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This document provides step-by-step guidelines on how to use the LIQUEFACT software, a toolbox for
liguefaction mitigation planning and decision support able to estimate and predict the likely
consequences of earthquake-induced liquefaction damage (EILD) at local and regional level. The
software can provide civil engineers and relevant stakeholders with guidance in making informed
assessments on the feasibility and cost-benefit of applying certain liquefaction mitigation techniques
for a given earthquake-induced liquefaction threat. The concept of the software process consists of
three main independent protocols: Protocol for Hazard Analysis, Protocol for Risk Analysis, and
Protocol for Mitigation Analysis. The document is divided into three main parts: Part-1 provides
detailed description on the different types of analysis that users can implemented, and type and
format of input data required for each case of selected analysis type. Part-2: describes the processing
settings that users are required to define depending on the user’s objectives and target goal of
analysis. Part-3 provides detailed description on the different analysis outcomes and results that users
can obtain form each case of selected analysis type, and interpretation of the results. And final part,
Part-4, that provides the technical description and theoretical background of all the methodologies,
procedures and approaches that have been incorporated in the LIQUEFACT software for the
liquefaction hazard, risk and mitigation assessment.

Version 0.8.32 beta 2018-11-08 11:24

Reference Guide

Version 0.9.32 beta

Copyright @ NORSAR 2019
All Rights Reserved
WWW_NOrSAr.Com

Reading ground motion data...

LIQUEFACT Project — EC GA no. 700748



LIQUEFACT

Deliverable 6.6

LIQUEFACT Software — Technical Manual and Application
v.1.0

ation
grant agreement No. 700748

LIQUEFACT Software
Technical Manual and Application

LIQUEFACT Project — EC GA no. 700748



LIQUEFACT
Deliverable 6.6

Thisprojct s received funing LIQUEFACT Software — Technical Manual and Application
rom the European Union’s
Horizon 2020 fesearch and V. 1'0

innovation programme under
grant agreement No. 700748

1 LIQUEFACT SOFTWARE

LIQUEFACT software, is a toolbox for liquefaction mitigation planning and decision support, able to
estimate and predict the likely consequences of earthquake-induced liquefaction damage (EILD) at
local and regional level. The software can provide civil engineers and relevant stakeholders with
guidance in making informed assessments on the feasibility and cost-benefit of applying certain
liquefaction mitigation techniques for a given earthquake-induced liquefaction threat.

1.1 Credit references

LIQUEFACT software has been developed by NORSAR and has received funding from the European
Union’s HORIZON 2020 research and innovation programme under grant agreement No. 700748.
Credit references can be found in “About” under menu Help, and by clicking on "Patent and legal
notices".

o

Copyright © 2019 NORSAR. All rights reserved. ~

This software has been developed by NORSAR. and has received funding from the European
Union'’s HORIZOM 2020 research and innovation programme under grant agreement MNo.
700748,

Components used under license:

Shapelib Copyright © 1999, Frank Warmerdam.

Kriging algorithm mostly based on MatLab code from Matt Foster, Copyright © 2006-2003,
Qt. Thiz software uses the Qt library licensed under LGPL version 3 .

Qwt. This software is based in part on the work of the Qut project.

OpenStreetMap

All the data in the OpenStreetMap database, is made available under the Cpen Database

License . Any rights in individual contents of the database are licensed under the Database
Contents License .

Components used under public domain:

Template Numerical Toolkit (TNT), developed by the National Institute of Standards
and Technology (NIST), US.

Numerical Linear Algebra Package (JAMA), developed by the Mathworks and National
Institute of Standards and Technology (MIST), US.

0K

1.2 Disclaimer

By using the software, the user understands, accepts responsibility for, and agrees to the following
conditions and limitations:

e LIQUEFACT software is provided for guidance only. Design decisions should not, under any
condition, be based on the software alone.

LIQUEFACT Project — EC GA no. 700748
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e Results of the LIQUEFACT software should be critically reviewed by an experienced engineer
with sufficient expertise and an understanding of the underlying assumptions and limitations
of the software.

e The validity of the results cannot be guaranteed as correct and the mitigation framework
results provided in the software should be independently cross-checked.

e This software is offered as is, without warranty or promise of support of any kind either
expressed or implied.

1.3 Software Processing Concept

Earthquake-induced liquefaction damage assessment is a multi-process analysis that requires
different types and forms of input data related to geology and seismology of the site, geotechnical
data, and structure-foundation system characteristics of the asset under risk. To this end, the
LIQUEFACT software has been designed in a way that EILD assessment is conducted at three
independent protocol of analysis to provide more flexibility to the end-user’s requirements with
respect to the level of analysis to be implemented and type of input data that are available (see Figure
1).

Hozard Input Hazard Haozard Results

Portfolio .
Risk Risk Results
S— E— —
— —'
—
Mitigation Input
Mitigution Mitigation Results

0 —,

Figure 1. Protocol analysis processes in the LIQUEFACT software

The three-independent protocol of analysis implemented in the LIQUEFACT software are: the protocol
for liqguefaction hazard analysis, the protocol for risk analysis, and the protocol for mitigation analysis.
At the stage of liquefaction hazard, the end-user can conduct qualitative analyses to identify how likely
an asset (e.g. individual building/Cl asset, portfolio of buildings/distributed infrastructure assets, etc.)
is susceptible to liquefaction. If the end-user wants to conduct a risk analysis as well, which is aimed
to estimate the level of impact of the potential liquefaction threat on the asset and evaluate the
performance, then a quantitative analysis of the liquefaction potential is required (in order to evaluate
quantitatively the level of the threat) followed by structural response and damage analysis, and

1-10
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performance evaluation. For the Mitigation Analysis, the end-user can develop a customized
mitigation framework based on the outcome of the risk analysis.

1.4 Graphical User Interface

A robust graphic user interface (GUI) has been designed to provide a user-friendly environment for
preparing the input information for the LIQUEFACT software. All processes will be handled through
this GUI. The main window of the GUI is divided into three parts:

e Module Selection: Pre-Processing Module (for data input and configurations), Processing (run and
analysis), Results viewer;

e Analysis Parameters Settings: Type of Analysis and geographical region, Hazard data input, Risk
data input and Mitigation data input;

e Input & Output: Portfolio database handling; Liquefaction hazard model, seismic hazard model,
risk modelling (vulnerability models and economic and business activity data), portfolio data and
mitigation data.

The main Graphic User Interface is used also for work on the database. Filtering and selection options
are available for various parameters. Adding, removing and changing information is also done under
this GUI.

D Liquefaction Reference Guide — O x
File View Settings Help
Location View g X
u] Processing | Results Risk [dentfication  Latitude Longitude Street District Municipal  City Region  Posu ™
Type of Analysis and Geographical Region  Hazard Data Input  Risk Data Input 1 8019 44803789 | 11410564 Bologna Emilia-Romagna 4010(
2 8020 44.804494 11410094 Bologna Emilia-Romagna 4010(
Type of analysis
Assessment analysis |Hazard, Risk & Mitigation ~ 3 8021 44.804180 11410419 Bologna Emilia-Romagna 4010(
Risk assessment  Physical Impact < 4 Bo22 44.804892 11411208 Bologna Emilia-Romagna 4010(
Mitgation analyss [ EGE i 5 8023 44.804677 11411108 Bologna Emilia-Romagna 40100
Geographical region 6 BO24 44.804846 11410874 Bologna Emilia-Romagna 4010(
Decimal degree coordinates. North must be greater than South, East must be greater than West
Select region. . Setregion | Setregion to locations  |Set region from map Save region. . 7 8025 44804519 11.411434 Bologna Emilia-Romagna 4010( v
< >
North Expart...
—
Map View & X
West East m - Map overlays
11,4088 114119

Shapes
seuth L ) Dregon

g ' " o

Locations
Location of interest Ground amplification profies
SHAPE or CSV file with buiding locations. Crly locations within the selected region are imported. ‘ o st T
Impart locations. .. N0 "
e

[ Marker labels
Hazard maps

ANO T PGA
o L5N LN Risk Level
\ L" \
N LP1 LPI Risk Level

<O EsP G
Map © WikMedia Foundation | Data © Qo contributors

Figure 2. LIQUEFACT Software - graphical user interface
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-_"\..
Map & ykideds Foundason | Datn £ CpenSuesthiap contrbuiors

Figure 3. LIQUEFACT Software - alternative selection of graphical user interface

The main menu, at the top of the software window, is the command menu of the software consisting
of the following drop-down menus: File, View, Settings, and Help

0 Liquefaction Reference Guide

0 Liquefaction Reference Guide

File View Settings Help

[ Open project... Ctrl+0
g New project... Cirl+N
Recent projects... Ctrl+P
egi
m Save project... Ctrl+5
% Save project As... Ctrl+A
sk |
Exit... Ctrl+Q
RISK s PHYSICarimpa

Mitigation analysis Existing Struc

0 Liquefaction Reference Guide

File View

v Map
v Location table

Type of Analysis and Geographical Re

Settings  Help

Type of analysis

Assessment analysis |Hazard, Ris
Risk assessment Physical Imy

Mitigation analysis Existing St

0 Liquefaction Reference Guide

File View Settings Help
Interpolation...

Loss factors L4
Liquefaction L4
Type  Mitigation b Ret

Type of analysis
Assessment analysis |Hazard, Risk

Risk aszessment Physical Imp

Mitigation analysis Existing Stru

File

View Settings Help
Contents... F1

About...

Type of Analysiz and Geographical Region Haz

Type of analysis

Asseszment analysis |Hazard, Risk & Mitigation
Risk assessment Physical Impact

Mitigation analysis Existing Structures

Figure 4. Overview of the command menu of the LIQUEFACT Software

1.5 GIS Interactive Mapping System

The LIQUEFACT software uses Geographic Information Systems (GIS) technology, allowing users to
visualize the spatial relationships between various geographic assets or resources for the specific
hazard being modelled, a crucial function in the planning process. Open Street Map (Bennet 2010) has

been embedded in the Qt for the LIQUEFACT map module, providing the following features:

1. view individual buildings;

2. view street names and other labels;

LIQUEFACT Project — EC GA no. 700748
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3. allowing the overlay of input data (e.g. data on buildings, liquefaction profiles and ground
shaking maps) on the LIQUEFACT map;

4. Hide/show overlays of various types;

5. obtain a street address from a location (latitude, longitude);
6. obtain a location (latitude, longitude) from a street address;
7. Click on markers (building, liquefaction profile, ...);

8. Zoom in and out, and translate the map;

9. Specify geographical region; and many more features....

1.6 File Import/Export

Import of data into the LIQUEFACT software will be based on as tab-separated CSV files, unformatted
TXT files or SHAPE files (ESRI defined formats) that will be converted to SQLite database files in the
project (through a database management system). Results can be exported as SHAPE or CSV by
selecting SHAPE or CSV in the file type pulldown menu in the Export dialog. SHAPE files can be
exported as points or polygons. The database and result files in various formats will be stored in a
project directory.

1.7 System Requirements and Installation

LIQUEFACT software works on the following operating systems: Windows 10, Windows 8, Windows 7
or Windows Vista (32-bit and 64-bit);

The installation of the LIQUEFACT software can be done through the following steps:
1. LIQUEFACT software can be downloaded from:

http://www.norsar.no/seismology/engineering/LIQUEFACT

2. Save the application on your computer and run the installation.

3. From the drop-down menu, click the OK button, and then click the Next button to proceed with
the installation

LIQUEFACT Project — EC GA no. 700748
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0

Welcome to LIQUEFACT 0.9.32
Setup

Setup will guide you through the installation of LIQUEFACT
32

Itis recommended that you dose all other applications
before starting Setup. This will make it possible to update
relevant system files without having to reboot your
computer,

Click Next to continue.,

Next = Cancel

4. The License Agreement appears on the screen. Please, read it carefully and accept the terms by
checking the box

L)
License Agreement

Flease review the license terms before installing LIQUEFACT
0.9.32,

Press Page Down to see the rest of the agreement.

LICENSE

ra). Mo license provided.

If you accept the terms of the agreement, dick I Agree to continue. You must accept the
agreement to install LIQUEFACT 0.9.32,

< Back I Agree Cancel

5. On the next request to select the destination folder, click the Next button again to install to the
‘default’ folder or click the Browse button to install to a different one.

o

Choosze the folder in which to install LIQUEFACT 0.9.32.

Setup will install LIQUEFACT 0.9.32 in the following folder. To installin a different folder, dick
Browse and select another folder, Click Next to continue.

Destination Folder

‘ C:\Program Files\LIQUEFACT 0.9.32 Browse...

Space required: 7038.7 MB
Space available: 43.8 GB

< Back Next > Cancel

6. Click the Install button and wait until the software is installed.

LIQUEFACT Project — EC GA no. 700748
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o

Installing
Please wait while LIQUEFACT 0.9.32 s being installed.

Extract: LiguefactionHazard_2475YRP.db... 31%

Show details

< Back Mext > Cancel

7. Atthe end of the procedure, click Finish to exit the wizard.

2 SOFTWARE DATA INPUT

LIQUEFACT Software consists of three protocols: Liquefaction Hazard Analysis Protocol, Risk Analysis
Protocol, and Mitigation Analysis Protocol. Each protocol consists of an Input and a Results Module.
Type of Analysis and Geographical Region Hazard Data Input Risk Data Input
Type of analysis
Assessment analysis |Hazard, Risk & Mitigation =
Risk assessment Physical Impact & Economic hd

Mitigation analysis Existing Structures 2

Geographical region
Decimal degree coordinates, Morth must be greater than South, East must be greater than West

Select region... Set region Setregion to locations | |Set region from map Save region...
Maorth
West East
South

Location of interest
SHAPE or C5V file with building locations. Only locations within the selected region are imported.

Import locations. ..
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2.1 Type and Level of Analysis

As first step to be implemented in the LIQUEFACT software, is the definition of the objective and level
of analysis to be carried out. This can be done by defining the followings:

e Type and level of analysis;
e Geographical region; and

e Location of interest.

2.1.1 Type and Level of Analysis

Considering the software processing concept aspect described above, the LIQUEFACT software is
designed and developed to provide options and alternatives of analysis processing, offering more
flexibility to end-users with respect to how detailed the input data are, the availability of the data, and
what type of assessment and result the end-users want to obtain. Assessment analysis can be defined
using one of the three options:

e Hazard
e Hazard and Risk

e Hazard, Risk and Mitigation

Type of Analysis and Geographical Region Hazard Data Input Risk Data Input

Type of analysis

Assessment analysis |Hazard A
g | —

Risk assessment

Hazard & Risk '
Hazard, Risk & Mitigation
e

Mitigation analysis

Assessment analysis: Hazard: For Hazard assessment analysis, users will be required to import data
related to hazard condition only. This level of assessment allows the evaluation of liquefaction
susceptibility for a given susceptible category at specified level of ground shaking intensity. In addition,
end-users can estimate the liquefaction threat on a given built/infrastructure asset, where different
approaches can be used in order to correlate the liquefaction-induced ground deformation with the
asset response/damage.

Type of Analysis and Geographical Region Hazard Data Input Risk Data Input

Type of analysis

Assessment analysis |Hazard hd

Risk assessment Mone

Mitigation analysis Mone

Assessment analysis: Hazard and Risk. Risk Assessment and Risk Data Input are activated, and end-
users will be required to provide input data related to hazard and risk. In addition to the evaluation of
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liquefaction susceptibility and then level of liquefaction threat, this level of analysis allows the
assessment of level of impact of the EILD event on the built asset (building/infrastructure).

In the section Risk Assessment end-users will be required to defined level of impact to be assessed:

e Physical impact: for the computation of damage. End-users will be required to provide
vulnerability models and portfolio data with structural characteristics-related information

e Physical impact & Economic: for damage and economic loss computation. In addition to
vulnerability models and portfolio data with structural characteristics-related information, end-
users will also be required to provide economic and business activity data.

Type of Analysis and Geographical Region Hazard Data Input Risk Data Input

Type of analysis

Assessment analysis | Hazard & Risk A

Risk assessment Physical Impact & Economic

Mitigation analysis  |Physical Impact & Economic

Assessment analysis: Hazard, Risk and Mitigation. Mitigation analysis and Mitigation Data Input are
activated, and end-users will be required to provide input data related to hazard, risk and mitigation.
In addition to the evaluation of level of impact of the EILD event on the built asset
(building/infrastructure), this level of analysis allows the development of mitigation framework in
terms of soil improvements, cost and prioritize the mitigation measures.

In the section Mitigation analysis end-users will be required to defined if at the selected locations of
interest there are assets, i.e. Existing Structures or New Construction (free field), an important factor
for the development of mitigation framework.

Type of Analysis and Geographical Region Harzard Data Input Risk Data Input

Type of analysis

Assessment analysis | Hazard, Risk & Mitigation -

Risk assessment Physical Impact & Economic -

Mitigation analysis

Geographical region [Mew Construction

2.1.2 Geographical Region

In this section end-users will be required to select and set the region of study. After selection, the
region can be set using the following options:

Set region after providing manually the decimal degree coordinates

Set region to | this option is used after the import of locations (section location of interest), and then the

locations decimal degree coordinates will automatically be computed by the software.
Set region this is the easiest option and is used after the import of locations (section location of interest).
from map The users can zoom their preference area to be studied and then click on “Set region from

map”. The decimal degree coordinates will automatically be computed by the software.

2—17
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Geographical region

Select region...

West

Decimal degree coordinates, Morth must be greater than South., East must be greater than West

Setregion Set region to locations | |Set region from map Save region...

Morth

East

South

The rectangle displayed in green color represents the selected region of study

Map View

g X

Map overlays

% / Shapes )
|
J [ Region /
(a\~ ‘\ S
b b " Markers
|:| Locations

und amplification profiles

ction profile

||| Marker labels

LSN L5N Risk Level

LPI LPI Risk Level

2.1.3

Location of Interest

v.1.0

Providing locations of interest is mandatory for all type and level analyses. These locations can

represent existing assets (buildings, infrastructures) or free filed sites where future asset will be built
on. Table below illustrates the list of input parameters that define LOCATION of interest.

LIQUEFACT Project — EC GA no. 700748

Data Input Description NOTE
Risk Identification | Code identification to be assigned to each individual asset or a given site Mandatory
LOCATION
Latitude Latitude in decimal degree Mandatory
Longitude Longitude in decimal degree Mandatory
Street Street Nonmandatory
District District Nonmandatory
Municipal Municipal Nonmandatory
Region Region Nonmandatory
Postal Code Postal code Nonmandatory
Geo-code represent the geounit to be used in computation of Mean Loss Ratio Mandatory
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Users can import asset (building/infrastructure) locations as tab-separated CSV, unformatted TXT or
SHAPE files (ESRI defined formats). CSV and TXT files are always imported as points, and SHAPE files
can be important as points or polygons.

Location of interest
SHAPE or CSY file with building locations. Only locations within the selected region are imported.

Import locations. ..

© Import locations x
Laokin: D:\LIQUEFACT \FortfolioData 000 @A[EE
L] My Computer Name

D ImportData_Portfolio.shp

File name: | ‘ Open

Files of type: |SHAPE (*.shp *shape) - ‘ Cancel
CSY (% cav * it

Example of CSV/TXT file for building locations that can be imported in the LIQUEFACT software

4

File Edit Format View Help

# Risk-Identification Latitude Longitude Street District Municipal City Region Postal-Code Geo-code A

Be19 44803789 11.418564 St.25 18 Bologna Bologna Emilia-Romagna 40160 1

Be28 44884494 11.418094 St.25 10 Bologna Bologna Emilia-Romagna 40160 1

B@21 44.804180 11.418419 St.25 10 Bologna Bologna Emilia-Romagna 4@16@ 1

B@22 44804892 11.4112088 St.25 10 Bologna Bologna Emilia-Romagna 4@16@ 1

B@23 44804677 11.411188 St.25 10 Bologna Bologna Emilia-Romagna 4@16@ 1

Be24 44804846 11.418874 St.25 10 Bologna Bologna Emilia-Romagna 4@16@ 1

B@25 44.804519 11.411434 St.25 10 Bologna Bologna Emilia-Romagna 4@16@ 1

B@26 44.804281 11.411934 St.25 10 Bologna Bologna Emilia-Romagna 4@16@ 1

B@z27 44.804042 11.411598 St.25 10 Bologna Bologna Emilia-Romagna 4@16@ 2

B@28 44, 803901 11.4038807 St.25 1@ Bologna Bologna Emilia-Romagna 4@10@ 2

B@29 44, 803652 11.489595 St.25 1@ Bologna Bologna Emilia-Romagna 4@10@ 2

Be3e 44,803551 11.409127 St.25 1@ Bologna Bologna Emilia-Romagna 4@10@ 2

Be31 44,803232 11.4089781 St.25 1@ Bologna Bologna Emilia-Romagna 4@10@ 2

B@32 44.8084192 11.489666 St.25 10 Bologna Bologna Emilia-Romagna 401808 2

RO A4 RPATIR 11 ARG327 <+ 95 10 Rnlnona Rnlnona Fmilia-Rnmacna ARIGQ bl A
Unix (LF) Ln 16, Col 78 100%

Building locations and map view, imported from CSV/TXT file
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Lacation View F X
Risk Identification  Latitude Longitude Street District Municipal  City Region Postal Code Geo-code Shape ™
1 BO19 44.803739 11.410564 Bolegna Emilia-Romagna 40100 1
2 BO20 44.804494 11410094 Bolegna Emilia-Romagna 40100 1
3 BO21 44.804180 11410419 Bolegna Emilia-Romagna 40100 1
4 B022 44.804892 11.411208 Bolegna Emilia-Romagna 40100 1
5 B023 44.804677 11.411108 Bolegna Emilia-Romagna 40100 1
6 BO24 44.804846 11.410874 Bolegna Emilia-Romagna 40100 1
7 BO23 44.804519 11411434 Bologna Emilia-Romagna 40100 1 v
Export...
Map View & x
- - - c‘\\\-\ Map overlays
u 0 Shapes
lay .\r(-\‘\“ Ee
¢ egion
| o (e g
> b
Markers
Locations
2 q Ground amplification profiles
B =)
,\\1 . Liguefaction profiles
O
\3\' .. . m [ Marker labels
> ° Qe
{ . . .'\\’\. -"- {7 Hazard maps
<] . &° o PGA
oy | Al
eCa ! @ ¢ e LSN LSN Risk Level
e K%
C LPL LPI Risk Level
O hr)
W\:L' - ESP GD
Ch
B - - - - - —
Map © WikiMedia Foundation | Data © ODEnSUEEﬂ“‘;D_mFIﬁ'I'bL‘:Drsn rl nN
Example of SHAPE file for building locations that can be imported in the LIQUEFACT software
FID | Shape | ID Latitude L Street District City Region PostalCode | Geo-Code
3 0|Polygon |BO1S  44.803789 11.410584 | Via Paolo Evangelisa Do Bologna Bologna |Emiia-Romagna 40100 1
1|Polygon |BO20| 44.304454 11.4100%4 | Via Gioacchino Rossini Do Bologna Bologna |Emiia-Romagna 40100 1
2 |Polygon |BO21 44 80418 11.410419|Via Paolo EvangelizaVia Paolo Evangelisa Dot Bologna Bologna |Emiia-Romagna 40100 1
3|Polygon |BOZ22 44.304892 11.411208 | Via & Marzo Dot Bologna Bologna |Emiia-Romagna 40100 2
4 |Polygon |BO0Z3  44.804677 11.411108 | Via & Marzo D01 Bologna Bologna |Emilia-Romagna 40100 2z
5|Polygon |BO024  44.504846 11.410874 |Via Gioacchino Rossini Do Bologna Bologna |Emiia-Romagna 40100 2
&|Polygon |BO25  44.304519 11.411434 | Via & Marzo Dot Bologna Bologna |Emiia-Romagna 40100 2
7|Polygon |BO2§  44.804201 11.411934 | Via Paole Evangelisa Dot Bologna Bologna |Emiia-Romagna 40100 2
& [Polygon BUZ?I 44 804042 11.411598 | Via Paolo Evangelisa D01 Bologna Bologna |Emilia-Romagna 40100 2z
9 |Polygon B0z8  44.803501 11.408807 | Via Risorgimento Do Bologna Bologna |Emiia-Romagna 40100 1
10 |Polygon |B029 44.803852 11.408595 | Via Risorgimento Do Bologna Bologna |Emiia-Romagna 40100 1
11 |Polygon |BO30| 44803551 11.409127 | Via Risorgimento Do1 Bologna Bologna |Emiia-Romagna 40100 1
12 |Polygon |BO31| 44.803232 11.408781 | Via Paolo Evangelisa D01 Bologna Bologna |Emilia-Romagna 40100 1
13 |Polygon |BO32 44.804152 11.40585655 | Via Gioacchino Rossini Do Bologna Bologna |Emiia-Romagna 40100 1
14 |Polygon |BO0O33 44.804128 11.409337 | Via Gioacchino Rossini Do Bologna Bologna |Emiia-Romagna 40100 1

Building locations and map view, imported from SHAPE file
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Location View g x
Risk Identification Latitude Longitude Street District Municipal ~ City Region Postal Code Geo-code Shape *
1 B0O19 44803789 11.410564 Via Paclo Evangelisa Do1 Bologna  Bologna Emilia-Romagna 40100 1 ~
2 B020 44.204454 11.410094  Via Gioacchino Rossini Dol Bologna  Bologna Emilia-Romagna 40100 1 ~
3 B021 44804180 11.41041%  Via Paclo EvangelisaVia Paclo Evangelisa D01 Bologna  Bologna Emilia-Romagna 40100 1 ~
4 B022 44804392 11.411208  Via 8 Marzo D01 Bologna  Bologna Emilia-Romagna 40100 2 ~
5 B023 44804677 11.411108  Via 8 Marzo Do1 Bologna  Bologna Emilia-Romagna 40100 2 ~
6 BO24 44804346 11.410874 Via Gioacchine Rossini D01 Bologna  Bologna Emilia-Remagna 40100 2 v
7 BO25 44804519 11.411434  Via & Marzo D01 Bologna  Belogna Emilia-Romagna 40100 2 v v
Expart...
Map View - g x
a Map overlays
: Shapes
e Region
Markers

Locations
Ground amplification profiles
Liquefaction profiles

|H [ Marker labels

'z Hazard maps

e 3 Y. PGA
oC , . Oy LsN LSN Risk Level

s LPI LPI Risk Level

ESP GD

Map @ WikiMedia Foundation | Date © ODE!"‘!S‘]’EE‘MED (unﬁihuturss a n C a rl O

All imported data (CSV, TXT or SHAPE) can be edited and modified in the LIQUEFACT software. Below
is an example of creating a polygon editing the original version of the SHAPE file that was imported in
the software. Double Click on “SHAPE” selected in Red to modify or edit a polygon.

Location View [
Risk |dentification  Latitude Longitude Street District  Municipal — City Region Postal Code Geo-code Shape &
1 B019 44.803729 11410564  Via Paclo Evangelisa Do Bologna  Bologna Emilia-Romagna 40100 1 v
2 B020 44.804454 11410084  Via Gioacchino Rossini D01 Bologna  Bologna Emilia-Romagna 40100 1 I,"/‘/ ‘i'
3 BO21 44.804180 11410419 Via Paclo EvangelisaVia Paolo Evangelisa D01 Bologna  Bologna Emilia-Romagna 40100 1 T ~ 1
4 B022 44.804292 11.411208  Via & Marzo Dot Bologna  Bologna Emilia-Romagna 40100 2 ~ "
Export...

By Clicking on “New polygon” button to add or modify an existing polygon.

o o

* o | A g

L]
.
. .
L]
L
at
L]
. .
.
.
L
Map & iiibecka Founciaton | Cuta & Qpeniiressen contrbuiors Map € iiecia Fourviation | Data § JperSresties contrbxors
Lbds MY Leeghades 114113
o pabrgen - Zoomin | | deomout o Bicard Cancel ey e paiygen = s Twomin || Zoomow o Discard Carcel tep
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2.2 Hazard Data Input

LIQUEFACT software incorporates alternatives of methodologies providing users with flexibility in
conducting analysis depending on how detailed the available input data are and type of result the
users want to obtain. In general, the incorporated methodologies of liquefaction hazard assessment
are based on two approaches: Quantitative approach (based on detailed geotechnical soil profiles
data such as CPT, SPT and Vs Profile) and Qualitative approach (based on pre-defined liquefaction
hazard classification maps that can be used through User-Defined and Pre-Defined).

Type of Analysis and Geoagraphical Region Hazard Data Input Risk Data Input

Liquefaction Hazard Model Seismic Hazard Model

Liquefaction profile type

2.2.1 Liquefaction Hazard Model for Quantitative Assessment

The concept of the quantitative approach incorporated in the LIQUEFACT software consists of number
of analyses to be carried out in two main sequences:

e Step-1: Liquefaction Triggering Analysis: to estimate the tendency of developing liquefaction
under a given seismic input. The analysis implies the calculation of a liquefaction safety factor (FSL)
obtained by dividing the Cyclic Resistance Ratio (CRR) producing liquefaction with the Cyclic Stress
Ratio (CSR) induced by the earthquake. Then, seismic liquefaction is triggered in a susceptible soil
when the seismic demand (expressed as CSR) exceeds the resistance of such soils (expressed as
CRR).

e Step-2: Liquefaction-induced Surficial Manifestations: implies to evaluate the effects at the ground
level. At this stage analyses are conducted in free field conditions, neglecting the presence of
buildings or infrastructures and their possible interaction with the subsoil, and thus liquefaction
severity indicators such as Liquefaction Severity Number (LSN), Liquefaction Probability Index (LPI)
and Liquefaction Probability (LP), and free-field settlement are adopted to broadly quantify the
severity of liquefaction.

For the computation of liquefaction triggering and liquefaction-induced surficial manifestations,
different methods can be used depending on what type of soil profiles data are available: CPT-based
soil profiles, SPT or Vs-based soil profiles. Note that results of liquefaction hazard from this level of
analysis (i.e. quantitative assessment) can be used to correlate the measured intensities with the asset
response in Risk Analysis.

LIQUEFACT Project — EC GA no. 700748
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2.2.1.1 Import Data Type: Cone Penetration Tests (CPT)

LIQUEFACT software incorporates the Boulanger and Idriss (2014) procedure to evaluate the Factor of
Safety against liquefaction at each depth of a soil profile using CPT data. For the implementation, CPT
data should be imported as following:

1. Click the Import button to import the file with list of the CPT profiles: ID of CPT Profile, Latitude,
Longitude, and Depth to Ground Water Table GWT (in meter unit). The file can be imported
as tab-separated CSV or unformatted TXT.

| ImportData_List-CPT-Profiles.txt - Notepad — O
File Edit Format View Help

#ID-CPT-Profile Latitude Longitude Depth_Ground Water Table GWT (m) ~
18513885081 44882688896 11.48932225 1.5

18513685682 44, 868462801 11.48768696 1.5

1851388583 4480445374 11.48949184 1.5

18513685684 44.860649764 11.41087042 1.5

185130E427 44.8810658 11.48423144 1.5

185130E432 44.79948303 11.48365838 1.5

185130E433 44.,79976871 11.48626687 1.5

185138U585 44,88275146 11.48586276 1.5

185136U586 44, 883536064 11.48718553 1.5

Windows (CRLF) Ln 1, Col 61 100%

The imported list of CPT profile file can be modified or updated by double click on any selected
row representing a given CPT profile. It is also possible to Add or Delete any row/profile.

Type of Analysis and Geographical Region Hazard Data Input Risk Data Input

Liguefaction Hazard Madel Seismic Hazard Model

Liquefaction profile type |CPT -

Path to liquefaction profiles IlEleDEI_LRG_Liquefacﬁc-n Hazard Analysis/1210_CFT Profile Data Browse...

CPT-ID Profile Llatitude Longitude GWT (m) &
1 1851308501 44.802089 11.409322 1.5000

:
3 185130C002  44.801036 11.405327  1.5000
4 185130C004  44.803548 11.412935 1.5000
5 185130C006  44,799635 11.414928  1.5000
& 185130C007  44.805379 11.414959 1.5000
7 185130C010  44.803479 11.409974  1.5000
8 185130C011  44.801536 11.416027  1.5000
9 185130C012  44.806339 11.400688  1.5000

10 185130C013  44.800084 11.405693 1.5000

Add row Delete rows View... Import... Export. ..

Ground amp profile assianment | Closest Distance to Point Without Interpolation =
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The locations of CPT profiles can be viewed in the GIS platform of the LIQUEFACT software
Map View by ticking the box “Liquefact profiles”.

Map View : g X
&) .' naa? ‘. Map overlays
L -
® O . "’ . a 'v ® Shapes.

' ” ? 9 “ " [ Region

‘.:‘ ‘ P 3 & S ’:, o O Markers
s @‘ ‘ t' ’\‘\. " Locations

.‘ ‘\ " \ \" , \ . [ Ground amplification profiles
“.\ ¢" ‘ - \ * Q' " Liquefaction profiles
O :“ .t‘ \‘ ’ " ""’. [] Marker labels
* 3 »*
“ ’}\' 0“;\‘ * c’ ’ ® |||| Hazard maps

R AT, S =

o ‘ U 'e $Ce P ’ LsM LSN Risk Level
o (A .
&t A f ‘ @] LPI LPI Risk Level
‘p ""bi’ ’i;\ ‘;. -
® 0 * é‘. ¢’I : ,‘ ESP GD
)
- ¢ " ".'r - \"
' T elye °
Map -@I';Lihl;ihiedia Fou%ation | Data © OpenSh'e!tMag contrlbutorS' o 4

2. Then Click the Browse button to define the path to the folder where CPT profiles are located.
The CPT profiles must be created as separate files in format of tab-separated CSV or
unformatted TXT files. Each CPT profile file contains: Depth [in m], Tip Resistance qc [in MPa],
Sleeve Friction fs [in MPa], and Pore Pressure U [in MPa].

The View button allows to view the three plots of a selected CPT profile: CPT Tip Resistance,
Sleeve Friction, and Pore Pressure.

|

File Edit Format View Help

#Depth [m] Tip Resistance,qc [MPa] Sleeve Friction,fs [MPa] Pore Pressure,U [MPa] 4

8.1 5.693 8.853 8.815

8.2 6.569 g.862 g.806

@8.3 4.38 8.e31 g.e06

8.4 3.942 08.889 6.886

8.5 3.285 g.089 g.8e5

@.6 2.628 g.ea9 g.ee5

8.7 2.847 g.089 g.8e5

8.8 3.866 g.8a89 g8.814 A

< >
Windows (CRLF) Ln 12, Col 24 1003
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3. At the section Ground amp profile assignment, users can define how seismic actions (peak

ground accelerations PGAs) resulted from ground amplification profiles will be assigned to the

CPT profiles for the computation of liquefaction severity indicators. Users will have to choose
one of the following options:

Closest Distance to Point Without Interpolation: the assigned value of PGA is directly resulted

from the closest ground amplification profile at the location of a given CPT profile or the closed

to it.

Closest Distance to Point After Interpolation. the assigned value of PGA is directly resulted

from interpolation, at the location of a given CPT profile.

Liquefaction Hazard Model

Liquefaction profile type |CFT

Type of Analysis and Geographical Region Hazard Data Input

Seismic Hazard Model

-

Risk Data Input

Fath to liguefaction profiles kEleDD_LRG_Liquefacﬁon Hazard Analysis/1210_CFT Profile Data Browse...

1 1851308501
2 1851308502
3 185130C002
4 185130C004
5 185130C006
6 185130C007
7 185130C010
8 185130C011
9 185130C012

10 185130C013

44,802089

44,804847

44.801036

44.803548

44799635

44,805379

44.803479

44.801536

44,806339

44.809084

CPT-ID Profile Latitude Lengitude GWT (m)

11.409322  1.5000

11.406761  1.5000

11.405327  1.5000

11.412935  1.5000

11.414988  1.5000

11.414959  1.5000

11.409974  1.5000

11.416027  1.5000

11.400688  1.5000

11.405693  1.5000

Add row Delete rows

View... Import...

Expaort...

Ground amp profile assignment | Closest Distance to Point Without Interpolation

| Closest Distance to Point After Interpolation
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2.2.1.2 Import Data Type: Standard Penetration Tests (SPT)

LIQUEFACT software incorporates the Boulanger and Idriss (2014) procedure to evaluate the Factor of
Safety against liquefaction at each depth of a soil profile using CPT data. For the implementation, CPT
data should be imported as following:

1. Click the Import button to import the file with list of the SPT profiles: ID of SPT Profile, Latitude,
Longitude, and Depth to Ground Water Table GWT (in meter unit). The file can be imported
as tab-separated CSV or unformatted TXT.

|

File Edit Format View Help

#ID-SPT-Profile Latitude Longitude Depth_Ground Water Table GWT [m] [

SPT-@e1 59,958567 11,@39507 8,5

SPT-@82 59,958675 11,@52391 a,8

SPT-@83 59,956712 11,@53313 1

SPT-@e4 59,956477 11,043931 a,8

SPT-885 59,955118 11,@39575 4

SPT-886 59,955999 11,@49108 1,5

SPT-@87 59,955672 11,049845 3,5

SPT-@88 59,952946 11,049158 a,8 v

g A ca acacc a4 naa3ca s .
Windows (CRLF) Ln 1, Col 62 100%

The imported list of SPT profile file can be modified or updated by double click on any selected
row representing a given SPT profile. It is also possible to Add or Delete any row/profile.
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Type of Analysis and Geographical Region Hazard Data Input Risk Data Input

Liquefaction Hazard Model Seismic Hazard Model

-

Liguefaction profile type |SPT

Path to liquefaction profiles IlE,"lZCID_LRG_Liquefacﬁon Hazard Analysis/1220_SPT Profile Data

Browse...

SPT-ID Profile Latitude Longitude GWT (m)

1 SPT-001 59.958507 11.039507 | 0.5000

2 SPT-002 59.958675 11.052391 0.8000

3 SPT-003 58.956712 11.053313  1.0000

4 SPT-004 11.043931 | 0.3000

5 SPT-005 59.955118 11.039575 4.0000

6 SPT-006 59.955999 11.049108 1.5000

7 SPT-007 59.955672 11.049845 3.5000

] SPT-008 59.952946 11.049158 0.2000

9 SPT-009 59.953650 11.041351 2.6000

10 SPT-010 59.955622 11.044333 1.5000

Add row Delete rows View... Import...

-

Ground amp profile assignment | Closest Distance to Point Without Interpolation

Export...

The locations of SPT profiles can be viewed in the GIS platform of the LIQUEFACT software

Map View by ticking the box “Liquefact profiles”.
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v e » mr
7 - round amplification profiles
Q‘\ e ‘ - \\ “" "\ bt Liquefaction profiles
o ;“ .{‘ \‘ ‘::s‘.’"’ [ marker labels
AR “ *° o
NN T VL P
N PGA
* N '\' ’j:'; P ‘3" ' Dy » » LsN LSN Risk Level
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st e \” oS
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;."u."oh" I ‘.'-'\,“‘ b 9
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Map -@I@Iﬂedia Fou*:lah’on |Data @ OgenStregﬂ\‘lag conh’ibubolrs".’,,. 3

The SPT profiles must be created as separate files in
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Then Click the Browse button to define the path to the folder where SPT profiles are located.
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unformatted TXT files. Each SPT profile file contains: Depth [in m], Nser, Upper Boundary [in
m], and Lower Boundary [in m].

The View button allows to view the plot of a selected SPT profile.

=
File Edit Format View Help
#Depth[m] NGB Upper Boundary[m] Lower Boundary[m]
5.5 5 4.5 6.3
18.5 9 9.3 11.6
17 12 16.8 17.7
Windows (CRLF  Ln 4, Col 14 100%

o

6

8
E10
- J
=
F12
[a]

14

16

Close

3. At the section Ground amp profile assignment, users can define how seismic actions (peak

ground accelerations PGAs) resulted from ground amplification profiles will be assigned to the
SPT profiles for computation of liquefaction severity indicators. Users will have to choose one
of the following options:

Closest Distance to Point Without Interpolation: the assigned value of PGA is directly resulted

from the closest ground amplification profile at the location of a given SPT profile or the closed
toit.

Closest Distance to Point After Interpolation. the assigned value of PGA is directly resulted

from interpolation, at the location of a given SPT profile.

LIQUEFACT Project — EC GA no. 700748
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Type of Analysis and Geographical Region Hazard Data Input Risk Data Input

Liquefaction Hazard Model Seismic Hazard Model

Liquefaction profile type |SPT -

Path to liquefaction profiles llE,.’lZDD_LRG_Liquefacﬁon Hazard Analysis/1220_SFT Profile Data Browse...

SPT-ID Profile Latitude Lengitude GWT (m)
1 SPT-001 50.958507 11.039507  0.5000

2 SPT-002 59.958675 11.052391 0.8000
3 SPT-003 59956712 11.053313  1.0000
4 SPT-004 59.956477 11.043931 0.3000
5 SPT-005 59953118 11.039575 4.0000
& SPT-006 59.955999 11.049108  1.5000
7 SPT-007 59953672 11.049845  3.5000
8 SPT-008 59952946 11.049158 0.8000
9 SPT-009 59953650 11.041351  2.6000

10 SPT-010 59.955622 11.044333 1.5000

Add row Delete raws View... Import... Export...

Ground amp profile assignment |Closest Distance to Point Without Interpolation

| Closest Distance to Point After Interpolation
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2.2.1.3 Import Data Type: Vs-Profile

LIQUEFACT software incorporates the Boulanger and Idriss (2014) procedure to evaluate the Factor of
Safety against liquefaction at each depth of a soil profile using Vs data. For the implementation, Vs
data should be imported as following:

1. Click the Import button to import the file with list of the Vs profiles: ID of Vs Profile, Latitude,
Longitude, Depth to Ground Water Table GWT (in meter unit) and Soil-Ageing (in year). The
file can be imported as tab-separated CSV or unformatted TXT.

& ImportData_VsProfile.bet - Motepad — O

File Edit Format View Help

#Vs-ID Profile Latitude Longitude Depth of Ground Water Table GWT[m] Soil-Ageing[years]

Vsprofile-8el 59,958587 11,839587 a,5 leee

Vsprofile-862 59,958675 11,852391 a,8 leee

Vsprofile-8@3 59,956712 11,853313 1 200

Vsprofile-8@4  59,956477 11,843931 a,8 160

Vsprofile-865 59,955118 11,839575 4 160

Vsprofile-866 59,955999 11,849108 1,5 200

Vsprofile-867 59,955672 11,849845 3,5 208

Vsprofile-888  59,952946 11,849158 8,8 leee

Venrnfile-AR9 L4 4LR3R% 11 AA135%1 ? A 10RR &
Windows (CRLF) Ln 11, Col 43 100%

The imported list of Vs profile file can be modified or updated by double click on any selected
row representing a given Vs profile. It is also possible to Add or Delete any row/profile.

Type of Analysis and Geographical Region Hazard Data Input Risk Data Input

Liquefaction Hazard Model Seismic Hazard Model

Liquefaction profile type | V= Profile -

Path to liquefaction profiles hREleDD_LRG_Liquefﬁcﬁon Hazard Analysis/1230_Vs Profile Data Browse...

V5-1D Profile Latitude Longitude GWT (m) Soil Ageing (years)
1 Vsprofile-001 59.958507 11.039507 0.5000 1000

2 Vsprofile-002 59.958675 11.052397 0.2000 1000

3 Vsprofile-003  59.956712 11.053313 1.0000 200

4 Vsprofile-D04 59.956477 11.043931

s
& Vsprofile-006 59.955999 11.049108

7 Vsprofile-007 59.955672 11.049845 3.5000 200

8 Vsprofile-008 59.952946 11.049158 0.8000 1000

9  Vsprofile-009 59.953650 11.041351 Z.6000 1000

10 Vsprofile-010 59.955622 11.044333  1.5000 1000

Add row Delete raws View... Import... Export...

Ground amp profile assignment | Closest Distance to Point Without Interpolaton

LIQUEFACT Project — EC GA no. 700748
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The locations of Vs profiles can be viewed in the GIS platform of the LIQUEFACT software Map

View by ticking the box “Liquefact profiles”.

Map View 5 X
O -’ R 2 ‘. Map overlays
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i ] e > @ .
¢’ . > \ ﬁ Region
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2. Then Click the Browse button to define the path to the folder where Vs profiles are located.
The VS profiles must be created as separate files in format of tab-separated CSV or

unformatted TXT files. Each Vs profile file contains: Depth [in m] and shear velocity Vs [in m/s].

The View button allows to view the plot of a selected Vs profile.

| (]

File Edit Format View Help
#Depth[m] Vs[m/s] g /

3,20 138,44 5
4,20 129,23 E

5,20 127,22

6,20 120,63

7,20 186,56

8,20 106,75 10

9,20 115,23 {

10,20 153,36 \\‘“-\

11,21 142,33 . “1\

12,21 170,89 Err

13,21 210,60 = —
14,21 208,15 g :::::7
15,21 218,58 @

16,23 295,92 0

17,23 291,00 - ;o
18,23 267,69

19,23 233,29

28,22 223,96

21,22 239,74 g y
22,22 241,59 25 <:
23,22 247,70 >
24,22 254,75 {

25,2 248,1 }
26,2 257,5

27,3 246,1 100 150 200 250 300
28,3 25,7 Shear wave velocity (m/s)
29,4 247,5

Close
Window Ln 28, Ci 100%
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3. At the section Ground amp profile assignment, users can define how seismic actions (peak
ground accelerations PGAs) resulted from ground amplification profiles will be assigned to the
Vs profiles for computation of liquefaction severity indicators. Users will have to choose one
of the following options:

Closest Distance to Point Without Interpolation: the assigned value of PGA is directly resulted

from the closest ground amplification profile at the location of a given VS profile or the closed
toit.

