displacements (size = number of

e S B S S B e Mg o Tlers
Model Building Module

Installation
IM Calculator Mo
The modeller module provides a class modeller that allows users to create, analyze, and visualize
structural models for dynamic and static analyses. The module supports various types of analyses,
including gravity analysis, modal analysis, static pushover analysis, cyclic pushover analysis, and
nonlinear time-history analysis. The module is built on top of the OpenSees framework, enabling
advanced structural analysis capabilities.

Model Calibration

that provides

Model Building M{ as single

Postprocessing Md linear, nonlinear

Storey-Loss Func
Module

Plotter Module Classes

class modeller.modeller(number_storeys, floor_heights, floor_masses, storey_disps, storey_forces,
degradation)

storeys, CapPoints).

d O C U m e n Te d p rOj eCT | OWe rs Th e bO rri e r TO e n Try « storey_forces (np.array) - Array of storey forces (size = number of storeys,
CapPoints).

for eXTernOl ConTribUTorSI mo king iT more inViTing TO » degradation (bool) - Boolean to enable or disable hysteresis degradation.
participate.

RN\ oscosgnl GEM


https://gemsciencetools.github.io/oq-vmtk/
https://gemsciencetools.github.io/oq-vmtk/
https://gemsciencetools.github.io/oq-vmtk/

Documentation

Dedicated documentation page hosted on
https://gemsciencetools.github.io/og-vmtk/

Installation

IM Calculator Mo

Ensures Clarity: Detailed instructions from
installation to implementation of og-vmtk
functionalities

Model Calibration
Model Building M
Postprocessing Md

Storey-Loss Func
Module

Enhances Code Usability: Well-documented
functions, and modules make it easier for others
(and future you) to understand how to use the
code effectively.

Encourages Community Contributions: A well-
documented project lowers the barrier to entry
for external contributors, making it more inviting to
participate.

Plotter Module

rA“ GLOBAL QUAKE MODEL .0

# OpenQuake Vulnerability
Modellers Toolkit Suite

The  mode
structura
including
nonlineal
advancet

Class

class moi
degradat

Aclas

Par

Model Building Module

# / Welcome to the OpenQuake Vulnerability Modellers Toolkit's documentation!
View page source

waw 1 R -~ ~ 1T w1 LR TN

“Modellers

Postprocessing Module

The postprocessor module provides a class postprocessor that allows users to compute fragility
functions, perform cloud and multiple stripe analyses, and calculate vulnerability functions and
average annual losses. The module supports various fragility fitting methods, including lognormal,
probit, logit, and ordinal models. It also includes functionality to handle uncertainty and variability in
the analysis.

Classes

class postprocessor

ing results of i il

A class for post:
vulnerability analysis.

history analysis, including fragility and

Methods:

calculate_lognormal_fragilityltheta, sigma_record2record, sigma_build2build=0.30,
J d(i 05, 10.0, 50), 3))

Computes the probability of exceeding a damage state using a lognormal cumulative
distribution function (CDF).

Parameters: « theta (float) - The median seismic intensity corresponding to a damage
threshold.

« sigma_record2record (float) - The logarithmic standard deviation
representing record-to-record variability.

« sigma_build2build (float, optional) - The logarithmic standard deviation
representing building-to-building variability. Default is 0.30.

« intensities (array-like, optional) - The intensity measure levels (IMLs) at
which the exceedance probabilities are computed. Default is a
geometric sequence from 0.05 to 10.0 with 50 points.

An array of exceedance probabilities corresponding to each intensity
measure level.
numpy.ndarray

Returns:

Return type:

GEM 21
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Documentation

# OpenQuake Vulnerability
Modellers Toolkit Suite

Search docs

# / Welcome to the OpenQuake Vulnerability Modellers Toolkit's documentation!
View page source

* Dedicated documentation page hosted on
https://gemsciencetools.github.io/og-vmtk/

¢ Ensures Clarity: Detailed instructions from

installation to implementation of og-vmtk
functionalities

¢ Enhances Code Usability: Well-documented

e S — s Tlers
Model Building Module B

The o POStprocessing Module

stuchilg Plotter Module

including  The postprocessor moc

Installation
IM Calculator Mo
Model Calibration
Model Building M

Postprocessing MReNHTe functions, perform clouc

The plotter class is a utility class for creating and customizing various types of plots for structural
advancet  average annual losses. T

ﬁ;°;e\1'L°55 Func analysis results. It provides methods to visualize data from structural analyses, including cloud
odule

probit, logit, and ordinal  analysis, fragility analysis, demand profiles, vulnerability analysis, and animations of seismic

Plotter Module Class theanalysis. responses. The class also includes utility methods for setting consistent plot styles and saving plots.
functions, and modules make it easier for others  Classes Acbues
degradat

« font_sizes: dict Dictionary containing font sizes for titles, labels, ticks, and legends.

(and future you) to understand how to use the R ———
COde effeCTively. Par A class for post-proc

vulnerability analysis

¢ Encourages Community Contributions: A well- Methods:
documented project lowers the barrier to ent e
proj ry
for external contributors, making it more inviting to Creumudy RIS

distribution funct _dnit_0

participate. ~ Parameters:

« line_widths: dict Dictionary containing line widths for thick, medium, and thin lines.

« marker_sizes: dict Dictionary containing marker sizes for large, medium, and small markers.