Closest Distance to Point After Interpolation. the assigned value of PGA is directly resulted

from interpolation, at the location of a given Vs profile.

Type of Analysis and Geographical Region Hazard Data Input Risk Data Input

Liquefaction Hazard Model Seismic Hazard Model

Liquefaction profile type | Vs Profile -

Path to liquefaction profiles hRE,’lZDD_LRG_Liquefacﬁon Hazard Analysisf1230_Vs Profile Data Browse...

V5-1D Profile  Latitude Longitude GWT (m)  Seil Ageing (years)
1 Vsprofile-001 59.958507 11.038507 0.5000 1000

2 Vsprofile-D02 59.958675 11.052391 (0.8000 1000
3 Vsprofile-D03 59.956712 11.053313 1.0000 200
4 Vsprofile-004 59.956477 11.043931 0.8000 100
5  Vsprofile-D05 59.955118 11.039575 4.0000 100
6 Vsprofile-006 59.953999 11.049108 1.5000 200
7 Vsprofile-007 59.953672 11.048345 3.5000 200
8 Vsprofile-008 59.952946 11.049138 0.2000 1000
9  Vsprofile-009 59.953650 11.041331 2.6000 1000

10 Vsprofile-010 59.953622 11.044333 1.5000 1000

Add row Delete rows View... Import... Export. ..

Ground amp profile assignment |Closest Distance to Point Without Interpolation

Closest Distance to Point After Interpolation

LIQUEFACT Project — EC GA no. 700748
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2.2.2 Liquefaction Hazard Model for Qualitative Assessment

The concept of the qualitative approach, incorporated in the LIQUEFACT software, is based on using

used-supplied or pre-defined liquefaction hazard map with qualitative classification labels

representing levels of hazard. This process can be conducted through two options:

o User-Defined: is based on user-supplied microzonation or macrozonation liquefaction hazard
maps generated for local or regional level for a specific study.
e Pre-Defined: is based on using the European liquefaction macrozonation maps, provided for

different return periods, and which are embedded in the LIQUEFACT software.

Note that User-Defined and Pre-Defined in the module of Liquefaction Hazard Model are activated

only if the selected type of Assessment Analysis (in the protocol Type of Analysis and Geographical

Region) is Hazard.

Type of Analysis and Geographical Region Hazard Data Input Risk Data Input Type of Analysis and Geographical Region Hazard Data Input Risk Data Input

Liquefaction Hazard Maodel Seismic Hazard Model

Liquefaction Hazard Madel Seismic Hazard Model

Liquefaction profile type | Liguefaction prafie type

User-Defined User-Defined

When the selected level of Assessment Analysis is Hazard,

then User-Defined and Pre-Defined in the module of

Liquefaction Hazard Model are activated

LIQUEFACT Project — EC GA no. 700748

When the selected level of Assessment Analysis is Hazard &
Risk or Hazard, Risk & Mitigation, then User-Defined and
Pre-Defined in the module of Liquefaction Hazard Model
are not activated
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2.2.2.1 User-Defined Liquefaction Hazard

User-supplied qualitative liquefaction hazard maps can be in terms of the following liquefaction
severity indicators: Liquefaction Susceptibility, Liquefaction Potential Index (LPI), Liquefaction Severity
Number (LSN), and Probability of Liquefaction (PL).

NOTE: In the LIQUEFACT software, when user-supplied liquefaction hazard maps are used through the
selection of User-Defined option, location-specific levels of liquefaction hazard are not interpolated,
and closest location-specific to a given asset is assigned for the evaluation of liquefaction risk.

2.2.2.1.1  User-Supplied Liquefaction Hazard Map

To import map in terms of Liquefaction Hazard indicator: user is first required to select “Liquefaction
Hazard” at section Files of type, and then import the map file from the folder where is located.

Type of Analysis and Geographical Region Hazard Data Input Risk Data Input

Liquefaction Hazard Model Seismic Hazard Model

Liquefaction profile type |User-Defined

Please select the file

ll.."I_IQUEFACT-INPUT-DATAfZ1_User-Deﬁned Liquefaction Hazard /User-Defined-Map_Liquefaction-Hazard-Level bt Browse...

Q Open User-Defined Liquefaction Hazard File X
Look in: D:\Dropbox (NORSAR)\2016_HOR.. -Defined Liquefaction Hazard ¥ | (2 &3 0 Eﬁ @ E]
] My Computer MName

| User-Defined-Map_Liquefaction-Hazard-Level bt

| User-Defined-Map_Liquefaction-Potential-Index(LPI).bet
| User-Defined-Map_Liquefaction-Severeity-Mumber(LSM) bt
| «&| User-Defined-Map_Probability- Of-Liquefaction(PL).txt

File name: | Cpen

Files of type: |Liquefaction Hazard (. txt) - Cancel
Liquefaction Severity Number (LSN) (*. txt)
Liquefaction Potential Index {(LPI) (*.txt)
Probabiity of Liquefaction (PL) (*.txt)

In user-supplied maps in terms of Liquefaction Hazard indicator, three qualitative levels of hazard
classification are used for range labels: Non-susceptible, No Liquefaction, and Liquefaction. Below is
an example of user-supplied liquefaction hazard map in terms of susceptibility and which can be
imported as unformatted TXT file.

LIQUEFACT Project — EC GA no. 700748



LIQUEFACT
Deliverable 6.6

Thisprojct s received funing LIQUEFACT Software — Technical Manual and Application
rom the European Union’s
Horizon 2020 :’esearch and V. 1_0

innovation programme under
grant agreement No. 700748

@) Bxample_User-Defined-Map_Liquefaction-Hazard-Level.txt - Notepad - [}
File Edit Format View Help

#liguefaction Hazard for a given site for 475 Years Return Period

# In 4th Column: @: Non-susceptible / 1: No Liquefaction / 2: Liquefaction

#ID Longitude Latitude Liquefaction Hazard

1 24.924000 71.028000 e

2 24.847000 71.027000 2]

3 24.654000 70.988000 e

4 24.677000 70.986000 2]

5 24.747000 70.982000 1

6 24980000 70.966000 1 w

Unix (LF) Ln 1, Col 25 100%

2.2.2.1.2 User-Supplied Liquefaction Severity Number (LSN) Map

To import map in terms of Liquefaction Severity Number (LSN) indicator: user is first required to select
“Liquefaction Hazard” at section Files of type, and then import the map file from the folder where is
located.

Type of Analysis and Geographical Region Hazard Data Input Risk Data Input

Liquefaction Hazard Model Seismic Hazard Model

Liquefaction profile type |User-Defined ~

Please select the file

lA.."I_IQUEFACT-INPUT-DATAfZ1_User-Deﬁned Liquefaction HazardUser-Defined-Map_Liquefaction-Hazard-Level. txt Browse...

Q Open User-Defined Liquefaction Hazard File *

Look in: D:'\Dropbox (NORSAR)\2016_HOR...-Defined Liquefaction Hazard G O 0 @ @ E]

- My Computer Mame

uj User-Defined-Map_Liquefaction-Hazard-Level bt

uj User-Defined-Map_Liquefaction-Potential-Index(LP1).tet
uj User-Defined-Map_Liquefaction-Severeity-Number(LSN). bt
|| uj User-Defined-Map_Probability-Of-Liquefaction(PL).tet

File name: | | Open

Files of type: |Liquefacﬁon Severity Number (LSN) (=, txt) - | Cancel
Liquefaction Hazard (= txt)
| Liquefaction Severity Mumber (LSN) (*, tet)
Liquefaction Potential Index (LPI) (*. txt)
Probabiity of Liguefaction (PL) (*.txt)

In user-supplied maps in terms of LSN indicator, five qualitative levels of hazard classification are used
for range labels: Non-Liquefaction Risk, Low Liquefaction Risk, Moderate Liquefaction Risk, High
Liquefaction Risk, and Very High Liquefaction Risk. Below is an example of user-supplied liquefaction
hazard map in terms of LSN and which can be imported as unformatted TXT file.

LIQUEFACT Project — EC GA no. 700748
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@ Example_User-Defined-Map_Liquefaction-Severeity-Number(LSN).txt - Notepad - a

File Edit Format View Help

#liquefaction Severity Humber (LSMN) for a given site for 475 Years Return Period ~

# In 4th Column: B: Non-liquefaction Risk / 1: Low Liquefaction Risk / 2: Moderate Liquefaction Risk / 3: High Liquefaction Risk / 4: very High Liquefaction Risk

#ID Longitude Latitude LSN-Classification

1 24024000 71.0828000 2]

2 24.0847000 71.827000 e

3 24.654000 70.988000 1

4 24.677000 70.9860000 1

5 24.747000 70.982000 2

6 24.980000 70.966000 2 ©
Unix (LF) Ln1, Col 40 100%

2.2.2.1.3 User-Supplied Liquefaction Potential Index (LPI) Map

To import map in terms of Liquefaction Potential Index (LPI) indicator: user is first required to select
“Liquefaction Hazard” at section Files of type, and then import the map file from the folder where is
located.

Type of Analysis and Geographical Region Hazard Data Input Risk Data Input

Liquefaction Hazard Model Seismic Hazard Model

Liquefaction profile type |User-Defined

Please select the file

hﬂIQUEFACT-INPUT-DATAIZ1_User-Deﬁned Liquefaction HazardUser-Defined-Map_Liquefaction-Hazard-Level, txt Browse...

0 Open User-Defined Liquefaction Hazard File X
Look in: D:'\Dropbox (NORSAR)\2016_HOR... . Defined Liquefaction Hazard ~ G 9O 0 @ @ E]
] My Computer MName

u:| User-Defined-Map_Liquefaction-Hazard-Level bt

uj User-Defined-Map_Liquefaction-Potential-Index(LPI).tet
u:| User-Defined-Map_Liquefaction-Severeity-Number(LSN) .t
| u_'| User-Defined-Map_Probability- Of-Liquefaction(PL) bt

File name: | Open

Files of type: |Liquefaction Potential Index (LPT) (*.txt) - Cancel

Liquefaction Hazard (*.txt)
Liguefaction Severity Number (LSN) (% txt] [

tion Potenti

Probabiity of Liquefaction (PL) (*.txt)

In user-supplied maps in terms of LPI indicator, five qualitative levels of hazard classification are used
for range labels: Non-Liquefaction Risk, Low Liquefaction Risk, Moderate Liquefaction Risk, High
Liquefaction Risk, and Very High Liquefaction Risk. Below is an example of user-supplied liquefaction
hazard map in terms of LPI and which can be imported as unformatted TXT file.

LIQUEFACT Project — EC GA no. 700748
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@) Example_User-Defined-Map_Liquefaction-Potential-Index(LPI).txt - Notepad - [}

File Edit Format View Help

#liquefaction Potential Index (LPI) for a given site for 475 Years Return Period ~

#In 4th Column: @: Non-liquefaction Risk / 1: Low Liguefaction Risk / 2: Moderate Liquefaction Risk / 3: High Liquefaction Risk / 4: very High Liguefaction Risk

#ID Longitude Latitude LPI-Classification

1 24.024000 71.028000 a

2 24.0947000 71.927000 e

3 24.654000 70.988000 1

4 24.677000 70.986000 1

5 24.747000 70.982000 2

6 24.980000 70.966000 2 A
Unix (LF) Ln1, Col 40 100%

2.2.2.1.4 User-Supplied Probability of Liquefaction (PL) Map

To import map in terms of Probability of Liquefaction (PL) indicator: user is first required to select
“Liquefaction Hazard” at section Files of type, and then import the map file from the folder where is
located.

Type of Analysis and Geographical Region Hazard Data Input Risk Data Input

Liquefaction Hazard Model Seismic Hazard Model

Liquefaction profile type |User-Defined

Please select the file

hﬂIQUEFACT-INPUT-DATAIZ1_User-Deﬁned Liquefaction HazardUser-Defined-Map_Liquefaction-Hazard-Level, txt Browse...

0 Open User-Defined Liquefaction Hazard File hed

Look in: w  D:\Dropbox (NORSAR)\2016_HOR... -Defined Liquefaction Hazard = o Q 0 @ @ E]

] My Computer MName
bdel u_'| User-Defined-Map_Liquefaction-Hazard-Level bt
abdel .
z | User-Defined-Map_Liquefaction-Potential-Index(LPI).bet

uj User-Defined-Map_Liquefaction-Severeity-Mumber(L5M). bt
| u_'| User-Defined-Map_Probability- Of-Liquefaction(PL) bt

File name: Open

Files of type: |Probabiity of Liquefaction (PL) (* txt) Cancel
Liquefaction Hazard (*.txt)
Liquefaction Severity Number (LSN) (*. txt) [
Liguefaction Potential Index (LPI) (¥, txt

obabiity of Lig tio

4

In user-supplied maps in terms of PL indicator, five qualitative levels of hazard classification are used
for range labels: Non-Liquefaction Risk, Low Liquefaction Risk, Moderate Liquefaction Risk, High
Liquefaction Risk, and Very High Liquefaction Risk. Below is an example of user-supplied liquefaction
hazard map in terms of PL and which can be imported as unformatted TXT file.
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a

File Edit Format View Help

#Probability of Liquefaction (PL) for a given site for 475 Years Return Period

# In 4th Column: @: Non-lLiquefaction Risk / 1: Low Liquefaction Risk / 2: Moderate Liquefaction Risk / 3: High Liquefaction Risk / 4: very High Liquefaction Risk

-

#ID Longitude Latitude PL-Classification

1 24.024000 71.028000 2]

2 24.0470080 71.827080 a

3 24.654000 70.988000 1

a 24.677000 70.986000 1

5 24.747000 70.982000 2

6 24.980000 70.966000 2 v

Unix (LF) Ln1, Col 38 100%

2.2.2.2  Pre-Defined Liquefaction Hazard

The concept of “Pre-Defined” for liquefaction hazard consists of using the embedded Geo-referenced
macrozonation liquefaction hazard maps covering the European territory (Carlo et al 2018). Note that
this type of analysis is recommended only if users want to conduct liquefaction hazard analysis at
continental or large region-scale level. The macrozonation maps are characterized by a return period
of 475, 975 and 2475 years, and use three qualitative levels of hazard classification for range labels:
Non-susceptible, No Liquefaction, and Liquefaction.

NOTE: In the LIQUEFACT software, when user-supplied liquefaction hazard maps are used through the
selection of Pre-Defined option, location-specific levels of liquefaction hazard are not interpolated,
and closest location-specific to a given asset is assigned for the evaluation of liquefaction risk.

Type of Analysis and Geographical Region Hazard Data Input Risk Data Input
Liquefaction Hazard Model Seismic Hazard Model
Liquefaction profile type Pre-Defined -

Select the return period

O 475 years
(®) 975 years
(O 2475 years

2.2.3 Seismic Hazard Model

A key point in liquefaction hazard assessment is the provision of seismic ground motion, in general,
generated and integrated in the form of contour maps and location-specific seismic demands. In the
LIQUEFACT software, input data related to earthquake hazard is required only if quantitative
liguefaction assessment is carried-out. When User-Defined or Pre-Defined in the Liquefact Hazard
Model module are selected, the module of Seismic Hazard Model is not activated as no information

related to earthquake is needed.
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2.2.3.1 Seismic Hazard Analysis

In the LIQUEFACT software, the spatial distribution of ground motion can be determined using one of
the following methods or sources:

e Scenario Earthquake (repeat of any potential earthquake event);

e Pre-Defined Uniform Hazard map (probabilistic ground motion maps e.g. Share.eu);

e User-Defined Seismic Hazard map (can be based on probabilistic or deterministic ground
motion analysis).

Type of Analysis and Geographical Region Hazard Data Input Risk Data Input

Liquefaction Hazard Model Seismic Hazard Model

Hazard Analysiz |Scenario Earthquake
Scenario Earthquake
Please input | Pre-Defined Uniform Hazard
User-Defined Seismic Hazard

2.2.3.1.1 Scenario Earthquake

A scenario earthquake can be either an historic earthquake or a hypothetical earthquake and can be
defined using a set of parameters. The software assumes a simple rectangular rupture plane where
the size of the rectangle is decided by the earthquake magnitude through the Wells and Coppersmith
(1994) relations.

The earthquake source parameters can be defined using the screen that comes up once Scenario
Earthquake option is selected from the Seismic Hazard Pull-down Menu and the Seismic Hazard Tab
is selected.

Liquefaction Hazard Model Seismic Hazard Model
Hazard Analysis | Scenario Earthquake -

Flease input the Earthgquake Parameters

Latitude | | Longitude | |
Focal Depth (km) | | Magnitude | |
Strike® |El : north | Dip* |El: harizontal |
A ||:u|'|:-dl.||:ti'-.-'it'-; | B |b-'-.-'a|l.|e |
Fault Mechanism Mormal ~

Attenuation Table Boore and Atkinson (2008) NGA - View. ..

*Positive clockwise.
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These earthquake parameters are:

*positive clockwise.

| Atkinson and Boore (2003) Interface . |
User Defined

Latitude and Longitude | Latitude and Longitude of the epicenter of the scenario earthquake in degrees
(defined using decimals). Note: In case of large ruptures this should be given as the
center point of the presumed rupture rectangle.

Focal Depth Focal depth in km. The depth corresponds to the depth at the longitude/latitude
given above.

Magnitude Magnitude of the scenario earthquake

Strike Fault orientation in degrees from North.

Dip Dip angle in degrees from the horizontal plane.

Attenuation Attenuation relationships (also called Ground Motion Prediction Equations -

relationships GMPE) are used to calculate ground shaking demand for rock sites. The
attenuation models embedded in the LIQUEFACT software represents response
spectral acceleration ordinates, Sa(T), at 5% elastic damping. The values of the
spectral acceleration are in m/s2. The influence of any earthquake is set to zero for
distances exceeding 300 km.

]
Attenuation Table View... 7

)/
)

0.01 | \ ......
4 \
0.001

0.0001

T T
10 100

Distance (km)
— PGA Sa (t=0.055) — Sa(t=0.1s) — Saf(t=0.2s)  5a (t=D0.5s)
Sa(t=1s) — Sa(t=1.58) =— Sa(t=2s) =— Sa(t=3s)

Close

User-Defined Attenuation Tables

Introducing your own attenuation model is possible and easy. The format of attenuation model

follows the one described below and is imported as an unformatted text file (e.g. from WordPad). The

example shows the first of 9 blocks (9 periods are used; values of the periods are in blue color). Each

block specifies ground shaking prediction (in yellow color) computed for 10 magnitude (rows
corresponding to Mw of 5.0, 5.5, 6.0, 6.5, 7.0, 7.5, 8.0, 8.5, 9.0 and 9.5) and 20 predefined distances
(in green color). [texts in red are just for comments].

Browse...

Attenuation Table User Defined - View. ..
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Periods 9 one block for each period (shown in blue color)

Depth All indicating that the relation is independent of depth

Distance-type 2 indicating that distance type is Epicentral (see table below for other type of distances)
Sigma 0.56  sigma of the GMPE model to be used for computation of annual frequency of exceedance

Distances  1.00E+00 1.35E+00 1.82E+00 2.46E+00 3.32E+00 4.49E+00 6.06E+00 8.18E+00 1.10E+01 1.49e+01 2.01E+01 2.72E+01 3.67E+01 4.95E+01 6.69E+01 9.03E+01 1.22E+02 1.65E+02 2.22E+02 3.00E+02
1.00E-03

1.73E+00  L17E+00 1.12E+00 1.04E+00 9.44E-01 8.31E-01 7.11E-01 5.96E-01 4.89E-01 3.94E-01 3.12E-01 2.41E-01 1.81E-01 1.30E-01 8.91E-02 5.68E-02 3.30E-02 1.69E-02 7.25E-03 2.47E-03 for Mw=5.0
2.40E+00  1.30E+00 1.28E+00 1.24E+00 1.18E+00 1.10E+00 9.87E-01 B8.64E-01 7.36E-01 6.11E-01 4.96E-01 3.92E-01 3.00E-01 2.21E-01 1.54E-01 1.00E-01 5.91E-02 3.08E-02 1.35E-02 4.68E-03 for Mw=5.5
3.16E+00 1.37E+00 1.36E+00 1.34E+00 1.32E+00 1.28E+00 L.21E+00 L.12E+00 1.00E+00 8.72E-01 7.33E-01 5.97E-01 4.69E-01 3.53E-01 2.51E-01 1.67E-01 1.01E-01 5.33E-02 2.38E-02 8.41E-03 for Mw=6.0
3.96E+00  1.38E+00 1.38E+00 1.38E+00 1.37E+00 1.35E+00 1.32E+00 1.28E+00 1.20E+00 1.11E+00 9.79E-01 8.34E-01 6.80E-01 5.28E-01 3.86E-01 2.62E-01 1.61E-01 8.74E-02 3.98E-02 1.43E-02 for Mw=6.5
4.42E+00 1.25E400 1.25E+00 1.25E+00 1.25E+00 1.24E+00 1.23E+00 1.21F+00 1.18E+00 1.14E+00 1.06E+00 9.55E-01 8.22E-01 6.69E-01 5.09E-01 3.58E-01 2.27E-01 1.26E-01 5.86E-02 2.16E-02 for Mw=7.0
4.56E+00 1.01E+00 1.01E+00 1.01E+00 1.01E+00 1.01E+00 1.00E+00 9.97E-01 9.86E-01 9.68E-01 9.37E-01 8.86E-01 8.09E-01 7.01E-01 5.68E-01 4.21E-01 2.80E-01 1.61E-01 7.78E-02 2.95E-02 for Mw=7.5
4.70E+00 7.25E-01 7.25E-01 7.25E-01 7.25E-01 7.24E-01 7.23E-01 7.21E-01 7.18E-01 7.12E-01 7.01E-01 6.81E-01 6.49E-01 5.97E-01 5.19E-01 4.17E-01 2.99E-01 1.85E-01 9.48E-02 3.78E-02 for Mw=8.0
4.85E+00  4.01E-01 4.01E-01 4.01E-01 4.01E-01 4.00E-01 4.00E-01 4.00E-01 3.99E-01 3.97E-01 3.94E-01 3.88E-01 3.79E-01 3.62E-01 3.34E-01 2.91E-01 2.31E-01 1.60E-01 9.13E-02 4.03E-02 for Mw=8.5
5.00E+00  1.31E-01 1.31E-01 1.31E-01 1.31E-01 1.31E-01 1.31E-01 1.31E-01 1.31E-01 1.30E-01 1.30E-01 1.29E-01 1.27E-01 1.24E-01 1.19E-01 1.096-01 9.51E-02 7.47E-02 4.99-02 2.62E-02 for Mw=9.0
5.16E+00  1.58E-02 1.58E-02 1.58E-02 1.58E-02 1.57E-02 1.57E-02 1.576-02 1.576-02 1.57E-02 1.57E-02 1.56E-02 1.55E-02 1.53E-02 1.49E-02 1.43E-02 1.326-02 1.14E-02 8.86E-03 5.73E-03 for Mw=0.5
5.00E-02

3.54E+00  2.32E+00 2.21E+00 2.05E+00 1.85E+00 L.61E+00 1.36E+00 L.12E+00 9.10E-01 7.23E-01 5.64E-01 4.296-01 3.17E-01 2.25E-01 1.52E-01 9.53E-02 5.45E-02 2.74E-02 1.16E-02 3.90E-03 for Mw=5.0
4.79E+00  2.49E+00 2.44E+00 2.36E+00 2.23E+00 2.06E+00 1.B4E+00 1.60E+00 1.35E+00 1.11E+00 8.87E-01 6.92E-01 5.23E-01 3.79E-01 2.61E-01 1.67E-01 9.77E-02 5.02E-02 2.17E-02 7.43E-03 for Mw=5.5
5.99E+00 2.44E400 2.42E+00 2.39E+00 2.34E+00 2.26E+00 2.14E+00 1.97E+00 1.76E+00 1.51F+00 1.26E+00 1.02E+00 7.89E-01 5.87E-01 4.13E-01 2.71E-01 1.62E-01 8.47E-02 3.74E-02 1.31E-02 for Mw=6.0

£QIE4NN 7 IAELNN 7 ISELON 7 AEL00 2 2IEAO0 7 INELON D 1SELNN 2 NTE4L0N 1 9SE400 1 726400 1 S7ELNN 1226400 1 07E4N0 R ISEN1 SGPEN1 ANIEN] JASEN]L 129601 SG2E07 219602 farBAw-6E

Type of distance to be used for the attenuation table (see Provision of Seismic Demand)

Value Distance Type
1 for (or blank) Focal
2 for Epicentral
3 for Joyner and Boore
4 for Closest to rupture area (Rrup)

2.2.3.1.2 Pre-Defined Seismic Uniform Hazard

The SHARE project probabilistic seismic hazard contour maps for Euro-Mediterranean Region has been
embedded in the LIQUEFACT software, to be used as basis to ground shaking in Pre-Defined Uniform
Hazard type analysis. The SHARE maps were produced for different return periods: 73 years (50% in
50 years), 102 years (39% in 50 years), 475 years (10% in 50 years), 975 years (5% in 50 years), 2475
years (2% in 50 years), 4975 years (1% in 50 years). The hazard values are referenced to a rock velocity
of Vs 30 = 800 m/s at 30 m depth. SHARE models earthquakes as finite ruptures and includes all events
with magnitudes MW24.5 in the computation of hazard values. SHARE introduces an innovative
weighting scheme that reflects the importance of the input data sets considering their time horizon,
thus emphasizing the geologic knowledge for products with longer time horizons and seismological
data for shorter ones.

Incorporation of SHARE hazard maps in the LIQUEFACT software

Liguefaction Hazard Model Seismic Hazard Model
Hazard Analysis |Pre-Defined Uniform Hazard ~

Select the return period

() 73 years
O 102 years
() 475 years
(®) 975 years
O 2475 years
(C) 4975 years
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In the LIQUEFACT software, when ground motion is based on the pre-defined hazard map, location-
specific values of ground shaking demands are interpolated between PGA or spectral acceleration
contours.

2.2.3.1.3 User-Defined Seismic Hazard

User-supplied PGA and spectral acceleration contour maps, e.g. resulted from a specific local or
regional seismic response analysis, may also be used. In this case, the user must provide all contour
maps in a pre-defined digital CSV, unformatted TXT or SHAPE file and a specific format as illustrated
in Table below: a file with 14 columns including: ID, Longitude, Latitude, PGA, Sa(T=0.10s), Sa(T=0.15s),
Sa(T=0.20s), Sa(T=0.25s), Sa(T=0.30s), Sa(T=0.50s), Sa(T=0.75s), Sa(T=1.00s), Sa(T=2.00s), Sa(T=3.00s),
Sa(T=4.00s)]. All the values of PGA and spectral acceleration must be in [g] unit. The user-supplied
hazard maps can be generated for rock site class condition or with including soil amplification.

Liquefaction Hazard Model Seismic Hazard Model
Hazard Analysis |User-Defined Seismic Hazard ~

Please select the file

Seismic ground motion file

n file Browse...

# Example of User-Supplied Ground Motion Parameters for a specific region, generated for 475 Years Return Period (10% in 50 years)

#1D Longitude Latitude PGA[g] Sa(T=0.10s)[g] Sa(T=0.15s)[g] Sa(T=0.20s)[g] Sa(T=0.25s)[g] Sa(T=0.30s)[g] Sa(T=0.50s)[g] 3a(T=0.75s)[g] Sa(T=1.00s)[g] Sa(T=2.00s)[g] Sa(T=3.00s)[g] Sa(T=4.00s)[g]
1 5.182134 59.9 0.085089 0.191032 0.197592 0.186229 0.158021 0.136942 0.078021 0.047766 0.032759 0.011382 0.004508 0.002388

26.482134 63.4 0.004324 0.012001 0.013011 0.013093 0.011202 0.009674 0.005249 0.002941 0.001921 0.000937 0.000901 0.000905
3 24.482134 59.2 0.018039 0.04895 0.050919 0.050172 0.043283 0.037243 0.0218%4 0.012977 0.008893 0.002714 0.000902 0.0009
4 38.082134 39.2 0.192157 0.420152 0.454613 0.409887 0.3779 0.346666 0.2336383 0.172791 0.12924 0.067278 0.048176 0.031169
3 19.382134 65.8 0.005734 0.014347 0.016457 0.016498 0.01396 0.012418 0.006783 0.003899 0.002596 0.000913 0.0009 0.000905
6 30.682134 65 0.009605 0.02673 0.028209 0.027507 0.023593 0.020385 0.011248 0.006424 0.004184 0.001207 0.000902 0.000902
7 23.182134 62.9 0.003514 0.009531 0.010578 0.010746 0.009104 0.007991 0.004268 0.002422 0.001602 0.000932 0.000902 0.000904
8 22.382134 50.5 0.018513 0.043666 0.048242 0.047676 0.042521 0.037382 0.02316 0.015046 0.010262 0.003713 0.001884 0.000914
9 14.382134 36.5 0.094162 0.199439 0.22003 0.202276 0.187579 0.170083 0.106751 0.072661 0.051912 0.02355 0.015128 0.008142
10 29.582134 45 0.07564 0.159391 0.170155 0.161404 0.142743 0.134295 0.094509 0.062557 0.044319 0.013004 0.009658 0.003721
11 -21.61787 62.7 0.067937 0.131042 0.152307 0.155848 0.150978 0.141428 0.101899 0.0818%4 0.061291 0.030521 0.022545 0.01309
12 -23.71787 64.4 0.163816 0.366356 0.381414 0.354818 0.319045 0.279772 0.186452 0.132528 0.096412 0.04713 0.031904 0.018621
13 16.482134 46.7 0.07059 0.152713 0.169925 0.158087 0.141243 0.129766 0.081599 0.056201 0.039323 0.017174 0.011102 0.005845
14 16.982134 50.6 0.030479 0.070876 0.073818 0.070435 0.06102 0.052235 0.030042 0.018069 0.012193 0.003548 0.001752 0.0009

Note that in the LIQUEFACT software when ground motion is based on user-supplied maps, location-
specific values of ground shaking demands are interpolated between PGA or spectral acceleration
contours.

2.2.3.2  Ground Amplification (Response Spectrum)

The values of ground shaking demand obtained from the different methodologies/options described
above are in general computed for rock condition, and which then amplified by factors based on local
soil conditions. This can be done using one of the following alternatives:

e Use of response spectrum Code-Design: where Eurocode-8 spectrum types are incorporated
in the LIQUEFACT software.

e Use of Site-Specific option which requires Vs profiles supplied by the user.
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2.2.3.2.1 Code-Design

Two different types of design spectra are provided within Eurocode 8 (CEN, 2004). This is mainly done
in order to account for the differing level of seismic hazard in Europe and the different earthquake
types susceptible to occur. In case that earthquakes with a surface-wave magnitude Ms > 5.5 are
expected, it is suggested to use Spectrum Type 1, else (Ms < 5.5) Type 2. The question which spectrum
type to choose for a specific region should be based upon “(...) the magnitude of earthquakes that are
actually expected to occur rather than conservative upper limits defined for the purpose of probabilistic
hazard assessment”.

Below is an example of user-supplied data for soil classification in terms of EC8 code design and which
can be imported as tab-separated CSV files, unformatted TXT files or SHAPE files (ESRI defined

formats).
|
File Edit Format View Help
#ID-Ground-Amp-Profile Latitude Longitude Soil Type [
Gael 44.79871161 11.48438873 ECB-Type-1-C
Gae2 44.79871161 11.485208821 ECB-Type-1-C
Gee3 44.79871161 11.4860277 ECB-Type-1-C
Geed 44.79871161 11.48684718 ECB-Type-1-D
Gaes 44.79871161 11.48766667 ECB-Type-1-D
Geos 44.79871161 11.48848616 ECB-Type-1-D
Gee7y 44.79871161 11.48930564 ECB-Type-1-D
Gees 44.79871161 11.41012513 ECB-Type-1-D
Gae9 44.79871161 11.41094462 EC8-Type-1-D v
< >
Windows (CRLF) Ln2, Col 1 100%

The imported ground amplification profiles data can be edited and modified in the software, and the
location of the profiles can also be viewed on the GIS platform of the LIQUEFACT software.

Response Spectrum Code-Design -
Ground Amp Profile Latitude Longitude Soil Type @
1 G001 44798712 11.404389  EC3-Type-1-C 4]
2 002 44798712 11405208 EC8-Type-1-C g
5008 b= 5 254 [}
4 44.798712 11.406847 EC8-Type-1-D -] ] [
g5 24 257
ZEm A5\ !
[l 3] [ 3
6 44.798712 11.408486  EC8-Type-1-D B 515 43 . 24 / \
N & — 4
=0 ] \ 25
[ [
B ] o
8 44798712 11410125 5 ] \ og ] \
Z 05 =9 1
9 G009 44798712 11410945 ] [uls] ]
] E [u] q \
10 Golo 44798712 11411764 U=s : - - - - , © 03 L
- o 05 1 15 2 25 3% ———
1 Got1 44798712 11.412584 Period T (s) 03 ; ; ; | | | | ;
12 G012 44.798712 11.413403 - ~ Soi Type ECB-Type-1D o 05 1 15 2 25 3 35 4
13 Go13 44798712 11414223 EC8-Type-1-C 1 Pl 1)
= Soil Type EC3-Type-1-C
14 G014 44.798712 11415042 ECB-Type-1-C
15 G015 44.798712 11.415862  EC8-Type-1-C —
16 GO16 44.799395 11.404389 EC8-Type-1-C L
Add row Delete rows View... Import... Export...
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NOTE: In case that user-supplied maps already include soil amplification, then in Response Spectrum
section Soil Type to be defined as class A (i.e. EC8-Type-1-A or EC8-Type-2-A) referencing rock site
condition. This means that the user-supplied ground motion values will not be amplified again (it will
simply be multiplied by 1).

2.2.3.2.2 Site-Specific

e In the case of Scenario Earthquake, LIQUEFACT software is using the embedded attenuation
relationships to compute the corresponding ground motion estimates using average shear-
wave velocity Vs 3o in order to amplify the ground motion. This Vs 30 value is user-supplied as
input data.

e Inthe case of Pre-Defined or User-Defined Seismic Hazard (where ground motion map for rock
site condition is already computed in terms of PGA values and full spectral acceleration
contours), the ground motion is amplified using the soil amplification factors provided by IBC-
2006 (ICC, 2006) by assigning a Vs 30 value that agrees with the soil type.

Below is an example of user-supplied data for soil classification in terms of Vs 30 values and which can
be imported as tab-separated CSV files, unformatted TXT files or SHAPE files (ESRI defined formats).
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o ImportData_GroundAmp_SiteSpecific.tt - Notepad — O
File Edit Format View Help
#ID-Ground-Amp-Profile Latitude Longitude Soil [Ws38 in m/s] A
Geal 44,79871161 11.48438873 193
Geaz 44.,79871161 11.48528821 193
Gea3 4479871161 11.4860277 193
Gead 44,798711e1 11.48684718 le3
Geas 44.,79871161 11.48766667 162
Geas 44,79871161 11.48848616 158
Gea7 4479871161 11.48938564 153
Geas 44.,79871161 11.41812513 152
Geas 44,79871161 11.41894462 153 v
< >
Windows (CRLF) Ln 16, Col 8 100%

The imported ground amplification profiles data can be edited and modified in the software, and the
location of the profiles can also be viewed on the GIS platform of the LIQUEFACT software.

Response Spectrum Site-Specific 7
Ground Amp Profile Latitude Longitude Soil (Vs30 in m/s) )
1 G001 44798712 11.40438%  193.00
3 G003 44798712 11.406028 193.00
4 G004 44798712 11.406847  163.00
5 G005 44798712 11.407667  162.00 v
Add row Delete rows Import... Export...
Mg Vew 3 &=
v 1 e F——
[ Reggon
Markers
= Locators

[ Beourd amification arafies
] Ligpamfnc o grefien:
[ Miarker latreis

Haunard g

b © ibibderia Fonahabion | Bt © Coomnice an contrbutors

NOTE:
e The imported ground amplification profiles data can be edited and modified in the software.
e |ncase that user-supplied maps already include soil amplification, then in Response Spectrum
section values of velocity Vs 30 >800m/s, referencing rock site condition, to be assigned for soil.
2—45
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This means that the user-supplied ground motion values will not be amplified again (it will
simply be multiplied by 1).

2.3 Risk Data Input

For Risk Analysis, depending on what level of analysis is chosen and output is requested, different
numbers of input files should be imported. Two categories of data are to be provided: input data for
Risk Modelling and input data for Assets Modelling (Portfolio Data).

2.3.1 Risk Modelling
In the section Risk Assessment (in Module Type of Analysis and Geographical Region):

1. If Physical impact is selected: then in Risk Modelling only Vulnerability Data Input module is

activated, and users will be required to import vulnerability models and portfolio data with
structural characteristics-related information.

Type of Analysiz and Geographical Region Hazard Data Input Risk Data Input
Type of analysis
Assessment analysis |Hazard & Risk -
Risk assessment Physical Impact hd

Mitigation analysis MNone

Type of Analysis and Geographical Region Hazard Data Input Risk Data Input

Risk Modelling Paortfolio Data

Vulnerability Data Input Economic Business Activity Data Input
Path to fragility files | Browse...
Vulnerability Model | Liguefaction * | | Conventional ¥

Typelegy Period T1 Ground Shaking Fragility  Fragility IM_GS  Capacity

Add row Delete rows | | Show table... View. .. Import. .. Export...

Profile assignment | Closest Distance to Point Without Interpolation ™
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2. If Physical impact & Economic is selected: in Risk Modelling both Vulnerability Data Input and
Economic & Business Activity Data Input are activated. In this case, users will also be required
to import economic and business activity input data, in addition to the vulnerability models
and portfolio data with structural characteristics-related information.

Type of Analysis and Geographical Region Hazard Data Input Risk Data Input

Type of analysis
Assessment analysis | Hazard &Risk -

Risk assessment Physical Impact & Economic hd

Mitigation analysis Mone

Type of Analysis and Geographical Region Hazard Data Input Risk Data Input

Risk Madeling Portfolio Data

Vulnerability Data Input Economic Business Activity Data Input

Path to fragility files | | Browse...

Vulnerability Model | Liguefaction ¥ | Conventional

Typology Pericd T1 Ground Shaking Fragility  Fragility IM_GS  Capacity

Add row Delete rows | Show table... View. .. Import. .. Export...

Profile assignment | Closest Distance to Point Without Interpolation

2.3.1.1  Vulnerability Data Input
In this module user is required to define the followings:

1. Vulnerability model to be used for the computation of damage and loss ratio on asset/assets
(buildings or infrastructures). The software incorporates options to define vulnerability model that

will be used for risk analysis:
- Liguefaction: where user-supplied liquefaction fragility models are to be imported.

- Ground Shaking and Liquefaction: where user-supplied ground shaking fragility models are
imported in addition to liquefaction fragility models.
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- Liguefaction (Built-in): to make use of the pre-defined fragility models embedded in the

software.

Type of Analysis and Geographical Region Hazard Data Input Risk Data Input

Risk Modelling Portfolio Data

Vulnerability Data Input Economic Business Activity Data Input

Path to fragility files Browse. ..

Vulnerability Model |Li Conventional ~

Typology Periouquefacﬁon (Built-In) ' IM_Lg

Ground Shaking and Liguefaction

Add row Delete rows | | Show table... View, .. Import... Export...

Profile assignment | Closest Distance to Point Without Interpolation =

2. Select method of Loss Analysis to be implemented for the computation of damage and loss ratio.
3. Path to the fragility files that will be used for the computation of damage and loss ratio.

4. Definition how liquefaction demand will be assigned (through Profile assignment) to a given asset

for the computation of damage and loss ratio.

2.3.1.1.1 Liguefaction Vulnerability Model

For the implementation of Liquefaction vulnerability analysis, user-supplied List of Liquefaction
Fragility models should be imported as following:

1. Click the Import button to import the file with list of the Liquefaction fragility models. The file
can be imported as tab-separated CSV or unformatted TXT, containing the following
information:

- Typology: code-name of a given material and structural system typology of the
structure/infrastructure;

- Period(T1): fundamental periods of the structures/infrastructures [in sec];

- LiguefactionFragility: file names of liquefaction fragility models
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- LQF_IM: intensity measure of the liquefaction models (it can be PGA, Sa, LSN, Differential
Settlement -GD).

Example of List of Liquefaction Fragility models file imported as CSV/TXT

|

File Edit Format View Help

#Typology Period(T1) LiquefctionFragility(LQF) LQF_IM
RCF1r-LC 8,16 LQF_RCF1r-LC GD
RCFmr-LC 9,32 LQF_RCFmr-LC GD
RCFhr-LC 8,46 LQF_RCFhr-LC GD
URMLr-PC 8,10 LQF_URMLr-PC GD
URMmr-PC 8,25 LQF_URMmr-PC GD

Ln 6, Col 31 100%  Windows (CRLF) UTF-8

Type of Analysis and Geographical Region Hazard Data Input Risk Data Input

Risk Modelling Portfolio Data

Vulnerability Data Input Economic Business Activity Data Input

Path to fragility files Browse...
Vulnerability Model | Liquefaction * | |Conventional ~
Typolegy  Period T1 - Liquefaction Fragility  Fragility IM_Lg
1 RCFIr-LC 06 LOF_RCFIr-LC GD
2 RCFmr-LC 0.32 LQF_RCFmr-LC GD
3 RCFhr-LC 0.46 LQF_RCFhr-LC GD
4 URMIr-PC 010 LOF_URMIr-PC GD
5 URMmr-PC 0.25 LOF_URMrmr-PC GD
Add row Delete rows | | Show table... VieW... Impaort... Export...

Profile assignment | Closest Distance to Point Without Interpolation =

The imported list of Liquefaction fragility models can be modified or updated by double click
on any selected row representing a given liquefaction fragility model. It is also possible to Add
or Delete any row/model. After any editing, the list of fragility models file can be exported
and saved as tab-separated CSV by clicking on Export button.

LIQUEFACT Project — EC GA no. 700748



LIQUEFACT
Deliverable 6.6

Thisprojct s received funing LIQUEFACT Software — Technical Manual and Application
rom the European Union’s
Horizon 2020 ;r)esearch and V. 1.0

innovation programme under
grant agreement No. 700748

Type of Analysis and Geographical Region Hazard Data Input Risk Data Input

Risk Modelling Fortfolio Data

Vulnerability Data Input Economic Business Activity Data Input

Path to fragility files | Browse...
Vulnerability Model |Liquefaction * | Conventional =
Typology Period T1 Liquefaction Fragility Fragility IM_Lg

1 RCFI-LC 016 LQF_RCFIr-LC GD
2 RCFmr-LC 032 LOF_RCFmr-LC GD
:
4 URMIr-PC 0.0 LQF_URMIr-PC GD
5 URMmr-PC 0.23 LQF_URMmr-PC GD

Add row Delete rows | | Show table... View... Import... Export...

Profile assignment | Closest Distance to Point Without Interpolation =

2. Select which method of Loss Analysis to be implemented: LIQUEFACT software incorporates
two procedures for the computation of physical damage and loss ratio for a given liquefaction
demand: Conventional procedure or ESP-based (Equivalent Soil Profile based) method.

Type of Analysis and Geographical Region Hazard Data Input Risk Data Input

Risk Modelling Portfolio Data

Vulnerability Data Input Economic Business Activity Data Input

Path to fragiity files Browse...

Vulnerability Model |Liguefaction R

Typology  Period T1  Liquefaction Fragility Fra ESPBased |
1 RCFIr-LC 0.8 LGF_RCFIr-LC GD
2 RCFmr-LC 0.32 LQF_RCFmr-LC GD
3 RCFhr-LC 048 LGF_RCFhr-LC GD
4 URMIr-PC 0.0 LGF_URMIr-PC GD
5 URMmr-PC 0.25 LOF_URMmr-PC GD
Add row Delete rows | | Show table... ViEW. .. Import... Export...

Profile assignment | Closest Distance to Point Without Interpolation =
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3. At the section Profile assignment, users can define how liquefaction severity indicators

resulted from liquefaction profiles will be assigned to the assets (buildings, infrastructures)
for the computation of liquefaction demand, the associated damage and loss ratio. Users will
have to choose one of the following options:

Closest Distance to Point Without Interpolation: the assigned value of liquefaction severity

indicator is directly resulted from the closest liquefaction profile at the location of a given
asset or the closed to it.

Closest Distance to Point After Interpolation: the assigned value of liquefaction severity

indicator is directly resulted from interpolation, at the location of a given asset.

Type of Analysis and Geographical Region Hazard Data Input Risk Data Input

Risk Modelling Portfolio Data

Vulnerability Data Input Economic Business Activity Data Input

Path to fragility files | Browse...
‘ulnerability Model |Liguefaction ¥ | |Conventional -
Typology Peried T1  Liguefaction Fragility  Fragility IM_Lg
1 RCFr-LC 016 LQF_RCFIr-LC GD
2 RCFmr-LC 0.32 LQF_RCFmr-LC_3DLS GD
3 RCFhr-LC 046 LGF_RCFhr-LC GD
4 URMIr-PC 0,10 LQF_URMIr-PC GD
5 URMmr-PC 0.25 LOF_URMmr-PC GD
Add row Delete rows | | Show table... View... Import... Export...

Profile assignment |Closest Distance to Point Without Interpolation  ~

t Inte
Closest Distance to Paint After Interpolation

2.3.1.1.2 Ground Shaking and Liquefaction Vulnerability Model

By selecting this option, the software will implement loss analysis as following: 1) computation of
damage and loss ratio considering liquefaction hazard (in combination with ground shaking); 2)
computation of damage and loss ratio considering ground shaking hazard only. Having results from
these different analyses will allow the comparison and an extra cross-checking of the results.

For the implementation of Ground Shaking and Liquefaction vulnerability analysis, user-supplied List

of Liquefaction Fragility models should be imported as following:

1. Click the Import button to import the file with list of the fragility models. The file can be
imported as tab-separated CSV or unformatted TXT, containing the following information:

2—-51

LIQUEFACT Project — EC GA no. 700748



LIQUEFACT
Deliverable 6.6

Thisprojct s received funing LIQUEFACT Software — Technical Manual and Application
rom the European Union’s
Horizon 2020 fesearch and V. 1'0

innovation programme under
grant agreement No. 700748

- Typology: code-name of a given material and structural system typology of the structure
or infrastructure;

- Period(T1): fundamental periods of the structures/infrastructures [in sec];

- GroundShakingFragility: file names of ground shaking fragility models

- GSF_IM: intensity measure of the ground shaking models (it can be PGA, Sa, LSN,
Differential Settlement -GD).

- Capacity: file names of capacity curves [in meter] and is required to be defined only if
ground shaking fragility curves are based on Spectral Displacement (Sd) intensity
measure. If not than just write NA.

- LiguefactionFragility: file names of liquefaction fragility models

- LQF_IM: intensity measure of the liquefaction models (it can be PGA, Sa, LSN, Differential
Settlement -GD).

Example of imported List of Ground Shaking and Liquefaction Fragility models:

|

File Edit Format View Help

#Typology Period(T1) GroundShakingFragility (GSF) GSF_IM Capacity LiquefctionFragility(LQF) LQF_IM
RCF1r-LC a,16 GSF_RCF1r-LC Sd G5Cap_RCF1r-LC LQF_RCF1r-LC GD
RCFmr-LC 8,32 GSF_RCFmr-LC sd GSCap_RCFmr-LC  LQF_RCFmr-LC GD
RCFhr-LC @,46 GSF_RCFhr-LC Sd G5Cap_RCFhr-LC LQF_RCFhr-LC GD
URM1r-PC a,le GSF_URM1r-PC PGA NA LQF_URM1r-PC GD
URMmr-PC @,25 GSF_URMmr-PC PGA NA LQF_URMmr-PC GD

Lng, Col 41 100%  Windows (CRLF) UTF-8
Type of Analysis and Geographical Region Hazard Data Input Risk Data Input
Risk Modelling Portfolio Data
Vulnerability Data Input Economic Business Activity Data Input
Path to fragility files | Browse...
Vulmerahility Model |Ground Shaking and Liquefaction * | | Conventional ~
Typology Period T1 Ground Shaking Fragility  Fragility IM_GS Capacity Liquefaction Fragility Fragility IM_Lg

1 RCFIr-LC 0.6 GSF_RCFIr-LC Sd G5Cap_RCFIr-LC LQF_RCHIr-LC GD

2 RCFmr-LC 032 GSF_RCFmr-LC Sd G5Cap_RCFmr-LC LQF_RCFmr-LC GD

3 RCFhr-LC 046 GSF_RCFhr-LC Sd G5Cap_RCFhr-LC LQF_RCFhr-LC GD

4 URMIr-PC D.10 GSF_URMIr-PC PGA PGA LOF_URMIr-PC GD

5 URMmr-PC 0.25 GSF_URMmr-PC PGA PGA LQF_URMmr-PC GD

Add row Delete rows | |Show table... View... Import... Export...

Profile assignment | Closest Distance to Point Without Interpolation  ~

The imported list of Ground Shaking Liquefaction fragility models can be modified or updated
by double click on any selected row representing a given liquefaction fragility model. It is also
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possible to Add or Delete any row/model. After any editing, the list of fragility models file can
be exported and saved as tab-separated CSV by clicking on Export button.

Type of Analysis and Geographical Region Hazard Data Input Risk Data Input

Risk Modelling Portfolio Data

Vulnerability Data Input Economic Business Activity Data Input

Path to fragility files ‘ | Browse...

Wulnerability Model | Ground Shaking and Liquefaction ¥ | Conwentional ~

Typology Period T1 Ground Shaking Fragility Fragility IM_GS Capacity Liquefaction Fragility Fragility IM_Lq
1 RCFIr-LC 016 GSF_RCFIr-LC Sd GSCap_RCFIr-LC LGF_RCFIr-LC GD
2 RCFmr-LC 032 GSF_RCFmr-LC G5Cap_RCFmr-LC LOF RCFmr-LC
: --
4 URMIr-PC 0.0 GSF_URMIr-PC LOF_URMIr-PC
5 URMrnr-PC 0.25 GSF_URMrnr-PC PGA PGA LOF_URMemr-PC GD
Add row Delete rows | | Show table... View... Import... Export...

Profile assignment |Closest Distance to Point Without Interpolation ¥

2. Select which method of Loss Analysis to be implemented: LIQUEFACT software incorporates
two procedures for the computation of physical damage and loss ratio for a given liquefaction
demand: Conventional procedure or ESP-based (Equivalent Soil Profile based) method.

Type of Analysis and Geographical Region Hazard Data Input Risk Data Input

Risk Modelling Portfolio Data

Vulnerability Data Input Economic Business Activity Data Input

Path to fragiity files ‘ | Browse...

Wulnerability Model | Ground Shaking and Liquefaction ¥

Typology  Period T1 Ground Shaking Fragility Capacity Liquefaction Fragility Fragility IM_Lg
1 RCFIr-LC 018 GSF_RCFIr-LC 5d G3Cap_RCFIr-LC LOF_RCFIr-LC GD
2 RCFmr-LC 032 GSF_RCFmr-LC 5d G5Cap_RCFmr-LC LOF_RCFmr-LC GD
3 RCFhr-LC 046 GSF_RCFhr-LC Sd GSCap_RCFhr-LC LQF_RCFhr-LC GD
4 URMIr-PC 010 GSF_URMIr-PC PGA PGA LOF_URMIr-PC GD
5 URMmmr-PC 0.25 GSF_URMmr-PC PGA PGA LGF_URMrnr-PC GD
Add row Delete rows | Show table... View... Import... Export...

Profile assignment | Closest Distance to Point Without Interpolation  +
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3. At the section Profile assignment, users can define how seismic load indicator (PGA, Sa, Sd)
resulted from ground amplification profiles and liquefaction severity indicators (PGA, Sa, LSN,
GD) resulted from liquefaction profiles will be assigned to the assets (buildings,

infrastructures) for the computation of seismic demand and liquefaction demand, the
associated damage and loss ratio. Users will have to choose one of the following options:

Closest Distance to Point Without Interpolation: the assigned value of seismic load indicator

and liquefaction severity indicator are directly resulted from the closest ground amplification
profile and liquefaction profile at the location of a given asset or the closed to it.

Closest Distance to Point After Interpolation: the assigned value of seismic load indicator and

liquefaction severity indicator are directly resulted from interpolation, at the location of a
given asset.

Type of Analysis and Geographical Region Hazard Data Input Risk Data Input

Risk Modelling Portfolio Data

Vulnerability Data Input Economic Business Activity Data Input

Path to fragility fles | Browse. ..

Vulnerability Model | Ground Shaking and Liguefacton = | | Conventional ~

Typolegy  Period T1 - Ground Shaking Fragility  Fragility IM_GS Capacity Liquefaction Fragility Fragility IM_Lg
1 RCFIr-LC 016 GSF_RCFIr-LC Sd GSCap_RCFIr-LC LQF_RCFIr-LC GD
2 RCFmr-LC 0.32 GSF_RCFmr-LC Sd GSCap_RCFmr-LC LQF_RCFmr-LC GD
3 RCFhr-LC 046 GSF_RCFhr-LC Sd GSCap_RCFhr-LC LQF_RCFhr-LC GD
4 URMIr-PC 0.10 GSF_URMIr-PC PGA PGA LOF_URMIr-PC GD
5 URMmr-PC 0.23 GSF_URMmr-PC PGA PGA LQF_URMmr-PC GD
Add row Delete rows | | Show table. .. View... Import. .. Export...

Profile assignment

Closest Distance to Point Without Interpalation
Closest Distance to Point After Interpolation

2.3.1.1.3 Fragility Models

In the LIQUEFACT software, Liquefaction and Ground Shaking Fragility models are assumed to take
the form of a lognormal cumulative distribution function having a median value and logarithmic
standard deviation, or dispersion.

1 IM
Plds|IM] =@ - |— - In|=
Bds IMdS
st, is the median value of intensity measure at which the building reaches the threshold of damage
state ds; 845, is the standard deviation of the natural logarithm of intensity measure for damage state
ds; @() is the standard normal cumulative distribution function.
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2.3.1.1.3.1 Intensity Measures for Fragility Models

LIQUEFACT software provides options in terms of intensity measures that can be used for user-
supplied liquefaction and ground shaking fragility models.

2.3.1.1.3.1.1 Intensity Measures for Liquefaction Fragility Models

For Liquefaction Fragility Model, the following intensity measures can be used as engineering demand
parameters for both, Conventional and ESP-based damage and loss analysis:

e Spectral Acceleration (Sa), where Median values must be provided in [g] unit.

e Peak Ground Acceleration (PGA), where Median values must be provided in [g] unit.

e Ground Deformation - Settlement (GD), where Median values must be provided in [g] unit.
e Lliguefaction Severity Number (LSN).

Type of Analysis and Geographical Region Hazard Data Input Risk Data Input

Risk Modelling Fortfolio Data

Vulmerability Data Input Economic Business Activity Data Input

Path to fragility files IIQUEFACT-INPUT-DAT.-'—\HD_\I'uInerabiIityDataInputhragCapacityCurves Browse...

Vulnerability Model | Liquefaction * | | Conventional ~
Typology Period T1 Liquefaction Fragility Fragility IM_Lg

1 RCFIr-LC 0.8 LOF RCFIr-LC GD

R R -

3 RCFhr-LC 046 LOF_RCFhr-LC
4 URMIr-PC 0.0 LGF_URMIr-PC

5 URMmr-PC 0.23 LOF_URMmr-PC GD

Add row Delete rows | | Show table... View. .. Import... Export...

Profile assignment |Closest Distance to Point Without Interpolation =

2.3.1.1.3.1.2 Intensity Measures for Ground Shaking Fragility Models

For Ground Shaking Fragility Model, the following intensity measures can be used as engineering
demand parameters for damage and loss analysis:

e Peak Ground Acceleration (PGA), where Median values must be provided in [g] unit.
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e Spectral Displacement (Sd), where Median values must be provided in meter unit [m].

Type of Analysis and Geographical Region Hazard Data Input

Risk Modelling Portfolio Data

‘ulnerability Data Input Economic Business Activity Data Input

Risk Data Input

Path to fragility files |

| Browse. ..

ulnerability Model | Ground Shaking and Liquefaction

Conventional ~

Typology Period T1 Ground Shaking Fragility Fragility IM_GS Capacity Liquefaction Fragility Fragility IM_Lq
1 RCFIr-LC 0.6 GSF_RCFIr-LC Sd GSCap_RCFIr-LC LQF_RCFIr-LC GD
2 RCFmr-LC 032 GSF_RCFmr-LC Sd GSCap_RCFmr-LC LQF RCFmr-LC GD
3 RCFhr-LC 046 GSF_RCFhr-LC 5d G5Cap_RCFhr-LC LQF_RCFhr-LC GD
4 URMIr-PC GSF_URMIr-PC PGA LQF_URMIr-PC

Y URMmr-PC G5F_URMmr-PC

Add row Delete rows | |Show table... View. .. Import... Export...

Profile assignment | Closest Distance to Point Without Interpolation  *

2.3.1.1.3.2 Liquefaction Fragility Models

The type and format of user-supplied liquefaction models to be imported depend on the type of loss
analysis procedure users wish to implement: Conventional procedure or Equivalent Soil Profile (ESP)
based procedure.

2.3.1.1.3.2.1 Liquefaction Fragility Models for ESP-based method

In the Equivalent Soil Profile (ESP)-based procedure, a given typology (building or infrastructure) is
represented by 22 ESP classes that are developed based on the thickness level of liquefiable layer, the
depth to the liquefiable layer, the level of strength of the liquefiable layer.

Concept of the 22 classes of Equivalent Soil Profile (ESP)

ESP classes Soil Resistance Thickness of Liquefiable Layer Thickness of Crust Layer
WLS Weak Large Shallow

WLM Weak Large Mid

WLD Weak Large Deep

WMS Weak Midsize Shallow

WMM Weak Midsize Mid

WMD Weak Midsize Deep

WTS Weak Thin Shallow

WTM Weak Thin Mid

WTD Weak Thin Deep
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MLS Midium Large Shallow

MLM Midium Large Mid

MLD Midium Large Deep

MMS Midium Midsize Shallow

MMM Midium Midsize Mid

MMD Midium Midsize Deep

MTS Midium Thin Shallow

MTM Midium Thin Mid

MTD Midium Thin Deep

SLX Strong Large

SMX Strong Midsize

STX Strong Thin

RXX Resist

ESP-based Liquefaction Fragility model for a given typology is a combination of fragility functions
representing: Intersotrey Drift of the Superstructure, Residual, Collapse, Foundation Titling. The ESP-
based liquefaction fragility functions must be created as separate files in format of tab-separated CSV.

1. IntersotryDrift Liquefaction Fragility:

To be defined for 22 ESP classes, and containing the followings:

e Code-name (Typology) as defined in the List of Liquefaction Fragility files.

e Median value of intensity measure at which the typology reaches a given threshold of damage
state. The median value can be in terms of PGA in g unit, Sa in g unit, Differential Settlement (GD)
in meter unit, or in LSN.

e Standard Deviation of the natural logarithm of intensity measure for a given damage state.

Regarding the definition of damage thresholds, the software considers three Damage Limit States for
the superstructure Interstory Drift liquefaction fragility. The following definition is recommended:
Structural DS1 for limit of 0.005% (8ss,0.005), Structural DS2 for limit of 0.01% (8ss,0.01), and Structural DS3
for limit of 0.02% (Bss,0.02).

Example of user-supplied IntersotryDrift Liquefaction Fragility functions for MILD class (one of the 22
classes) in terms of Spectral Acceleration Sa. Each damage limit state is represented by a Median value
(in g unit) and Standard Deviation value. (MUST be imported as tab-separated CSV file).

=

File Edit Format View Help

#Typology Bss_8.885 STD_ss@.8e5 fss_0.81 STD_ss@.el Bss_0.82 STD_ss8.82
RCF1r-LC 899514.8497 8.148971486 1599514.85 7.148971486 3@99514.85 6.148971486

Ln1, Col1 100%  Windows (CRLF) UTF-8

2. Residual Liquefaction Fragility:

To be defined for 22 ESP classes, and containing the followings:
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e Code-name (Typology) as defined in the List of Liquefaction Fragility files.

e Median value of intensity measure at which the typology reaches a given threshold of damage
state. The median value can be in terms of PGA in g unit, Sa in g unit, Differential Settlement (GD)
in meter unit, or in LSN.

e Standard Deviation of the natural logarithm of intensity measure for a given damage state.

Regarding the definition of damage thresholds, the software considers one Damage Limit State:
Residual Interstory Drift, which represents large residual interstory drift that exceeded the repairable
limit of 0.005% (Sullivan et al. 2012).

Example of user-supplied Residual Liquefaction Fragility functions for MLD class (one of the 22 classes)
in terms of Spectral Acceleration Sa. The damage limit state is represented by a Median value (in g
unit) and Standard Deviation value. (MUST be imported as tab-separated CSV file).

4

File Edit Format VYiew Help

#Typology Residual STD_residual
RCF1r-LC 15816672989 108.17268963

Ln1, Col1 100%  Windows (CRLF) UTF-8 with BOM

3. Collapse Liquefaction Fragility:
To be defined for 22 ESP classes, and containing the followings:

e Code-name (Typology) as defined in the List of Liquefaction Fragility files.

e Median value of intensity measure at which the typology reaches a given threshold of damage
state. The median value can be in terms of PGA in g unit, Sa in g unit, Differential Settlement (GD)
in meter unit, or in LSN.

e Standard Deviation of the natural logarithm of intensity measure for a given damage state.

Regarding the definition of damage thresholds, the software considers one Damage Limit State which
is Collapse.

Example of user-supplied Collapse Liquefaction Fragility functions for MLD class (one of the 22 classes)
in terms of Spectral Acceleration Sa. The damage limit state is represented by a Median value (in g
unit) and Standard Deviation value. (MUST be imported as tab-separated CSV file).

4

File Edit Format View Help

#Typology Collapse STD_collapse
RCF1r-LC 15816672989 11.17266963

Ln 1, Col1 100%  Windows (CRLF) UTF-8 with BOM
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4. Foundation Titling Liquefaction Fragility:

To be defined for 22 ESP classes, and containing the followings:

e Code-name (Typology) as defined in the List of Liquefaction Fragility files.

e Median value of intensity measure at which the typology reaches a given threshold of damage
state. The median value can be in terms of PGA in g unit, Sa in g unit, Differential Settlement (GD)
in meter unit, or in LSN.

e Standard Deviation of the natural logarithm of intensity measure for a given damage state.

Regarding the definition of damage thresholds, the software considers two Damage Limit States for
the foundation performance response under liquefaction hazard. The following definition is
recommended: Limit for repair of foundation, and Limit for failure of foundation.

Example of user-supplied Foundation Titling Liquefaction Fragility functions for MLD class (one of the
22 classes) in terms of Spectral Acceleration Sa. Each damage limit state is represented by a Median
value (in g unit) and Standard Deviation value. (MUST be imported as tab-separated CSV file).

|

File Edit Format View Help

#Typology Bf_repair STD_Bf_repair  pBf_fail STD_Bf_fail
RCF1r-LC 6.456345261 8.986898153 16.27875455 8.671925638

Ln 1, Col 44 100%  Windows (CRLF) UTF-8

Below are examples of InterstoreyDrift liquefaction fragility curves, Foundation Titling liquefaction
fragility curves, Residual liquefaction fragility curves, and Collapse liquefaction fragility curves,
espectively, generated for the 22 ESP classes.

0 RCFIr-LC-01 - Liquefaction Fragility Functions (InterstoryDrift) X 0 RCFIr-LC-01 - Liquefaction Fragility Functions (Foundation) x
0.05 0.4 5
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0.01 / //
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e —————— 0.05
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0 0
r T T T T T T T T T 1 r T T T T T T T T T 1
] 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
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) RCFI-LC-01 - Liquefaction Fragility Functions (Residual) x @ RCFIr-LC-01 - Liquefaction Fragility Functions (Collapse) X

0.012 0.02

0.01: —
— " _—
|

=
=
=
@

Damage Probability
g 8
Il
Damage Probability

0.005

0.002

0 0.2 0.4 0.6 0.8 1 ] 0.2 0.4 0.6 0.8 1
Sﬂ Sa
= Structural Residual — Structural Collapse
ESP |MLD ¥ ESP |MLD ¥
WTS WTS
WM WM
o W
MLS MLS
MLM LM
MMS MMS
MMM MMM
MMD MMD
MTS ¥ [IET

2.3.1.1.3.2.2 Liquefaction Fragility Models for Conventional method

In the conventional procedure, a given typology (building or infrastructure) is represented by a single
liquefaction fragility model which is developed as result of a combined structural system- soil profile.

Liquefaction fragility models for each typology must be created as separate files, in format of tab-
separated CSV file containing:

e Code-name (Typology) as defined in the List of Liquefaction Fragility files.

e Median value of intensity measure at which the typology reaches a given threshold of damage
state. The median value can be in terms of PGA in g unit, Sa in g unit, Differential Settlement (GD)
in meter unit, or in LSN.

e Standard Deviation of the natural logarithm of intensity measure for a given damage state.

Regarding the definition of damage thresholds, options are providing regarding the Number of
Damage Limit States that can be used in for user-supplied Liquefaction Fragility models. The software
incorporates the following definitions for the fragility models:

e four Damage Limit States: Slight Damage, Moderate Damage, Extensive Damage and

Complete Damage

e Three Damage Limit States: Damage Limitation, Significant Damage, and Near Collapse.

e Two Damage Limit States: Minor Damage, and Complete Damage

e  One Damage Limit State: Collapse
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Example user-supplied Liquefaction Fragility model (MUST be imported as tab-separated CSV file) in
terms of Differential Settlement (GD) and four damage limit states: Slight Damage, Moderate Damage,
Extensive Damage and Complete Damage. Each damage limit state is represented by a Median value
(here are in meter unit) and Standard Deviation value.

|
File Edit Format View Help
# Liquefaction Fragility Functions
# Reference: Fotopoulou et al (2018). Vulnerability assessment of low-code reinforced concrete
# Typology: Reinforced concrete frames system. Mid-rise. Low-code
# Intensity Measure: Differential Settlement (m)
# Number of Damage Limit States:4
#
#
#Typology SlightDamage STD_SD ModerateDamage STD_MD ExtensiveDamage STD_ED CompleteDamage STD_CD
RCFmr-LC 8.827 8.5 8.898 8.5 8.176 8.5 8.385 8.5
< >
Ln9, Col 50 100%  Windows (CRLF) ANSI
1
S
E 0.8
0 J
E ]
o 06
|
o7
1] -
mD.4 ]
o} ]
Fo2]
ao

R 8
0 0.2 0.4 0.6 0.8 1
GD (cm)

= Slight Moderate Extensive = Complete

Close

Example user-supplied Liquefaction Fragility model (MUST be imported as tab-separated CSV file) in
terms of Differential Settlement (GD) and three damage limit states: Damage Limitation, Significant
Damage, and Near Collapse. Each damage limit state is represented by a Median value (here are in
meter unit) and Standard Deviation value.

|

File Edit Format View Help
# Liguefaction Fragility Functions

# Typology: Reinforced concrete frames system. Mid-rise. Low-code

# Intensity Measure: Differential Settlement (m)

# Number of Damage Limit States:3

#

#

#Typology Damagelimitation STD_DL SignificantDamage STD_SD NearCollapse STD_NC

RCFmr-LC 8.827 8.5 8.137 8.5 8.3e5 8.5

< >
Ln 8, Col 36 100%  Windows (CRLF) ANSI
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T L e 1
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— Damage Limitation Significant Damage — Near Collapse

Close

Example user-supplied Liquefaction Fragility model (MUST be imported as tab-separated CSV file) in
terms of Differential Settlement (GD) and two damage limit states: Minor Damage, and Complete
Damage. Each damage limit state is represented by a Median value (here are in meter unit) and

Standard Deviation value.
3
File Edit Format View Help

# Liquefaction Fragility Functions

# Typology: Reinforced concrete frames system. Mid-rise. Low-code
# Intensity Measure: Differential Settlement (m)
# Number of Damage Limit States:2
#
#
#Typology MinorDamage STD_MD CompleteDamage STD_CD
RCFmr-LC B.827 8.5 8.305 8.5
< >
Ln 8, Col 17 100%  Windows (CRLF) ANSI
o
1
= ]
ia] ]
_g i
o 0_6 __ ..........................................
=
o 7
g4
010'4 ]
] ]
E 0.2
(2 I
o4 . ;
T T T T T T T T T
0 0.2 0.4 0.6 0.8 1
GD (cm)

= Minor = Complete

Close
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Example user-supplied Liquefaction Fragility model (MUST be imported as tab-separated CSV file) in
terms of Differential Settlement (GD) and one damage limit state: Collapse. The damage limit state is
represented by a Median value (here are in meter unit) and Standard Deviation value.

|
File Edit Format View Help
# Liquefaction Fragility Functions
# Typology: Reinforced concrete frames system. Mid-rise. Low-code
# Intensity Measure: Differential Settlement (m)
# Number of Damage Limit States:1
#
#
#Typology CollapseDamage STD_CD
RCFmr-LC 8.827 8.5
< >
Ln 8, Col 17 100%  Windows (CRLF) AMSI
17§
2.1
E D 8 ............................
0 ]
1.1/
o 0_6 1 R S S R
|
o 7
W g o
m0.4 ] I
9 4
g 0.2 ..............................
[a] ;J
g 2
| LA B L B I B I L R B
0 0.2 0.4 0.6 0.8 1
GD (cm)
— Collapse

2.3.1.1.3.3 Ground Shaking Fragility Models

For ground shaking, a given typology (building or infrastructure) is represented by a single fragility
model which is developed as result of structural performance analysis under ground shaking
intensities.

Ground Shaking fragility models for each typology must be created as separate files, in format of tab-
separated CSV file containing:

e Code-name (Typology) as defined in the List of Ground Shaking Fragility files.

e Median value of intensity measure at which the typology reaches a given threshold of damage
state. The median value can be in terms of PGA in g unit, Sa in g unit, or Sd in meter unit.

e Standard Deviation of the natural logarithm of intensity measure for a given damage state.
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Regarding the definition of damage thresholds, options are providing regarding the Number of
Damage Limit States that can be used in for user-supplied Ground Shaking Fragility models. The
software incorporates the following definitions for the fragility models:

e four Damage Limit States: Slight Damage, Moderate Damage, Extensive Damage and

Complete Damage

e Three Damage Limit States: Damage Limitation, Significant Damage, and Near Collapse.

e Two Damage Limit States: Minor Damage, and Complete Damage

e  One Damage Limit State: Collapse

Example user-supplied Ground Shaking Fragility model (MUST be imported as tab-separated CSV file)
in terms of Peak Ground Acceleration (PGA) and four damage limit states: Slight Damage, Moderate
Damage, Extensive Damage and Complete Damage. Each damage limit state is represented by a
Median value (here are in g unit) and Standard Deviation value.

4

File Edit Format View Help

# Ground Shaking Fragility Functions

# Reference: Ahmad et al.(2018). Analytical Fragility Functions for Reinforced Concerete and Ma

# Typology: Reinforced concrete frames system. Mid-rise. Low-code

# Intensity Measure: Peak Ground Acceleration (PGA), [gl

# Number of Damage Limit States:4

#

#

#Typology SlightDamage STD_SD ModerateDamage STD_MD ExtensiveDamage STD_ED CompleteDamage STD_CD

RCFmr-LC 8.085 8.298 ©8.124 8.588 0.196 8.838 0.250 1.010

< >
Ln 2, Col 103 100%  Windows (CRLF) UTF-8

Damage Probability

— Slight Moderate Extensive — Complete

Close

Example user-supplied Ground Shaking Fragility model (MUST be imported as tab-separated CSV file)
in terms of Peak Ground Acceleration (PGA) and three damage limit states: Damage Limitation,

2—64
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Significant Damage, and Near Collapse. Each damage limit state is represented by a Median value
(here are in meter unit) and Standard Deviation value.

£
File Edit Format View Help
# Ground Shaking Fragility Functions

# Typology: Reinforced concrete frames system. Mid-rise. Low-code
# Intensity Measure: Peak Ground Acceleration (PGA), [g]
# Number of Damage Limit States:3
#
#
#Typology Damagelimitation STD_DL SignificantDamage STD_SD NearCollapse STD_NC
RCFmr-LC 0.885 @8.290 0.160 8.785 8.258 1.818
Ln g, Col 47 100%  Windows (CRLF) UTF-8
1 *
=05 : i
=1 / s
= ] : :
T 4
_n 0_6 ..............
o
=
o
[11]
m0.4 ..............
m -
3
0 0.2 .....................
U — RO OO OSROE
[ y T y T T y T y 1
0 0.2 0.4 0.6 0.8 1
PGA

= Damage Limitation Significant Damage = Mear Collapse

Close

Example user-supplied Ground Shaking Fragility model (MUST be imported as tab-separated CSV file)
in terms of Peak Ground Acceleration (PGA) and two damage limit states: Minor Damage, and
Complete Damage. Each damage limit state is represented by a Median value (here are in g unit) and

Standard Deviation value.

4

File Edit Format View Help

# Ground Shaking Fragility Functions

# Typology: Reinforced concrete frames system. Mid-rise. Low-code
# Intensity Measure: Peak Ground Acceleration (PGA), [g]

# Number of Damage Limit States:2

#

#

#Typology MinorDamage STD_MD CompleteDamage STD_CD
RCFmr-LC 8.085 8.298 8.2508 1.e1@

Ln 8, Col 32 100%  Windows (CRLF) UTF-8
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Close

Example user-supplied Ground Shaking Fragility model (MUST be imported as tab-separated CSV file)
in terms of Peak Ground Acceleration (PGA) and one damage limit state: Collapse. The damage limit
state is represented by a Median value (here are in g unit) and Standard Deviation value.

=
File Edit Format View Help
# Ground Shaking Fragility Functions

# Typology: Reinforced concrete frames system. Mid-rise. Low-code
# Intensity Measure: Peak Ground Acceleration (PGA), [g]
# Number of Damage Limit 5States:1
#
#
#Typology CollapseDamage STD_CD
RCFmr-LC 8.25@ 1.01@
< >
Ln4, Col 34 100%  Windows (CRLF) UTF-8
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2.3.1.1.3.3.1 Capacity Curves

v.1.0

In case of user-supplied Ground Shaking Fragility models are function of Spectral Displacement (Sd),

then users are required to also import Capacity Curve Model file associated to each Ground Shaking

Fragility Model representing a given typology.

Capacity Curve model for each typology must be created and imported as separate unformatted TXT

file, containing the following information:

1%t column represents Spectral Displacement Sy in [m];

2" column represents Spectral Acceleration S in [g]Period(T1).

Example of Capacity Curve model to be imported as unformatted TXT file

|

File Edit

(oI I R v I v B e B v B v I e R v v B R v B v B e I v B v B e R I v B v

100%

23.114

. 80025

aees

.8ee7s

el

.8e125

8e15

.8e175

ae2
080225
825
88275
8e3
88325
ae35

.8B375

ees

.Be425

8845

.Be475

aes

Format  View

5}
e
a
5}
e
a
5}
e
a
5}
e
a
5}
e
a
5}
e
a
5}
e
a

.818433835
.B820692081
830777694
.848693578
.85844259
860027539
.269451184
.B878716241
887825379
.B96781221
.18558635
.11424329
.12275456
.13112258
.13934979
.14743854
.15539116
.16328996
.17889717
.178455082

Windows (CRLF)

Help

=
=
=]

=]
=
fg

=

UTF-&

Path to Fragility Models Folders

Close

For user-supplied fragility models, a specific path must be defined to import the models for the

computation of damage and loss.

2.3.1.1.4.1 Path to ESP-based Liquefaction Fragility Models Folders

1.

Click the Browse button to define the path to the FragCapacityCurves folder where all sub-folders

of Liquefaction Fragility files must be stored and organized depending on type of loss analysis (i.e.

ESP-based analysis) and type of Intensity Measure of the Liquefaction Fragility Models.
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Type of Analysis and Geographical Region Hazard Data Input Risk Data Input

Risk Modelling Fortfolio Data

Vulnerability Data Input Economic Business Activity Data Input

Path to fragility files |D:fFragCapacityCurves Browse...
Vulnerability Model |Liquefaction - | [ESPBased
Typology  Period 1 Liquefaction Fragility  Fragility IM_Lg
1 RCFIr-LC 0.6 LQF_RCFIr-LC Sa
2 RCFmr-LC 032 LOF_RCFmr-LC Sa
3 RCFhr-LC 046 LQF_RCFhr-LC Sa
4 URMIr-PC 0.0 LQF_URMIr-PC Sa
5 URMmr-PC 0.25 LOF_URMmir-PC Sa
Add row Delete rows | |Show table... View... Import... Export...

Profile assignment | Closest Distance to Point Without Interpelation =

NOTE that the folder name “FragCapacityCurves” cannot be changed.

2. The fragility models must be created as separate files in format of tab-separated CSV files. Starting
from FragCapacityCurves folder and depending on type of intensity measure used (Sa, PGA, GD,
or LSN), the software automatically takes the following pre-defined paths to import the ESP-based
liquefaction fragility:

1.1. ESP-based fragility functions in terms of Spectral Acceleration (Sa).

NOTE: folders with names in /talic style must be named as they are.

2.1.1. Interstorey Drift liquefaction fragility functions for the 22 classes are automatically
imported from the following path:

FragCapacityCurves\Liquefaction\ESP\Sa\InterstoryDrift\LQF RCFIr-LC
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LQF_RCF - O
Home Share View 0
[] ° Cut X L Ii-| Open - [HH selectall
w..] Copy path il Edit Select none
Pinto Quick Copy Paste Move Delete Rename New Properties . .
access |P] Paste shortcut to - falder - & History EID Invert selection

Clipboard Organize New Open Select
< v 4 <« FragCapacityCurves » Liguefaction » ESP » Sa » InterstoryDrift » LQF RCFir-LC v O Search LQ... @
| LQF_RCFIr-LC_mld B |LOF_RCFIr-LC_smx
[:|LQF_RCFIr-LC_mim B:|LOF_RCFIr-LC_stx
[ |LOF_RCHIr-LC_mls 0| LOF_RCFIr-LC_wid
B2|LOF RCFIr-LC_mmd B2 |LOF_RCFIr-LC_wim
[-|LQF RCFIr-LC_mmm  [:|LOF_RCFIr-LC wis
[2|LQF_RCFIr-LC_mms B:|LOF_RCFIr-LC_wmd
[=|LQF RCFIr-LC_mtd 0 |LQF_RCFIr-LC_wmm
(2| LOF_RCFIr-LC_mtm B:|LOF_RCFIr-LC_wms
[=|LQF RCFIr-LC_mts £:|LQF_RCFIr-LC_wtd
2| LOF_RCFIr-LC_ncx £:|LOF_RCFIr-LC_wtm
| LQF_RCFIr-LC shx B:|LQF_RCFIr-LC_wts
22 items == =

2.1.2. Residual liquefaction fragility functions for the 22 classes are automatically imported

from the following path:

FragCapacityCurves\Liquefaction\ESP\Sa\Residua\LQF RCFIr-LC

Pin to Quick Copy

B0~

Share

L

Paste

access

T

Clipboard

A

LOF_RCFIr-LC_mid
LQF_RCFIr-LC_mlim
LOF_RCFIr-LC_mls
LGF_RCFIr-LC_mmd
LOF_RCFIr-LC_mmm
LOF RCFIr-LC_mms
LOF_RCFIr-LC_mtd
LQF_RCFIr-LC_mtm
LOF_RCFIr-LC_mts
LOF_RCFIr-LC_mx
LOF_RCFIr-LC_she

22 items

Wiew

gy Cut

W Copy path
Move

7] Paste shortcut to

<« FragCapacityCurves > Liquefaction > ESP > Sa > Residual » LOF RCFl-LC

LQF_RCFIr-LC_smx
LQF_RCFIr-LC_stx
LOF_RCFIr-LC_wid
LGF_RCFIr-LC_wim
LOF_RCFIr-LC_wls
LQF_RCFIr-LC_wmd
LOF_RCFlr-LC_wmm
LQF_RCFIr-LC_wms
LOF_RCFIr-LC_wid
LQF_RCFIr-LC_wtm
LOF_RCFIr-LC_wts

- O
x - \/] Open - [H Select all
Tl Edit Select none
Delete Rename MNew Properties
= folder - ) History DD Invert selection
Mew Open Select
[N J) Search LO... @

2.1.3. Collapse liquefaction fragility functions for the 22 classes are automatically imported

from the following path:

FragCapacityCurves\Liquefaction\ESP\Sa\Collapse\LQF RCFIr-LC
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B < |
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to Quick Copy Paste
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22

7| Paste shortcut

Clipboard

o

LOF_RCFIr-LC_mid
LGF RCFIr-LC_mim
LOF_RCFIr-LC_mls
LOF_RCFIr-LC_mmd
LOF_RCFIr-LC_mmm
LOF_RCFIr-LC_mms
LOF_RCFIr-LC_mtd
LOF_RCFIr-LC_mtm
LOF_RCFIr-LC_mts
LOF_RCFIr-LC_rx
LOF_RCFIr-LC_sh

items

View
Cut
Copy path

Move

to

LQF_RCFir-LC_smx
LQF_RCFIr-LC_stx
LOF_RCFIr-LC_wid
LOF_RCFlr-LC_wim
LQF_RCFIr-LC_wls
LOF_RCFIr-LC_wmd
LQF_RCFir-LC_wmm
LQF_RCFir-LC_wms
LOF_RCFIr-LC_wtd
LOF_RCFlr-LC_wtm
LQF_RCFIr-LC_wts

Copy D
to

Organize
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2]
x - |ﬂ Open - [ Selectall
T Edit Select none
elete Rename New Properties .
- folder - £ History DDImfert selection
New Open Select
Sa » Collapse » LQF_RCFIr-LC v @ Search LQ... @

<« FragCapacityCurves > Ligquefaction » ESP »

2.1.4. Foundation Titling liquefaction fragility functions for the 22 classes are automatically
imported from the following path:

FragCapacityCurves\Liquefaction\ESP\Sa\Foundation\LQF RCFIr-LC

T

I 2 o
Home Share View 0
4 cut x - |£| open - HSetectal
—-‘ w.! Copy path Ll Edit Select none
Pinto Quick Copy Paste Move Copy Delete Rename Mew Properties
access 7| Paste shortcut to to - folder - £ History D‘:‘Inver‘tse\ectlon
Clipboard Organize Mew Open Select
v « FragCapacityCurves » Liquefaction » ESP » 5a » Foundation » LQF_RCFIr-LC v @ SearchlO.. @

22 it

LOF_RCFIr-LC_mid
LOF_RCFIr-LC_mim
LOF_RCFIr-LC_mls
LOF_RCFIr-LC_mmd
LGF RCFIr-LC_mmm
LOF_RCFIr-LC_mms
LOF_RCFIr-LC_mtd
LQF_RCFIr-LC_mtm
LOF_RCFIr-LC_mts
LOF_RCFIr-LC_nx
LOF RCFIr-LC she

ems

LOF RCFIr-LC_smx
LOF_RCFIr-LC_stx
LOF_RCFIr-LC_wid
LOF_RCFIr-LC_wim
LOF RCFIr-LC_wls
LOF_RCFIr-LC_wmd
LGF RCFIr-LC wmm
LOF_RCFIr-LC_wms
LGF_RCFIr-LC_wtd
LOF_RCFIr-LC_wtm
LOF_RCFIr-LC_wts

2.2. ESP-based fragility functions in terms of Peak Ground Acceleration (PGA)

NOTE: folders with names in Italic style must be named as they are

2.2.1. Interstorey Drift liquefaction fragility functions for the 22 classes are automatically
imported from the following path:

FragCapacityCurves\Liquefaction\ESP\PGA\InterstoryDrift\LQF_RCFIr-LC
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2.2.2. Residual liquefaction fragility functions for the 22 classes are automatically imported
from the following path:
FragCapacityCurves\Liquefaction\ESP\PGA\Residua\LQF _RCFIr-LC

2.2.3. Collapse liquefaction fragility functions for the 22 classes are automatically imported
from the following path:
FragCapacityCurves\Liquefaction\ESP\PGA\Collapse\LQF RCFIr-LC

2.2.4. Foundation Titling liquefaction fragility functions for the 22 classes are automatically
imported from the following path:
FragCapacityCurves\Liquefaction\ESP\PGA\Foundation\LQF _RCFIr-LC

2.3. ESP-based fragility functions in terms of Differential Settlement (GD)

NOTE: folders with names in /talic style must be named as they are

2.3.1. Interstorey Drift liquefaction fragility functions for the 22 classes are automatically
imported from the following path:
FragCapacityCurves\Liquefaction\ESP\GD\InterstoryDrift\LQF _RCFIr-LC

2.3.2. Residual liquefaction fragility functions for the 22 classes are automatically imported
from the following path:
FragCapacityCurves\Liquefaction\ESP\GD\Residua\LQF _RCFIr-LC

2.3.3. Collapse liquefaction fragility functions for the 22 classes are automatically imported
from the following path:
FragCapacityCurves\Liquefaction\ESPN\GD\Collapse\LQF RCFIr-LC

2.3.4. Foundation Titling liquefaction fragility functions for the 22 classes are automatically
imported from the following path:
FragCapacityCurves\Liquefaction\ESP\GD\Foundation\LQF_RCFIr-LC

2.4. ESP-based fragility functions in terms of Liquefaction Severity Number (LSN)
NOTE: folders with names in /talic style must be named as they are
2.4.1. Interstorey Drift liquefaction fragility functions for the 22 classes are automatically

imported from the following path:
FragCapacityCurves\Liquefaction\ESP\LSN\InterstoryDrift\LQF_RCFIr-LC

2.4.2. Residual liquefaction fragility functions for the 22 classes are automatically imported
from the following path:
FragCapacityCurves\Liquefaction\ESP\LSN\Residua\LQF_RCFIr-LC

LIQUEFACT Project — EC GA no. 700748



LIQUEFACT
Deliverable 6.6

Thisprojct s received funing LIQUEFACT Software — Technical Manual and Application
rom the European Union’s
Horizon 2020 :’esearch and V. 1_0

innovation programme under
grant agreement No. 700748

2.4.3. Collapse liquefaction fragility functions for the 22 classes are automatically imported
from the following path:
FragCapacityCurves\Liquefaction\ESP\LSN\Collapse\LQF _RCFIr-LC

2.4.4. Foundation Titling liquefaction fragility functions for the 22 classes are automatically
imported from the following path:
FragCapacityCurves\Liquefaction\ESP\LSN\Foundation\LQF RCFIr-LC

Type of Analysis and Geographical Region Hazard Data Input Risk Data Input

Risk Modelling Portfolio Data

Vulnerability Data Input Economic Business Activity Data Input

Fath to fragility files |D:fFragCapadty'Curves Browse...
Wulmerability Model | Liguefaction ~ |ESP-Based
Typology Period T1 Liquefaction Fragility Fragility IM_Lgq
1
2 RCFmr-LC 032 LQF_RCFmr-LC Sa
3 RCFhr-LC 046 LOF_RCFhr-LC Sa
4 URMIr-PC 0.10 LQF_URMIr-PC Sa
5 URMmr-PC 0.25 LQF_URMmr-PC Sa
Add row Delete rows | | Show table... View... Import... Export...

Profile assignment | Closest Distance to Point Without Interpolation

3. Once the ESP-based liquefaction fragility functions are stored in the pre-defined paths as
described above, detailed information on each fragility model can be viewed from this table.
Manually select the fragility model from the list of the model, click on the View button to view the
plot of fragility curves, and the Show table button to display the table with the fragility curves
parameters.
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Viewing ESP-based liquefaction fragility models
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2.3.1.1.4.2 Path to Conventional-based Liquefaction Fragility Models Folders

1. Click the Browse button to define the path to the FragCapacityCurves folder where all sub-folders
of Liquefaction Fragility files must be stored and organized depending on type of loss analysis (i.e.
conventional-based analysis) and type of Intensity Measure of the Liquefaction Fragility Models.
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Type of Analysis and Geographical Region Hazard Data Input Risk Data Input

Risgk Modelling Portfolio Data

Vulnerability Data Input Economic Business Activity Data Input

Path to fragility files |D:fFragCapadtyCurves Browse...
ulnerability Model | Liquefaction ¥ | Conventional
Typelogy Period T1  Liquefaction Fragility Fragility IM_Lg
1 RCFIr-LC 016 LOF_RCFIr-LC GD
2 RCFmr-LC 0.32 LQF_RCFmr-LC GD
3 RCFhr-LC 046 LQF_RCFhr-LC GD
4 URMIr-PC 0,10 LQF_URMIr-PC GD
5 URMmr-PC 0.25 LQF_URMmr-PC GD
Add row Delete raws | Show table... View. .. Import... Export...

Profile assignment | Closest Distance to Point Without Interpolation

NOTE that the folder name “FragCapacityCurves” cannot be changed.

2. The fragility models must be created as separate files in format of tab-separated CSV files. Starting
from FragCapacityCurves folder and depending on type of intensity measure used (Sa, PGA, GD,
or LSN), the software automatically takes the following pre-defined paths to import the
Conventional-based liquefaction fragility functions:

NOTE: folders with names in /talic style must be named as they are.

1.2. Conventional-based fragility functions in terms of Spectral Acceleration (Sa).

Sa-based Conventional liquefaction fragility functions are automatically imported from the
following path:

FragCapacityCurves\Liquefaction\Conv\Sa
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. R <
Home Share View 0
[
= 5 Move to ¥ Delete - H |i-| E
Pinto Quick Copy Paste Copy to Rename MNew Properties Select
access 2| folder @ & <
Clipboard COrganize MNew Open
« v <« FragCapacityCurves » Liguefaction » Conv » 5a v O Search5a @
(- LOF_RCFhr-LC
= LQF_RCFIr-LC
- LOF_RCFmr-LC
(= LOF_URMIr-PC
B LOF_URMmr-PC

5 items = =

2.1. Conventional-based fragility functions in terms of Peak Ground Acceleration (PGA)

2.2.