« colors: dict Dictionary containing color schemes for fragility, damage states, and GEM colors.
« resolution: int Resolution for saving plots (default: 500 DPI).

« font_name: str Font name for plot text (default: ‘Arial).

Initializes the "“plotter’ " class with default styles for fonts, line
widths, marker sizes, colors, resolution, and font name.

_set_plot_style(ax, title=None, xlabel=None, ylabel=None, grid=True)
Sets consistent plot style for all plots.

Parameters: ax (matplotlib.axes.Axes) - The axes object to apply the style to.
title (str, optional) - The title of the plot. Default is None.
xlabel (str, optional) - The label for the x-axis. Default is None.
ylabel (str, optional) - The label for the y-axis. Default is None.

grid (bool, optional) - Whether to display the grid. Default is True.

Returns:

Return type: _save_plot(output_directory, plot_label)

— Saves the plot to the specified directory.

Parameters:  « output_directory (str, optional) - Directory where the plot will be saved.
If None, the plot is not saved.
« plot_label (str) - The label for the saved plot file (without file
extension).

N\ onaumnesa S
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Contribute!

OQ-VMTK Michelangelo et al. (circa 1512)
Stable Version




Contribute!

OQ-VMTK +Additional Functionalities

Stable Version
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Contribute!

og-vmtk / contribute_guidelines.md (0

. mouayed-nafeh Update contribute_guidelines.md

Code  Blame 12 lines (9 loc) - 734 Bytes

ca7c443 - 3 months ago D) History
Rw O & 2 -

@ CONTRIBUTE TO THE VULNERABILITY MODELLERS
TOOLKIT

We welcome contributions to improve the il toolkit (og-vmtk) and this repository! If you'd like to contribute, follow the

steps below. Otherwise, you can email your information to mouayed.nafeh@globalquakemodel.org.

1. Fork the repository on GitHub.

2. Clone your fork to your local machine.

3. Create a new branch for your feature or fix (git checkout -b feature-branch).
4. Make your changes and commit them (git commit -am 'Add new feature').
5. Push your changes to your fork (git push origin feature-branch).

6. Open a pull request on GitHub.

Please ensure that your code follows the existing style and includes relevant tests and documentation.

GLOBAL QUAKE MODEL .ORG

Al Mouayed Bellah Nafeh Karim Aljawhari
Physical Vulnerability Lead Physical Vulnerability Modeller
Lebanon Palestine
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17:00 - 19:00

MS Organizers: Davit Shahnazaryan, Volkan Ozsarac, Gerard J. O'Reilly
Chair:  Volkan Ozsarac

€25126 DJURA GROUND MOTION RECORD SELECTOR: A SOFTWARE SOLUTION FOR EARTHQUAKE

ENGINEERING
Davit Shahnazaryan, Volkan Ozsarac, Gerard J. O'Reilly
— — o o =

,———

C€25186 A NEW GLOBAL DATABASE OF SEISMIC VULNERABILITY MODELS FOR IMPROVED REGIONAL RISK l

ASSESSMENTS
iarim Awharl Al Mouayed B Bellah NaL‘ Vitor Silva_,

C26236  OPENVULNERABILITY: AN INTERACTIVE WEB PLATFORM TO SELECT AND SCORE PHYSICAL IMPACT -

MODELS
Roberto Gentile

Building class definition (mass, number of storeys, heights, storey force-
deformation)

Stick-and-mass model generation (nodes, elements, nonlinearities)
Nonlinear time-history analyses (cloud analyses)

Seismic demands ification (peak floor peak storey drifts)
Fragility analysis (probabilities of structural and contents damage given IM)

1) Structural Analysis Module

Probabilty of Damage Exceedance

r

Tntensity Measure

Engineering Demand Parameter

Intensity Measure.

I 2) Consequence Models

 Distinct classes ial, industrial)

. loss using listi gion specific d: ge-to-loss ratios:
Martins and Silva (2020)

« Contents loss: Martins and Silva (2020)

. loss using a regi pecifi based storey
loss approach (Described herein)

Structural Damage

Buliding C Cnments

Fm

camnvele

Wonstructural Cnmpnnen!s

Acceleration-Sensitive.

Uncamaged [ll Damaged

Expected Loss Ratio

Expected Storey Loss Ratio

Damage States. Damage State Engincering Dermand Parameter

rA“ GLOBAL QUAKE MODEL .OR

Expected Structural Loss Ratio

™

Expected Nonstructural Loss Ratio

Expected Contents Loss Ratio

™

mmm Total Loss Ratio

h

-
3) Vulnerability Models

Structural Vulnerability

Tntensity Measure

Nonstructural Vulnerability

h

Tntensity Measure

+

Building Contents
Vulnerability

Tntensity Measure.

|

Total Vulnerability

Tntensi tv Heasure

Buildings

Unreinforced mason

<1%
1-5%
5-10%
10-20%
m 20-30%
m 30-40%
mm 40-50%
. > 50 %

Vulnerability-Toolkit

Y
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Thank you!

https://github.com/GEMScienceTools/og-vmtk/tree/main

Except where otherwise noted, this work is licensed under a Creative

@ | @ @ @ Commons Attribution-NonCommercial-NoDerivatives 4.0 International

BY NC ND License (CC BY-NC-ND 4.0)
https://creativecommons.org/licenses/by-nc-nd/4.0/
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