2.3.

PGA-based Conventional liquefaction fragility functions are automatically imported from the
following path:

FragCapacityCurves\Liquefaction\Conv\PGA

Conventional-based fragility functions in terms of Differential Settlement (GD)

GD-based Conventional liquefaction fragility functions are automatically imported from the
following path:

FragCapacityCurves\Liquefaction\Conv\GD

Conventional-based fragility functions in terms of Liguefaction Severity Number (LSN)

LSN-based Conventional liquefaction fragility functions are automatically imported from the
following path:

FragCapacityCurves\Liquefaction\Conv\LSN
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Type of Analysis and Geographical Region Hazard Data Input Risk Data Input

Risk Modelling Portfolio Data

Vulnerability Data Input Economic Business Activity Data Input

Path to fragility files |D:fFragCapadtyCurves Browse...
Vulnerability Model | Liquefaction * | |Conventional ~
Typology Period T1 Liquefaction Fragility Fragility IM_Lq
1 RCFIr-LC 016 LQF_RCFIr-LC GD
2 LQF_RCFmr-LC_3DLS
3 RCFhr-LC 046 LQF_RCFhr-LC GD
4 URMIr-PC 0.10 LQF_URMIr-PC GD
5 URMmr-PC 0.25 LQF_URMmr-PC GD
Add row Delete rows | Show table... View. .. Import... Export...

Profile assignment | Closest Distance to Point Without Interpolation

3. Once the Conventional-based liquefaction fragility functions are stored in the pre-defined paths
as described above, detailed information on each fragility model can be viewed from this table.
Manually select the fragility model from the list of the model, click on the View button to view the
plot of fragility curves, and the Show table button to display the table with the fragility curves
parameters.

Viewing Conventional-based liquefaction fragility models

0 RCFrr-LC - Liquefaction Fragility Functions

=2 = b
- =] ® =

Damage Probability
o

=

Cre
0.6 0.8 1
GD (cm)

= Slight Moderate Extensive — Complete

0 0.2 0.4

Close
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GD, Slight beta Slight GO, Moderate  beta Moderate  GD, Extensive  beta Extensive  GD, Complete beta Complete
0.027 0.5 0.008 0.5 0.176 0.5 0.305 0.5

£ >
Close

2.3.1.1.4.3 Path to Ground Shaking Fragility Models Folders

1. Ground Shaking Fragility models are used only when Ground Shaking and Liquefaction Analysis is
to be implemented by user. Hence, when clicking the Browse button to define the path to the
FragCapacityCurves folder where all sub-folders of Liquefaction Fragility files to be stored, this

automatically also applies for Ground Shaking Fragility files.

Type of Analysis and Geographical Region Hazard Data Input Risk Data Input

Risk Modeling Portfolio Data

Vulnerability Data Input Economic Business Activity Data Input

Path to fragility files |D:fFragCapacityCur\res | Browse...

Vulmerahility Model | Ground Shaking and Liquefaction ¥ | Conventional ~

Typelogy  Peried T1 Ground Shaking Fragility  Fragility IM_GS Capacity Liquefaction Fragility  Fragility IM_Lg
1 RCFI-LC 0.6 GSF_RCFIr-LC Sd GSCap_RCFIr-LC LOF_RCFIr-LC GD
2 RCFmr-LC 032 GSF_RCFmr-LC Sd GSCap_RCFmr-LC LOF_RCFmr-LC GD
3 RCFhr-LC 046 GSF_RCFhr-LC Sd G5Cap_RCFhr-LC LQF RCFhr-LC GD
4 URMIr-PC 010 GSF_URMIr-PC PGA MA LQF_URMIr-PC GD
5 URMmr-PC 0.25 GSF_URMmr-PC PGA MNA LGF_URMmr-PC GD
6 CMIr-PC 0.0 GSF_CMIr-PC Sa MNA LOF_URMIr-PC GD
7 CMmr-PC 0.25 GSF_CMmr-PC Sa NA LOF_URMmr-PC GD
Add row Delete rows | | Show table... View. .. Import... Export...

Profile assignment | Closest Distance to Point Without Interpolation =

NOTE that the folder name “FragCapacityCurves” cannot be changed.

2. The fragility models must be created as separate files in format of tab-separated CSV files. Starting
from FragCapacityCurves folder and depending on type of intensity measure used (PGA, Sa, or
Sd), the software automatically takes the following pre-defined paths to import the Ground
Shaking fragility functions:

NOTE: folders with names in /talic style must be named as they are.
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1.3. Ground shaking fragility functions in terms of Peak Ground Acceleration (PGA).

PGA-based Ground Shaking fragility functions are automatically imported from the following
path:

FragCapacityCurves\GroundShaking\PGA

1+ H

Home Share View e
e
D = Move to X Delete ~ e ﬂ EE

Pinto Quick Copy Paste Copy to Rename New Properties Select
access lﬂ : folder < & <
Clipboard COrganize MNew Open

<« v <« FragCapacityCurves » GroundShaking » PGA v O Search PGA 2
El: GSF_RCFhr-LC.csv

El:| GSF_RCFIr-LC.csv

El-| GSF_RCFmr-LC.cav

El-| GSF_URMIr-PC.csv

El=| GSF_URMmr-PC.csv

3 items ==

2.1. Ground shaking fragility functions in terms of Spectral Acceleration (Sa)

Sa-based Ground Shaking fragility functions are automatically imported from the following
path:

FragCapacityCurves\GroundShaking\Sa

e <
Home Share View e
-
_J = Mave to o Delete - = Ii—l E

Pin to Quick Copy Paste

Copy to Rename MNew Properties
acess =

folder

Select
Clipboard Organize Mew Cpen
<« v T <« FragCapacityCurves » GroundShaking » 5a v O Search5a @

G5F_RCFhr-LC.csv
GSF_RCFIr-LC.cv
GSF_RCFmr-LC.csv
GSF_URMIr-PC.csv
GSF_URMmr-PC.csv

Sitems = =

2.2. Ground shaking fragility functions in terms of Spectral Displacement (Sd)

When Sd-based ground shaking fragility functions are used, it is also required to import the
associated Capacity Curves

LIQUEFACT Project — EC GA no. 700748



LIQUEFACT
Deliverable 6.6

Thisprojct s received funing LIQUEFACT Software — Technical Manual and Application
rom the European Union’s
Horizon 2020 ;r)esearch and V. 1.0

innovation programme under
grant agreement No. 700748

Sd-based Ground Shaking fragility functions are automatically imported from the following
path:

FragCapacityCurves\GroundShaking\Sd

| [ = | Sd - O X
Home Share View 0
J = Mave to X Delete ~ E_h' \1‘] 55|
W Fiw
Pinto Quick Copy Paste Copy to Rename Mew Properties Select
access L} folder = & =
Clipboard Organize Mew Open
< v A <« FragCapacityCurves » GroundShaking » 5d v O Search5d @

|j Cap_RCFhr-LCxt B:| GSF_RCFmir-LC.csv
dCap_RCFIr—LC.b(t B GSF_URMIr-PC.csv
dCap_RCFmr-LC.txt E-| G5F_URMmr-PC.csv
5] Cap_URMIr-LC.tut

5] Cap_URMmmr-LC .t

B GSF_RCFhr-LC.csv

B GSF_RCFIr-LC.cov

10 items SEEl=

Type of Analysis and Geographical Region Hazard Data Input Risk Data Input

Risk Modelling Portfolio Data

Vulnerability Data Input Economic Business Activity Data Input

Path to fragility files |D:;"FragCapacityCurves | Browse...

Wulnerability Model | Ground Shaking and Liquefaction | |Conventional ~

Typology Period T1 Ground Shaking Fragility Fragility IM_GS Capacity Liquefaction Fragility Fragility IM_Lq

RCFIr-LC 0.1 GSF_RCFIr-LC Cap_RCFIr-LC LOF_RCFIr-LC
z-
3 RCFhr-LC 046 GSF_RCFhr-LC Cap_RCFhr-LC LOF_RCFhr-LC
4 URMIr-PC 0.10 GSF_URMIr-PC PGA MNA LOF_URMIr-PC GD
5 URMmr-PC 0.25 GSF_URMmr-PC PGA MNA LOF_URMmr-PC GD
6 CMIr-PC  0.10 GSF_CMIr-PC Sa NA LOF_URMIr-PC GD
7 CMmr-PC 0.25 G5F_CMmr-PC Sa MA LQF_URMmr-PC GD

Add row Delete rows | | Show table... View. .. Import. .. Export...

Profile assignment | Closest Distance to Point Without Interpolaton

3. Once the Ground Shaking fragility functions and Capacity Curves are stored in the pre-defined
paths as described above, detailed information on each Fragility model and Capacity Curve can be
viewed from this table. Manually select the fragility and capacity model from the list of the model,
click on the View button to view the plot of fragility and capacity curves, and the Show table button
to display the table with the fragility and capacity curves parameters.
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Viewing Ground Shaking fragility and Capacity models

=

=

=

Damage Probability

— Slight Moderate Extensive — Complete Sd(m)
Close Close
Sd, Slight beta Slight Sd, Moderate beta Moderate Sd, Extensive  beta Extensive  5d, Complete beta Complete
0.03 0.12 0.041 0.22 0.063 0.32 0.086 0.46
< >

Close

2.3.1.1.5 Built-In Liquefaction Vulnerability Model

To use the pre-defined fragility models embedded in the software:

4. Select Liquefaction (Built-In) option

5. Select which method of Loss Analysis to be implemented: LIQUEFACT software incorporates two
procedures for the computation of physical damage and loss ratio for a given liquefaction demand:
Conventional procedure or ESP-based (Equivalent Soil Profile based) method.

Note that in this case the Path to fragility files is disactivated as it is not required
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Type of Analysis and Geographical Region Hazard Data Input Risk Data Input

Risk Modelling Portfolio Data
Vulnerability Data Input Economic Business Activity Data Input

Path to fragility filas Browse...

Vulmerability Model | Liguefaction {Built-In) ~ | |ESPBased Select...
Conventional |

Typology Peried T1 Liquefaction Fragility  Fragility

Add row Delete rows | | Show table... Wiew... Import... Export...

Profile assignment | Closest Distance to Point Without Interpolation =

6. By clicking on Select button the table below will be displayed showing all the fragility models
available in the Built-In system.

Built-in ESP-based Liguefaction Fragility Models

Example of Built-in fragility models for ESP-based loss analysis method

Typalogy Period T1  Liguefaction Fragility Fragiity IM_Lg Region  Class
t RCFIr-LC-01 0.18 LQF_RCFIr-LC-01 5a Europe Building Reinforced concrete frames syste
2 RCFIr-LC-02 0.16 LOF_RCFIr-LC-02 PGA Europe Building Reinforced concrete frames syste
L4 >
Region | Al ¥ | Class |al ~ | Measure Al -
Select All Deselect All oK Cancel Help

Detailed description on each built-in fragility model can be viewed by manually select and
double click, the table below will be displayed.
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&)

Typology: RCArLC-01
Region: Europe
Class: Building
Intensity Measure: 53
Method: ESP

HNotes

Reinforced concrete frames system {(with and without masonry infills). Shallow Foundation. Low-rise. Low-code.
Three Interstory Limit States (0.005%, 0.01%, 0.02%), Residual interstorey drift {=0.005%), Colapse {(non
convergence or element failure), and Two Tilt Limits of Foundation (Limit for Repair of foundation, Limit for Failure of
foundation), Intensity Measure: Spectral Acceleration Sa(T1). [Reference: Meslem et al (2019) Deliverable D&, 4.
Software Toolbox Development 3€" Module for Built-in Liquefaction Vulnerability Models. LIQUEFACT Project].

O

Built-in Conventional-based Liquefaction Fragility Models

Example of Built-in fragility models for Conventional-based loss analysis method

o

Typology Period T1 Liguefaction Fragility Fragility IM_Lg Region Class

1 RCFhr-LC 046 LOF_RCFhr-LC GO Greece Building Reinforced concrete frames. High-rise

2 RCFIr-LC 016 LQF_RCFIr-LC Greece Building Reinforced concrete frames. Low-rise.

k3 RCFmir-LC LOQF_RCFmr-LC e | Building | Reinforced concrete frames. Mid-rise.

4 URMIr-PC 010

5 URMmr-PC 0.25

LOF_URMIr-PC

LGF_URMmr-PC GD

Eurcpe Building Unreinforced masonry. Low-rise, Pre-c

Europe Building Unreinforced masonry. Mid-rise. Pre-c ,

<

>

Region | All > | Class Al > | Measure Al ¥

Select All Deselect Al

oK Cancel Help

Detailed description on each built-in fragility model can be viewed by manually select and
double click, the table below will be displayed.

o

Typology: RCFmr-LC
Region: Greece
Class: Building
Intensity Measure: GD
Method: Conventional
Notes

Reinforced concrete frames system (bare frame). Mid-rise (4-storey). Low-code. Four Damage States
(LS1, LS2, LS3, LS4). Intensity Measure: Differential Settlement. [Reference: Fotopoulou et al (2018).
Wulnerability assessment of low-code reinforced concrete frame buildings subjected to liquefaction-
induced differential displacements. Soil Dynamics and Earthquake Engineering 110 (2018) 173-184]

Ok

The built-in system contains a filter for a quick search and selection of available fragility
models in terms of “Region”, “Class” and “Intensity Measure”.

LIQUEFACT Project — EC GA no. 700748



LIQUEFACT
Deliverable 6.6

i rojct s ecived fnding LIQUEFACT Software — Technical Manual and Application
Tom the uropean nion’s
Horizon 2020 ?esearch and \" 1 0

innovation programme under
grant agreement No. 700748

7. Select manually the fragility models to be used or click on Select All button you wish to select all

the models available.

Type of Analysis and Geographical Region Hazard Data Input Risk Data Input

Rizk Modelling Portfolio Data

Vulnerability Data Input Economic Business Activity Data Input

Path to fragility files Browse. ..
Wulnerability Model |Liquefaction (Built-In} ¥ | |ESPBased T Select...
Typology  Period T1 - Liquefaction Fragility  Fragility IM_Lg
1 RCFIr-LC-01 016 LQF_RCFIr-LC-01 Sa
2 RCFIr-LC-02 0.16 LQF_RCFir-LC-02 PGA
Add row Delete rows | | Show table... View. .. Import... Export...

Profile assignment | Closest Distance to Paint Without Interpolation  ~

Type of Analysis and Geographical Region Hazard Data Input Risk Data Input

Risk Modelling Portfolio Data

Vulnerability Data Input Economic Business Activity Data Input

Path to fragility files Browse...
Yulmerability Model | Liquefaction (Built-In) ~ | |Conventional ~ Select...
Typology Period T1 Liguefaction Fragility Fragility IM_Lg
1 RCFhr-LC 046 LQF_RCFhr-LC GD
2 RCHr-LC 0.6 LQF_RCFIr-LC
:
4 URMIr-PC 0.10 LOF_URMIr-PC
5 URMmr-PC 0.25 LOF_URMmr-PC GD
Add row Delete rows | | Show table... View... Import... Export...

Profile assignment | Closest Distance to Point Without Interpolation
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8. From this table, detailed description on each built-in fragility model can also be viewed by
manually select and double click, the table below will be displayed. In addition, fragility curves can
be plotted by clicking on View button.

Viewing built-in ESP-based liquefaction fragility models
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Viewing built-in Conventional-based liquefaction fragility models

Damage Probability
= & b

&=
8

GD (cm)
— Slight Moderate Extensive — Complete

Close

Table showing the functions of fragility model displayed by clicking on Show table button.

GD, Slight beta Slight GD, Moderate  beta Moderate  GD, Extensive  beta Extensive  GD, Complete beta Complete
0.027 0.5 0.098 0.5 0.176 0.5 0.305 0.5

£ >
Cloze

9. At the section Profile assignment, users can define how liquefaction severity indicators (PGA, Sa,

LSN, GD) resulted from liquefaction profiles will be assigned to the assets (buildings,
infrastructures) for the computation of liquefaction demand, the associated damage and loss
ratio. Users will have to choose one of the following options:

Closest Distance to Point Without Interpolation: the assigned value of liquefaction severity

indicator is directly resulted from the closest liquefaction profile at the location of a given
asset or the closed to it.

Closest Distance to Point After Interpolation: the assigned value of liquefaction severity

indicator is directly resulted from interpolation, at the location of a given asset.
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Type of Analysis and Geographical Region Hazard Data Input Risk Data Input

Risk Modelling Portfolic Data

Wulmerability Data Input Economic Business Activity Data Input

Path to fragility files Browse...
Vulmerability Model | Liguefaction {Built-In} ~* | |Conventional ~ Select...
Typology Pericd T1 Liquefaction Fragility  Fragility IM_Lg

1 RCFhr-LC 0.46 LQF_RCFhr-LC GD
2 RCFIr-LC 0.6 LQF_RCFIr-LC GD
3 RCFmr-LC 032 LOF_RCFmr-LC GD
4 URMIr-PC 0.10 LQF_URMIr-PC GD
5 URMmr-PC 0.23 LQF_URMmr-PC GD

Add row Delete rows | | Show table... View. .. Import... Export...

Profile assignment

| Closest Distance to Point Without Interpolation
Closest Distance to Point After Interpolation

2.3.1.2 Economic & Business Activity Data Input

The module for Economic Loss Analysis is activated only when user select “Physical impact &
Economic” in the Type of Analysis Section. In this case, the user is required to import economic and
business activity input data, and which can be categorize into two groups: Owner Economic and
Business Activity data, and Insurance Economic and Business Activity data.

e Owner Economic and Business Activity data are shown in the module “Economical Model” of
the software and used for the computation of Owner Economic Loss in terms of direct loss
asset loss (due to physical impact), contents loss and business interruption loss.

e Insurance Economic and Business Activity data are shown in the module: “Policy” (for asset
insurance loss computation), “Contents” (for contents insurance loss computation), and
“Business Interruption” (for business interruption insurance loss computation)

List of the Economic and Business Activity Data input

Data Input Description NOTE

Risk Identification Code identification to be assigned to each individual asset Mandatory

ECONOMICAL MODEL (for Owner Loss computation)
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Monetary Values of Contents

If no value is assigned than the content owner loss will not be
computed

Business Revenue Building

If no value is assigned than the business loss will not be computed

Time Horizon

Mandatory for Cost-Benefit computation if Mitigation Analysis in
selected

POLICY (for Building Insurance Loss computation)

Insured Amount (Building)

If no value is assigned than the building insurance loss will not be
computed.

Facultative Reinsurance (Building)

If no value is assigned, will not be considered in the computation

Coinsurance (Building)

If no value is assigned, will not be considered in the computation

CEDED Reinsurance (Building)

If no value is assigned, will not be considered in the computation

CONTENTS (for Contents Insurance Loss computation)

Insured Amount (Contents)

If no value is assigned than the content insurance loss will not be
computed

Facultative Reinsurance (Contents)

If no value is assigned, will not be considered in the computation

Coinsurance (Contents)

If no value is assigned, will not be considered in the computation

CEDED Reinsurance (Contents)

If no value is assigned, will not be considered in the computation

BUSINESS INTERRUPTION (for Business Insurance computation)

Insured Amount (Business
Interruption)

If no value is assigned than the business interruption insurance loss
will not be computed

Facultative Reinsurance (Business
Interruption)

If no value is assigned, will not be considered in the computation

Coinsurance (Business Interruption)

If no value is assigned, will not be considered in the computation

CEDED Reinsurance (Business
Interruption)

If no value is assigned, will not be considered in the computation

The Economic and Business Activity Data input is imported as tab-separated CSV or unformatted TXT
files. Here is an example of CSV/TXT file that can be imported in the LIQUEFACT software.

# Risk Identification Monetary Values of Bullding

Bea1 2829090 56588 282.9 15 5658 8.15%
Bee2 326158 65238 326.15 35 6523 8.15
Bee3 B53218 B53218 $53.21 48 685321 8.15
Bead 3@1688 75428 381.68 42 7542 8.15
Beas 189248 18924 189.24 23 5462 8.15
Bee6 1629008 6516 162.9 8 3258 2.15
nea7 282900 56580 282.9 15 5658 @.15
oo 326150 €523 326.1% 35 €523 2.1%
Bees 653218 B5321@ 653.21 4@ 65321 8.1%
Be1e 391680 75420  301.68 42 7542 8.15
Be11 189248 10924 199.24 23 5462 8.15
Ba12 162908 6516 162.9 28 3258 8.15
Be13 428180 B561@  428.1 15 B562 @.15

€

Monetary Values of Contents

Business Revenue Bullding Time Horizon Insured Amount (Building)

B.9778 1131.6 @.153846 @.3155 282.9 B.g23197

B.9778 1384.6 ©.153846 8.388379 326.15 8.823197
8.9778 13864.2 8.15384% 8.384336 3266.85 8.823197
@.9778 1588.4 8.15556 8.371692 3771 8.83263

8.9778 1892.4 0.1666 8.361865 273.1 8.83553

@.9778 651.6 @.1666 8.373225 162.9 8.836376

2.9778 1131.6 @.153846 @.3155 282.9 0.823157

@.9778 1304.6 0.153846 @.388379 326.1% @.823197
@.9778 13964.2 9.153845 @.384336 3266.85 a.823197
8.9778 1588.4 8.15556 8.371692 3.1 B.83263

8.9778 1092.4 0.1666 8.361865 273.1 8.83553

8.9778 651.6 0.1666 8.323225 162.9 8.836376

@.9778 1712.4 9.1683 8.79675 428.1 @.83852

Ln 14, ol 84 W0%  Windews (CRLF)

Import Economic and Business Activity Data input

Facultative Relnsu ~

UTF-8

In the Section Economic Business Activity Data input and by clicking on the module ALL the economic

and business data can be imported by clicking on the Import button.
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Type of Analysis and Geographical Region Hazard Data Input Risk Data Input
Risk Modelling Portfolio Data
Vulnerability Data Input Economic Business Activity Data Input
ECOMOMICAL MODEL | | POLICY = CONTENTS BUSINESS INTERRUPTION
Risk Idemtification Monetay Values  Monetary Values  Business Revenue Insured Amount  Facultative Reinsurance  Coinsurance CEDED Reinsurance Insured Amount  Facults *
fsk [dentmication of Building of Contents Building tme Harizen (Building) (Building) (Building) (Building) (Contents)
1 8001 0.00 0.00 000 000 0.00 0.00 000 0.00
2 BOD2 000 000 000 000 000 0.00 000 0.00
3 8003 0.00 0.00 O irpertee o 0.00
n 8004 0.00 0.00 Lookin: D:\LIQUEFACT \EconomicBusinessDatalnput 00 0®RBE 0.00
5 BODS 0.00 0.00 ™ My Computer Name 0.00
ImportData_EconomicBusinessDatalnput.txt |
6 5006 0.00 0.00 2 abdel = me i 000
7 BOD7 0.00 0.00 H' 0.00
8 8002 000 000 0.00
9 8009 0.00 0.00 0.00
10 BO10 000 000 < > 000
Flename: | Open I
11 8011 0.00 0.00 0.00
Files of type: |CsV (*.csv = txt) - Cancel
12 BO12 000 000 0.00
13 8013 0.00 0.00 0.00 000 0.00 0.00 0.00 0.00 v
< >
Import... Export...

This warning message will show-up, and by clicking on Continue button the economic data will be
imported

o

This will override current economical data columns in existing pertfolio table,

Proceed?

Continue Stop

The Owner Economic Data can be viewed by clicking on the module ECONOMICAL MODEL. Will be
used for the computation of owner loss in terms of Asset, Content, and Business Revenue.

Type of Analysis and Geographical Region Hazard Data Input Risk Data Input
Rizk Modeling Portfolio Data
Vulnerability Data Input Economic Business Activity Data Input
AL POLICY | 'CONTENTS | |BUSINESS INTERRUPTION
Risk ldentification Mn;egi?d\:‘:lgues MDQTE;:’;::LI:ES Bus";:ﬁ;:“genue Time Horizon

1 BOO1 282 500.00 56 580.00 28290 15

2 BOD2 326 150.00 65 230.00 326.15 35

3 B0OD3 633 210.00 633 210.00 633.21 40

4 BOD4 301 680.00 75 420.00 301.68 42

5 BODS 109 240.00 1092400 108.24 23

6 BODG 162 500.00 6516.00 162.90 20

7 BOO7 282 500.00 56 580.00 28290 15

8 BOD3 326 150.00 65 230.00 326.15 35

3 BOD9 633 210.00 633 210.00 633.21 40

10 BO10 301 680.00 75 420.00 301.68 42

1l BO11 109 240.00 10924.00 106.24 23 "

Import... Export...
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The Asset (building/infrastructure) Insurance Data can be viewed by clicking on the module POLICY.

Will be used for the computation of Asset Insurance Loss.

Type of Analysis and Geographical Region Hazard Data Input Risk Data Input
Risk Modelling Portfolio Data

Wulnerability Data Input Economic Business Activity Data Input

ALL | | ECONOMICAL MODEL CONTENTS BUSIMESS INTERRUPTION

Rick Identification Insurecj Amount Facultativg Rginsurance Coin.surance CEDED R.eirjsurance G
(Building) (Building) (Building) (Building)

1 BOO1 5658.00 0.15 0.00 0.98

2 BOO2 6523.00 0.15 0.00 0.98

3 BOO3 65321.00 0.15 0.00 0.98

4 BOM 7542.00 0.15 0.00 0.98

5 BOOS 5462.00 0.15 0.00 0.98

6 BODG 3 258.00 0.15 0.00 0.98

7 BOOT 5658.00 0.15 0.00 0.98

8 BO0S 6523.00 0.15 0.00 0.98

9 BOOG 65321.00 0.15 0.00 0.98

10 BO10 7542.00 0.15 0.00 0.98

11 BO11 5462.00 0.15 0.00 0.98 y

Import... Export...

The Contents Insurance Data can be viewed by clicking on the module CONTENTS. Will be used for the

computation of Contents Insurance Loss.

Type of Analysis and Geographical Region Hazard Data Input Risk Data Input
Risk Maodelling Portfolio Data
Vulnerability Data Input Economic Business Activity Data Input
ALL | |EconomicaL MopeL | |PoLicy BUSINESS INTERRUPTION
Risk Identification Insured Amount  Facultative Reinsurance  Coinsurance CEDED Reinsurance ®
(Contents) (Contents) (Contents) (Contents)
1 BOO1 1131.60 0.15 0.00 0.32
2 BOO2 1304.60 0.15 0.00 0.39
3 BOO3 13 064.20 0.15 0.00 0.38
4 BOO4 1508.40 0.16 0.00 037
5 BOO3 1092.40 017 0.00 0.36
6 BOOG 651.60 0.17 0.00 0.32
7 BOO7 1131.60 0.15 0.00 0.32
8 BOO2 1304.60 0.15 0.00 0.39
9 BOOS 13 064.20 0.15 0.00 0.38
10 BO10 1508.40 0.16 0.00 037
1 BO11 1082.40 017 0.00 0.36 y
Import... Export...
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The Business Interruption Insurance Data can be viewed by clicking on the module BUSINESS

INTERRUPTION. Will be used for the computation of Business Interruption Insurance Loss.

Type of Analysis and Geographical Region Hazard Data Input Risk Data Input
Risk Modelling Portfolio Data
Vulnerability Data Input Economic Business Activity Data Input
ALl | | EcoNOMICAL MODEL | |PoLICY | | CONTENTS
Rick Identification Iqsured AmounF Facu!tati\re Reinsur.ance .Coinsurance ) CEDED Reinsuran.ce G
(Business Interruption)  (Business Interruption)  (Business Interruption)  (Business Interruption)

1 BOO1 282.90 0.00 0.00 0.82

2 BOO2 326.15 0.00 0.00 0.82

3 BOD3 3 266.05 0.00 0.00 0.82

4 BOO4 377.10 0.00 0.00 0.83

5 BOO3 273.10 0.00 0.00 0.34

6 BOOG 162.90 0.00 0.00 0.34

7 BOO7 282.90 0.00 0.00 0.82

8 BOO2 326.15 0.00 0.00 0.82

9 BOD9 3 266.05 0.00 0.00 0.82

10 BO10 377.10 0.00 0.00 0.83

1 BO11 273.10 0.00 0.00 0.34 y

Import... Export...

The imported data can be modified by double click on any cell, and later can also be exported by

clicking on the Export button from the ALL module.

2.3.2  Assets Modelling (STRUCTURE Portfolio Data)

For Risk Analysis, user is required to import the assets (buildings/infrastructures) SRUCTURE details.

Table below illustrates the

Table below illustrates the list of input parameters that define asset STRUCTURE in the Portfolio Data

section.
Data Input Description NOTE
Risk Identification Code identification to be assigned to each individual asset Mandatory
STRUCTURE
Typology Typology representing a given structural class Mandatory
Use Occupancy type Nonmandatory
Width Width of each given asset, in meter unit Mandatory
Length Length of each given asset, in meter unit Mandatory
Height Height of each given asset, in meter unit Nonmandatory
Contact Pressure Contact pressure for each asset, in kPa unit Mandatory
Stories Above Ground | Number of storeys above ground surface Mandatory
2—90
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| Stories Below Ground | Number of storeys below ground surface | Mandatory

The Portfolio STRUCTURE data is imported as tab-separated CSV or unformatted TXT files. Here is an
example of CSV/TXT file for asset STRUCTURE that can be imported in the LIQUEFACT software.

3

File Edit Format View Help

#Risk Identification Typology Use Width[m] Length[m] Height[m] Contact Pressure[kPa] Stories Above Ground Stories Below Ground ~»

Beel RCF1r-LC Education 2} 2] 8.4 1@ 3 2]

Bee2 RCF1r-LC Residential [} %] 5.6 1@ 2 %]

Bee3 RCF1r-LC Health System 2} 2] 2.8 1@ 1 2]

peed RCF1r-LC Residential [} 2] 5.6 1e 2 2]

Bees RCF1r-LC Residential [} o 2.8 1@ 1 o

BoB6 RCF1r-LC Education 2} 2] 8.4 1e 3 2]

Beey RCF1r-LC Governmental @ 2} 8.4 1@ 3 2}

Boes RCF1r-LC Small Business 2} 2] 5.6 1@ 2 2]

Bee9 RCF1r-LC Residential [} %] 8.4 1@ 3 %]

RA1A RCFIr-1C Small Rusiness a a 5.6 10 2 a v

< >
Ln 18, Col 67 100%  Windows (CRLF) UTF-8

Import Portfolio STRUCTURE Data

In the Section Portfolio Data and by clicking on the module STRUCTURE the structure details of the
assets can be imported by clicking on the Import button.

Type of Analysis and Geographical Region Hazard Data Input Risk Data Input

Risk Modelling Portfolio Data

ALL | |LOCATION A | STRUCTURE
Risk |dentification Typelogy Use Width (m) Length (m) Height (m) Contact Pressure per story (kPa)  Stories Above Ground  Stories Below Ground  Shape ™

1 BOO1 0.00 0.00 0.00 0.00 ~

2 BO02 0.00 0.00 0.00 0.00 v

3 B003 0.00 0.00 o S aan ~

4 BOO4 0.00 0.00 ~

; 8005 000 ogo | Lockin DVIUEFACTRorticDats STRUCTRE. . =| Q@ © O @B BIE |,

5 BOOG 0.00 0.00 ] My Computer Name | s

, coor 050 000 2 abae |Z| ImportData_Portfolio_STRUCTURE.txt -

] BOO8 0.00 0.00 ||| ~

9 BO09 0.00 0.00 v
10 BO10 0.00 0.00 ~
11 BO11 0.00 0.00 < > ~
12 B012 0.00 0.00 File name: | Open pv
13 BO13 0.00 0.00 Files of type: |CSV (*.csv *.txt) - Cancel ~
14 BO14 0.00 0.00 0.00 0.00 ~
it BO1S 0.0n 000 000 non hd

Add row Delete rows Import... Export...

This warning message will show-up, and by clicking on_Continue button the STRUCTURE related data
will be imported
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o

This will override current building structure columns in existing portfolio table,

Proceed?

Continue Stop
Type of Analysis and Geographical Region Hazard Data Input Risk Data Input
Risk Modelling Portfolio Data
AL | [LocATION
Risk Identification  Typolegy Use Width (m) Length (m) Height (m) Contact Pressure per story (kPa) ~ Stories Above Ground  Stories Below Ground ~ Shape
1 BOO1 RCFIr-LC Education  0.00 0.00 2.40 10.00 3 ] v
2 B00Z RCFIr-LC Residential ~ 0.00 0.00 5.60 10.00 2 o ~
3 BOD3 RCFIr-LC  Health System  0.00 0.00 2.80 10.00 1 ] ~
4 BO04 RCFIr-LC Residential ~ 0.00 0.00 5.60 10.00 2 o v
5 BO0S RCFIr-LC Residential ~ 0.00 0.00 2.80 10.00 1 ] v
& BO0G RCFIr-LC Education  0.00 0.00 840 10.00 3 o ~
7 BOO7 RCFIr-LC  Governmental 0.00 0.00 2.40 10.00 3 ] ~
8 B008 RCFIr-LC  Small Business  0.00 0.00 5.60 10.00 2 o v
9 BO09 RCFIr-LC Residential ~ 0.00 0.00 2.40 10.00 3 ] v
10 BO10 RCFIr-LC  Small Business 0.00 0.00 5.60 10.00 2 o ~
1 BO11 RCFIr-LC Residential ~ 0.00 0.00 2.80 10.00 1 ] ~
12 BO12 RCFIr-LC Residential ~ 0.00 0.00 5.60 10.00 2 o v
13 BO13 RCFIr-LC Education  0.00 0.00 2.80 10.00 1 ] v v
Add row Delete rows Import... Export...

Note that the software will combine the STRUCTURE data with the already imported LOCATION
(imported from section Type and Level of Analysis) and presented all together in the Portfolio Data
section.

The assets LOCATION data can be viewed by clicking on the module LOCATION.

Type of Analysis and Geographical Region Hazard Data Input Risk Data Input
Risk Modelling Portfolio Data
AL STRUCTURE
Risk Identification  Latitude Longitude Street District Municipal ~ City Region Postal Code Geo-code Shape *
134 B134 44.800227 11.413087  Via 8 Marzo D02 Bologna  Bologna Emilia-Romagna 40100 & ~
135 B133 44.2800056 11412687 Via Paclo Evangelisa D01 Bologna  Belegna Emilia-Remagna 40100 7 ~
135 B136 44799920 11.412340  Via Gioacchino Rossini D01 Bologna  Bologna Emilia-Roemagna 40100 7 ~
137 B137 44799812 11411828 Via 8 Marzo D02 Belogna  Bolegna Emilia-Romagna 40100 7 ~
138 B138 44799695 11411396 Via Risorgimento D02 Bologna  Bologna Emilia-Roemagna 40100 7 ~
139 B139 44.799535 11411701 Via Gieacchino Rossini DO1 Bolegna  Bolegna Emilia-Romagna 40100 7 ~
140 B140 44800449 11411904 Via Paolo Evangelisa D01 Bologna  Bologna Emilia-Roemagna 40100 7 ~
141 B141 44.800235 11412270 Via Risorgimento D03 Bolegna  Bolegna Emilia-Romagna 40100 7 ~
142 B142 44.800365 11411440 Via Paolo Evangelisa D01 Bologna  Bologna Emilia-Roemagna 40100 7 ~
143 B142 44.800125 11410705  Via Risorgimento D03 Bolegna  Bolegna Emilia-Romagna 40100 7 ~
144 Bl144 44.800179 11.410959  Via 8 Marzo Do1 Bologna  Bologna Emilia-Romagna 40100 7 ~
145 B145 44.800263 11.411184  Via & Marzo D02 Bologna  Bologna Emilia-Romagna 40100 7 ~
146 B146 44.800238 11.411681  Via Gioacchino Rossini D03 Bologna  Bologna Emilia-Remagna 40100 7 ~ .
Add row Delets rows Import... Export...
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Example viewing the combined LOCATION and STRCUTURE data in the LIQUEFACT software by clicking
on the module ALL.

Troe of Anyss Rk Dats Irpast

RikModeling  Fortfola Data

AL LOCATION STRUCTLRE

Risk Idenisfication Latitude Longitude Sreet District Menicipal  City Kegon  Fostal Code Geo-code  Typology Use Width (] Lengeh el Hekght Im} Lontact Pressure per story fal Stories Above Ground Stories Below Ground Shape
il Bix SHONT 1LAIET Vie d Marzo BO2 Bekogna § RCFRLC Residential 400 400 240 15,00 L] 0} o
s s SB00% 1247, s Pagla bangeles D01 Boisgna o RCFreLl  Recidersisl 800 re) amo0 1500 ] o -
[ B136 A4TINI0 1LATEMD Vi Gioacching Ressii 001 Bed RCPRLC  Residernial 1000 e 50 15.00 7 L} B

REFhe-LC

1. B3 S35 1LANIF6 WieRnorgiments D02 Bologna  Bologea B RCFR-LC 1500 4 1500 3 ] v
e [ S4739435 TLATI01 ie Gioscching Bcssiek 007 Bologna  Bclogna Emiis-Romagna 40100 T RCPheLC :d 400 ELE ] 1400 E] v
] Bl& 420045 1141108 ViaPack Evangeios D01 Bologna  Bologaa Emie-Romagna 4010 T RCAwlC [Busnes 0,00 2800 1500 v
4 man SRS TLATZD Vi Rsorgimentc D) Bofogna  Bclogna Emils-Romagna 4030 T RCPheLC 500 240 1500 v
1 Bla S1900385 1141140 ViaPaclo Fvangelns D1 Bologna  Bologes magna 4000 T RCRRLC 600 080 1500 1 v
i Bz M4B0UNIS 14NN ViaRmorgimentz D03 Befogna  Belogea Emils-Romagna 2000 T RCReLC 00 B4 1800 1 o
1w ma HR001TD TLANDS Vi § Marze DO Delsgns  Belogea Emia-Romagna ADNO T RCRRLC 900 50 1500 9 ] v
= B8 S4B00265 1LATIIEE  Wia & Mar DO Boogne  Eclogra Emie-Romagna 40000 T RCRRLC  Resdertal 1000 40 220 1408 5 -
- mas A4GITI0 T8 AVIAR) Vi innsching Baseisi 11 Debanms  Balanas s Bronanne 401 " T BCERAC  Daidesd 16003 2140 1500 Y
Addrow | Deleterows | | oot Exert..

All imported LOCATION and STRUCTURE in the Profile Data can be edited and modified in the
LIQUEFACT software, by clicking on Add row, Delete rows. Also, in the ALL module the combined assets
data can be exported by clicking on the Export button. The combined Portfolio data can be imported
as tab-separated CSV, unformatted TXT or SHAPE files (ESRI defined formats).

Ty of Avelyss ond Geogractial Regon | Hazard Do bt Hik o it
RakModelng  PortSo G
C [ vockmon STRICTEE
Kisk dentfication  Latfude  Langiude Sireet Datrict Municipal  City Fegen  Postal Code Geo-code Nypokgy Ui Wdiniml Lengthim} Meght () < pes story (k) : Stones Below Ground  Shape ~
1 Y AAE02T LT Via B Marea BB Bologns B R aiian sl s pn adia. | 1800 2 ] -
| € bopont curment portlio tatie * |
s s AR08 TANEAT ViePacio Tvangeliss D31 Bologna B} 1500 w0 o o
1% 8136 Via Gioacching Rosind D01 Beloga B M9 e reoodElE 1500 4 o &
wr I % VisMarn 02 Bcloges 0| | B MyComputer . 150 1 5 -
™ B LTS VAN VieBorgeente D0 Scloge B | & bdd 1500 ] ] o
n Bk 44795538 TIAHITHT Vi Gloacching Rossm 001 Belogna O} 1500 § o v
" s1 LB 1AM Vi Packe Evongeise 001 Belogna B 1500 » ° -
w i ARG AN VaRsogmenta 00 Bologna I} | 1500 [ o -
I e SAE0S 11411480 Vi Packo Frangekse D01 Belogna B 1500 1 v
s B4 AABUIZS 1AM ViaRsogimento 003 Bologna B 1500 -
™ e AAEUTS 1141065 Vi E Marso TR S 1500 § o v
5 B4 03 T14TTIS Vi 8 MarD o®  Bclogna By " " 1400 5 o
e s 44 RT3 11 AVNFRY Vi imaehing Brasini (VT Seinan " o 15m R
addrom | |Deeterens | || dpart b i | ] Dort...
U (= e ~en] 1

NOTE: the STRUCTURE Portfolio Data should be imported after Vulnerability Model is already
imported and defined in the software. In case STRUCTURE Portfolio Data is imported first, Error
Message will display regarding the undefined TYPOLOGY parameter.

O Error Message X

Cannot update building structures:
Mo typelogies defined in the current vulnerability model.

Please define or import a vulnerability model first.

0K
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2.4 Mitigation Input Data

For Mitigation analysis, one of the steps required to be implemented by users is to define the target
factor and associated value for which a given asset/assets will be selected to undergo mitigation
analysis based on the result of hazard and risk analysis. This can be implemented in Settings >
Mitigation > Safety Thresholds.

Safety thresholds
O Pt 2
O —
() Loss ratio 0.5
Reset 0K Cancel Help

From Settings > Mitigation > Cost and Benefit, users are required to provide input regarding mitigation
technology cost and level of efficiency of each technology that will be considered for mitigation

assessment and cost-benefit analysis.

More Details are provided in section Processing Settings, however, it is highly important to note that
information provided in this section of Mitigation is very critical, and results of mitigation analysis are
sensitive to the input data. It is highly recommended that entered information are provided and

reviewed by an experienced local engineer with sufficient knowledge and expertise.

 Mitigation Cost and Benefit *
Gl TECNOLOGY Mitigation cast / m*3 E’S‘El‘zctt;: 'f';fgatt;;”
EARTHQUAKE DRAINS 100 80
DEEP DYMNAMIC COMPACTIOM 100 60
VIBRO COMPACTION 0 40
BLASTING COMPACTION 0 50
VIBRO REPLACEMENT 100] 55
INDUCED PARTIAL SATURATIOM 100 43
COMPACTION GROUTING 100 70
LOW PRESSURE GROUTING 100 63
JET GROUTING 0 75
DEEP SOIL MIXING 100 60
Constant discount rate (%)
Reset Cancel Help

Once mitigation settings are completed, and by clicking on Processing button Disclaimer message will
be displayed describing conditions of using the Mitigation Analysis System, that is incorporated in the

software.
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o

File View Settings Help

'tl Processing | | Results

Type of Analysis and Geographical Region Hazard Data Input Risk Data Input

The Disclaimer message asks users to Agree or Disagree to the conditions.

o

By using the Mitigation Analysis System, the user understands, accepts
! responsibility for, and agrees to the following conditions and limitations:
p 9 q

* The Mitigation Analysis System is provided for guidance only. Design decisions
should not be based on the software alone.

* Results of the Mitigation Analysis System should be critically reviewed by an
experienced engineer with sufficient expertise and an understanding of the

underlying assumptions and limitations of the software.

* The validity of the results cannot be guaranteed as correct and the mitigation
framework results should be independently cross-checked.

* This software is offered as is, without warranty or promise of support of any
kind either expressed or implied.

Agree Disagree

If users do not accept the conditions by clicking on Disagree button the software will not run the
analysis, showing the following Error message.

o

e Mitigation computation requires that the disclaimer terms are accepted.
Ok

If users accept the conditions by clicking on Agree button the software starts the analysis processing.

During the analysis processing, more precisely, when the part related to seismic and liquefaction
hazard are completed and level of loss of performance and functionality of individual
building/infrastructure assets has been established, users will be directed to develop a customized
mitigation measure based on cost-benefit analysis.
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o

Seismic hazard computation...

Cancel

o

Ligufaction hazard computation. ..

30% 78%

Cancel

Based on the outcomes of the hazard-risk analysis, a range of mitigation actions are to be identified.

In the LIQUEFACT software, 10 types of mitigation technologies are considered and there are all for

reducing the hazard level, i.e. for ground improvement mitigation. The mitigation technologies will be

ranked according to their impact on improving the assets site ground conditions and on their

contribution to improving overall performance of the building/infrastructure assets.

The technologies selection process is based on applicability criteria and score rating considering the

most influential factors. The first step in scoring the applicability and eliminate some ground

improvement technologies is to define site conditions: if site or location of interest is a free field

condition or if there are existing buildings or infrastructures.

Type of Analysis and Geographical Region Harzard Data Input

Type of analysis

Assessment analysis | Hazard, Risk & Mitigation -

Risk assessment Physical Impact & Economic -

Mitigation analysis Existing Structures 7

Structu

New Construction

Geographical region

Risk Data Input

Other factors include soil type, stratigraphy, depth of liquefiable zone, size of area to be improved,

foundation type, constrains, presence any subsurface obstructions, and environmental compatibility.

Table 2 illustrates the list of the factors considered in the system, and they are classified in terms of

level of importance to the applicability criteria and weighted accordingly.

Applicability Factors for Ground Improvement Mitigation Technologies

1. Site conditions

1.1) Free field

Existing buildings

2. Soil type

Gravel soils

Sandy soils

Inorganic silts, clays silts of low to medium plasticity

3. Stratigraphy

Soil crust

No soil crust

4. Depth of the treatment zone

<3m

3-12m

12-18 m

18-25m

5. Size of area to be improved

Small (<1000 m?)

Medium (1000-5000 m?)

High (>5000 m?)

6. Foundation type

Shallow foundations

Deep foundations

7. Project constrains

Low overhead clearance

1.2)
2.1)
2.2)
2.3)
3.1)
3.2)
4.1)
4.2)
4.3)
4.4)
5.1)
5.2)
5.3)
6.1)
6.2)
7.1)
7.2)

Adjacent structures
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| 7.3) Existing utilities

8. Presence of subsurface obstructions
9. Environmental compatibility

Select Soil Type for each building/infrastructure asset

Q Set mitigation parameters X
Applicationable to Existing Buildings/ Infrastructure
Risk Identification Soil Type Stratigraphy hegﬁﬁ&zm Size of Area Foundation Type Project Constraints g;':;uur!‘?;:s Ecn:'nﬂﬁ';n;;ﬂtt?‘ -
4 BOD4 Gravel soils Soil crust <3m Small (<1000 m2) Shallow foundations Low overhead clearance Mo Yes
5 BODS Soil crust <3m Small (<1000 m2) Shallow foundations Low overhead clearance Mo Yes
[ BODE Soil crust <3m Small (<1000 m2) Shallow foundations Low overhead clearance Mo Yes
Inarganic silts
7 BOOT ravel soils Soil crust <3Im Small (<1000 m2) Shallow foundations Low overhead clearance Mo Yes
8 B0D2 Gravel soils Soil crust <3m Small (<1000 m2) Shallow foundations Low overhead clearance Mo Yes
g BODY Gravel soils Soil crust <3Im Small (<1000 m2) Shallow foundations Low overhead clearance Mo Yes
10 BO1D Gravel soils Soil crust <3m Small (<1000 m2) Shallow foundations Low overhead clearance Mo Yes
11 BOT1 Gravel soils Soil crust <3m Small (<1000 m2) Shallow foundations Low overhead clearance Mo Yes
12 BO2 Gravel soils Soil crust <3m Small (<1000 m2) Shallow foundations Low overhead clearance Mo Yes
W
Cancel Help
Select Stratigraphy for each building/infrastructure asset
0 Set mitigation parameters X
Applicationable to Existing Buildings/Infrastructure
Risk Identification Soil Type Stratigraphy h’eaDh%nF:aﬂI:to:one Size of Area Foundation Type Project Constraints g;:;ﬂg:g:s Eg;;gg?;‘ﬂttﬁl -
4 BOO4 Gravel soils Soil crust <3m Small (<1000 m2) Shallow foundations Low overhead clearance No Yes
5 B0O05 Gravel soils - <3Im Small (<1000 m2) Shallow foundations Low overhead clearance No Yes
6 BOOG Gravel soils <3m Small (<1000 m2) Shallow foundations Low overhead clearance MNo Yes
7 BOO7 Gravel soils Soil crust <3Im Small (<1000 m2) Shallow foundations Low overhead clearance No Yes
8 BOOS Gravel soils Soil crust <3m Small (<1000 m2) Shallow foundations Low overhead clearance MNo Yes
[} B0OO9 Gravel soils Soil crust <3Im Small (<1000 m2) Shallow foundations Low overhead clearance No Yes
10 BO10 Gravel soils Soil crust <3Im Small (<1000 m2) Shallow foundations Low overhead clearance No Yes
11 BO11 Gravel soils Soil crust <3m Small (<1000 m2) Shallow foundations Low overhead clearance No Yes
12 BO12 Gravel soils Soil crust <3Im Small (<1000 m2) Shallow foundations Low overhead clearance No Yes
v
Cancel Help
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Select Depth of treatment zone for each building/infrastructure asset

Q Set mitigation parameters x
Applicationable to Existing Buildings/Infrastructure
Risk Identification Soil Type Stratigraphy trea[:snp::tfone Size of Area Foundation Type Project Constraints OSE:;EIL?DESS Eg;;;;nag;?ttsl ”
4 BOOd Gravel soils Soil crust Small (<1000 m2) Shallow foundations Low overhead clearance Mo Yes
5 BOOS Gravel soils Soil crust Small (<1000 m2) Shallow foundations Low overhead clearance Mo Yes
[ BODG Gravel soils Soil crust Small (<1000 m2) Shallow foundations Low overhead clearance Mo Yes
7 BOO7 Gravel soils Soil crust Small (<1000 m2) Shallow foundations Low overhead clearance Mo Yes
8 BO03 Gravel soils Soil crust Small (<1000 m2) Shallow foundations Low overhead clearance Mo Yes
g BOO9 Gravel soils Soil crust <3m Small (<1000 m2) Shallow foundations Low overhead clearance Mo Yes
10 BO10 Gravel soils Soil crust <3m Small (<1000 m2) Shallow foundations Low overhead clearance Mo Yes
11 BO11 Gravel soils Soil crust <3m Small (<1000 m2) Shallow foundations Low overhead clearance Mo Yes
12 BO12 Gravel soils Soil crust <3m Small (<1000 m2) Shallow foundations Low overhead clearance Mo Yes
v
Cancel Help
Select Size of Area for each building/infrastructure asset
0 Set mitigation parameters X
Applicationable to Existing Buildings/Infrastructure
Risk Identification Soil Type Stratigraphy D'EaDhﬁaﬁnthzfone Size of Area Foundation Type Project Constraints g;g;‘:g?;ﬁs Eg;x;’;g;ﬂtt;‘ -
4 BOO4 Gravel soils Soil crust <3Im Small (<1000 m2) Shallow foundations Low overhead clearance MNe Yes
5 B0O3 Gravel soils Soil crust <3im Shallow foundations Low overhead clearance No Yes
3 BOOG Gravel soils Soil crust <3im Shallow foundations Low overhead clearance MNe Yes
7 BOOT Gravel soils Soil crust <3im Shallow foundations Low overhead clearance No Yes
8 B002 Gravel soils Soil crust <3Im Small (<1000 m2) Shallow foundations Low overhead clearance MNe Yes
9 BOO9 Gravel soils Soil crust <3Im Small (<1000 m2) Shallow foundations Low overhead clearance No Yes
10 BO1O Gravel soils Soil crust <3m Small (<1000 m2) Shallow foundations Low overhead clearance Mo Yes
11 BO11 Gravel soils Soil crust <3Im Small (<1000 m2) Shallow foundations Low overhead clearance No Yes
12 BO12 Gravel soils Soil crust <3m Small (<1000 m2) Shallow foundations Low overhead clearance Mo Yes
v
Cancel Help
Select Foundation Type for each building/infrastructure asset
Q Set mitigation parameters X
Applicationable to Existing Buildings/ Infrastructure
Risk Identification Soil Type Stratigraphy he?h?i?tizne Size of Area Foundation Type Project Constraints OSS:;?J’-E?UEI‘IES Eg;;g!ﬁ:ﬁ;' ”
4 BO04 Gravel soils Soil crust <3m Small (<1000 m2) Shallow foundations Low overhead clearance Mo Yes
5 BOOS Gravel soils Soil crust <3m Small (<1000 m2) Low overhead clearance Mo Yes
[ BODB Gravel soils Soil crust <3Im Srall (<1000 m2) Low overhead clearance Mo Ves
7 BOO7 Gravel soils Soil crust <3m Small (<1000 m2) Shallow foundations Low overhead clearance Mo Yes
8 B003 Gravel soils Soil crust <3m Small (<1000 m2) Shallow foundations Low overhead clearance Mo Yes
g BOOS Gravel soils Soil crust <3m Small (<1000 m2) Shallow foundations Low overhead clearance Mo Yes
10 BO10 Gravel soils Soil crust <3m Small (<1000 m2) Shallow foundations Low overhead clearance Mo Yes
11 BO11 Gravel soils Soil crust <3m Small (<1000 m2) Shallow foundations Low overhead clearance Mo Yes
12 BO12 Gravel soils Soil crust <3m Small (<1000 m2) Shallow foundations Low overhead clearance Mo Yes
v
Cancel Help
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Select Project constraints at the site of each building/infrastructure asset

v.1.0

0 Set mitigation parameters X
Applicationable to Existing Buildings/Infrastructure
Risk Identification Soil Type Stratigraphy Ue:t;pgtozzne Size of Area Foundation Type Project Constraints gl;‘sb;flt:?ocss Ecn;i;;g:;lﬂttjl ”
4 BOO4 Gravel soils Soil crust <3m Small (<1000 m2) Shallow foundations Low overhead clearance MNo Yes
5 BOO3 Gravel soils Soil crust <3m Small (<1000 m2) Shallow foundations No Yes
6 BODG Gravel soils Soil crust <3m Small (<1000 m2) Shallow foundations Mo Yes
Existing utilities
7 BOOT Gravel soils Soil crust <3im Small (<1000 m2) Shallow foundations ow overhead clearance MNo es
8 BODS Gravel soils Soil crust <3m Small (<1000 m2) Shallow foundations Low overhead clearance Mo Yes
g BOO% Gravel soils Soil crust <3im Small (<1000 m2) Shallow foundations Low overhead clearance MNo es
10 BO10 Gravel soils Soil crust <3m Small (<1000 m2) Shallow foundations Low overhead clearance MNo Yes
11 BO11 Gravel soils Soil crust <3im Small (<1000 m2) Shallow foundations Low overhead clearance Mo Yes
12 BO12 Gravel soils Soil crust <3m Small (<1000 m2) Shallow foundations Low overhead clearance Mo Yes
v
_ Cancel Help
Select subsurface obstructions at the site of each building/infrastructure asset
Q Set mitigation parameters X
Applicationable to Existing Buildings/Infrastructure
Risk Identification Soil Type Stratigraphy he:henpgtozzne Size of Area Foundation Type Project Constraints Di“;:f::{zf:g Ecn;i;;grggiﬁttsl ”
4 BOO4 Gravel soils Soil crust <3im Small (<1000 m2) Shallow foundations Low overhead clearance Yes
5 BOO5 Gravel soils Soil crust <3im Small (<1000 m2) Shallow foundations Low overhead clearance es
[ B0OG Gravel soils Soil crust <3Im Small (<1000 m2} Shallow foundations Low overhead clearance Yes
7 BOO7 Gravel soils Soil crust <3im Small (<1000 m2] Shallow foundations Low overhead clearance Yes
8 BOOS Gravel soils Soil crust <3Im Small (<1000 m2) Shallow foundations Low overhead clearance MNo Yes
a9 B0OO9 Gravel soils Soil crust <3Im Small (<1000 m2} Shallow foundations Low overhead clearance No Yes
10 BO10 Gravel soils Soil crust <3m Small (<1000 m2} Shallow foundations Low overhead clearance No Yes
11 BO11 Gravel soils Soil crust <3im Small (<1000 m2) Shallow foundations Low overhead clearance Mo Yes
12 BO12 Gravel soils Soil crust <3Im Small (<1000 m2) Shallow foundations Low overhead clearance No Yes
w
Cancel Help
Select environmental compatibility at the site of each building/infrastructure asset
0 Set mitigation parameters X
Applicationable to Existing Buildings/Infrastructure
Risk Identification Soil Type Stratigraphy te:;pgtizne Size of Area Foundation Type Project Constraints ggsb;uu::?;ss ?::rp:::;?gl .
4 BOO4 Gravel soils Soil crust <3im Small (<1000 m2) Shallow foundations Low overhead clearance MNo
5 BODS Gravel soils Soil crust <3Im Small (<1000 m2) Shallow foundations Low overhead clearance No
[ BOD6 Gravel soils Soil crust <3m Small (<1000 m2) Shallow foundations Low overhead clearance Mo
7 BOO7 Gravel soils Soil crust <3im Small (<1000 m2) Shallow foundations Low overhead clearance MNo
8 BO02 Gravel soils Soil crust <3m Small (<1000 m2) Shallow foundations Low overhead clearance MNo Yes
L] BOO9 Gravel soils Soil crust <3im Small (<1000 m2) Shallow foundations Low overhead clearance Mo Yes
10 BO10 Gravel soils Soil crust <3im Small (<1000 m2) Shallow foundations Low overhead clearance MNo Yes
11 BO11 Gravel soils Soil crust <3Im Small (<1000 m2) Shallow foundations Low overhead clearance Mo Yes
12 BO12 Gravel soils Soil crust <3m Small (<1000 m2) Shallow foundations Low overhead clearance Mo Yes
W
Cancel Help
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3 PROCESSING SETTINGS

This section describes the processing settings that users are required to define depending on the
user’s objectives and target goal of analysis. The settings to be defined are related to:

e Interpolation processing to be defined for generating seismic and liquefaction hazard maps

e Loss factors to be defined for the computation of physical and economic loss

e Definition of liquefaction qualitative risk level classification

e Mitigation parameters to be customized to user’s case study

Q Liquefaction Reference Guide
File View GSettings Help

Interpelation...

Lass factors L4
Liquefaction 4
Type Mitigation » |Region Hazard Data Input Risk Data Input

3.1 |Interpolation Settings

In the LIQUEFACT software, two types of interpolation techniques for generating seismic and
liguefaction hazards and the computation of risk: Geostatistical Interpolation and Deterministic
Interpolation procedures.

Interpolation settings incorporated in the LIQUEFACT software.

o

Interpolation method
(® Kriging (using weighted average if Kriging fails)

Variogram model | Stable - [] Manual kriging

Filters
(® Neighborhood filtering

() variance filtering

Median filtering

(O shepard's Weighted Average

Distance damping

Interpolation neighborhood

(® Average minimum distance between profiles

O Radius {m) 200

Reset O Cancel Help

3.1.1 Geostatistical Interpolation — Kriging Method

For Geostatistical Interpolation, Kriging method is the procedure that is incorporated in the
LIQUEFACT software for generating seismic and liquefaction hazard maps. In this method, options are

3—100
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provided for variogram model and users can select between Stable, Spherical, Exponential, Gaussian,

or Bilinear model. In addition, options for data population filtering is provided.

Note that in case Kriging method fails to interpolate input data, weighted average method of

interpolation will be automatically used by the software to generate maps.

Q Interpelation Settings

Interpolation method
(® Kriging (using weighted average if Kriging fails)

Variogram model |5ta [] Manual Kriging

" i =
F'HHS_ Spherical
(® Neighborhol Exponential

O Vari P Gaussian
ariance filt giinaar

Median filtering

() shepard's Weighted Average

Distance damping

Interpolation neighborhood
(@) Average minimum distance between profiles

() Radius (m) 200

Reset Cancel

Help

Alternatively, user can carry out manual Kriging for the interpolation of the soil and liquefaction input

data as shown in the figures below. This can be done by ticking the box “Manual Kriging”.

o

Interpolation method
(® Kriging (using weighted average if Kriging fails)

Variogram mode| | Stable - Manual Kriging

Filters
(® Neighborhood filtering

() Variance filtering

Median filtering

() shepard's Weighted Average

Distance damping

Interpolation neighborhood

(® Average minimum distance between profiles

() Radius (m) 200

Reset OK Cancel

Help

In this case, use will be required to manually define the Variogram parameters to fit the population

variance by defining: the variogram model (Stable, Spherical, Exponential, Gaussian, and Bilinear),

Nugget, Sill, Range, Maximum distance, Lag length.
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Reset oK Cancel Help

Next, cross-validation graph will be plotted showing result of the choices made manually by the user
regarding the selected variogram parameters. The user can use this graph as a guidance cross-checking
for a better selection and modelling of the variogram.
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0K Cancel Help
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3.1.2 Deterministic Interpolation — Weighted Average Method

For Deterministic Interpolation, Shepard’s Weighted Average is the interpolation technique that is
incorporated in the LIQUEFACT software for generating seismic and liquefaction hazard maps.

3.1.3 Interpolation Neighborhood

In addition, options for data interpolation neighbourhood between profiles are provided., where user
can select between:

e Average minimum distance between the used data profiles, which will be computed
automatically by the software.

e User provide manually an estimation of the radius between the data profiles.

3.2 Loss Factors Settings

For Risk analysis, one of the steps required to be implemented by users is to define Loss Factor to be
associated to fragility and selected vulnerability analysis procedure for the computation of losses. Loss
factors should be defined for Building, Contents and Business Interruption. In general, the values can
be different from country to country and should be estimated by an experienced local engineer. Loss
Factors can be defined in Settings > Mitigation >.

Q Liquefaction Reference Guide

File View Settings Help

Interpelaticn...
Loss factors D Conventional (2 states)...
Liquefaction b Conventional (3 states)...
TyPe  Mitigation b Conventional (4 states)... SFER T

Type of analysis BT

Note that the software uses default values, but users can edit these values by double click.

3.2.1 Loss Factors for Conventional Vulnerability Analysis

Loss factor for fragility curves with two Damage Limit States.

Minor Complete
Building 0.1 1
Contents 0.2 1
Business Interruption 0 1
Reset OK Cancel Help

LIQUEFACT Project — EC GA no. 700748
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Loss factor for fragility curves with three Damage Limit States.

Damage Limitation  Significant Damage  Mear Collapse
Building 0.1 0.6 1
Contents 0.2 0.7 1
Business Interruption 0 0.5 1
Reset Cancel Help

Loss factor for fragility curves with four Damage Limit States.

Slight Moderate Extensive Complete
Building 0.08 0.33 1 1
Contents 0.2 0.5 0.85 1
Business Interruption 0 015 1 1
Reset CK Cancel Help

3.2.2 Loss Factors for ESP-based Vulnerability Analysis

Loss factor for ESP-based fragility curves.

Structural  Structural Structural Foundation  Foundation Demolition and Replace Cost
(D51} (D52) (D53) (Repairable) (Irrepairable] Replacement Cost  from Collapse
Building 0.1 0.2 0.5 0.3 1 1 1
Contents 0.2 03 0.7 0.4 1 1 1
Business Interruption ] 0.15 1 0.1 1 1 1
Reset OK Cancel Help

3.3 Liquefaction Risk Levels Definition Settings

In the LIQUEFACT software, the resulted values of liquefaction severity indicator in terms of LPI and
LSN are also presented in form of Risk Level Qualitative Classification, in order to help non-technical
end-users to easily understand the estimated level of risk of liquefaction-induced ground deformation.

In literature various qualitative-based classification definitions associated with LPI and LSN range
values have been introduced in order to quantify the different liquefaction risk level to the ground.

For LPI, the ranges values associated to the different risk level classes are by default mainly adopted
and modified from the classes suggested by Iwasaki et al. (1978). However, users can always modify
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these ranges values, by going from Settings to Liquefaction and then Risk levels (LPI), and click on Edit

button to modify the LPI range.

For LSN, the ranges values associated to the different risk level classes are by default mainly adopted
and modified from the classes suggested by Tonkin and Taylor (2013). However, users can always
modify these ranges values, by going from Settings to Liquefaction and then Risk levels (LSN), and click

on Edit button to modify the LSN range.

0 Liquefaction Reference Guide
File View Settings Help
Interpolation...

Loss factors 4

Liquefaction 4 Risk levels (LSM]...

Type Mitigation 3 Risk levels (LPI).. Risk Data Input
o S x| | @ Liauetacton RiskLeveis x
Classification LPI Range Classification L5M Range
Mo Liquefaction Risk LPI=10 Mo Liguefaction Risk L5M < 5
Low Liquefaction Risk D<LPle=2 Low Liquefaction Risk 5« LsM«=10
Moderate Liquefaction Risk 2<LPl<=5 Moderate Liquefaction Risk 10 < LSN <= 30
Edit Help Edit oK Help

3.4 Mitigation Definition Settings

Mitigation definition settings provide users with options on how a given asset/assets is selected to
undergo mitigation analysis, and to define the various ground improvement technologies that will be
considered for the cost-benefit analysis.

0 Liquefaction Reference Guide
File View Settings Help

Interpolation...

Loss factors L
Liquefaction L
Type Mitigation 3 Safety thresholds... Risk Data Input
Type of analysis Cost and benefit...

Important to note that information provided in this section of Mitigation is very critical, and results of
mitigation analysis are sensitive to the input data. It is highly recommended that the information
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entered in this section is provided and reviewed by an experienced local engineer with sufficient
knowledge and expertise.

3.4.1 Mitigation Safety Threshold Settings

This is a very important step where users can define the target factor and the associated value for
which a given asset(s) will be selected to undergo mitigation analysis based on the result of hazard
and risk analysis. The target factor and the associated value can be in terms of:

e Lliquefaction Potential Index
e Lliquefaction Severity Number

e Loss Ratio

Safety thresholds
(O LPI 2
O —
C]I Loss ratio 0.5
Reset oK Cancel Help

3.4.2 Mitigation Cost and Benefit Settings

Here users can define which ground improvement technologies that will be considered for Cost-
Benefit Analysis.

e In the Section Mitigation cost/m? users can define the local currency cost in m® for each

technology. Values can be entered by double click on each cell.

For any given mitigation technology, if the cost is left with zero “0” value then the technology
will not be considered in the mitigation analysis

e Inthe Section Expected Mitigation Solution Level (%): users are required to provide their best
estimate for the level of efficiency of a given technology in terms of improving ground
condition. If provided, the value must be in percentage (%) and can range from 0% to 100%.

e Constant discount rate (%): is determined from interest rates and adjusted for inflation, and
traditionally ranges from 2% to 6%. A default rate value of 3% is used, but users can modify
and provide their own value representing the local currency and region.
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O Mitigation Cost and Benefit X
N . Expected Mitigation
Gl TECNOLOGY Mitigation cost/ m*3 Solution Level (%)

EARTHQUAKE DRAINS 100 30

DEEP DYMNAMIC COMPACTION 100 ]

VIERD COMPACTION 0 40

BLASTING COMPACTION 0 50

WVIERD REPLACEMENT 100 53

INDUCED PARTIAL SATURATION 100 45

COMPACTION GROUTING 100 70

LOW PRESSURE GROUTING 100 B3

JET GROUTING 0 73

DEEP SOIL MIXIMNG 100 ]

Constant discount rate (%)

Resat Cancel Help

4 SOFTWARE ANALYSIS RESULTS/OUTPUT

This section provides detailed description on the different analysis outcomes and results that users
can obtain form each case of selected analysis type, and interpretation of the results.

4.1 Pre-Processing and Results

Once the analysis process is finished, the Result button is activated, where all the results of analysis

are presented. It is also possible to click Pre-Processing button to review the different input data but
cannot be changed or modified. If users wish to modify input data than this can be done by clicking on
lock icon to unlock the software and make modification/changes in the data input. However, unlocking
the software will also clear results (i.e. all analysis results will be lost).

o

File View Settings Help

E| Pre-Processing | | Processing

Hazard Analysis Cutput Risk Analysis Qutput Mitigation Analysis Output

4—107

LIQUEFACT Project — EC GA no. 700748



LIQUEFACT
Deliverable 6.6

Thisprojct s received funing LIQUEFACT Software — Technical Manual and Application
rom the European Union’s
Horizon 2020 fesearch and V. 1'0

innovation programme under
grant agreement No. 700748

4.2 Hazard Analysis Output

Results of Hazard analysis are presented in terms of GIS-based Seismic Ground Shaking and
Liquefaction Risk at the locations of interest. The results are presented as tables and interpolation-
based maps.

4.2.1 Seismic Hazard Analysis Output

Seismic Hazard Analysis Output Description

Parameters

Hazard Identification Identification number representing each soil profile used in the analysis
(when List Profiles is selected) or resulted from interpolation (when List
is selected)

PGA Ground shaking at bedrock

PGA (amplified) Ground shaking at ground surface

When List (Profile) is selected, the displayed results represent the outcomes of seismic hazard analysis
in terms of peak ground acceleration computed for each soil profile.

Hazard Analysis Output Risk Analysis Output Mitigation Analysis Output
Seismic Ground Shaking Ground Liguefaction
List (Profiles) +
Map
List
2 - . . PGA 2
azard |dentification Latitude Lengitude PGA e
(amplified)
1 G001 44,798700 11.404400 0.083305 0.133288
2 G002 44,798700 11.405200 0.083305 0.133288
3 G003 44,798700 11.406000 0.083305 0.133288
4 GO 44,798700 11.406800 0.083305 0.208262
5 G003 44,798700 11.407700 0.083305 0.208262
] G006 44,798700 11.408500 0.083305 0.208262
7 GOo7 44,798700 11.409300 0.083305 0.208262
2 G00g 44,798700 11.410100 0.083305 0.208262
9 G009 44,798700 11.410900 0.083305 0.208262
10 G010 44.798700 11.411800 0.083305 0.208262
1 G011 44.798700 11.412600 0.083305 0.133288 w
Export...

When List is selected, the displayed results represent the outcomes of seismic hazard analysis in terms
of peak ground acceleration (PGA) resulted from the interpolation of the PGA values that were
computed for each soil profile.
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Hazard Analysis Output Risk Analysis Qutput Mitigation Analysis Output
Seismic Ground Shaking Ground Liquefaction
List (Profiles o ) ] PGA ~
Hazard Identification Latitude Longitude (amplified)
1 HAZARD-1D-00001 44738600 11.404400 0.153876
2 HAZARD-ID-00002 44748700 11.404400 0.153066
3 HAZARD-ID-00003 44758800 11.404400 0152672
4 HAZARD-ID-00004 44758900 11.404400 0.152392
5 HAZARD-ID-00005 44,759000 11.404400 0152043
6 HAZARD-ID-00006 44759100 11.404400 0.151629
7 HAZARD-ID-00007 44759200 11.404400 0151284
8 HAZARD-ID-00008 44759300 11.404400 0.151303
9 HAZARD-ID-00009 44758400 11.404400 0151839
10 HAZARD-ID-00010 44759500 11.404400 0.152697
< > v

When Map is selected, then ground shaking PGA map resulted from the interpolation is displayed.

Hazard Analysis Output

Seismic Ground Shaking

£
z
g

Latitude

44,802

44.8

Risk Analysis Output

Ground Liquefaction

11.406

Mitigation Analysis Output

Ground Shake

0.19

g 5
(B) uoizow punoJH

T
=1
o
=

-0.15

- 0.14

11.408 11.41

Longitude

11412 11.414
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Map overlays

Shapes
Region

Markers

Locations

[ Ground amplification profiles
[ Liquefaction profiles

[] Marker labels

Hazard maps

(@) PGA

O Lsn O LSN Risk Level
Ot O LPIRiskLevel
Cese O

4.2.2 Quantitative Liquefaction Hazard Analysis Output

Analysis Output Parameters

Quantitative Liquefaction Hazard

Description

Hazard Identification

Identification number representing each soil profile used in the analysis
(when List Profiles is selected) or resulted from interpolation (when List
is selected)

PGA (amplified)

Ground shaking at ground surface that was assigned to each liquefaction
profile for the computation of liquefaction hazard

PGA Assignment ID of PGA that was assigned to the liquefaction profile

LPI Liquefaction Potential Index

Settlement (cm) Free field settlement in cm unit

LSN Liquefaction Severity Number

LSN (ESP) Liquefaction Severity Number estimated from ESP-based method
ESP Equivalent Soil Profile Class (from the 22 classes)

Liquefaction Risk Level (LPI-based)

Qualitative evaluation of liquefaction risk level based on LPI range values

Liquefaction Risk Level
based)

Qualitative evaluation of liquefaction risk level based on LSN range values

When List (Profile) is selected, the displayed results represent the outcomes of liquefaction hazard
analysis in terms of multi-liquefaction severity indicators computed for each CPT, SPT or Vs profile.
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Hazard Analysis Output  Risk Analysis Output  Mitigation Analysis Output
Seismic Ground Shaking Ground Liquefaction

List (Profiles) -
LSN-Map
LSN Risk Level Map
EEi%LEVEl Msp  ftion Latitude Longitude (amPpG“’;E " Assi';f‘:‘ e [P Settlement(em)  ISN LSN(ESP) ESP Liq”eﬁ;ﬁifs"a SRE'Z'; Level Liq“ff;ffé‘ﬁi;‘; Level |8
E?tMaD 44,803500 11.407200 0.208262 G109 4.0972 15.2665 21,3570 54.3492 WLS  Moderate Moderate

44,803900 11.408500  0.208262 G126 23410 8.9604 9.9407 34.8708 WLM  Moderate Low
42 185130U509 44,805000 11.408900 0.208262 G141 2.3458 8.9634 9.9246 362930 WLM  Moderate Low
43 185130U510 44.804400 11.470300 0133288 G128 0.0000 1.2012 13191 0.0000 RXX None None
44 185130U511 44804900 11.411300 0.133288 G144 0.0000 1.4252 2.6607  0.0000 RXX MNone None
43 185130U512 44803000 11.412800 0.133288 G148 0.0000 2.3351 4.4500  0.0000 RXX MNone None
46 185130U513 44806700 11.414600 0.208262 G193 5.2020 15.5538 19.9925 54.3456 WLM _ Moderate
47 185130U514 44808500 11.415300 0133288 G224 0.0000 2.8011 4.0662  0.0000 RXX MNone MNone
43 185140C174 44806900 11.418700 0.208262 G195 0.2331 3.1921 65475 31.1152 WLD Low Low
49 185140C175 44805000 11.418900 0133288 G130 0.0000 0.6316 1.0810  0.0000 RXX None None

v
Export...

When List is selected, the displayed results represent the outcomes of liquefaction hazard analysis in
terms of multi-liquefaction severity indicators resulted from the interpolation of the indicators values
that were computed for each CPT, SPT or VS profile.

Hazard Analysis Qutput Risk Analysis Qutput Mitigation Analysis Qutput
Seismic Ground Shaking Ground Liquefaction
List hd
LSN-Map
LSN Risk Level Map
LPI-Map - A - A h
LPI Risk Level Map cation Latitude Longitude LRI Settlement (cm) LSN LSM (ESP) ESP quuafi;t‘msn Rlzk Level quuaffs(ﬂﬂé‘ Rlsdk Level
ESP-Map (LPI-Based) (LSM-Based)
44.803600 11.404400 1.4784 8.7299 13.1510 37.9094 WLM  Low Moderate
44.803700 11.404400 1.4784 8.7299 13.1510 37.9094 WLM  Low Moderate
4 HAZARD-ID-00054  44.803800 11.404400 11104 6.6056 10.0529 284739 WLD  Low Moderate
55 HAZARD-ID-00055  44.803200 11.404400 0.9892 5.9058 9.0325 25.3661 WLD  Low Low
36 HAZARD-ID-00056  44.804000 11.404400 0.8320 4.9924 7.7092 21.3360 WMD  Low Low
57 HAZARD-ID-00057  44.804100 11.404400 0.6500 3.9474 6.1765 16.6677 WMD  Low Low
58 HAZARD-ID-00058  44.804200 11.404400 0.4636 28713 4.6072 11.8882 WMD  Low None
59 HAZARD-ID-00059  44.804300 11.404400 0.2963 1.9053 3.1985 7.5978 WTD  Low None
60 HAZARD-ID-D00G0  44.804400 11.404400 0.1653 1.1480 2.0055 4.2388 WTD  Low None
61 HAZARD-ID-00061  44.804500 11.404400 0.0000 0.1946 0.7038 0.0000 RAXX None None
v
Export...

Liquefaction Potential Index LPI

When LPI-Map is selected, then the Liquefaction Potential Index-based map resulted from the
interpolation is displayed.

Example of resulted Liquefaction Severity Indicator maps in terms of Liquefaction Potential Index (LPI),
as provided in the LIQUEFACT software.
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Hazard Analysis Qutput Risk Analysis Output Mitigation Analysis Output

Seismic Ground Shaking Ground Liquefaction

LPI-Map -
Ground Liquefaction
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When LPI Risk Level Map is selected, then the qualitative-based liquefaction risk classification map in

terms of Liquefaction Potential Index (LPI), and resulted from the interpolation, is displayed.

Example of resulted LPI Risk level classification maps, as presented in the LIQUEFACT software.

Hazard Analysis Qutput Risk Analysis Output

Seismic Ground Shaking Ground Liquefaction

LPIRisk LevelMap ~

44.308

44.806

44.804

Latitude

44.802

44.8

Mitigation Analysis Output

Ground Liquefaction
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Liquefaction Severity Number LSN

When LSN-Map is selected, then the Liquefaction Severity Number-based map resulted from the
interpolation is displayed.

Example of resulted Liquefaction Severity Indicator maps in terms of Liquefaction Severity Number
(LSN), as provided in the LIQUEFACT software.

Hazard Analysis Cutput Risk Analysis Output Mitigation Analysis Output

Seismic Ground Shaking Ground Liquefaction

Ground Liquefaction
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When LSN Risk Level Map is selected, then the qualitative-based liquefaction risk classification map

in terms of Liquefaction Severity Number (LSN), and resulted from the interpolation, is displayed.

Example of resulted LSN Risk level classification maps, as presented in the LIQUEFACT software.

Hazard Analysis Output Risk Analysis Output Mitigation Analysis Output

Seismic Ground Shaking Ground Liquefaction

LSM Risk Level Map ~
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Liquefaction-Induced Ground Settlements

When GD-Map is selected, then the Ground Deformation Free-Field Settlement -based map resulted
from the interpolation is displayed.

Example of resulted Liquefaction Severity Indicator in terms of Ground Deformation Free-Field
Settlement, as presented in the LIQUEFACT software.

Hazard Analysis Output  Risk Analysis Output  Mitigation Analysis Output

Seismic Ground Shaking Ground Liguefaction

GD-Map -

Ground Liquefaction
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Equivalent Soil Profile (ESP)-based Classification

When ESP-Map is selected, then the Equivalent Soil Profile-based map resulted from the interpolation
is displayed.

Example of resulted Liquefaction Severity Indicator in terms of Equivalent Soil Profile (ESP), as
presented in the LIQUEFACT software.

Hazard Analysis Output Risk Analysis Output Mitigation Analysis Output

Seismic Ground Shaking Ground Liquefaction
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4.2.3 Qualitative Liquefaction Hazard Analysis Output

In the LIQUEFACT software, when user-supplied liquefaction hazard maps are used either through the
selection of User-Defined or Pre-Defined option, location-specific levels of liquefaction hazard are not

interpolated, and closest location-specific to a given asset is assigned for the evaluation of liquefaction
risk.

4.2.3.1 User-Defined Liquefaction Hazard Output

Example analysis output for user-supplied liquefaction hazard map in terms of Liquefaction Hazard

Hazard Analysis Output
Ground Liquefaction

Hazard |dentification  Latitude Longitude Geo-code Liquefaction Hazard "
7 BOO7 44,804261  11.403951 2
8 BO03 44804082 11.405790 2 No Liquefaction
9 BODY 44,804159 11.406743 2
10 BO10 44,304034 11.406466 2
1A BO11 44803783 11.406423 2
12 B012 44,803577 11.403844 2 No Liquefaction
13 B013 44803335 11.405187 2 Mo Liquefaction
14 BO14 44,803718 11.403271 2 No Liquefaction
15 BO15 44803853 11403539 2 Mo Liquefaction
16 B016 44,803192 11.404738 2 No Liquefaction
17 BO17 44803499 11403582 2 Mo Liquefaction
18 B018 44.804262 11.411034 1 Non-susceptible
19 BO19 44.803789 11.410564 1 Men-susceptible v

Expart...
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Example analysis output for user-supplied liquefaction hazard map in terms of Liquefaction Potential
Index (LPI)

Hazard Analysis Output
Ground Liquefaction

Hazard Identification  Latitude Longitude Geo-code Ligquefaction Probability Index (LPI) G
1 BOO1 44.804876 11.406691 2 _
2 BO02 44.804555 11.406245 2 Mederate Liquefaction Risk
3 B0D3 44.804744 11.407085 2 _
4 BO04 44.804298 11.407708 2 Meoderate Liquefaction Risk
5 BOD5 44.804456 11.407388 2 Mederate Liquefaction Risk
6 BODG 44.804078 11.407326 2 Mederate Liquefaction Risk
7 BOO7 44.804261 11.405951 2 Mederate Liquefaction Risk
8 B003 44.804082 11.405790 2 Low Liguefaction Risk
9 BO09 44.804159 11.406743 2 Mederate Liquefaction Risk
10 BO10 44.804034 11.406466 2 Mederate Liquefaction Risk
1 BO11 44.803783 11.406423 2 Mederate Liquefaction Risk
12 B012 44.803577 11.405844 2 Low Liguefaction Risk
13 B013 44.803333 11.405187 2 Low Liguefaction Risk v

Export..

Example analysis output for user-supplied liquefaction hazard map in terms of Liquefaction Severity
Number (LSN)

Hazard Analysis Output
Ground Liquefaction

Hazard Identification  Latitude Longitude Geo-code Liquefaction Severity Number (LSN) ~ #
1 BOO1 44.804876 11.406691 2 _
2 BO02 44.804555 11.406245 2 Mederate Liquefaction Risk
3 B0D3 44.804744 11.407085 2 _
4 BO04 44.804298 11.407708 2 Meoderate Liquefaction Risk
5 BOD5 44.804456 11.407388 2 Mederate Liquefaction Risk
6 BODG 44.804078 11.407326 2 Mederate Liquefaction Risk
7 BOO7 44.804261 11.405851 2 Mederate Liquefaction Risk
8 B003 44.804082 11.405790 2 Low Liquefaction Risk
9 BO09 44.804159 11.406743 2 Mederate Liquefaction Risk
10 BO10 44.804034 11.406466 2 Mederate Liquefaction Risk
1 BO11 44.803783 11.406423 2 Mederate Liquefaction Risk
12 B012 44.803577 11.405844 2 Low Liquefaction Risk
13 B013 44.803335 11.405187 2 Low Liquefaction Risk v

Export...
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Example analysis output for user-supplied liquefaction hazard map in terms of Probability of
Liquefaction (PL)

Hazard Analysis Qutput
Ground Liquefaction

Hazard |dentification  Latitude Longitude Geo-code Probability of Liquefaction (PL) C
1 BOO1 44804876 11.406691 2
2 BOO2 44.804555 11.406243 2 Mederate Liquefaction Risk
3 B0O3 44804744 11.407085 2 _
4 BONM 44.804298 11.407708 2 Mederate Liquefaction Risk
5 BO03 44.804436 11.407388 2 Muoderate Liquefaction Risk
6 BO0G 44.804078 11.407326 2 Moderate Liquefaction Risk
7 BOO7 44804261 11.405851 2 Mederate Liquefaction Risk
8 BOO3 44804082 11.405790 2 Low Liquefaction Risk
9 BO09 44.804139 11.406743 2 Mederate Liquefaction Risk
10 BO10 44804034 11.406466 2 Moderate Liquefaction Risk
11 BO11 44.803783  11.406423 2 Moderate Liquefaction Risk
12 B012 44.803577 11.405844 2 Low Liquefaction Risk
13 BO013 44.803335 11.405187 2 Low Ligquefaction Risk v

Export...

4.2.3.2  Pre-Defined Liquefaction Hazard Output

Example analysis output for a selected return period of pre-defined European macrozonation
liquefaction hazard.
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Hazard Analysis Output Risk Analysis Output Mitigation Analysis Output
Seismic Ground Shaking Ground Liquefaction
Hazard |dentification  Latitude Longitude Geo-code Liguefaction Hazard "

40 BO40 44.805121 11.413386 0 Ne Liquefaction

4 B0 44.804970 11413615 0 Ne Liquefaction

42 Bl42 44.804784 11.413260 0 MNen-susceptible

43 BO43 44.804500 11.412669 0 MNeon-susceptible

44 BO44 44.805750 11413379 0 Mo Liquefaction

45 BO43 44.803377 11413758 0 Mo Liquefaction

46 BO46 44.804635 11.411978 10 MNon-susceptible

a7 BO4Y 44.803939 11.407981 3

43 B043 44.803373 11.408780 3 Mo Liquefaction

49 B049 44.303244 11.408189 3

50 BO050 44.303643 11.407658 3

51 EO031 44.803597 11.408369 3

52 B052 44.302958 11.409046 3 Ne Liquefaction v

Expart...
4.2.4 Export Results of Hazard Analysis

All results and output of Hazard Analysis can

be exported by clicking on Export button. The results can

be exported as SHAPE or CSV by selecting SHAPE or CSV in the file type pulldown menu in the Export

dialog. SHAPE files can be exported as points or polygons. The database and result files in various

formats will be stored in a project directory.

0 Export liquefaction hazard results table

Look in:

D:\LIQUEFACT \Results Hazard Analysis

1000 @EE[E

.‘ My Computer Name

z abdel

File name: |

Save

Files of type: |CSV (*.csv *.txt)

SHAPE (*.shp *shape)

Cancel
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Results of Risk analysis are presented in terms of GIS-based owner losses and Insurance losses in terms

of physical impact (damage to asset/assets), economic, contents and business interruption losses, due
to liquefaction and due to ground shaking.

4.3.1 Ground Liquefaction-related Risk Analysis Output

Risk due to ground liquefaction is computed at individual asset (Risk Identification) as well as at Geo-

code level.

4.3.1.1 Ground Liquefaction related Owner Loss

4.3.1.1.1 Ground Liquefaction related Owner Loss at Asset Level

Ground Liquefaction-related Risk
Analysis Output Parameters for
Owner Loss at Asset level

Description

Risk Identification

Identification number representing each asset (building or infrastructure)

Geo-Code Geo-code unit where each asset is assigned to.

LPI LPI computed at the location of the asset

Differential Settlement (m) Differential settlement of each asset due to ground liquefaction
LSN LSN computed at the location of the asset

LSN (ESP) LSN (ESP) computed at the location of the asset

ESP ESP computed at the location of the asset

Liquefaction Risk Level (LPI-Based)

LPI-based qualitative estimation of liquefaction risk at the location of each
asset

Liquefaction Risk Level (LSN-
Based)

LSN-based qualitative estimation of liquefaction risk at the location of each
asset

Probabilities of Damage

Probabilities of Damage computed for each asset. The number of probabilities
depends on the type of fragility curves used in risk analysis: if the fragility was
with one, two, three or four Damage Limit States

BUILDING

Mean Loss Ratio (Building)

Is the mean of building loss ratios of a given number of buildings of same
Typology located in same Geo-code.

Monetary Values (Building)

Input Data of monetary value of a given building

Loss (Building)

Is computed as Monetary value (Building) multiplied with the Mean Loss Ratio
(Building).

CONTENTS

Mean Loss Ratio (Contents)

Is the mean of content loss ratios of a given number of buildings of same
Typology located in same Geo-code.

Monetary Values (Contents)

Input Data of monetary value of a given content in a given building

Loss (Contents)

Is computed as Monetary value (Contents) multiplied with the Mean Loss
Ratio (Contents).

BUSINESS INTERRUPTION
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Mean Loss Ratio (Business | Is the mean of content loss ratios of a given number of buildings of same

Interruption) Typology located in same Geo-code.
Business Revenue Input Data of business revenue of a given building
Loss (Business Interruption) Is computed as Business revenue multiplied with the Mean Loss Ratio

(Business Interruption).

When ALL is selected, the displayed results represent all the outcomes of ground liquefaction-related
Owner Loss at Asset Level

Mazard Anslyes Output sk Anayss Output  Magaton Ansfyss Output

Sesmic Ground Shalng  Ground Liguefaction
Ownerloss | Rk [dentfcaton =

[] [mmom | [conmes| [Eswess nrERTIoN

o Btk Level

Ptk |dentification  Latitude Longitude Gea-code  LPI k:f"" 'F:“) LN LSN@SP) 5P

| Probabifity Probability Probabdity Probabilty Mesdlossfatic MonetaryVshies  Less  Meanlos®
[

£ (L5N-Based) ite)  (Moderste) (Extensive) (Complete) {Building) (Building) {Duiding)  (Conte

Fik B2 42305200 11408400 n 171860 0.1157 153130 554760 WS Moderate 0000000 0000000 0000000 1000000  1.000000 109 240.00 109 240,00 1.000000
03 [ +iF] 4505800 11.408800 1 170354 01388 155007 610656  WAS Moderate Q000000 OOO0O00 00000 1.000000 1900000 68000 1 ER000 1,000000
4 ENg 24206100 11409600 1 104115 0SS AI6AS 432618 WS Lew 0000000 QUOOOCD DO00000  TO00000 7000000 0924000 10924000 1000000
ns BHS 44505600 11407500 " B30 00629 75603 1228086 WIS Low 10000000 0000000 0000000 1000000 1.000000 162 30000 162 900.00° 1,000000
H BN 24205400 11407100 LU - 11515 BAN4T WS Low Hene O000M34  DMOOGMI3  DOSTIED OIS0 0990 WIWO00  2105LTH 0980437
m 17 44305600 11.407100 1" 12656 04230 13616 955748  WMS Low Hone Q000060 | 0003622 0053T 0542417 0.997478 12615000 RN 09900M
a8 B 44305600 11411500 1 126450 Oubed2 MLI06R 545084 WIM Maderate 0000000 Q00000 0000000  LOOO0OD  1.000000 521000 65321000 1600000
ri] By 44305800 11.411500 n 106313 DOT4R 20103 L0580 ws Low S 0.000000 0000000 0000000 1000000  1.000000 301 63000 300 620,00 1,000000
20 220 AE0500 1141200 n 2280 OAI&2 4730 332 WMWE HNene Q000000 0000000 000000 1000000 1000000 109 24000 105 240,00 1.000000
= En SLEDACO0 11417500 1M 14267 BI028 LTS B WS Mnderste 0000000 QU000 OOC0000 1000000 1000000 MI000 0000 1000000
] 3 il
Expart..

When BUILDING is selected, the displayed results represent the ground liquefaction-related Building
Owner Loss at Asset Level

Haroed Analyss Ouipt Risk Anslyss Culoul  Mitigaition Analysss Quiput

Somc round Shabrg (e Limfction
Ownerloms ¥ | Rk Mderticaton ¥

AL | [EEomG] [CONTENTS | [BUSINESS INTERRLFTION

Defferentisl

Liguefaction Risk Level  Liquelaction Risk Level  Probubilty Probability Probabilty Probabiity Mean Loss Ratra Manetary Vahues  Loss = |
Rick dentification  Latude Longhude Geo-code LM o L PERU LN LSMGESR) 5P L Based) i pr

[L5N-Ba (Moderate)  (Extersive] (Complete]  (Euilding) (Building)  (Building)

n: B212 £4505800 11408400 " 171880 0157 15,3130 504760 wis Moderate 0000000 0000000  0.000000 1000000 1.000000 105 240.00 105 240,00
(2313 B3 LL205800 11.408800 n 179354 Q1388 155807 82.069% WL Maoderme 000000 DOODNDG 000000 1000000 1.000000 301 £80.00 300 680.00
214 BI4 SRE06T00 11.409600 n I0ETTS Q0638 BISES 432014 WS Lew 000000  DOONCD 0000000 1000000 1000000 0926000 109 24000
21 B1S SLE05600 11407800 n 83047 Qo529 15603 1228086 WS Low 000000 Q.0ODCC  0.000000 TEC00m TLO0NE 162 900,00 162 90000
(218 B 44205400 11407100 1" 10703 00205 LISIS 842147 WMS Iﬂ. Hene C.O00XM  CuDORI3 QOGTTEE 0802580  OLOOTA 232 000,00 i 0517
(ar B217 A4 B05600 11407100 n 1265 00230 13516 G9.5745  WMS Low MNone 0000060 0DOFEEZ 0053847 0sd2411 0g9TaTR 32615000 R532736
218 BME 44205600 11411600 n 13,6450 00532 103068 KM WM Maderate 0000000  D.00D0OC  0.O00000 1000000 1.000000 653 110,00 653 210.00
|21 8215 22305800 11411900 N W3 0ore BOME 425802 WIS Lo GOOOO  DOOONO 0000000 1000000 1000000 MVEB000 300 68000
20 Bz SL205900 11412200 n 52252 0382 L7130 333822  WMS Mene 0000000 QOOOCCD 0000000 1000000 1.000000 109 24000 109 24000
n B2 44206000 11412500 n 142675 01025 1LT4TS 818204 wLs _ Moderste 0000000 0000000 QLOKO0OO 1000000 1.000000 282 500,00 222 .900.00
|22z B2 44206100 11.413000 n 10.3904 00558 928504 55,5063 wLs _l.{‘ll' 0000000 0000000 0000000 1.000000 1.000000 RE0M  RE10 -
Export

When CONTENTS is selected, the displayed results represent the ground liquefaction-related Contents
Owner Loss at Asset Level
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Hazord Analyss ot Fosk Arafss Oubt  Mingaion Anabyses Cutput
Seigmic Ground Shaling  Grownd Ligusfacton
Owrex Loss ¥ | Rk Vderiifiation ¥
AL [sunbew | [CONTENTS] |BUSHMESS INTERRLETION
Nk i Lt g G| 11 SO o e (o Unelhaion Lniiobien Pl By by Dy W icuite Wit e
0 8212 LLE05B00 11408400 11 171380 QNIST 153130 594760 WS Moderte 0000000  (OOOON0  QL00000 1000000 1000000 09400 1092400
m [HH AusosE00 11AE00 11 VTR ol 155007 620856 WAS Moderate Q000000 COONND 000000 1000000 1000000 TSAN0  TSAN00
2 LS8 A4EOSTO0 11405600 n 105113 00858 B885 qared wis Low 0.000000 L.000000 Q000000 1.000000 1000000 1092400 1052400
25 8215 SLE0SH00 11A40TB00 11 B30I 006N 75603 1ZLE0G6 WS Low Q000D COODNC  QO00000 1000000 3000000 651600 651600
216 B216 05400 11407100 11 10T 00205 11515 427 WS Low Hane Q000224 COOMI3  QOGTIEE 002560 096047 65000 | S54TAN2
aor BT LLE0SE00 TLAOTIOD 11 N26S6 Q20 13616 S95T4E WS [Low Hone: 0000050 COOBSEZ  QOSIBAT O DSS00M 52000 H45HS
21 B2 0505600 11411800 11 136450 Q0932 103068 543958 WM Moderate 0000000 COODNG  OA00000 1000000 1000000 32000 332000
n any SA205800 11411500 n MW 007a3 20303 425400 WS Low 0.000000 D.000000 0000000 1.000000 1000000 Ty 22100 T5 42000
20 B S4E0SH00 11412200 11 SIS 0maR AT BRR WMS Nane 000000 COODNG  QOC0000 1000000 1000000 W40 1082400
2 B221 UB06000 11412500 11 B424TS 01025 127478 BLAXM WS _mm 0000000 Q.O0M0 0000000 1000000 1000000 650000 5650000
" —— 7z v
Eapert.

When BUSINESS INTERRUPTION is selected, the displayed results represent the ground liquefaction-
related Business Interruption Owner Loss at Asset Level

Huagord Anabyss Dulpd sk Anslyss Output  Milgalion Anafysss Outpd

Seme Grond Shalkng  Groond Linuetaction.
Owrerloss T Rk ldeaficaton ™
AL

Risk Identificstion  Latitude Lengtude Geo-code  LPI J!m';"'\, LSN LSHESP) ESP L"‘“‘“‘\:;ﬂ";?j;‘;‘"" “‘“'I'l‘mx.’"“" o d m":."'?’ r}'ﬁt‘;ﬂ“j} r;!:‘::::‘::_ “’:I':*"'Lmﬁ;::'l‘“ Business Revenue “_J:I‘;ﬂml i
|12 B2 HO0500 114K 11 171860 Q1157 153130 W40 WLS 0000000 04000 0000000 1000000 1000000 10924 108.24
|22 L HiE] S4B0SE00 11.408800 n 178354 01388 159207 &1.0696 wLs 0000000 0000000 CLOO0000 1.000000 1.000000 LS 20068
4 B4 44806100 11.409600 n 108115 00858 81665 432604 wLs 0000000 0.000000 0000000 1000000 1.000000 106924 10524
215 B AUB0SE0 TLAOTRI0 M A3 Q06N 75603 12805 WS Cnone  QOOMO  OOOOCO0  TODCOD 1000000 18250 18250
216 B216 005400 1TAOTIO0 11 14703 06205 11515 247 OGO OUOBMND  ONSTRD 0860 08917 mm 2057
a7 B217 L4000 1LAOTIO0 V) 12656 D00 13616 995043 D000 0O36R2  DOSIST  OSAMN) 099810 1615 s
|28 B2 HS0S00 1LATIBN T 136450 Osaz 103068 545984 000000 0400000 0000000 1000000 1000000 221 g5321
|219 B HS0N00 14T T 106313 0074 O 425402 0000000 0AO0000  C000000 1000000 1000000 o .68
0 8220 44805500 11.412200 n L2252 Q0362 2N30 333802 0.000000 0.000000 0.000000 1,000000 1.000000 10924 10524
{2 BN A4LBOS000 11412500 n 142678 QLI02s 1L74TS B1A08 0.000000 Q000000 000000 1000000 1.000000 80 28250
m (7] ALBETO0 LI V1 103904 00888 o e (000 GAGODI0  BOGOCO0  1.ODMGO 1000000 ne15 Wi v
trxed,

4.3.1.1.2 Ground Liquefaction related Owner Loss at Geo-code Level

Ground Liquefaction-related Risk
Analysis Output Parameters for
Owner Loss at Geo-code level

Description

Mean Loss Ratio (Buildings)

Is the mean of loss ratios of all buildings located in a given Geo-code.

Monetary Values (Buildings)

Input Data of total monetary values of all buildings located in a given Geo-
code.

Loss (Buildings)

Is computed as Total Monetary value (Buildings) multiplied with the Mean
Loss Ratio (Buildings), in a given Geo-code.

Mean Loss Ratio (Contents)

Is the mean of loss ratios of all Contents located in a given Geo-code.

Monetary Values (Contents)

Input Data of total monetary values of all Contents located in a given Geo-
code.

Loss (Contents)

Is computed as Total Monetary value (Contents) multiplied with the Mean
Loss Ratio (Contents), in a given Geo-code.
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Mean Loss Ratio (Businesses)

Is the mean of loss ratios of all Businesses located in a given Geo-code.

Monetary Values (Businesses)

Input Data of total monetary values of all Businesses located in a given Geo-
code.

Loss (Businesses)

Is computed as Total Monetary value (Businesses) multiplied with the Mean
Loss Ratio (Businesses), in a given Geo-code.

Total Loss Total loss in a given Geo-code
Hazard Analysis Output ~ Risk Analysis Qutput  Mitigation Analysis Output
Seismic Ground Shaking Ground Liquefaction
Owner Loss ¥ | Geo-code =~
. Mean Loss Ratic  Monetary Values Loss Mean Loss Ratic  Monetary Values Loss Mean Loss Ratio Lo
Geo-code  Latitude  Longitude (Buildings) (Buildings) (Buildings) (Contents) (Contents) (Contents) {Businesses) Business Revenues {Businesses) Total Loss
1 1 44.803697 11.410193  1.000000 4684900.00  4684899.78 1.000000 131645200  1316451.62 1.000000 4684.90 468490 600603629
2 2 44.804029 11.406235 0.999959 4991860.00 499165556 0.999899 1900412.00 | 1900219.37 0.999948 4991.86 499160 689686653
3 3 44.803065 11.407821 0.999983 4118100.00  4118028.81 0.999950 130039200 | 1300327.55 0.999978 411810 411801 542247437
4 4 44.802151 11.409012  1.000000 3973740.00 3973 740.00 1.000000 183722400 1837223.99 1.000000 3973.74 397374  5814937.72
5 5 44.800945 11.409346  1.000000 7738 400.00 7738400.00 1.000000 2936:800.00 2936 800.00 1.000000 7738.40 773840 10682 938.40
6 6 44.800867 11.413629  1.000000 3533 320.00 3533 320.00 1.000000 1234892.00  1234862.00 1.000000 3533.32 353332 477174532
7 7 44,800030 11.411432  1.000000 5508240.00 5508 239.93 1.000000 260364000 2603 639.60 1.000000 5508.24 550824  8117387.77
8 8 44.802867 11.412465  1.000000 9184710.00 9184 710.00 1.000000 382185400  3821854.00 1.000000 918471 918471 1301574871
9 9 44.802015 11.411088  1.000000 5127170.00 5127 170.00 1.000000 196787000 1967 869.99 1.000000 512717 512717 7100 167.16
0 10 44.804601 11.413063  1.000000 4855270.00  4.855260.94 1.000000 135468600 135468586 1.000000 4855.27 485527  6214811.06
n n 44.805743 11.410076  0.999717 9353 160.00 9350 515.12 0.999077 3803552.00 |3800041.73 0.999643 9353.16 9349.82 13159 906.67
Export...

4.3.1.2 Ground Liquefaction related Insurance Loss

4.3.1.2.1 Ground Liquefaction related Insurance Loss at Asset Level

Ground Liquefaction-related Risk
Analysis Output Parameters for
Insurance Loss at Asset level

Description

Risk Identification

Identification number representing each asset (building or infrastructure)

Geo-Code Geo-code unit where each asset is assigned to.

LPI LPI computed at the location of the asset

Differential Settlement (m) Differential settlement of each asset due to ground liquefaction
LSN LSN computed at the location of the asset

LSN (ESP) LSN (ESP) computed at the location of the asset

ESP ESP computed at the location of the asset

Liquefaction Risk Level (LPI-Based)

LPl-based qualitative estimation of liquefaction risk at the location of each
asset

Liquefaction Risk Level (LSN-Based)

LSN-based qualitative estimation of liquefaction risk at the location of each
asset
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Probabilities of Damage Probabilities of Damage computed for each asset. The number of
probabilities depends on the type of fragility curves used in risk analysis: if
the fragility was with one, two, three or four Damage Limit States

BUILDING

Mean Loss Ratio (Building) Is the mean of building loss ratios of a given number of buildings of same
Typology located in same Geo-code.

Insured Amount (Building) Input Data of the insured amount for a given building

Retained Loss (Building) Retained loss of a given building

Facultative Loss (Building) Facultative loss of a given building

Coinsurance Loss (Building) Coinsurance loss of a given building

CEDED Loss (Building) CECED loss of a given building

CONTENTS

Mean Loss Ratio (Contents) Is the mean of content loss ratios of a given number of buildings of same
Typology located in same Geo-code.

Insured Amount (Contents) Input Data of the insured amount for contents in a given building

Retained Loss (Contents) Contents Retained loss of a given building

Facultative Loss (Contents) Contents Facultative loss of a given building

Coinsurance Loss (Contents) Contents Coinsurance loss of a given building

CEDED Loss (Building) Contents CECED loss of a given building

BUSINESS INTERRUPTION

Mean Loss Ratio (Business | Is the mean of business interruption loss ratios of a given number of

Interruption) buildings of same Typology located in same Geo-code.

Insured Amount (Business | Input Data of the insured amount for Business Interruption for a given

Interruption) building

Retained Loss (Business Interruption) | Business Interruption Retained loss of a given building

Facultative Loss (Business | Business Interruption Facultative loss of a given building

Interruption)

Coinsurance Loss (Business | Business Interruption Coinsurance loss of a given building

Interruption)

CEDED Loss (Business Interruption) Business Interruption CECED loss of a given building

When ALL is selected, the displayed results represent all the outcomes of ground liquefaction-related
Insurance Loss at Asset Level

Hazard Analysis Output ~ Risk Analysis Output  Mitigation Analysis Output
Seismic Ground Shaking  Ground Liquefaction
Insuranceloss ¥ | Risk Identification
BUILDING |  CONTENTS | |BUSINESS INTERRUPTION
Longiude Geoode 191 S SR sy g Ul Neslent Lt kLo Pty Dby ooy Pobsbly Ve i ot Tanedie
212 11.408400 " 17.1860 0.1157 15.3130 59.4760 WLS _ Moderate 0.000000  0.000000 0.000000 1.000000 1.000000 5462.00 0.00
213 11.408800 Il 17.9354 0.1388 15,9807 62.0696 WLS _Moderata 0.000000  0.000000 0.000000 1.000000 1.000000 734200 0.00
214 11.409600 " 10.8115 0.0658 8.1665 43.2614 WLS _ Low 0.000000  0.000000 0.000000 1.000000 1.000000 5462.00 0.00
215 11407800 Il 83042 0.0629 7.5603 1228086 WLS _low 0.000000 0000000 0.000000 1.000000 1.000000 3258.00 0.00
216 11407100 " 10703  0.0205 11515 842147  WMS Low None 0.000224  0.009433 0.097783 0.892560 0.993474 5 658.00 0.00
217 11407100 Il 1.2656  0.0230 13616 995749  WMS Low None 0.000060  0.003682 0.053847 0.842411 0.997478 6523.00 0.00
218 11411600 " 13.6450 0.0932 10.3068 545984  WLM _ Moderate 0.000000  0.000000 0.000000 1.000000 1.000000 65321.00 0.00
219 11411800 " 10.6313 0.0743 8.0303 425402 WLS _low 0.000000  0.000000 0.000000 1.000000 1.000000 7542.00 0.00
220 11.412200 " 52252 0.0362 27130 333822 WMS _None 0.000000  0.000000 0.000000 1.000000 1.000000 5462.00 0.00
221 11412500 " 14.2675 0.1025 12,7475 81.8204 WLS _Moderats 0.000000  0.000000 0.000000 1.000000 1.000000 5 658.00 0.00
< —— . v
Export...
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When BUILDING is selected, the displayed results represent the ground liquefaction-related Building
Insurance Loss at Asset Level

Hazard Analysis Output Risk Analysis Qutput  Mitigation Analysis Output

Seismic Ground Shaking  Ground Liquefaction

Insurance Loss ~ | Risk Identification ~

ALL CONTENTS | | BUSINESS INTERRUPTION
e torgoe G 11| ST Ly e e SRt et fasiont Pty fabalny by ey e ke i Fene
212 300 11.408400 1 17.1860 0.1157 15.3130 59.4760 WLS _ Moderate 0.000000  0.000000 0.000000 1.000000 1.000000 5 462.00 0.00
213 300 11.408200 n 17.9354 0.1388 15.9807 62.0696 WLS _ Moderate 0.000000  0.000000 0.000000 1.000000 1.000000 7542.00 0.00
214 100 11.409600 1 10.8115 0.0658 81665 43.2614 WLS _ Low 0.000000  0.000000 0.000000 1.000000 1.000000 5 462.00 0.00
215 500 11.407800 n 83042 0.0629 7.5603 122.8086 WIS _ ow 0.000000  0.000000 0.000000 1.000000 1.000000 3258.00 0.00
216 400 11.407100 1 1.0703  0.0205 11515 84.2147 WMS  Low None 0000224  0.009433 0.097783 0.892560 0993474 5 658.00 0.00
217 500 11.407100 n 1.2656  0.0230 13616 995749 WMS  Low None 0.000060  0.003682 0.053847 0.84241 0997478 6523.00 0.00
218 500 11.411600 1 13.6450 0.0932 10.3068 54.5394 WLM _ Moderate 0.000000  0.000000 0.000000 1.000000 1.000000 65321.00 0.00
219 300 11.411%00 n 10.6313 0.0743 8.0303 42.5402 WLS _ ow 0.000000  0.000000 0.000000 1.000000 1.000000 7542.00 0.00
220 300 11.412200 1 5.2252 0.0362 27130 333822 WMS _ None 0.000000  0.000000 0.000000 1.000000 1.000000 5 462.00 0.00
221 300 11.412500 n 14.2675 0.1025 12,7475 81.8204 WLS _Modarate 0.000000  0.000000 0.000000 1.000000 1.000000 5658.00 0.00
< —— S v
Expart...

When CONTENTS is selected, the displayed results represent the ground liquefaction-related Contents
Insurance Loss at Asset Level

Hazard Analysis Qutput ~ Risk Analysis Cutput  Mitigation Analysis Output

Seismic Ground Shaking Ground Liquefaction

Insurance Loss ¥ | |Risk Identification ¥

AL |BUILDING BUSINESS INTERRUFTION

Mean Loss Ratio  Insured Amount  Retained Lo: ™

Differential Liquefaction Risk Level  Liquefaction Risk Level ity Probability

Longitude Geo-code  LPI ooy oy LN LSN(ESP) ESP (LPI-Based) (LSN-Based) (Site)  (Moderate) (Extensive) (Complete)  (Contents] (Contents) (Contents)
22 11408800 11 171860 01157 153130 594760 WLS _ Moderate 0000000 0000000  0.000000 1000000  1.000000 1092.40 515.10
213 11408800 11 179354 01388 159007 620696  WLS _ Moderate 0000000 0000000  0.000000 1000000  1.000000 1500.20 71300
214 11409600 11 108115 0.0658 1665 43.2614  WLS _Low 0000000 0000000  0.000000 1000000  1.000000 109240 515.10
215 11407800 11 83042 0.0629 75603 1228086  WLS _Low 0000000 0000000  0.000000 1000000  1.000000 £51.60 31243
216 11407100 11 10703 00205 11515 842147 WMS Low None 0000224 0009433 0007783 0892560  0.980437 113160 508,74
217 11407100 11 1265 00230 13616 995740 WMS Low None 0000060  0.003622 0053847 0842411 0.990034 130460 591.26
218 11417600 11 136450 0.0032 103068 545994  WLM _ Moderate 0000000 0000000  0.000000 1000000  1.000000 13064.20 6033.28
219 11417900 11 106313 0.0743 80303 425402 | WLS _ Low 0000000 0000000  0.000000 1000000  1.000000 150840 71300
220 11.412200 1 5.2252 0.0362 27130 333822 WMS _ None 0.000000 0.000000 10.000000 1.000000 1.000000 1092.40 515.10
221 11.412500 11 14.2675 0.1025 12,7475 81.8204 WLS _ Meoderate 0.000000 0.000000 10.000000 1.000000 1.000000 1131.60 600.49
. — s c
Export..

When BUSINESS INTERRUPTION is selected, the displayed results represent the ground liquefaction-
related Business Interruption Insurance Loss at Asset Level
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Hazard Analysis Output  Risk Analysis Output

Seismic Ground Shaking  Ground Liquefaction

Risk Identification ¥

Insurance Loss ¥

AlL | |BULLDING

Mitigation Analysis Output

CONTENTS | | BUSINESS INTERRUPTION

Longitude Geo-cede  LPI
212 11.408400 1

21

11.402800 1

214 11.409600 1

21

o

11.407800 1

216 11.407100 1

=]

217 11407100 1

22

11.412300 1

Differential

Settlement (m)

17.1860 0.1157
17.9354 0.1388
10.8115 0.0658
23042 0.0629
1.0703  0.0205

1.2656 0.0230

218 11411600 1 13.6450 0.0932
219 11411900 1 10,6313 0.0743
220 11.412200 1 5.2252 0.0362

14.2675 0.1025

SN LSN(ESP) ESP Liquefaction Risk Level  Liquefaction Risk Level Probability Probability Probability Probability Mean Loss Ratio  Insured Amount  Retained Los *
(LPI-Based) (LSN-Based) (Slite)  (Moderate) (Extensive) (Complete) (nterruption)  (nterruption)  (Interruptior

15.3130 59.4760 WLS _ Moderate 0.000000  0.000000 0.000000 1.000000 1.000000 273.10 44982
15,9807 62.0696 WLS _ Moderate 0.000000  0.000000 0.000000 1.000000 1.000000 37110 6312
8.1665 432614 WLS _ Low 0.000000  0.000000 0.000000 1.000000 1.000000 273.10 44982
7.3603 1228086 WLS _ Low 0.000000  0.000000 0.000000 1.000000 1.000000 162,90 2665
11515 842147 WMS Low None 0000224 0.009433 0.097783 0.892560 0991758 282,90 49.61
13616 995743  WMS Low None 0.000060  0.003682 0.053847 0.542411 0.996810 326,13 5748
10.3068 545994  WLM _ Moderate 0.000000  0.000000 0.000000 1.000000 1.000000 3266.05 577.45
80303 425402 WLS _ Low 0.000000  0.000000 0.000000 1.000000 1.000000 37110 6312
27130 333822 WMS _ None 0.000000  0.000000 0.000000 1.000000 1.000000 273.10 4492
12,7475 81.8204 WLS _ Moderate 0.000000  0.000000 0.000000 1.000000 1.000000 282,50 50.02

1 S e

Expart..

4.3.1.2.2 Ground Liquefaction related Insurance Loss at Geo-code Level

Ground Liquefaction-
related Risk Analysis

level

Output Parameters for
Insurance Loss at Geo-code

Description

Mean Loss Ratio (Buildings)

Is the mean of loss ratios of all buildings located in a given Geo-code.

Insured Amount (Buildings)

Total insured amount for all buildings located in a given Geo-code.

Retained Loss (Buildings)

Total retained Loss considering all buildings located in a given Geo-code.

Facultative Loss (Buildings)

Total facultative Loss considering all buildings located in a given Geo-code.

Coinsurance
(Buildings)

Loss

Total coinsurance Loss considering all buildings located in a given Geo-code.

CECED Loss (Buildings)

Total CECED Loss considering all buildings located in a given Geo-code.

Insured Amount (Contents)

Total insured amount for all contents of buildings located in a given Geo-code.

Retained Loss (Contents)

Total retained Loss considering all contents of buildings located in a given Geo-code.

Facultative Loss (Contents)

Total facultative Loss considering all contents of buildings located in a given Geo-
code.

Coinsurance
(Contents)

Loss

Total coinsurance Loss considering all contents of buildings located in a given Geo-
code.

CECED Loss (Contents)

Total CECED Loss considering all contents of buildings located in a given Geo-code.

Interruption)

Insured Amount (Business

Total insured amount for all businesses of buildings located in a given Geo-code.

Interruption)

Retained Loss (Business

Total retained Loss considering all businesses of buildings located in a given Geo-
code.

Interruption)

Facultative Loss (Business

Total facultative Loss considering all businesses of buildings located in a given Geo-
code.

Interruption)

Coinsurance Loss (Business

Total coinsurance Loss considering all businesses of buildings located in a given Geo-
code.
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Interruption)

CECED Loss (Business Total CECED Loss considering all businesses of buildings located in a given Geo-code.

Total Loss Total insurance loss in a given Geo-code

Hazard Analysis Output Risk Analysis Qutput  Mitigation Analysis Output

Seismic Ground Shaking  Ground Liguefaction

Insurance Loss ™ Geo-code v

Geo-code Latitude Longtude Ma(aEn Lass afi | Ined Amont | Reuined Los | Focultatve Loss | Cofnautanc Lozs| CEDED Loss| Mean Lozs Rt | nsured Amourt | Retsined Lo | Facutniv Logs | Coltsurance Loss | CEDED |

uildings) {Buildings)  (Buildings)  (Buildings) (Buildings)  (Buildings)  (Contents] (Contents)  (Contents)  (Contents) (Contents)  (Conter]
1 1 44.803697 11.410193  1.000000 155 526.00 0.00 345268 0.00 152073.32  1.000000 7776.30 3309.26 128440 0.00 3182
2 2 44.804029 11.406235 0.999959 21392200 0.00 474887 0.00 20916437 0.999899 10 696.10 5082.74 172510 0.00 3887.
3 3 44.803065 11.407821 0.999983 150 484.00 0.00 3340.69 0.00 14714071 0.999950 752420 334374 12180 0.00 2961.;
4 4 44202151 11409012 1000000 195 062,00 0.00 432051 0.00 10072749 1.000000 975240 454973 154203 0.00 3650,
5 544800045 11400346 1000000 340 252,00 0.00 755350 000 32260841 1.000000 17012.60 781520 2744566 0.00 64523
6 6 44800867 11413620 1.000000 143 574,00 0.00 318734 0.00 140 386,66 1.000000 717870 333420 114892 0.00 26954
7 744800030 11411432 1000000 281 282.00 0.00 624468 000 275047.32 1.000000 14 064.60 630892 222759 0.00 50284
8 8 44802867 11412465 1000000 42143500 0.00 935585 0.00 41207915 1.000000 20775 1001845 337903 0.00 76742
H 944802015 11411008 1.000000 22469100 0.00 458814 000 219 702,86 1.000000 123455 5460.00 179176 0.00 3982
10 10 4484601 11413063 1.000000 163719.00 0.00 363456 0.00 16008444 1.000000 818595 361953 133491 0.00 3231,
1M N 44805743 1141006 0.999717 424 304.00 0.00 942798 000 41525590 0.999077 2124020 1049617 339444 0.00 7320
< >

Expart...

4.3.2 Ground Shaking-related Risk Analysis Output

Risk due to ground shaking only is computed at individual asset (Risk Identification) as well as at Geo-

code level.

4.3.2.1  Ground Shaking related Owner Loss

4.3.2.1.1 Ground Shaking related Owner Loss at Asset Level

Ground Shaking-related Risk
Analysis Output Parameters for
Owner Loss at Asset level

Description

Risk Identification

Identification number representing each asset (building or infrastructure)

Geo-Code

Geo-code unit where each asset is assigned to.

Probabilities of Damage

Probabilities of Damage computed for each asset. The number of probabilities
depends on the type of fragility curves used in risk analysis: if the fragility was
with one, two, three or four Damage Limit States

BUILDING

Mean Loss Ratio (Building)

Is the mean of building loss ratios of a given number of buildings of same
Typology located in same Geo-code.

Monetary Values (Building)

Input Data of monetary value of a given building

Loss (Building)

Is computed as Monetary value (Building) multiplied with the Mean Loss Ratio
(Building).
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CONTENTS

Mean Loss Ratio (Contents) Is the mean of content loss ratios of a given number of buildings of same
Typology located in same Geo-code.

Monetary Values (Contents) Input Data of monetary value of a given content in a given building

Loss (Contents) Is computed as Monetary value (Contents) multiplied with the Mean Loss Ratio
(Contents).

BUSINESS INTERRUPTION

Mean Loss Ratio (Business | Is the mean of content loss ratios of a given number of buildings of same

Interruption) Typology located in same Geo-code.

Business Revenue Input Data of business revenue of a given building

Loss (Business Interruption) Is computed as Business revenue multiplied with the Mean Loss Ratio (Business
Interruption).

When ALL is selected, the displayed results represent all the outcomes of ground shaking-related
Owner Loss at Asset Level

Hazard Analysis Output Risk Analysis Qutput Mitigation Analysis Output
Seismic Ground Shaking Ground Liquefaction
Owner Loss ~ | |Risk Identification ~
BUILDING | | COMTENTS | BUSINESS INTERRUPTIOM
Rk encsion. st Longude Gecode PUBRIY D bl Pty Moo ie Moty s Lo | Ve leniaie Mooty s 10
1 BOD1 44.804900 11.406700 2 0169035  0.095148  0.000000  0.149434  0.182276 282 900.00 51565.87 0.220547 56 580.00 12
2 BOD2 44804600 11.406200 2 0.169035  0.095146  0.000000  0.149434  0.182276 326 150.00 5044930 0.220547 65 230.00 14
3 BOO3 44.804700 11.407100 2 0169035  0.095148  0.000000  0.149434  0.182276 633 210.00 11906447 0.220547 653 210.00 144
4 BO04 44804300 11.407700 2 0.169035  0.095146  0.000000  0.149434  0.182276 301 680.00 54989.01 0.220547 75420.00 16
5 BOOS 44.804500 11.407400 2 0.169035 0.095148 0.000000 0148434 0.182276 108 240.00 19911.82 0.220547 10924.00 24
6 BODG 44804100 11.407300 2 0.169035  0.095146  0.000000  0.149434  0.182276 162 900.00 2969275 0.220547 6516.00 14
7 BOO7 44.804300 11.406000 2 0.169035 0.095148 0.000000 0148434 0.182276 282 900.00 51565.87 0.220547 56 580.00 12
) BOO8 44804100 11.405800 2 0.169035  0.095146  0.000000  0.149434  0.182276 326 150.00 5944930 0.220547 65 230.00 14
9 BODS 44804200 11.406700 2 0.169035  0.095146  0.000000  0.149434  0.182276 653 210.00 11906447 0.220547 653 210.00 144
10 BOT0 44.804000 11.406500 2 0.169035  0.095148  0.000000  0.149434  0.182276 301 680.00 54989.01 0.220547 75420.00 16
< > ’
Export...

When BUILDING is selected, the displayed results represent the ground shaking-related Building
Owner Loss at Asset Level
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Hazard Analysis Output Risk Analysis Output Mitigation Analysis Output

Seismic Ground Shaking Ground Liquefaction

Owner Loss ~ | |Risk Identification ~

ALL | | BUILDING | | CONTENTS | | BUSINESS INTERRUPTION

osercsion Lt ongd Gecose "SI (Y bkt prosbly Moot Ve e Lo 2
1 BOO1 44804900 11.406700 2 0169035  0.095148 0.000000 0.149434 0.182276 282 900.00 51 565.87
2 BOD2 44,804600 11.406200 2 0.169035  0.095148 0.000000 0.145434 0.182276 326 150.00 59 449.30
3 BOO3 44.804700 11.407100 2 0169035  0.095148 0.000000 0.149434 0.182276 653 210.00 119 064,47
4 BOO4 44.804300 11.407700 2 0.169035  0.095148 0.000000 0.149434 0.182276 301 680.00 54 989.01
5 BOO3 44804500 11.407400 2 0169035  0.095148 0.000000 0.149434 0.182276 109 240.00 19911.82
6 BODG 44804100 11.407300 2 0.169035  0.095148 0.000000 0.145434 0.182276 162 900.00 29 692.75
7 BOO7 44.804300 11.406000 2 0169035  0.095148 0.000000 0.149434 0.182276 282 900.00 51 565.87
8 BOO2 44.804100 11.405800 2 0.169035  0.095148 0.000000 0.149434 0.182276 326 150.00 59 449.30
9 BOOS 44.804200 11.406700 2 0169035  0.095148 0.000000 0.149434 0.182276 653 210.00 119 064,47
10 BO10 44.804000 11.406500 2 0.169035  0.095148 0.000000 0.149434 0.182276 301 620.00 54989.01
1A BO11 44.803800 11.406400 2 0169035  0.095148 0.000000 0.149434 0.182276 109 240.00 19911.82 w
Export...

When CONTENTS is selected, the displayed results represent the ground shaking-related Contents
Owner Loss at Asset Level

Hazard Analysis Output Rizk Analysis Qutput Mitigation Analysis Output
Seismic Ground Shaking Ground Liguefaction
Owner Loss ~ | |Risk Identification ~
AL | [BULDING BUSINESS INTERRUPTION
ket Lt Lrgte G " g o ey Ve oo Voot bl
1 BOO1 44.804300 11.406700 2 0.169035  0.095148 0.000000 0.143434  0.220347 56 580.00 12 478,57
2 BOD2 44.804600 11.406200 2 0.169035  0.095148 0.000000 0.149434  0.220547 65 230.00 14 386.30
3 B0OD3 44.804700 11.407100 2 0.169035  0.095148 0.000000 0145434 0.220547 633 210.00 144 063.69
4 BOD4 44.804300 11.407700 2 0.169035  0.095148 0.000000 0.149434  0.220547 75 420.00 16 633.68
5 BOD5 44.804500 11.407400 2 0.169035  0.095148 0.000000 0.143434  0.220347 10924.00 2409.26
6 BODG 44.804100 11.407300 2 0.169035  0.095148 0.000000 0.149434  0.220547 6 516.00 1437.09
7 BOOY 44.804300 11.406000 2 0.169035  0.095148 0.000000 0.143434  0.220347 56 580.00 12 478,57
8 BOD3 44.804100 11.405800 2 0.169035  0.095148 0.000000 0.149434  0.220547 65 230.00 14 386.30
9 BOD9 44.804200 11.406700 2 0.169035  0.095148 0.000000 0.143434  0.220347 633 210.00 144 063.69
10 BO10 44.804000 11.406500 2 0.169035  0.095148 0.000000 0.149434  0.220547 75 420.00 16 633.68
11 BO11 44.803800 11.406400 2 0.169035  0.095148 0.000000 0.143434  0.220347 10924.00 240926 | w
Export...
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When BUSINESS INTERRUPTION is selected, the displayed results represent the ground shaking-

related Business Interruption Owner Loss at Asset Level

Seismic Ground Shaking Ground Liquefaction

Owner Loss * | |Risk Identification =

Hazard Analysis Qutput Risk Analysis Output Mitigation Analysis Output

ALL | |BUILDING | | CONTENTS | | BUSINESS INTERRUPTION

Risk Identification  Latitude Longitude Geo-code Pro(éjliatbeiJlity Fl\rﬂoobdaebr:;:g (pEr:tbeibs:l\ig Fés&::li;t:] M(Ie::e:_rflijstiza:fjo Business Revenue (Intelr_rousstion] 2
1 BOO1 44.804900 11.406700 2 0169035  0.095148 0.000000 0149434 0151626 282.90 42,30
2 BOO2 44.804600 11.406200 2 0.169035  0.095148 0.000000 0.149434 0.151626 326.15 49.45
3 BOO3 44.804700 11.407100 2 0169035  0.095148 0.000000 0149434 0151626 633.21 99.04
4 BOM4 44.804300 11.407700 2 0.169035  0.095148 0.000000 0.149434 0.151626 301.68 4374
5 BOO3 44.804500 11.407400 2 0169035  0.095148 0.000000 0149434 0151626 109.24 16.36
] BOOG 44.804100 11.407300 2 0.169035  0.095148 0.000000 0.149434 0.151626 162.90 24.70
7 BOOT 44.804300 11.406000 2 0169035  0.095148 0.000000 0149434 0151626 282.90 42,30
8 BOOZ 44304100 11.405200 2 0.160035  0.005148 0.000000 0.149434 0.151626 326.15 49.45
9 BOOS 44.804200 11406700 2 0169035  0.085148 0.000000 0145434 0151626 653.21 99.04
0 BO10 44,804000 11.406500 2 0.169035  0.095143 0.000000 0.149434 0.151626 301.68 43.74
11 BOM 44,803200 11.406400 2 0169035  0.095148 0.000000 0149434 0151626 109.24 16.36 v
Ewport...

4.3.2.1.2 Ground Shaking related Owner Loss at Geo-code Level

Ground Shaking-related Risk
Analysis Output Parameters for
Owner Loss at Geo-code level

Description

Mean Loss Ratio (Buildings)

Is the mean of loss ratios of all buildings located in a given Geo-code.

Monetary Values (Buildings)

Input Data of total monetary values of all buildings located in a given Geo-
code.

Loss (Buildings)

Is computed as Total Monetary value (Buildings) multiplied with the Mean
Loss Ratio (Buildings), in a given Geo-code.

Mean Loss Ratio (Contents)

Is the mean of loss ratios of all Contents located in a given Geo-code.

Monetary Values (Contents)

Input Data of total monetary values of all Contents located in a given Geo-
code.

Loss (Contents)

Is computed as Total Monetary value (Contents) multiplied with the Mean
Loss Ratio (Contents), in a given Geo-code.

Mean Loss Ratio (Businesses)

Is the mean of loss ratios of all Businesses located in a given Geo-code.

Monetary Values (Businesses)

Input Data of total monetary values of all Businesses located in a given Geo-
code.

Loss (Businesses)

Is computed as Total Monetary value (Businesses) multiplied with the Mean
Loss Ratio (Businesses), in a given Geo-code.

Total Loss

Total loss in a given Geo-code
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Hazard Analysis Output Risk Analysis Qutput Mitigation Analysis Output
Seismic Ground Shaking Ground Liquefaction
Owner Loss ~ | Geo-tode <
Georcode Latude Longiuse "LER N MR O s | Coment | (Contens) | (Coments) B BusnssRevenues (g, 17 TotlLoss
1 1 44803697 11.410193  0.199461 4624 900.00 934 456.27 0.242770 1316 452.00 319595.63 0.16213% 4 684.90 759.60 123481151
2 2 44.804029 11.406235 0.182276 4991 860.00 909 896.02 0.220547 190041200 41913071 0.151626 4991.86 75690  1329783.63
3 3 44.803065 11.407821 0.182276 4112 100.00 73063059 0.220547 1300 392.00 28679793 0151626 41810 62441 1038052.93
4 4 44.802151 11.409012 0.261903 397374000 | 104073435 0.293134 1837 224.00 538553.23 0.222769 3973.74 865.23 1580172.81
5 3 44.800945 11409346  0.280892 773840000  2773633.07 0.337438 2936 800.00 990987.99 0219203 773840 170092 3166341.98
3 6 44.800867 11.413628 0.300031 3533320.00 1060 105.01 0.386658 1234892.00 | 47748113 0.213750 353332 75525 153834138
7 7 44.800030 11417432 0.237987 5508240.00  1310388.58 0.279949 2603 640.00 728 885.65 0197909 5508.24 109013 2040 864.36
8 8 44.802867 11.412465 0.219327 9184710.00 2014 456.31 0.259637 3821 854.00 992 294.54  0.181444 918471 1666.51 300841735
9 ] 44.802015 11.411088  0.211810 5127170.00  1085987.91 0.238220 1967 870.00 508 143.16 0170871 512717 876.09  1595007.15
10 10 44.804601 11.413063 0210145 4855270.00 102031271 0.245953 1354 686.00 333 188.70  0.176526 4 855.27 857.08 135435849
1 il 44.805743 11.410076  0.290660 9353160.00  2718590.23 0.360229 3803552.00  1370149.44 0.218277 9353.16 204158 4090781.25
Export...

4.3.2.2  Ground Shaking related Insurance Loss

4.3.2.2.1 Ground Shaking related Insurance Loss at Asset Level

Ground Shaking-related Risk Analysis
Output Parameters for Insurance Loss
at Asset level

Description

Risk Identification

Identification number representing each asset (building or infrastructure)

Geo-Code

Geo-code unit where each asset is assigned to.

Probabilities of Damage

Probabilities of Damage computed for each asset. The number of
probabilities depends on the type of fragility curves used in risk analysis: if
the fragility was with one, two, three or four Damage Limit States

BUILDING

Mean Loss Ratio (Building)

Is the mean of building loss ratios of a given number of buildings of same
Typology located in same Geo-code.

Insured Amount (Building)

Input Data of the insured amount for a given building

Retained Loss (Building)

Retained loss of a given building

Facultative Loss (Building)

Facultative loss of a given building

Coinsurance Loss (Building)

Coinsurance loss of a given building

CEDED Loss (Building)

CECED loss of a given building

CONTENTS

Mean Loss Ratio (Contents)

Is the mean of content loss ratios of a given number of buildings of same
Typology located in same Geo-code.

Insured Amount (Contents)

Input Data of the insured amount for contents in a given building

Retained Loss (Contents)

Contents Retained loss of a given building

Facultative Loss (Contents)

Contents Facultative loss of a given building
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Coinsurance Loss (Contents) Contents Coinsurance loss of a given building

CEDED Loss (Building) Contents CECED loss of a given building

BUSINESS INTERRUPTION

Mean Loss Ratio (Business | Is the mean of business interruption loss ratios of a given number of
Interruption) buildings of same Typology located in same Geo-code.

Insured Amount (Business | Input Data of the insured amount for Business Interruption for a given
Interruption) building

Retained Loss (Business Interruption) | Business Interruption Retained loss of a given building

Facultative Loss (Business | Business Interruption Facultative loss of a given building

Interruption)

Coinsurance Loss (Business | Business Interruption Coinsurance loss of a given building

Interruption)

CEDED Loss (Business Interruption) Business Interruption CECED loss of a given building

When ALL is selected, the displayed results represent all the outcomes of ground shaking-related
Insurance Loss at Asset Level

Hazard Analysis Output Risk Analysis Output Mitigation Analysis Output
Seismic Ground Shaking Ground Liquefaction
Insurance Loss ~ | | Risk Identification ~
BUILDING = | CONTENTS | | BUSINESS INTERRUPTION
Pk et Lt Lot Go<ase P DO BObUIY | bty Mgt hsed st R o Pt it Lo CORbLos M 2
1 BOO1 44.804900 11.406700 2 0.169035 0.095148 0.000000 0149434 0.182276 5658.00 0.00 22.90 0.00 100842 0.220¢
2 B002 44804600 11.406200 2 0.169035  0.095142 0.000000 0.149434 0.182276 6523.00 0.00 26.40 0.00 116259  0.220:
3 B003 44804700 11.407100 2 0169035  0.095142 0.000000 0.142424 0.182276 65321.00 0.00 264.32 0.00 1164212 0.220¢
4 [ 44.804300 11.407700 2 0.169035 0.095148 0.000000 0.149434 0.182276 7 542.00 0.00 30.52 0.00 134421 0.220¢
5 B0OS 44804500 11.407400 2 0169035  0.095142 0.000000 0.142424 0.182276 5462.00 0.00 2210 0.00 97349  0.220¢
& BOOG 44.804100 11.407300 2 0169035  0.095148 0.000000 0.149424 0.182276 3258.00 0.00 1318 0.00 58067  0.220:
7 BOOY 44.804300 11.406000 2 0.169035 0.095148 0.000000 0149434 0.182276 5658.00 0.00 22.90 0.00 100842 0.220¢
8 BOOE 44.804100 11.405200 2 0169035  0.095148 0.000000 0.142434 0.182276 6323.00 0.00 26.40 0.00 116239 0.220¢
9 BOO9 44.804200 11.406700 2 0.169035 0.095148 0.000000 0149434 0.182276 65321.00 0.00 26432 0.00 1164212 0.220¢
0 B010 44804000 11.406500 2 0.169035  0.095142 0.000000 0.149434 0.182276 7542.00 0.00 30.52 0.00 134421 0.220¢
< > )
Export...

When BUILDING is selected, the displayed results represent the ground shaking-related Building
Insurance Loss at Asset Level
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Hazard Analysis Output Risk Analysis Output Mitigation Analysis Output

Seismic Ground Shaking  Ground Liquefaction
Insurance Loss ¥ | Risk Identification
ALL CONTENTS | | BUSINESS INTERRUFTION

s Lot Lnghuie Gmcode "t Loy ey bbby Meplefto it anedlon Faclaislon Coranceton COEbLe 2
1 BOO1 44804900 11.406700 2 0169035  0.095148 0.000000 0.148434 0.182276 5658.00 0.00 2290 0.00 1008.42
2 BOD2 44.804600 11.406200 2 0.169035  0.095148 0.000000 0.142424 0.182276 6523.00 0.00 26.40 0.00 1162.59
3 BO03 44.804700 11.407100 2 0.169035 0.095148 0.000000 0.148434 0.182276 65321.00 0.00 264.32 0.00 1164212
4 BOD4 44.804200 11.407700 2 0.169035  0.095148 0.000000 0.142424 0.182276 7342.00 0.00 3052 0.00 13421
5 BOD5 44,804500 11.407400 2 0169035  0.095148 0.000000 0.148434 0.182276 5462.00 0.00 2210 0.00 87349
6 BODE 44.804100 11.407300 2 0.169035  0.005148 0.000000 0.149434 0.182276 3253.00 0.00 1318 0.00 580.67
7 BOO7 44.804200 11.406000 2 0169035  0.005148 0.000000 0.143434 0.182276 5638.00 0.00 2290 0.00 100842
3 B003 44.804100 11.405800 2 0169035  0.095148 0.000000 0.148434 0.182276 6523.00 0.00 26.40 0.00 1162.59
9 BOD9 44804200 11.406700 2 0169035  0.005148 0.000000 0.143434 0.182276 65321.00 0.00 264.32 0.00 1164212
10 BO10 44.804000 11.406500 2 0169035  0.095148 0.000000 0.148434 0.182276 7542.00 0.00 30.52 0.00 134421
1 BO11 44803800 11.406400 2 0169035  0.095142 0.000000 0.148434 0.182276 5462.00 0.00 2210 0.00 973.49 v
Export...

When CONTENTS is selected, the
Insurance Loss at Asset Level

displayed results

represent the ground shaking-related Contents

Hazard Analysis Output

Seismic Ground Shaking

Insurance Loss ¥

Risk Analysis Output  Mitigation Analysis Output

Ground Liquefaction

Risk Identification

ALL | [BUILDING BUSINESS INTERRUPTION

ok efesion. Lt Lo G code PO DO by kbl Mo oo nsgmdiman Restidlo Pt Cotannifo OBl 0
1 BOO1 44804900 11.406700 2 0169035  0.095142 0.000000 0.148434 0.220347 1131.60 132.44 3840 0.00 78.74
2 BOD2 44.804600 11.406200 2 0.169035  0.095148 0.000000 0.142424 0.220347 1304.60 1317 427 0.00 111.73
3 BO03 44.804700 11.407100 2 0.169035 0.095148 0.000000 0.148434 0.220547 13 064.20 1330.62 443.27 0.00 1107.38
4 BOD4 44.804200 11.407700 2 0.169035  0.095148 0.000000 0.142424 0.220347 1308.40 15727 51.75 0.00 123.65
5 BO0S 44.804500 11.407400 2 0.169035 0.095148 0.000000 0.148434 0.220547 1092.40 113.60 4014 0.00 87.18
6 B0DG 44.304100 11.407300 2 0.169035  0.005148 0.000000 0.143434 0.220347 651.60 T332 23.94 0.00 46.45
7 BOO7 44804200 11.406000 2 0169035  0.095148 0.000000 0.143424 0.220347 1131.60 13244 3840 0.00 78.74
3 B003 44.804100 11.405800 2 0169035  0.095148 0.000000 0.148434 0.220547 1304.60 1311 44.27 0.00 1175
9 BOD9 44804200 11.406700 2 0169035  0.005148 0.000000 0.143434 0.220347 13 064.20 1330.62 44327 0.00 1107.32
10 BO10 44.804000 11.406500 2 0169035  0.095148 0.000000 0.148434 0.220547 1508.40 157.27 51.75 0.00 123.65
1 BO11 44.803200 11.406400 2 0169035  0.0051428 0.000000 0.143434 0.220347 109240 113.60 40.14 0.00 87.18 v
Export...

When BUSINESS INTERRUPTION is selected, the displayed results represent the ground shaking-

related Business Interruption Insurance Loss at Asset Level
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Hazard Analysis Output Risk Analysis Output

Seismic Ground Shaking Ground Liguefaction

Insurance Loss ¥ | Risk Identification ~

ALL | BUILDING

Mitigation Analysis Output

CONTENTS | | BUSINESS INTERRUPTION

Rsktdentincsion Laede Langitude Geo-cose PG L0y s Gneropion)  (mmupton)  Imanapion)  dnapiony  Qnevoptony (nttmpton) |
1 BOD1 44,804900 11.406700 2 0169035  0.095148  0.000000  0.148434  0.151626 282.90 7.58 0.00 0.00 3531
2 BO02 44304600 11.406200 2 0.169035  0.095148 0.000000 0.149434 0.131626 326.15 874 0.00 0.00 40.71
3 B0O3 44204700 11.407100 2 0.169035  0.095142 0.000000 0.149434 0.131626 3266.03 87.56 0.00 0.00 407.66
4 BOD4 44,804300 11.407700 2 0.169035  0.095148  0.000000  0.149434  0.151626 37210 9.57 0.00 0.00 47.61
5 B0OS 44204300 11.407400 2 0.169035  0.095142 0.000000 0.149434 0.131626 27310 6.81 0.00 0.00 34.60
6 BO0G 44.804700 11.407300 2 0.169035  0.095148 0.000000 0.148434 0.151626 162.90 4.04 0.00 0.00 20.66
7 BOO7 44,804300 11.406000 2 0169035  0.095148  0.000000  0.148434  0.151626 282.90 7.58 0.00 0.00 3531
8 BO02 44.204100 11.403800 2 0.169035  0.095142 0.000000 0.149434 0.131626 326.15 874 0.00 0.00 40.7
9 B0DS 44,804200 11.406700 2 0169035  0.095148  0.000000  0.148434  0.151626 3 266.05 87.56 0.00 0.00 40766
10 BO10 44.804000 11.406500 2 0.169035  0.095148 0.000000 0.149434 0.131626 377.10 9.57 0.00 0.00 47.61
11 BO11 44203200 11.406400 2 0.169035  0.095142 0.000000 0.149434 0.131626 27310 6.81 0.00 0.00 34.60 v
Export...

4.3.2.2.2 Ground Shaking related Insurance Loss at Geo-code Level

Ground Shaking-related
Risk Analysis Output
Parameters for Insurance
Loss at Geo-code level

Description

Mean Loss Ratio (Buildings)

Is the mean of loss ratios of all buildings located in a given Geo-code.

Insured Amount (Buildings)

Total insured amount for all buildings located in a given Geo-code.

Retained Loss (Buildings)

Total retained Loss considering all buildings located in a given Geo-code.

Facultative Loss (Buildings)

Total facultative Loss considering all buildings located in a given Geo-code.

Coinsurance Loss
(Buildings)

Total coinsurance Loss considering all buildings located in a given Geo-code.

CECED Loss (Buildings)

Total CECED Loss considering all buildings located in a given Geo-code.

Insured Amount (Contents)

Total insured amount for all contents of buildings located in a given Geo-code.

Retained Loss (Contents)

Total retained Loss considering all contents of buildings located in a given Geo-code.

Facultative Loss (Contents)

Total facultative Loss considering all contents of buildings located in a given Geo-
code.

Coinsurance Loss

(Contents)

Total coinsurance Loss considering all contents of buildings located in a given Geo-
code.

CECED Loss (Contents)

Total CECED Loss considering all contents of buildings located in a given Geo-code.

Insured Amount (Business
Interruption)

Total insured amount for all businesses of buildings located in a given Geo-code.

Retained Loss (Business
Interruption)

Total retained Loss considering all businesses of buildings located in a given Geo-
code.

Facultative Loss (Business
Interruption)

Total facultative Loss considering all businesses of buildings located in a given Geo-
code.

Coinsurance Loss (Business
Interruption)

Total coinsurance Loss considering all businesses of buildings located in a given Geo-
code.
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CECED Loss (Business Total CECED Loss considering all businesses of buildings located in a given Geo-code.
Interruption)
Total Loss Total insurance loss in a given Geo-code
Hazard Analysis Output Risk Analysis Qutput Mitigation Analysis Output
Seismic Ground Shaking  Ground Liquefaction
Insurance Loss ¥ | Geo-code A
Geo-code  Latitude Longitude ME(EBH L‘:_ss Ratic Insured Amount Retal_na_d Loss Fa:u\t_atl_ve Loss Comsu_ranca Loss CED_ED_ Loss Mean Loss Ratio  Insured Amount Retained Loss  Facultative Loss Coinsurance Loss CEDE
uildings) (Buildings) (Buildings) (Buildings) (Buildings)  (Buildings)  (Contents) (Contents) (Contents) (Contents) (Contents) (Con
1 1 44803687 11.410193  0.199461 155 526.00 0.00 688.68 0.00 3033274 0242770 777630 803.39 ez 0.00 772
2 2 44804029 11.406235 0.182276 213922.00 0.00 865.64 0.00 38127.20 0.220547 10696.10 112110 380.51 0.00 857
3 3 44803065 11.407821 0.182276 150 484,00 0.00 608.94 0.00 2682068 0.220547 752420 73749 268.80 0.00 65:
4 4 44802151 11.409012 0.261903 195 068.00 0.00 113447 0.00 4995472 0293134 975340 133370 45258 0.00 107
5 5 44800045 11.409346 0.280892 340 252.00 0.00 212174 0.00 9345225 0337438 17012.60 2637.14 926.15 0.00 217
6 ] 44800867 11.413629 0.300031 143 574.00 0.00 956.30 0.00 4212033 0386658 717870 1289.23 44424 0.00 104
7 7 44800030 11.411432  0.237987 281292.00 0.00 1486.15 0.00 65457.64 0.279949 14 064.60 1906.15 623.61 0.00 140
8 8 44802867 11412465 0.219327 421435.00 0.00 205199 0.00 9038015 0.259637 210M.75 260116 87732 0.00 199
9 9 44802015 11.411088  0.211810 224 691.00 0.00 1056.54 0.00 4653535 0.258220 1123455 1409.88 46267 0.00 102
10 10 44804601 11.413063 0.210145 163 719.00 0.00 763.79 0.00 33641.01 0.245953 818595 890.23 32832 0.00 794
n n 44805743 11.410076  0.290660 424 804.00 0.00 27m 0.00 12073245 0.360229 21240.20 378452 1223.91 0.00 264
< >
Export...

4.3.3 Export Results of Risk Analysis

All results and output of Risk Analysis can be exported by clicking on Export button. The results can be
exported as SHAPE or CSV by selecting SHAPE or CSV in the file type pulldown menu in the Export
dialog. SHAPE files can be exported as points or polygons. The database and result files in various
formats will be stored in a project directory.

0 Export seismic risk results table X
Lookin: D:\LIQUEFACT \Results Risk Analysis -0 O 0 & [E[E
.‘ My Computer Name

a abdel

File name: | Save
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4.4 Mitigation Analysis Output

Results of Mitigation analysis are presented in terms applicability score for the incorporated ground
improvement liquefaction mitigation techniques and cost-benefit estimation for the application of
these different techniques.

Note: here also users are reminded that the results of mitigation analysis are provided just as guidance
only and should not be considered for design decision. The results should always be critically reviewed
by an experienced local engineer with expertise and understanding of the various assumptions that
have been implemented in the development of the Mitigation Analysis System and limitations of the
software.

When ALL is selected, the displayed results represent all the outcomes of mitigation techniques
applicability score, mitigation cost, expected benefit, and cost benefit ratio. The results are provided
at each Asset Level.

Hazard Analysis Output Risk Analysis Output Mitigation Analysis Output
Applicationable to Existing Buildings/Infrastructure
ALL | | MITIGATION TECHNIQUES APPLICABILITY SCORE | | MITIGATION COST | | EXPECTED BEMEFIT | | COST BEMEFIT RATIO (CER)
A
EARTHOQUAKE DYEJE\EI\-P’IIC VIBRO BLASTING VIBRO IE{E#I'I%I? COMPACTION PRIESS‘ﬁRE JET
Risk Identification  Latitude Longitude [();AIN]S COMPACTION COI\-(%SPAC';ION COI\(ASPAC'IJ'ION REPIE?CEN;IENT SATURATION GR(EJUTH;IG GROUTING G?SUTH;
COre] (Score) COTE; COTE] COrE; (Score) COTE] (Score) COrE;
15 BO15 44803853 11.405559 173 M 192 90 128 236 227 256 209
168 BO16 44803192 11.404738 173 14 192 90 128 236 227 256 209
17 BO17 44803499 11.403588 173 4 192 90 128 236 227 256 209
18 BO13 44.304262 11411034 173 4 192 90 128 236 227 256 209
19 BO19 44.303789 11410564 173 4 192 90 128 236 227 256 209
20 B020 44.304454 11.410094 173 4 192 90 128 236 227 256 209
21 BO21 44.304180 11410418 173 4 182 90 128 236 227 256 209
22 BO22 44.304392 11411208 173 4 192 90 128 236 227 256 209
23 B023 44.304677 11411108 173 4 182 90 128 236 227 256 209
24 B024 44.304346 11410874 173 4 192 90 128 236 227 256 209
25 RN?5 44804519 11.4711434 173 14 192 an 178 36 27 ?5A g v
€ >
Results of mitigation analysis system is provided for guidance only and should be critically reviewed by an experienced engineer with sufficient expertise and understanding of the underlying assumptions and
limitations of the software. The validity of the results cannot be guaranteed as correct and the mitigation framework results should be independently cross-checked. This software is offered without warranty
or promise of support of any kind either expressed or implied. This software is offered as is, without warranty or promise of support of any kind either expressed or implied.
Export...

4.4.1 Mitigation Techniques Applicability Score

When MITIGATION TECHNIQUES APPLICABILITY SCORE is selected, the displayed results represent
the overall applicability score for each of the 10 incorporated ground improvement mitigation

techniques estimated for each considered asset (building or infrastructure) selected for mitigation
analysis.
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Hazard Analysis Output  Risk Analysis Output ~ Mitigation Analysis Output
Applicationable to Existing Buildings/Infrastructure
ALL MITIGATION TECHMIQUES APPLICABILITY SCORE | | MITIGATION COST | | EXPECTED BEMEFIT | | COST BENEFIT RATIO (CER)
DEEP INDUCED Low DEEP A
Riskldenticotion Lattude Longitude  DRANS  DYNAMIC coupiCion compacton epLacevent PARTAL CGRBlnich PRESURE  cooinyc SO - HEIGHESTRANKED
sk dentification  Latitude - Lengitude COMPACTION SATURATION GROUTING MIXING G. 1. TECHNOLOGY
(Scere) (Score) (Score) (Score) (Score) core)
(Score) (Score) (Score) (Score)
15 BO15 44803853 11403559 173 141 192 %0 128 236 227 256 208 191 LOW PRESSURE GROUTING
16 BO1G 44803192 11404738 173 141 192 0 128 236 227 256 209 191 LOW PRESSURE GROUTING
17 BO17 44803499 11405588 173 141 192 %0 128 236 227 256 209 191 LOW PRESSURE GROUTING
18 BO12 44804262 11411034 172 141 192 %0 128 236 227 256 209 191 LOW PRESSURE GROUTING
19 BO12 44803729 11410564 173 141 192 30 128 236 227 256 209 191 LOW PRESSURE GROUTING
20 B020 44804494 11410094 173 141 192 %0 128 236 27 256 209 191 LOW PRESSURE GROUTING
2 B021 24804120 11410412 173 141 192 30 128 236 227 256 209 191 LOW PRESSURE GROUTING
2 B022 44804802 11411208 173 141 192 0 128 236 227 256 209 191 LOW PRESSURE GROUTING
23 B023 44804677 11411108 173 141 192 %0 128 236 227 256 209 191 LOW PRESSURE GROUTING
2 BO24 44804846 11.410874 173 141 192 0 128 236 227 256 209 191 LOW PRESSURE GROUTING
25 B025 24804519 11411434 173 141 192 30 128 236 227 256 209 191 LOW PRESSURE GROUTING
v
Results of mitigation analysis system is provided for guidance anly and shouid be critically reviewed by an experienced engineer with sufficient expertise and understanding of the underlying assumptions and limitations of the software. The valdity of the resuits
cannot be guaranteed s correct and the mitigation framework results should be independently cross-checked. This software is offered without warranty or promise of support af any kind either expressed or implied, This software is offered as s, without
warranty or promise of support of any kind ither expressed or implied.
Export...

4.4.2 Mitigation Cost

When MITIGATION COST is selected, the displayed results represent the cost for each of the 10
incorporated ground improvement mitigation techniques estimated for each considered asset

(building or infrastructure) selected for mitigation analysis.

Hazard Analysis Output  Risk Analysis Output  Mitigation Analysis Output

Applicationable to Existing Buildings/Infrastructure
ALL | | MITIGATION TECHNIQUES APPLICABILITY SCORE | [ MITIGATION COST | | EXPECTED BENEFTT | | COST BENEFIT RATIO (CBR)

EARTHQUAKE DVDN%QE:M VIERO BLASTING VIERO ”;'E%:LD COMPACTION pRthWURE JET Egip -
e LA LIS iguton Cost) | COMPACTON M) (Vitgaton Cont (Migaton Conty | SATURATION 0y GROUTNG o Gy, MAING
(Mitigaton Cost) (Mitigaton Cost) (Mitigaton Cost) (Mitigaton Cost)
15 BO15 44303853 11.403559 699 13992 13992 13902 13992 13992 13992 13992 13992 13992
16 BO16 44803192 11.404738 5036 10073 10073 10073 10073 10073 10073 10073 10073 10073
17 BO17 44803499 11.405588 6833 13665 13665 13665 13665 13665 13665 13665 13665 13665
18 BO18 44804262 11.411034 4723 69445 69445 69445 69445 69 445 69445 69445 69445 69445
19 BO19 44303789 11.410564 12282 24565 24565 24565 24565 24565 24565 24565 24565 24565
20 B020 44804494 11.410094 9966 19933 19933 19933 13933 19933 19933 19933 19933 19933
2 B021 44804180 11.410419 8351 16701 16701 16701 16701 16701 16701 16701 16701 16701
2 B022 44804892 11.411208 2495 16990 16990 16990 16990 16990 16990 16990 16990 16990
23 B023 44804677 11.411108 11878 23759 23759 23758 23759 23758 23759 23759 23759 23759
4 B024 44804846 11.410874 13281 26562 26562 26562 26562 26562 26562 26562 26562 26562
5 B025 44304519 11411434 3825 7651 7651 7651 7651 7651 7651 7651 7651 7651

Results of mitigation anlysis system is provided for guidance only and should be aritically reviewed by an experienced engineer with sufficient expertise and understanding of the underlying assumptions and limitations of the software. The validity of the results
cannot be guaranteed as correct and the mitigation framework results should be independently cross-checked. This software is offered without warranty or promise of suppert of any kind either expressed or implied. This software is offered as s, without warranty
or promise of support of any kind efther expressed or implied.

Export...

4.4.3 Expected Benefit

When EXPECTED BENEFIT is selected, the displayed results represent the expected benefit for each of
the 10 incorporated ground improvement mitigation techniques estimated for each considered asset

(building or infrastructure) selected for mitigation analysis.
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Hazard Anslyes Ouut Rik Anslyss Cutput  Miagaten Aralvss Cutput

Appicationable to Existing Rulldings/ Infrastrcture.

AL x soons |Ewecer | |cost snarrr
_ ) EARTHQUAKE Dﬁf&,c VIERO BLASTING VIBRO priy COMPRCTION - I o _ i
Fisk ldentification Lathude Longitude  DRAINS b COMPACTION  COMPACTION  REPLACDMENT POt GR0UTING ThESue aROUTIG S MASSMUM BENERT
(Expected Bemefit) [apected RFIIP‘IU (Expected Benefe)  (Expected Senefnt]  (Expected Benefit] (Expected Rerselt) [Expected Benefit) (hxpected Reneht] (Expectes Bemefr) [Expected Henel)
12 B2 AAB0RSTT 11405844 174 13 086,80 BTN 1050570 M WE0 eEman 15 Ma.00 1417740 16 35850 1308680 FARTHOUAKE DRAMS
1 B3 MBS 1LAOSIET 3657 o 1828530 2esT BN w5700 e BN 28500 TAMN  CARTHOUAKE DRANS
" B4 480718 114050 38 rarEn 29 060,70 19373.80 242720 266359.00 AR50 3390400 naaren 36 325280 25060, 70 FARTHOUAXE DRANS
1 BOIS  MBORS 1LAOSS 9347030 WL 683820 5446050 653500 200200 Q1650 7626560 1800340 WML EARTHOUAXE DRAMNS
i BOE UM 1LAMTI 10653600 nm= s s noen 015130 Bwam a5 10025200 DA EARTHQUAKEDRANS
11 BNT AR 11405588 1716850 12 ET640 RSN 10 73040 11 80340 65733 1502250 13 94550 16095.50 12 k7640 FARTHOUAKE DRAMS
" BE MBMMZ TLANOM T3TINN0 smum 555651 e 301 737808 nams 1085430 1220350 SEMTT  EARTHOUAKE DRAMS
1% BNS 43803785 141058 1350730 1043050 L5363 BER0e 2% TEREL 1218850 1295790 1303810 10 430,50 EARTHOUAKE DRAMNS
.-u WX MMM LA 2959080 246 1455440 106840 2523 1628 ®1m20 M09 Bamn LA CARTHQUAKE DRAINS
Fi Ba21 ALE0Q120 11410419 113 28200 B498120 54 82080 70 &0 TraEL0 83 T20.50 40 9 041,30 108 202.00 120 EARTHOUAKE DRANS
B2z B 1AM 1M 875650 17130 T #3600 636770 103 35040 % 15390 11088600 7650 EARTHGUAKE DRAMS
5 RIPYL MNMATT ILATION S 1120450 T46874 anrs 1namen L 1m0 12 1830 Moo 103050 FARTHOUAKT DRARIS
Fcuit of mtgation anslyss eyutem i e for guicne iy s i b bl e by g f— of e coftmare. The waldhty of B s camot be o anteed o corvect and e sgatien
Pk ety e eafbware & t warranty o g 4% of ary ki wither irrgilied. Thin eoftmor it offered w,‘nll mirtanty o promioe of eppornt of sy nd s sxpresued o pled.

4.4.4 Cost-Benefit Ratio (CBR)

When COST BENEFIT RATIO (CBR) is selected, the displayed results represent the cost-benefit ratio
for each of the 10 incorporated ground improvement mitigation techniques estimated for each
considered asset (building or infrastructure) selected for mitigation analysis.

Hazard Analysis Output  Risk Analysis Output  Mitigation Analysis Output

Applicationable to Existing Buildings/Infrastructure

ALL | MITIGATION TECHNIQUES APPLICABILITY SCORE | MITIGATION COST | EXPECTED BEMEFIT = | COST BENEFIT RATIO (CBR]

"
EARTHQUAKE DV%iE:mC VIBRO BLASTING VIBRO ‘E.ERl'Jﬂ%E COMPACTION PRIEgE\ﬁRE JET EEELF
Risk Identification  Latitude Longitude DRAINS COMPACTION COMPACTION REPLACEMENT GROUTING GROUTING MINIMUM CBR
(CER) COMPACTION (CER) (CER) (CBR) SATURATION (CER) GROUTING (CER) MIXING
(CBR) (CBR) (CBR) (CBR)

14 BO14 44.803718 11.405271 017 0.46 0.68 0.55 0.50 0.61 039 042 037 046  EARTHQUAKE DRAIMS
13 BO15 44.803853 11.405559 0.07 0.20 0.30 0.24 0.22 0.26 0.17 0.18 0.16 0.200  EARTHQUAKE DRAIMS
16 B016 44.803192 11.404733 0.05 0.13 0.19 0.13 0.14 0.17 0.11 0.12 0.10 0.13  EARTHQUAKE DRAINS

17 BO17 44.803499 11.405588 0.40 1.08 ---- 0.91 0.8 0.85 1.08  EARTHQUAKE DRAIMS

20 B020 44.804494 11.410094 033 - 107 - 071 089  EARTHQUAKE DRAIMNS

21 B021 44.804180 11.410419 0.07 0.20 0.29 0.24 021 0.26 0.17 0.18 0.16 020  EARTHQUAKE DRAIMNS

2 B022 44.804892 11.411208 0.07 0.19 0.29 0.23 0.21 0.26 0.16 0.18 0.15 0.19  EARTHQUAKE DRAIMS

v

Resuts of mitigation analysis system is provided for quidance only and shauid be critically reviewed by an experienced engineer with sufficient expertise and understanding of the underlying assumptions and limitations of the software. The validity of the results
cannet be guaranteed as correct and the mitigation framewark results should be independently cross-checked, This software is offered without warranty or promise of suppart of any kind either expressed or implied. This software is offered as is, withaut
warranty or promis of support of any kind either expressed or implied.

Export...

By double click on any given individual asset, a table with compiled information summarizing all the
mitigation analysis results is displayed.
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o
.. TECNOLOGY S . . Annual Freguency Expected A.”.”“a! Loss Expected ﬂ.mnua.l Loss Expected Loss Avoided X N .
AN core  Mitigation cost o Before Mitigation After Mitigation Expected Benefit Cost-Benefit Ratio
of Damage (%) (EALN (EALM) (EALI - EALM)
EARTHQUAKE DRAINS 173 6833 0464764 642.03 128.41 513.62 17 168.60 040
DEEP DYMNAMIC COMPACTION 141 13 663 0.464764 642.03 256.81 385.22 12 876.40
VIBRO COMPACTION 192 13 663 0464764 842.03 385.22 256.81 258429
BLASTING COMPACTION 90 13 663 0464764 642.03 321.01 321.01 1073040
VIBRO REPLACEMENT 128 13 663 0464764 642.03 288.91 353.12 11 803.40
INDUCED PARTIAL SATURATION 236 13 663 0464764 642.03 353.12 288.91 9657.33
COMPACTION GROUTING 227 13 663 0.464764 642.03 192.61 449.42 1502250
LOW PRESSURE GROUTING 256 13 663 0464764 642.03 2247 417.32 13 549,50 0.98
JET GROUTING 209 13 663 0.464764 642.03 160.51 481,52 16 093.50 0.85
DEEP SOIL MIXING 191 13 663 0.464764 642.03 256.81 385.22 12 876.40 1.06

OK Help

For each of the 10 ground improvement mitigation techniques the following results are provided for

each individual asset.

Results of Mitigation Analysis
at Asset Level

Description

Score

Overall score estimated for each of the 10 ground improvement mitigation
techniques for the considered asset

Mitigation cost

Estimated cost of mitigation technique for the considered asset

Annual Frequency of Damage
(%)

Estimated annual frequency of damage for the considered asset

Expected Annual Loss Before
Mitigation (EALI)

Estimated expected annual loss to the considered asset before the application of
the mitigation technique

Expected Annual Loss After
Mitigation (EALM)

Estimated (conservative estimation) expected annual loss to the considered asset
after the application of the mitigation technique

Expected Loss Avoided

Estimated loss to be avoided if a given technique is applied to the considered
asset (EALI — EALM)

Expected Benefit

Estimated expected benefit considering the time horizon of the considered asset

Cost-Benefit Ratio (CBR)

Ratio of Mitigation Cost divided by Expected Benefit, where a given mitigation
option is considered favourable if CBR<1

4.45 Export Results of Mitigation Analysis

All results and output of Mitigation Analysis can be exported by clicking on Export button. The results

can be exported as SHAPE or CSV by selecting SHAPE or CSV in the file type pulldown menu in the

Export dialog. SHAPE files can be exported as points or polygons. The database and result files in

various formats will be stored in a project directory.
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0 Export liquefaction mitigation results table X
Look in: D:\LIQUEFACT \Results Mitigation Analysis v 0 ] 0 ﬁ @ E]
L] My Computer Name
z abdel
< >
File: name: | Save
Files of type: |CSV (*.csv *.txt)

5 TECHNICAL DESCRIPTIUON AND BACKGROUND

The following sections provide detailed technical description of the different methodologies and
approaches that have been incorporated in the three main protocols of analysis of the LIQUEFACT
software: the protocol for liquefaction hazard analysis, the protocol for risk analysis, and the protocol
for mitigation analysis.

5.1 Liquefaction Hazard Assessment

The process of liquefaction hazard analysis consists in assessing whether an asset (e.g. individual
building/CI asset, portfolio of buildings/distributed infrastructure assets, etc.) is located in a
geographical area likely to be affected by an EILD event. The required user-supplied input data are
related to liquefaction hazard and seismic hazard modelling.

Methodologies of liquefaction hazard assessment are based on two approaches: Quantitative and

Qualitative based approach.

5.1.1 Quantitative Analysis of Liquefaction Hazard

The concept of the quantitative approach consists of number of analyses to be carried out in two main

sequences (Figure 5):

e Step-1Liquefaction Triggering Analysis: to estimate the tendency of developing liquefaction under
a given seismic input. The analysis is based on computation of the factor of safety against
liquefaction.

e Step-2 Liquefaction-induced Surficial Manifestations: implies to evaluate the effects at the ground
level, where indicators are adopted to broadly quantify the severity of liquefaction.
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Liquefaction Triggering Analysis
. . . . CRR (z)
Evaluation of the Factor of Safety against liquefaction FSL: FSL (z) = SR
4 CSR evaluation, for: CRR evaluation methods:
Scenario Earthquake;
- Pre- defined (Uniform) seismic Hazard; SPT- and CPT- based (Boulanger and Idriss, 2014);
\ - User- defined Seismic Hazard. Vs- based (Andrus and Stokoe, 2000).

Liquefaction severity indicators

Liguefaction Potential Index “LPI" (lwasaki et al., 1978);

LPI Ishhara inspired “LPlish” (Maurer, 2015);

Settlement “s” (Zhang et al., 2002);

Liquefaction Displacement Index “LDI” (Zhang et al., 2004);
Liquefaction Severity Number “LSN” (van Ballegooy et al., 2014);
Equivalnet soil profile LSN “LSN_esp” (Millen, 2019).

Figure 5. Concept of liquefaction hazard assessment based on quantitative analysis

5.1.1.1 Liquefaction Triggering Analysis

In the LIQUEFACT software, the triggering of liquefaction at a given site can be evaluated by applying
Cyclic Stress approach, using user-supplied soil profiles data. This approach implies the calculation of
a liquefaction safety factor (FSL) obtained by dividing the Cyclic Resistance Ratio (CRR) producing
liguefaction with the Cyclic Stress Ratio (CSR) induced by the earthquake. According to this method,
seismic liquefaction is triggered in a susceptible soil when the seismic demand expressed as CSR)
exceeds the resistance of such soils (expressed as CRR).

The CRR is a representation of the ability of the soil to resist liquefaction demand and is related to its
relative density and Fines Content (FC). It is also recognized that the stress conditions (confining
pressure, cyclic shear and initial static shear stresses) play an important role in the liquefaction
behaviour of soil, the type of failure mechanism and the mode of development of soil deformation,
especially in the case of slopes of sandy deposits.

Site characterization for liquefaction triggering analysis includes collection of information to
accurately estimate the values of CRR and earthquake-induced CSR at the site. The goal of a
liquefaction triggering analysis is to evaluate whether liquefaction is expected to occur at a site under
a given seismic load. An FSL less than 1.0 is generally assumed to indicate that liquefaction is expected
to trigger at that depth. The factor of safety against liquefaction, however, does not give insights into
the associated uncertainties and variability related to the calculation of CRR and CSR. In practice, a
minimum required FSL for design as low as 1.0 has been required when coupled with an extreme
ground motion level. Typical minimum values used in practice are between 1.1 and 1.3.
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5.1.1.1.1 CPT-based Procedure

One of the most popular CPT-based procedure to evaluate the Factor of Safety against liquefaction at
each depth of a soil profile is the Boulanger and Idriss (2014), which is summarized in Figure 6.
Boulanger and Idriss (2014) calculate the CRR from the measured CPT tip resistance, qc, the CPT sleeve
friction, fs, and the effective vertical stress, o’y, in the soil. These are used to estimate an overburden
correction factor, CN, and correct the tip resistance to account for the overburden stress, gc. The
normalized overburden stress, gcn, is 9o divided by the atmospheric pressure (pa=100 kPa). During
the iteration (usually about 3 cycles), g« is always based on the measured tip resistance, qc, while CN
is based on the iteratively updated value for gcun. A second correction is made for the fines content,
FC. With the assumed flat ground or uniform surcharge for the regional-scale analysis, the correction
for the effects of an initial static shear stress ratio is Ka=1.

To characterize the soil behaviour type (SBT) and to evaluate the percentage of fines content, FC, the
empirical correlations defined by Robertson (2015) are used.

oy =Ly = qcC

Qeiv = Gea/Pa
. Pa - _ Amax Oy 1 1
Cy = (o_—rv) =17 CSR =0.65 = (T) * (G,U) = rd * (m) * (E')

m = 1.338 — 0.249 = (g.,,)"*"
Pa = atmospheric pressure having same units as qc

In(rd) = a+ pM
Fine Content evaluation (FC) z

Fec =80+ (Ic + Cpc) — 137 an=-1.012 - 1.126,¢en(ﬁ+ 5.133)
Where: Ic is evaluated according to Robertson, 1998 7
Cpc=-0.29.0,+0.29 B =0.106 — 0.118sen(;; '28 +5.142)

(where CFC is a fitting parameter that can be adjusted based on site-
specific data when available)

o'y
Koe=1-Coln|l— =11

Ge1n pa
14.6,

s = (109 P X (15.7 2
Qril\‘_( S+ )EJ.’P(. Fc+2 Fc+2 ) (g=——m—m——————— = ()3
37.3 — 8.27 = gc1NS#0

(Gean)es = Geay + Aeay

M
M5F = 69exp (— T) - 0.058

qclNcs+ ('hl.\'cs)z _ (qclNcs):‘ " (chi\'cs

4
CRR=¢ —2.8
exp(3 1000 140 137 ) )

Idriss and Boulanger (2008)

CRR
CSR

FSL =

Figure 6. Flowchart of the CPT-based procedure for liquefaction triggering analysis

5.1.1.1.2 SPT-based Procedure

The SPT-based procedure that have been incorporated in the LIQUEFACT software for computation of
Factor of Safety against liquefaction at each depth of a soil profile is also the one introduced by
Boulanger and Idriss (2014), and which is summarized in Figure 7. The procedure consists on
calculating the CRR starting from the number of blows N1g, normalized with respect to the
atmospheric pressure Pa and increased to account for the fine content.

(N1)60CS = CN * CE * CB ) CR " CS - N + A(N1)60
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where CN is the correction factor to adjust the blow count to a reference stress of one atmosphere;
CE is a correction factor for the kinetic energy of the hammer (i.e. hammer weight and height of fall);
CB is a correction factor for the borehole diameter; CR is a rod length correction factor; CS is a
correction factor for the configuration of the SPT sampler; N is the recorded blow count; and A(N1)eo
is the correction factor for the fines content.

There is uncertainty in the computed FS from a stress-based analysis not only because of the
uncertainty in the location of the CRR relationship but also because the values of the parameters in
the CSR and (N1)eocs equations are not known precisely. In fact, explicit consideration of uncertainty
associated with a correction factor may even increase the uncertainty associated with the liquefaction
potential assessment. The soil behavior type index Ic, is evaluated with numerous empirical
correlations between in-situ tests and geotechnical parameters.

(Ny)eo= Cy * Neo CSR = 0.65 Tax Ty d 1 1
P — e - —
(‘-.“_ - (a_f:.)m <17 ) * g * a”v rras MSF * (KU)

m = 0.784 — 0.0768 » \/(N)goes

Fine Content evaluation (FC) n(rd) = « + pM
Fe =80x(Ic+Cp) — 137 @ =~1.012 — 1. 126sen(-—— + 5.133)
Cpe = —0.29,0,+0.29 11.73
CFCis a fitting parameter, while Ic is evaluated according to Mayne (2006) z
5 B =0.106 — 0.118sen( +5.142)
_ Vs 11.28
Ic = —-0.7174 # In| ——— | + 6.3211
9.81 +z

7',
Ke=1-Coln|—)=11
Vs = 100.59 » NG ! ! "(rm)

ff=—m— — — ——————— <
Modified after Palmer and Stuart (1957) 18.9 = 2.55 * (N )gies

9.7 157 \* M
A(Neo = exp| 1.63 + 2051~ \Fe v 0.01 MSF = 6.9 exp (— T) - 0.058
(Nsoes= (N1 e +A(N1 g0 Idriss and Boulanger (2008)

(Ny) (Noeoes\* _ (Ndeoes\ . (Ndsoes '
_ 1/60cs 1/60cs | 1) 60es 1J60cs |
CRR = exp(—47 ( 126 ) ( 23.6 ) +( 25.4 ) 2.8)
‘ FSL CRR
CSR

Figure 7. Flowchart of the SPT-based procedure for liquefaction triggering analysis

5.1.1.1.3 Vs-based Procedure

Measuring shear wave velocity (Vs) is another test used to characterize soils in situ. Vs refers to the
speed at which a shear wave propagates through the ground. The speed of wave propagation depends
on the density of the soil, the directions of wave propagation and particle motion, and the effective
stresses in those two directions.

Figure 8 illustrates the flowchart of the VS-based concept for the liquefaction triggering analysis and
which is based on the Andrus and Stokoe (2000) procedure for the calculation of CRR. Soil behaviour
type index is evaluated based on the procedure proposed by Mayne (2006):
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Ic =-0.7174In[Vs? / (9.81z)]+6.3211

Then, the fine content FC can be evaluated by appling the following correlation (Robertson and Fear,
1995):
FC (%)= 42.4179 ‘1c-54.8574

Regarding Factor of Safety, Juang et al. (2005) concluded that the traditional FSL is conservative for
calculating CRR, resulting in lower factors of safety and over-prediction of liquefaction occurrence. To
account for this, they introduce a multiplication factor of 1.4 to obtain a more realistic estimate of the
factor of safety.

0.25
Vey =Vs L

AL SR =0.65 + (222 4 (22 sy a (o)« ()

=0, ® # | — | x7rd * ® (—

g c' MSF) ‘Ko

L’.\'] v
Vs1esa1 = Kal
) rd =1 — 0.00765z ifz=<92m
Pa = atmospheric pressure (kPa); o'v effective vertical stress (kPa).

rd = 1174 = 00267z if z=92m

. . . . Liao and Whitman (1986)
kalis the correction factor accounting for the age of the deposit

Time (years) Soil aging factor ( Kal) Ke=1-— ca],l(ﬁ) <11 (f=— =03
pal 189 - 3.1+ 'i)
1 1.09 S § TiTi]
10 1.01 -
100 0.94 g _ (MW
M5F = 75
1000 0.88 .
10000 0.83 Andrus and Stokoe (1997)
100000 0.78
Vs : 1 1
CRR = 0.022 + (ﬁ) +28s (=)
]00 .Vsl _Vh‘],r‘.m! vl'l CRR

_ FSL=14+%
Vg, is the limiting upper value of Ve ceqq for cyclic liguefaction occurrence, CSR
which varies between 200-215 m/s depending on the fines content of the soil.

Juang et al. (2005)

Figure 8. Flowchart of the VS-based procedure for liquefaction triggering analysis

5.1.1.2  Liquefaction-induced Surficial Manifestations

Liquefaction-induced Surficial Manifestations: implies to evaluate the effects at the ground level. At
this stage analyses are conducted in free field conditions, neglecting the presence of buildings or
infrastructures and their possible interaction with the subsoil, and thus liquefaction severity indicators
are adopted to broadly quantify the severity of liquefaction.

5.1.1.2.1 Liguefaction Severity Indicators

Once the Factor of Safety (FSL) has been calculated at each depth, synthetic indicators of the
liquefaction severity on the ground (free field) can be evaluated. These integrate the contribution to
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the liquefaction of each layers, generally for the first 20 meters of depth, giving a measure of the
liguefaction severity on the surface (free field).

In general terms, a liquefaction severity indicator can be defined as the integral of the product
between a function of the Factor of Safety against Liquefaction f; (FSL) and a weight function that
emphasizes the severity of liquefaction at a lower depth.

INDEX = f fi(FSL) * w(z)dz

zmax

Various liquefaction severity or damage potential indicators were proposed in literature to provide a
measure of the liquefaction-induced surficial evidence, based on the cumulative liquefaction response
of a soil profile. Table 1 illustrates the most widespread indicators to quantify the damage to the
ground by integrating the estimated effects of liquefaction in the first 20 m depth.

The most used of them are: Liquefaction Potential Index “LPI” (Iwasaki et al., 1978); one-dimensional
volumetric reconsolidation settlement “S” (Zhang et al., 2002); Liquefaction Severity Number “LSN”
(Van Ballegooy et al., 2014).

Table 1 List of liquefaction severity indicators for the quantification of damage to the ground due to liquefaction

Index Reference ‘ f1(FSL) w(z) Z
LPI Iwasaki et al., 1978 1 — FSL if FSL < 1 10 — 0.5z Zyin = 0
0 ifFSL>1
Zmax = 20m
LSN van Ballegooy et al., 2014 &, =&, (FSL,qcines ) 1000 Zmin = 0
z
Zmax = 20m
S Zhang et al., 2002 &, = & (FSL,qcines ) - Zmin =0
Zmax = maxdepth

5.1.1.2.2 Liguefaction Potential Index (LPI)

The Liquefaction Potential Index LPI is the summation of liquefaction severity in each soil layer, which
in turn is a function of the Factor of Safety (FSL), weighted by a depth factor that decreases linearly
from 10 to 0 over the top 20 m. The LPI value is between 0 (representing no liquefaction expected)
and 100 (representing extreme liquefaction effects expected to the ground surface).

By weighting soils to have an increasing influence on LPI as depth decreases, this parameter is able to
represent the beneficial effects of an increasing non-liquefied surface layer thickness, or crust. lwasaki
et al. (1978) defined the Liquefaction Potential Index (LPI) of a 20 m deep soil profile as:

20m
LPI = f Fi(2) -W(2)dz
0

—FSL if FSL<1

where: W(z) =10—-0.5z and Fi(z) = {%) if FSL>1
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z is the depth below the ground surface in metres; and FSL(z) is the Factor of Safety against
Liquefaction.

In literature various qualitative-based classification definitions associated with LPI range values have
been introduced in order to quantify the different liquefaction risk level to the ground. In the
LIQUEFACT software, the used defaults ranges values associated to the different risk level classes are
adopted and modified from the classes suggested by lwasaki et al. (1978). However, users can always
modify and update these ranges values.

o
Classification LPI Range
Mo Liquefaction Risk LPI=0
Low Liquefaction Risk D= LPle=2
Meoderate Liquefaction Risk 2= Ple=3
High Liquefaction Risk 5<LPl<=15
Edit Help

5.1.1.2.3 Liquefaction Severity Number (LSN)

Liquefaction Severity Number was developed as indicator to assess the performance of residential
land in Canterbury in future earthquakes and was validated against the residential land damage
observed in Canterbury. The LSN depends on the seismic load, depth to groundwater and geological
profile (Van Ballegooy et al. 2014). The LSN is defined as:

ZOmS 7
LSN = 1000 f &) dz
0 VA

Where: €v (z) is the volumetric densification strain at depth, z, based on Zhang et al. (2002); and z is
the depth in metres below the ground surface.

LSN is defined as the summation of the post-liquefaction volumetric reconsolidation strains calculated
for each soil layer divided by the depth to the midpoint of that layer. The value of LSN is theoretically
between 0 (representing no liquefaction vulnerability) to a very large number (representing extreme
liguefaction vulnerability). The hyperbolic depth weighting function (1/z) can yield a very large value
only when the groundwater table is very close to the ground surface and soil layers immediately below
the ground surface liquefy. LSN is an extension of the LPI philosophy. It attempts to quantify the effects
of liquefaction and consequent land damage using volumetric strains (adopted in conventional
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settlement calculations (Zhang et al. 2002). The hyperbolic function gives much greater weight to
liguefaction at shallow depths and considers shallow liquefaction (<6 m) to be the key contributor in
the overall damage to land and relatively light residential buildings supported on shallow foundations.

In literature various qualitative-based classification definitions associated with LSN range values have
been introduced in order to quantify the different liquefaction risk level to the ground. In the
LIQUEFACT software, the used defaults ranges values associated to the different risk level classes are
adopted and modified from the classes defined by Tonkin and Taylor (2013). However, users can
always modify and update these ranges values.

o
Classification L5M Range
Ma Liquefaction Risk L5N « 5
Low Liquefaction Risk 3« LSMN<=10
Maoderate Liquefaction Risk 10 < LSM <= 30
High Liquefaction Risk 30 < LSM <= 50
Edit oK Help

5.1.1.2.4 Liguefaction-Induced Ground Settlements (Free-Field)

Liquefaction-induced ground settlements are essentially vertical deformations of superficial soil layers
caused by the densification and compaction of loose granular soils following earthquake loading.
Several methods have been proposed to calculate liquefaction-induced ground deformations,
including numerical and analytical methods, laboratory modelling and testing, and field-testing-based
methods.

The expense and difficulty associated with obtaining and testing high quality samples of loose sandy
soils may only be feasible for high-risk projects where the consequences of liquefaction may result in
severe damage and large costs. Semi-empirical approaches using data from field tests are likely best
suited to provide simple, reliable, and direct methods to estimate liquefaction-induced ground
deformations for low to medium-risk projects and also to provide preliminary estimates for higher risk
projects. The post-liquefaction volumetric strain can then be estimated using below, that correspond
to Figure 9, for every reading in the CPT sounding.

J

S = Zevi'Azi

i=1
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Where: S is the calculated liquefaction-induced ground settlement at the CPT location; € is the post-
liquefaction volumetric strain for the soil sublayer i; Az;is the thickness of the sublayer i; jis the number
of soil sublayers the result should be an appropriate index of potential liquefaction-induced ground
settlement at the CPT location due to the design earthquake.

L .
2 C \Limiting ]
W 5_' _strain B
c L : ]
5 .
w 4r
2 +
i} L
5 3
g C
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e 2
S E
g i
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2 L
=2 1F
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a r
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Equivalent clean sand normalized
CPT tip resistance, (Qe1p)es

Figure 9. Relationship between post-liquefaction volumetric densification strains, €v, and the normalized CPT tip
resistance, qclN, for selected factors of safety, FS (Zhang et al., 2002)

At each layer, the Factor of Safety (FS) and the normalised tip resistance, qqn, are used to calculate
the post-liquefaction volumetric densification strain, €y. These strains are interpolated from the curves
proposed by Zhang et al. (2002), except that the CPT tip resistance is corrected to remove the effect
of overburden stress using the iterative Idriss and Boulanger (2014) procedure.

The following equations for the relationships plotted in Figure 9 are given by Zhang et al. (2002). Table
2 lists additional constraints that are applied to the volumetric densification calculations using the
equations of FS given in Zhang et al. (2002).

ifFS €05, e, =102(g )% for 33 < (g9 < 200

if FS = 0.6. =, =102(g )" for 33 < (g < 147

ifFS =06, e, =2411(gp)t for 147 < (gon)e < 200

ifFS =07, &, =102(g. )" for 33 < (ger)es < 110
ifFS =07. &, =1701(gp)2? for 110 < (goan)e. < 200
ifFS =08, £, =102(g.n)="% for 33 < (go)es < 80

ifFS =08, &, =1690(g.p)n for 80 = (gein)es < 200

ifFS =09, £, =102(g.0)="" for 33 < (go)es < 60

fFS =09, &, =1430(gp)nt® for 60 = (gein)es < 200
ifFS = 1.0. e, =64(gun0)n’> for 33 < (gande < 200
fFS = 1.1, e, =11{ga)="" for 33 < (ge)es < 200
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fFS =12 &, =97(gan)"® for 33 £ (gem)es < 200

ifFS =13, e, =76(gq)a’"" for 33 < (go)e < 200

ifFS =20, e, =00 for 33 £ (gup)e < 20

Table 2 List of additional constraints that are applied to the volumetric densification calculations using the different equations
of FS given in Zhang et al. (2002)

Calculation Issue Description

Strain equation are only provided for For gcines < 33, strain is bounded by the limiting value,
calculated using geines = 33

Jc1 /Geines 233 Linear interpolation is used between the published
equations

Strain equations are only provided for Maximum strain = 102 qcines *8?

specific Factors of Safety

The Settlement indicator integrates the volumetric densification strains, €y, calculated using the Zhang
et al. (2002) method, over the total depth of the CPT profile, Z, using:

z
Svia :f &, (2)dz
0

Where: gv(z) is the volumetric densification strain at depth, z, based on Zhang et al. (2002); Z is the
total depth of the CPT profile; z is the depth in metres below the round surface.

There are always volumetric densification strains when the excess pore pressure rises during shaking,
so strains are included for all factors of safety up to FSL = 2.0 (i.e. including non-liquefied layers).
Settlements calculated using this method for deeper CPT profiles are typically greater than
settlements calculated for shallower CPT profiles. The calculated values are therefore not strictly
comparable between CPT profiles.

5.1.1.2.5 Equivalent Soil Profile (ESP)-based Classification

A new hazard-independent liquefaction classification is proposed where the soil profile is defined as
an equivalent 3-layered soil profile. The classification consists of only three features, highly influential
to the ground behaviour: the depth of the non-liquefying crust, and the thickness and liquefaction
resistance of the potentially liquefiable layer. Figure 10 illustrates the general steps for the
development of equivalent soil profile (ESP) and evaluation of the level of liquefaction hazard. The
concept of this methodology consists of 2 main steps (Viana da Fonseca et al. 2018a):

e Step 1:is about generating 3-layered soil profile, i.e. the equivalent soil profile, from CPT, SPT or
Vs data to evaluate the level of liquefaction hazard;

e Step 2 the methodology uses three governing parameters: the depth of the crust (Djg), the thick-
ness of the liquefied layer (Hiiq) and its liquefaction resistance (CRRn1s). Typical ranges of values for
each of these variables have been defined, from which 22 different soil profile classes (Table 3)
were derived.
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Figure 10. General steps of the development of equivalent soil profile (ESP) and range definition for classification (Viana da
Fonseca et al. 2018)

Strength - Size - Position

Resistant Weak | Mid. asist
CRR,i5 Weak | Mid.| Strong o | Shallow| WLS | MLS
L1111 E’ Mid. | WLM| MLM] SLX

Shallow | WMS | MMS
Mid. |WMM|MMM|] SMX | RXX

0.5m 3m 7m Deep {WMD|MMD
Shallow |WTS |[MTS
Mdd th
Djq Shallow  Mid-depth —|Deep E| Mo [wTM[MTM] STX
om 2m m Deep |WTD |MTD

Table 3. Concept and Class of Equivalent Soil Profile (ESP)

. . Liquefiable Layer (Hiiq) Crust Layer (Djiq) .
Soil Resistance (CRRiiq) Thickness Thickness ESP profile
Weak Large Shallow WLS
Weak Large Mid WLM
Weak Large Deep WLD
Weak Midsize Shallow WMS
Weak Midsize Mid WMM
Weak Midsize Deep WMD
Weak Thin Shallow WTS
Weak Thin Mid WTM
Weak Thin Deep WTD
Midium Large Shallow MLS
Midium Large Mid MLM
Midium Large Deep MLD
Midium Midsize Shallow MMS
Midium Midsize Mid MMM
Midium Midsize Deep MMD
Midium Thin Shallow MTS
Midium Thin Mid MTM
Midium Thin Deep MTD
Strong Large SLX
Strong Midsize SMX
Strong Thin STX
Resist RXX

5—152

LIQUEFACT Project — EC GA no. 700748



LIQUEFACT
Deliverable 6.6

Thisprojct s received funing LIQUEFACT Software — Technical Manual and Application
rom the European Union’s
Horizon 2020 fesearch and V. 1'0
innovation programme under
grant agreement No. 700748
a) Compute the cyclic b) Try all possible c) Select the profile with
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Figure 11. Procedure to implement the CRR-fitted method

The classification of a soil profile can be performed through cyclic element testing to identify key
layers, but to allow efficient classification, it is more convenient and reliable to use continuous field
data, namely through CPTu results. The procedure can be semi-automated by computing the CRR for
a magnitude 7.5 earthquake using a simplified triggering procedure (e.g. Boulanger & Idriss, 2014),
and fitting a three-layered profile to the CRR values. The procedure consists of computing every
possible three-layered profile so as to minimise the difference between the CRR values of the
computed and the equivalent three-layered profiles, as schematically illustrated in Figure 11. The
calculation of the error is sensitive to the value set to be the non-liquefying limit of CRR and the
maximum depth of the profile. The non-liquefying limit was set to CRR=0.6, as this is a common limit
used in simplified procedures (e.g. Youd et al., 2001; Boulanger & Idriss, 2014). Using a higher value
means that soil layers with high CRR would generate some error during fitting (Gerace, 2018). The
maximum depth was taken as 20 metres, since surficial consequences of liquefaction below such
depths are negligible (Maurer et al., 2015). The increment of depths and CRR should be set small
enough that they are not influential on the final results. The depth increment was set to 0.1m and the
CRR increments were determined by setting the equivalent cone tip resistance for clean sand to range
from 0 to 175 kPa in increments of 5kPa to give a CRR range from 0.061 to 0.6.

The implemented algorithm (Figure 11) minimised the normalised difference (equation below), where
CRRcaicand CRRyitreqare the calculated and fitted CRR values, AH is the depth increment of the calculated
values, CRRnon-iig is the non-liquefiable limit and Hioa is the total height of the profile, capped at the
maximum value of 20m.

> (CRR.uci — CRRyitreq;i) - AH
CRR}:.UN.—I?'(; ' HIUI.(LE

5 =
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5.1.1.2.6  Equivalent Soil Profile-based Liquefaction Severity Number LSN(ESP)

Graphs showing the correspondence between ESP classes and LSN values were provided (D3.2 of this
project) to allow the backward estimate of likely ESPs in a region given a liquefaction severity estimate.
In fact, for the investigated profiles, the LSN was computed for four different hazard level
representing: low, moderate, high and severe seismicity (PGA values equal to 0.1g, 0.2g, 0.35g, 0.5g
and Mw equal to 7.5). By applying the Bayes theorem, the conditional probability of finding each ESP
class for a given LSN range was evaluated and plotted for the before mentioned four levels of
seismicity. The PGA values from different magnitude events can be converted to an equivalent
magnitude 7.5 event using the magnitude scaling factor (Idriss and Boulanger, 2008).

5.1.2 Qualitative Analysis of Liquefaction Hazard

Liquefaction hazard assessment based on qualitative approach is, in general, considered as level-1
step of liquefaction hazard analysis where no detailed geotechnical soil profile data or specific
information on the earthquake are required. The concept is based on using hazard map where level
of hazard is qualitatively classified using labels ranging such as “Non-Susceptible”, “No Liquefaction”

to “Very High Risk of Liquefaction”, depending on type of liquefaction severity indicator used. The

outcomes from this level of assessment provides qualitative evaluation on the level of exposure that
asset(s) is/are likely to be susceptible to, and can be employed as guidance for more detailed analysis
(quantitative assessment described above).

5.1.2.1 User-Defined Liquefaction Hazard

User-supplied qualitative liquefaction hazard maps can be in terms of the following liquefaction

severity indicators: Liquefaction Susceptibility, Liquefaction Potential Index (LPI), Liquefaction Severity

Number (LSN), and Probability of Liquefaction (PL).

e Inuser-supplied maps in terms of Liquefaction Hazard indicator, three qualitative levels of hazard
classification are used for range labels: Noon-susceptible, No Liquefaction, and Liquefaction.

e For user-supplied maps in terms of LPI, LSN and PL indicators, five qualitative levels of hazard
classification are used for range labels: Non-Liquefaction Risk, Low Liquefaction Risk, Moderate
Liquefaction Risk, High Liquefaction Risk, and Very High Liquefaction Risk.

5.1.2.2  Pre-Defined Liquefaction Hazard

At a first glance, zonation of a large territory for liquefaction risk seems an almost impossible task
since liquefaction is a phenomenon of soil instability occurring at a very local scale, that is it may or it
may not occur at a specific location and depth from the ground surface depending on whether certain
conditions of soil susceptibility and severity of ground shaking are met at that particular depth. Thus,
the macrozonation of liquefaction hazard at the continental scale is a truly hard facing challenge. Yet,
a qualitative representation of the variability of liquefaction potential within a single country is within
reach considering the resolution and accuracy of geological and geotechnical information that is

5—154

LIQUEFACT Project — EC GA no. 700748



LIQUEFACT
Deliverable 6.6
This project has received funding LIQUEFACT Software — Technical Manual and Application

from the European Union’s

Horizon 2020 research and V. 1'0
innovation programme under

grant agreement No. 700748

currently available in the most developed nations. The availability of a macrozonation map of
liquefaction risk of a country can be useful to policy makers and administrators of that country in
identifying territories that are potentially at risk of earthquake-induced ground failures. This in turn
could motivate the interest in drafting plans for further investigations and in-depth studies in those
territories.

Macrozonation of liquefaction risk of the European territory was addressed in LIQUEFACT project
(Carlo et al 2018). Geo-referenced European earthquake-induced soil liquefaction risk maps were built
using available datasets at a continental scale on the expected seismic hazard and on the geological,
geomorphological, hydrogeological, shallow lithology and digital terrain information. The
macrozonation maps were generated for different levels of severity of expected ground shaking,
characterized by a return period of 475, 975 and 2475 years, respectively (Figure 12). The maps use
three qualitative levels of hazard classification for range labels: Non-susceptible, No Liquefaction, and
Liquefaction.

Legend

I Nen-susceptible soil

Ligquefaction model prediction
No liquefaction

I Liquefaction

——
0 250 500 1.000 1.500 2000

(a) European liquefaction prediction map for 475 years

Legend

T Non-susceptible soil
Liquefaction model prediction
77 No liquefaction

B Liquefaction
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(b) European liquefaction prediction map for 975 years

Legend

"I Non-susceptible soil

Liquefaction model prediction
| No liguefaction

I Liguefaction
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-——
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(c) European liquefaction prediction map for 2475 years

Figure 12. Macrozonation of liquefaction risk of the European territory (Carlo et al 2018)

5.1.3 Seismic Hazard Analysis

A key point in liquefaction hazard assessment is the provision of seismic ground motion, in general,
generated and integrated in the form of contour maps and location-specific seismic demands.

5.1.3.1 Generate seismic ground motion

The spatial distribution of ground motion can be determined using one of the following methods or
sources:
e Scenario Earthquake analysis (repeat of any potential earthquake event);
e Pre-Defined Uniform Hazard map (probabilistic ground motion maps e.g. Share.eu);
e User-Defined Seismic Hazard map (can be based on probabilistic or deterministic ground
motion analysis).

5.1.3.1.1 Scenario Earthquake Analysis

Deterministic seismic ground motion demands are calculated for user-specified scenario earthquakes.
A scenario earthquake can be either an historic earthquake or a hypothetical earthquake and can be
defined using a set of the earthquake source parameters. These parameters can be obtained from the
available information related to geological, seismotectonic and geotechnical characteristics of the site
of interest as well as physical modelling techniques to provide a reliable and robust deterministic basis
for hazard and risk analysis.
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Scenario earthquake is defined by providing location of the earthquake, depth focal, magnitude, fault
orientation, dip angle. Attenuation relationships (also called Ground Motion Prediction Equations -
GMPE) are used to calculate ground shaking demand for rock sites. In general, they represent response
spectral acceleration ordinates, Sa(T), at 5% elastic damping.

For scenario earthquake analysis, each attenuation table must contain the following information:

Magnitude limits:  MINF: Lower limit of magnitude given in the table.
MSUP: Upper limit of magnitude given in the table.

NMAG: Number of magnitudes for which intensity is given.

It is assumed that intensities are given for magnitudes M(K), where M(K)=MINF+(K-1)*DMAG, and
DMAG=(MSUP-MINF)/(NMAG-1).

Distance limits: RINF: Lower limit of distance given in the table.
RSUP: Upper limit of distance given in the table.

NRAD: Number of distances for which intensity is given (Integer format).
TYPE: An integer indicating the type of distance used by the attenuation table.

It is assumed that intensities are given for distances R(K), where log(R(K))=log(RINF)+(K-1)*DLRAD,
where DLRAD=(log(RSUP)-log(RINF))/(NRAD-1). That is, distances are supposed to be logarithmically
spaced.

TYPE represents the type of distance for the selected attenuation model: Focal, Epicentral, Joyner and
Boore, Closest to rupture area (Rrup).

For each of the NT different intensity measures, the following blocks of lines: T(J), SLA(J,0)

e T(J): Structural period of j-th spectral ordinate. It is used only for identification purposes and to
plot the uniform-hazard spectrum, so in the cases in which structural period has no meaning, it
can be just a sequential number.

e SLA(J,0): Standard deviation of the natural logarithm of the j-th measure of intensity. A value of
SLA(J,0)<=0 implies that the user will give standard deviations that vary with magnitude. In this
case, the corresponding Sigma values, one for each of the NMAG magnitudes has to be given after
the table of SA() values.

5.1.3.1.2 Pre-Defined Seismic Uniform Hazard Analysis

The SHARE project probabilistic seismic hazard contour maps for Euro-Mediterranean Region has been
embedded in the LIQUEFACT software, to be used as basis to ground shaking in Pre-Defined Uniform
Hazard type analysis. The SHARE maps were produced for different return periods: 73 years (50% in
50 years), 102 years (39% in 50 years), 475 years (10% in 50 years), 975 years (5% in 50 years), 2475
years (2% in 50 years), 4975 years (1% in 50 years). An example of SHARE-seismic hazard map is shown
in Figure 13, in terms of PGA having 10% exceedance probability in 50 years. The hazard values are
referenced to a rock velocity of Vs3 = 800 m/s at 30 m depth. SHARE models earthquakes as finite
ruptures and includes all events with magnitudes MW=4.5 in the computation of hazard values. SHARE
introduces an innovative weighting scheme that reflects the importance of the input data sets
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considering their time horizon, thus emphasizing the geologic knowledge for products with longer
time horizons and seismological data for shorter ones.

10% Exceedance Probability in 50 years

Figure 13. Seismic hazard map depicts the 10% exceedance probability that a peak ground acceleration of a certain fraction
of the gravitational acceleration g is observed within the next 50 year

5.1.3.1.3 User-Defined Seismic Hazard Analysis

User-supplied PGA and spectral acceleration contour maps, e.g. resulted from a specific local or
regional seismic response analysis, represents another alternative where pre-defined ground shaking
maps that were developed for specific location or regional scale.

5.1.3.2  Ground Amplification Analysis

The values of ground shaking demand obtained from the different methodologies/options described
above are in general computed for rock condition, and which then amplified by factors based on local
soil conditions. This can be done using one of the following alternatives:
e Use of response spectrum Code-Design: where Eurocode-8 spectrum types are incorporated
in the LIQUEFACT software.
e Use of Site-Specific option which requires Vs profiles supplied by the user.

5.1.3.2.1 Ground Amplification using Code-Design

Two different types of design spectra are provided within Eurocode 8 (CEN, 2004). This is mainly done
in order to account for the differing level of seismic hazard in Europe and the different earthquake
types susceptible to occur. In case that earthquakes with a surface-wave magnitude Ms > 5.5 are
expected, it is suggested to use Spectrum Type 1, else (Ms <5.5) Type 2. The question which spectrum
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type to choose for a specific region should be based upon “(...) the magnitude of earthquakes that are
actually expected to occur rather than conservative upper limits defined for the purpose of probabilistic
hazard assessment”.

Both types of the horizontal design spectrum are defined by the following expressions:

T

Sa(T):ag~S-[1+?-(77-2.5—1)] forT<Ts

B
50(T)=0g-$'77-2.5 for Te<T<T¢
T
Sa(T)=0,-S-7-2.5-] for Te< T<To
Tc 'TD

Sa(T)=ag-$-n-2.5-[?] forTp<T<4.0s
where:
ag - design ground acceleration (here: PGA) on soil type A ground,
Ts, Tc- corner periods of the constant spectral acceleration branch (plateau),
To- corner period defining the beginning of the constant displacement range,
S- soil amplification factor (see Error! Reference source not found.),
n- damping correction factor (7 = 1.00 for 5% viscous damping).

The shape of the design spectrum is thus determined by the corner periods, soil amplification factor,
and the level of input ground motion. Both, corner periods (Ts, Tc, and Tp) as well as soil amplification
factor S are dependent on ‘ground type’, which is mainly distinguished by the average shear-wave
velocity of the uppermost 30 m (vs30) and hence categorized into 5 different soil classes (Table 4).
Both, soil amplification factor and corner periods for the different soil classes are given in Error!
Reference source not found. and Table 5 for Type 1 and Type 2 design response spectra, respectively.
Figure 14 illustrates the corresponding sets of normalized elastic design response spectra.

Table 4 Ground types provided by Eurocode 8 (European Committee for Standardization (CEN, 2004)

Soil Description of Stratigraphic profile Shear Wave velocity
Type Vs,30 [m/s]
A Rock or rock-like geological formation, incl. at most 5 m of weaker material at the surface > 800
B Deposits of very dense sands, gravel, or very stiff clay (at least several tens of m in 360-800
thickness) characterized by a gradual increase of mechanical properties with depth
C Deep deposits of dense or medium-dense sand, gravel or stiff clay with thickness from 180-360

several tens to many hundreds of m

D Deposits of loose-to-medium cohesion-less soil (with or without some soft cohesive <180
layers), or of predominantly soft-to-firm cohesive soil

E Soil profile consisting of a surface alluvium layer with vs,30 values of type C or D and n.a.

thickness H varying between 5-20 m underlain by stiffer material with vs,30 > 800 m/s

Table 5 Values of the parameters describing Eurocode 8 — Type 1 spectra (CEN, 2004)

Soil Type Soil factor S Tg [sec] Tc [sec] Tp [sec]

A 1.00 0.15 0.40 2.00
B 1.20 0.15 0.50 2.00
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C 1.15 0.20 0.60 2.00

D 1.35 0.20 0.80 2.00

E 1.40 0.15 0.50 2.00

Table 6 Values of the parameters describing Eurocode 8 — Type 2 spectra (CEN, 2004)

Soil Type ‘ Soil factor S Tg [sec] ‘ Tc [sec] Tp [sec]
A 1.00 0.05 0.25 1.20
B 1.35 0.05 0.25 1.20
C 1.50 0.10 0.25 1.20
D 1.80 0.10 0.30 1.20
E 1.60 0.05 0.25 1.20
6 T T T T T T T [ T T T T T T T

Typel Ground type: A ——
B B

Ground type: )ES; S

Normalized spectral acceleration
Normalized spectral acceleration

0 0.5 1 1.5 2 2.5 3 3.5 4 0 05 1 1.5 2 2.5 3 35 4
Period T [s] Period T [s]

Figure 14. Eurocode-8 elastic design spectra of Type 1 and Type 2

5.1.3.2.2 Ground Amplification using Site-Specific

Site-specific elastic response spectrum can be either derived from a Scenario Earthquake or a Pre-
Defined/User-Defined Seismic Hazard. In the case of Scenario Earthquake, LIQUEFACT software is
using the embedded attenuation relationships to compute the corresponding ground motion
estimates using average shear-wave velocity Vs 3o in order to amplify the ground motion. This Vs3o
value is user-supplied as input data. In the of Pre-Defined or User-Defined Seismic Hazard (where
ground motion map is already computed in terms of PGA values and full spectral acceleration
contours), the ground motion is amplified using the soil amplification factors provided by IBC-2006
(ICC, 2006) by assigning a Vs 30 value that agrees with the soil type (see Table 7).

Table 7 Site amplification factors modified from IBC-2006 (ICC, 2006)

Shear-wave velocity Vs 3o [m/s]

Spectral Acceleration ‘ > 800 360 - 800 180 -360 <180
Short-Period Spectral Acceleration [g] Short-Period Amplification Factor
<0.25 1.0 1.2 1.6 2.5
[0.25, 0.50] 1.0 1.2 1.4 1.7
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[0.50, 0.75] 1.0 11 1.2 1.2

[0.75, 1.0] 1.0 1.0 1.1 0.9

>1.0 1.0 1.0 1.0 0.9

1-Second Period Spectral Acceleration [g] 1-Second Period Amplification Factor

<0.1 1.0 1.7 2.4 3.5

[0.1,0.2] 1.0 1.6 2.0 3.2

[0.2,0.3] 1.0 1.5 1.8 2.8

[0.3,0.4] 1.0 1.4 1.6 2.4

>0.4 1.0 13 1.5 2.4

5.1.4 Interpolation and Mapping

In the LIQUEFACT software, two types of interpolation techniques for generating seismic and
liguefaction hazards and the computation of risk: Geostatistical Interpolation and Deterministic
Interpolation procedures.

The implemented Geostatistical Interpolation is based on Kriging technique which utilizes the

statistical properties of the measured points. Kriging technique quantify the spatial autocorrelation
among measured points and account for the spatial configuration of the sample points around the
prediction location.

The implemented Deterministic Interpolation is based on Shepard’s Weighted Average technique. It

creates surfaces from measured points, based on either the extent of similarity (inverse distance
weighted) or the degree of smoothing (radial basis functions).

5.2 Risk Assessment

For risk analysis, depending on what level of analysis is chosen and output is requested, different
numbers of input files have to be generated:

e Vulnerability analysis and evaluation of physical impact: directly related to vulnerability
assessment and computation of damage on buildings/infrastructures

e Economic impact: evaluation of economic impact of the physical damage

5.2.1 Process for Vulnerability Analysis

For vulnerability analysis, alternatives are provided to end-users offering more flexibility in terms of
type of vulnerability analysis to be conducted and type and level of details of the input data that can
be available, and level of knowledge of the end-users.

5.2.2 Computation of Damage Probabilities

Users is provided with two procedures for the computation of physical damage and mean damage
ratio for a given liquefaction demand:
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e the newly developed Equivalent Soil Profile (ESP) based procedure,

e the Conventional procedure (which has been widely used.

5221

ESP-based procedure

Figure 15 illustrates the general steps of the ESP-based procedure that have been integrated in the
software for liquefaction risk analysis. The procedure consists of 3 main steps (Viana da Fonseca et al.

2018a):

Borer hole definition

®

Equivalent soil
profite definition

- -
— 12
—

Strength - Size - Position

Shallow

S
g

Bl N

L i

| Weak |
WLS

Mid.
MLS

" Mid.

wiw]

WLD

MLM
MLD

SLX

WMS

WMM] MMM

WMD
WTS

MMS

MMD

SMX

MTS

Do S

| T - i

WTM

MTM

WTD

MTD

STX

Resist

RXX

im

©

L
ILIC]

=
2

Determine building class

!Il

Determine soil profile class

Select fragility curves

M ﬁ f.r

[the impact measures | -

| Compute expected losses I

Figure 15. General steps of the ESP-based procedure for the computation of damage and loss (Viana da Fonseca et al.

2018a)

- Step 1:is about generating an equivalent soil profile that will be used for the evaluation of

liquefaction risk;
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- Step 2 uses of liquefaction soil profile criteria to identify the characteristics of the equivalent
soil profile considering parameters of soil strength, thickness of liquefiable layer, depth of
the liquefiable layer from the surface; and

- Step 3 combines the selected building/infrastructure in terms of its typology/class with the
determined equivalent soil profile class to select the associated fragility curves for the
computation of physical impact and the expected losses.

In the Equivalent Soil Profile (ESP)-based procedure vulnerability model assigned to each asset is
presented by 22 ESP profiles that have been developed based on the thickness level of liquefiable
layer, the depth to the liquefiable layer, the level of strength of the liquefiable layer as illustrated in
Table 1. The software then looks up the fragility curves that correspond to equivalent soil profile class
and building typology and computes the loss.

Table 8 Concept of the 22 classes of Equivalent Soil Profile (ESP)

ESP classes Soil Resistance Thickness of Liquefiable Layer Thickness of Crust Layer
WLS Weak Large Shallow
WLM Weak Large Mid
WLD Weak Large Deep
WMS Weak Midsize Shallow
WMM Weak Midsize Mid
WMD Weak Midsize Deep
WTS Weak Thin Shallow
WTM Weak Thin Mid
WTD Weak Thin Deep
MLS Midium Large Shallow
MLM Midium Large Mid
MLD Midium Large Deep
MMS Midium Midsize Shallow
MMM Midium Midsize Mid
MMD Midium Midsize Deep
MTS Midium Thin Shallow
MTM Midium Thin Mid
MTD Midium Thin Deep
SLX Strong Large

SMX Strong Midsize

STX Strong Thin

RXX Resist

5.2.2.2 Conventional procedure

In the conventional procedure, a given building or infrastructure is represented by a single fragility
model which is developed as result of a combined structural system- soil profile.

Regarding the definition of damage thresholds, options are providing regarding the Number of
Damage Limit States that can be used in for user-supplied Liquefaction Fragility models. The software
incorporates the following definitions for the fragility models:
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e four Damage Limit States: Slight Damage, Moderate Damage, Extensive Damage and

Complete Damage

e Three Damage Limit States: Damage Limitation, Significant Damage, and Near Collapse.

e Two Damage Limit States: Minor Damage, and Complete Damage

e  One Damage Limit State: Collapse

5.2.3 Engineering Demand Parameter

The type of intensity measure for the Engineering Demand Parameter (EDP) will define the procedure
for the computation of demand/performance. For liquefaction vulnerability, users are provided with
options in defining intensity measure for vulnerability models.

- Spectral Acceleration (Sa)
- Peak Ground Acceleration (PGA)
- Liquefaction Severity Number (LSN)
- Ground Deformation — Differential Settlement (GD)
Similarly, users can define ground shaking vulnerability with options of intensity measures
- Spectral Acceleration (Sa)
- Peak Ground Acceleration (PGA)

- Spectral Displacement (Sd)

5.2.4 Computation of Mean Loss Ratio

Loss Ratio (LR), also called Damage Ratio, is defined as the cost ratio (or loss) to the value or cost of
new construction for each portfolio entry and insurance type. LR to a specific building or infrastructure
from a given liquefaction severity indicator or ground shaking at a given site is computed by the
LIQUEFACT software using the HAZUS principles where damage probability is computed in different
categories depending on number of Damage Limit States (one, two, three or four Damage Limit States)
considered in the selected fragility models. LR in the LIQUEFACT software is used with weights so that
it not only reflects damage, but the relative economical loss inflicted.

The weighted LR for each portfolio entry and owner and insurance losses, Building (LRs), Contents
(LRc) and Business Interruption (LR)), is computed from the Damage Limit States. Here is example for
the case of fragility model with four Damage Limit States:

LRB = BIPSIight + BZPModerate + B3PExtensive + B4PCompIete
LRC = Clpslight + CZPModerate + C3PExtensive + C4PCompIete

LRi = l1Psiight + 12Pmoderate + 13Pextensive + 14Pcomplete
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Where

Pnone (is Probability of no damage) + Psiight (is Probability of slight damage) + Pmoderate (is Probability of moderate

damage) + Pexeensive (is Probability of extensive damage) + Pcomplete (is Probability of complete damage) = 1.

The Mean Loss Ratio (MLR) is defined as the ratio of repair costs (or losses) to the total value, and is
extensively used as a direct representation of the economic losses and in the insurance industry (e.g.

Munich-RE, Swiss-RE).

k
22 Ni°LR;

MLR =
Nr

where LR; is the ratio of the cost for damage state j to the total value, and these values are user
changeable. Nt is the total number of buildings (of same typology in a given Geo-code) and N¥ denotes

the number of buildings in damage state j and typology k.

5.3 Liquefaction Mitigation Assessment

Mitigation Analysis System incorporated in the LIQUEFACT software is based on knowledge and
processes for ground improvement techniques selection. The mitigation analysis is processed as Score
Rating sequences where users can develop mitigation framework customized to their case studies.
Note that the system is provided for guidance only and should not be considered as it is for design
decisions. Results obtained from the Mitigation Analysis should be independently cross-checked, and
critically reviewed by an experienced engineer with sufficient expertise and an understanding of the
underlying assumptions and limitations of the software.

5.3.1 Liquefaction Mitigation Techniques

The ground improvement technologies that have been considered in the incorporated mitigation
analysis system are the most commonly ground improvement technologies in practice for liquefaction
mitigation and are shown in Table 8.

Table 9 List of ground improvement technologies for liquefaction mitigation

Ground improvement technologies for Earthquake drains
liquefaction mitigation Deep dynamic compaction
Vibro-compaction

Blasting compaction
Vibro-replacement
Induced partial saturation
Compaction grouting
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Low pressure grouting
Jet grouting
Deep soil mixing

5.3.2 Level of Applicability and Score Rating Evaluation

The technology(s) selection process is based on applicability criteria and score rating considering the
most influential factors. The first step in scoring the applicability and eliminate some ground
improvement technologies is to define site conditions: if site or location of interest is a free field
condition or if there are existing buildings or infrastructures. Other involved factors include soil type,
stratigraphy, depth of liquefiable zone, size of area to be improved, foundation type, constrains,
presence any subsurface obstructions, and environmental compatibility. Table 9 illustrates the list of
the factors considered in the system, and they are classified in terms of level of importance to the
applicability criteria and weighted accordingly.

Table 10 List of influential factors for ground improvement technologies selection, and classification in terms of level of
importance using weighting

Factors Level of Importance Weight Relative Weight (%)
1. Site conditions Very important 4 18.2
2. Soil type Very important 4 18.2
3. Stratigraphy Medium important 2 9.1
4. Depth of the treatment zone Very important 4 18.2
5. Size of area to be improved Less important 1 4.5
6. Foundation type Less important 1 4.5
7. Project constrains Medium important 2 9.1
8. Presence of subsurface obstructions Medium important 2 9.1
9. Environmental compatibility Medium important 2 9.1
TOTAL 100 %

Table 11 Details on the factors influencing mitigation techniques applicability

Factors Details

1. Site conditions Free-field or existing structure is one of the major factors that can influence
1.1) Free field the process of ground mitigation technologies selection, as some
1.2) Existing buildings technologies could damage structures.

2. Soil type In general, any ground improvement technologies that can effectively

2.1) Gravel soils

2.2) Sandy soils

2.3) Inorganic silts, clays silts of
low to medium plasticity

improve the shear and compression resistance of liquefiable soil can be used
for liquefaction mitigation, but each remedial technology has its own suitable
soil type to which it should be applied (if is gravel, sandy or inorganic/clays
silts of low to medium plasticity).

3. Stratigraphy

3.1) Soil crust

3.2) No soil crust

Link the suitability of ground improvement technologies to the presence or
not of soil crust.

4. Depth of the treatment zone
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4.1)<3m
4.2)3-12m
43)12-18 m
4.4)18-25 m

The suitability of ground improvement technologies is subject to the specified
depth of the liquefiable soil layer. Based on extensive review and several
studies the following depths have been determined for the applicability of the
various ground improvement technologies.

5. Size of area to be improved
5.1) Small (<1000 m?)
5.2) Medium (1000-5000 m2)
5.3) High (>5000 m2)

The suitability of ground improvement technologies is also subject to the size
of area to be improved. Some ranges defining the economic size associated
to ground improvement technologies have been established based on case
studies from literature, suggesting the followings classifications for size area:
Small Area: indicates an area less than 1000 m2; Medium Area: indicates an
area between 1000 and 5000 m2; High Area: indicates an area more than
5000 m?2.

6. Foundation type
6.1) Shallow foundations
6.2) Deep foundations

The selection of foundation type allows sorting of technologies based on the
usefulness of the ground improvement technology to the specific foundation

type.

7. Project constrains

7.1) Low overhead clearance
7.2) Adjacent structures

7.3) Existing utilities

The selection of project constrains allows sorting of technologies considering
the following cases:

el ow overhead clearance: means there is no accessibility of the equipment to
reach the site.

eAdjacent structures: means that it may not be possible to use some
technologies if there are structures near the site of interest (some
technologies could damage the adjacent structures). In a such situation any
adjacent buildings and structures must be monitored when using some
technologies.

e Existing utilities: means that a technology may be acceptable if there are
some existing utilities, and this could strongly affect the ground improvement
operations.

8. Presence of subsurface
obstructions

Subsurface obstructions such as cobbles, boulders, or construction debris,
water bearing sands, organic layers, and very stiff surface deposits can
significantly impact type of ground improvement technologies that can be
selected.

9. Environmental compatibility

Environmental constraints may include: disposal of spoils from a particular
ground modification technology, disposal of waste materials encountered on
the site, protection of the site from erosion, protection of surface and ground
waters from pollution, and the effects of construction vibrations, noise and
dust. Some ground improvement technologies such as deep mixing method
or grouting methods can improve the in-situ ground by introducing chemicals
or contaminates into the soils, which can be a critical environmental issue in
some cases.

Tables below illustrates the level of applicability and score rating of ground improvement technologies

(for the 10 selected technologies) considering the most influential factors listed in the table above.

For each answer to a given factor, weighed score is computed as a value quantified for a given level

of applicability multiplied with value quantified for level of importance of the given factor. For

example, for an answer of Free-field to the site condition factor, the weighed score value of 55 is the

result of 3 (quantified value for level of applicability in free field condition) multiplied with 18.2%

(relative weight quantifying level of importance of the factor site condition).

Table 12 Ground improvement techno

logies applicability and score rating for the factor of Site Conditions

Ground Improvement Technologies

Applicability Factors 1. Site conditions
1.1) Free field | 1.2) Existing buildings
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EARTHQUAKE DRAINS T Good Good
Applicability
3 3
Weighed score 55 55
DEEP DYNAMIC COMPACTION L Good Not Applicable
Applicability
3 0
Weighed score 55 0
VIBRO COMPACTION - Good Not Applicable
Applicability
3 0
Weighed score 55 0
BLASTING COMPACTION L Good Not Applicable
Applicability
3 0
Weighed score 55 0
VIBRO REPLACEMENT o Good Not Applicable
Applicability
3 0
Weighed score 55 0
INDUCED PARTIAL SATURATION N Good Good
Applicability
3 3
Weighed score 55 55
COMPACTION GROUTING T Good Good
Applicability
3 3
Weighed score 55 55
LOW PRESSURE GROUTING L Good Good
Applicability
3 3
Weighed score 55 55
JET GROUTING T Good Medium
Applicability
3 2
Weighed score 55 36
DEEP SOIL MIXING L Good Good
Applicability
3 3
Weighed score 55 55

Table 13 Ground improvement technologies applicability and score rating for the factor of Soil Type

Ground Improvement Technologies Applicability 2. Soil Type
Factors 2.1) Gravel soils 2.2) Sandy soils 2.3) Inorganic silts,
clays silts of low to
medium plasticity
EARTHQUAKE DRAINS L Low Good Low
Applicability
1 3 1
Weighed score 18 55 18
DEEP DYNAMIC COMPACTION o Medium Good Low
Applicability
2 3 1
Weighed score 36 55 18
VIBRO COMPACTION N Good Good Not Applicable
Applicability
3 3 0
Weighed score 55 55 0
BLASTING COMPACTION - Medium Medium Not Applicable
Applicability
2 2 0
Weighed score 36 36 0
VIBRO REPLACEMENT L Low Medium Good
Applicability
1 2 3
Weighed score 18 36 55
INDUCED PARTIAL SATURATION o Medium Good Low
Applicability
2 3 1
Weighed score 36 55 18
COMPACTION GROUTING Applicability Medium Good Low
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2 3 1
Weighed score 36 55 18
LOW PRESSURE GROUTING - Good Good Not Applicable
Applicability
3 3 0
Weighed score 55 55 0
JET GROUTING L Good Good Medium
Applicability
3 3 2
Weighed score 55 55 36
DEEP SOIL MIXING o Low Medium Good
Applicability
1 2 3
Weighed score 18 36 55

Table 14 Ground improvement technologies applicability and score rating for the factor of Stratigraphy

Ground Improvement Technologies Applicability Factors 3. Stratigraphy
3.1) Soil crust 3.2) No soil crust
EARTHQUAKE DRAINS L Good Medium
Applicability
3 2
Weighed score 27 18
DEEP DYNAMIC COMPACTION L Low Good
Applicability
1 3
Weighed score 9 27
VIBRO COMPACTION T Medium Good
Applicability
2 3
Weighed score 18 27
BLASTING COMPACTION L Low Good
Applicability
1 3
Weighed score 9 27
VIBRO REPLACEMENT L Low Good
Applicability
1 3
Weighed score 9 27
INDUCED PARTIAL SATURATION L Good Good
Applicability
3 3
Weighed score 27 27
COMPACTION GROUTING L Good Good
Applicability
3 3
Weighed score 27 27
LOW PRESSURE GROUTING T Good Good
Applicability
3 3
Weighed score 27 27
JET GROUTING L Good Good
Applicability
3 3
Weighed score 27 27
DEEP SOIL MIXING T Good Good
Applicability
3 3
Weighed score 27 27

Table 15 Ground improvement technologies applicability and score rating for the factor of Depth of the treatment zone

LIQUEFACT Project — EC GA no. 700748

Ground Improvement Technologies | Applicability Factors 4. Depth of the treatment zone
41)<3m | 4.2)3-12 | 43)12-18m | 4.4)18-25m
m
EARTHQUAKE DRAINS L Low Good Good Good
Applicability
1 3 3 3
Weighed score 18 55 55 55
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DEEP DYNAMIC COMPACTION o Good Good Medium Low
Applicability
3 3 2 1
Weighed score 55 55 36 18
VIBRO COMPACTION o Good Good Medium Low
Applicability
3 3 2 1
Weighed score 55 55 36 18
BLASTING COMPACTION o Medium Good Medium Not Applicable
Applicability
2 3 2 0
Weighed score 36 55 36 0
VIBRO REPLACEMENT o Good Good Medium Low
Applicability
3 3 2 1
Weighed score 55 55 36 18
INDUCED PARTIAL SATURATION L Medium Good Good Good
Applicability
2 3 3 3
Weighed score 36 55 55 55
COMPACTION GROUTING N Medium Good Good Low
Applicability
2 3 3 1
Weighed score 36 55 55 18
LOW PRESSURE GROUTING T Good Good Good Good
Applicability
3 3 3 3
Weighed score 55 55 55 55
JET GROUTING L Medium Good Good Good
Applicability
2 3 3 3
Weighed score 36 55 55 55
DEEP SOIL MIXING o Medium Good Good Medium
Applicability
2 3 3 2
Weighed score 36 55 55 36

Table 16 Ground improvement technologies applicability and score rating for the factor of Size of area to be improved

Ground Improvement Technologies Applicability 5. Size of area to be improved
Factors 5.1) Small (<1000 5.2) Medium 5.3) High (>5000 m2)
m2) (1000-5000 m2)
EARTHQUAKE DRAINS L Good Good Good
Applicability
3 3 3
Weighed score 14 14 14
DEEP DYNAMIC COMPACTION L Good Good Good
Applicability
3 3 3
Weighed score 14 14 14
VIBRO COMPACTION L Good Good Good
Applicability
3 3 3
Weighed score 14 14 14
BLASTING COMPACTION R Medium Medium Good
Applicability
2 2 3
Weighed score 9 9 14
VIBRO REPLACEMENT S Good Good Good
Applicability
3 3 3
Weighed score 14 14 14
INDUCED PARTIAL SATURATION L Good Good Good
Applicability
3 3 3
Weighed score 14 14 14
COMPACTION GROUTING o Good Good Good
Applicability
3 3 3
Weighed score 14 14 14
LOW PRESSURE GROUTING Applicability Good Good Good
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3 3 3
Weighed score 14 14 14
JET GROUTING o Good Good Good
Applicability
3 3 3
Weighed score 14 14 14
DEEP SOIL MIXING S Good Good Good
Applicability
3 3 3
Weighed score 14 14 14

Table 17 Ground improvement technologies applicability and score rating for the factor of Foundation Type

Ground Improvement Technologies Applicability Factors 6. Foundation Type
6.1) Shallow 6.2) Deep foundations
foundations
EARTHQUAKE DRAINS L Good Good
Applicability
3 3
Weighed score 14 14
DEEP DYNAMIC COMPACTION Applicability Not Applicable Not Applicable
0 0
Weighed score 0 0
VIBRO COMPACTION L Good Low
Applicability
3 1
Weighed score 14 5
BLASTING COMPACTION Not Applicabl Not Applicabl
Applicability O ~pplcane & ~pplcane
0 0
Weighed score 0 0
VIBRO REPLACEMENT L Good Not Applicable
Applicability
3 0
Weighed score 14 0
INDUCED PARTIAL SATURATION T Good Good
Applicability
3 3
Weighed score 14 14
COMPACTION GROUTING L Good Low
Applicability
3 1
Weighed score 14 5
LOW PRESSURE GROUTING L Good Good
Applicability
3 3
Weighed score 14 14
JET GROUTING o Good Medium
Applicability
3 2
Weighed score 14 9
DEEP SOIL MIXING - Good Good
Applicability
3 3
Weighed score 14 14

Table 18 Ground improvement technologies applicability and score rating for the factor of Project constrains

LIQUEFACT Project — EC GA no. 700748

Ground Improvement Technologies Applicability 7. Project constrains
Factors 7.1) Low overhead 7.2) Adjacent 7.3) Existing
clearance structures utilities
EARTHQUAKE DRAINS Applicability Not Applicable Good Low
0 3 1
Weighed score 0 27 9
DEEP DYNAMIC COMPACTION Applicability Not Applicable Not Applicable Not Applicable
0 0 0
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Weighed score 0 0 0
VIBRO COMPACTION N Low Not Applicable Low
Applicability
1 0 1
Weighed score 9 0 9
BLASTING COMPACTION Applicability Not Applicable Not Applicable Not Applicable
0 0 0
Weighed score 0 0 0
VIBRO REPLACEMENT . Low Not Applicable Low
Applicability
1 0 1
Weighed score 9 0 9
INDUCED PARTIAL SATURATION L Good Good Good
Applicability
3 3 3
Weighed score 27 27 27
COMPACTION GROUTING o Medium Good Medium
Applicability
2 3 2
Weighed score 18 27 18
LOW PRESSURE GROUTING L Good Good Good
Applicability
3 3 3
Weighed score 27 27 27
JET GROUTING o Low Medium Low
Applicability
1 2 1
Weighed score 9 18 9
DEEP SOIL MIXING - Not Applicable Good Medium
Applicability
0 3 2
Weighed score 0 27 18

Table 19 Ground improvement technologies applicability and score rating for the factor of Presence of subsurface
obstructions and Environmental compatibility

Ground Improvement Technologies Applicability Factors 8. Presence of 9. Environmental
subsurface obstructions compatibility
EARTHQUAKE DRAINS L Low Good
Applicability
1 3
Weighed score 9 27
DEEP DYNAMIC COMPACTION L Not Applicable Good
Applicability
0 3
Weighed score 0 27
VIBRO COMPACTION L Not Applicable Good
Applicability
0 3
Weighed score 0 27
BLASTING COMPACTION Not Applicabl Not Applicabl
Applicability & Applcane O Appficable
0 0
Weighed score 0 0
VIBRO REPLACEMENT o Not Applicable Low
Applicability
0 1
Weighed score 0 9
INDUCED PARTIAL SATURATION L Good Good
Applicability
3 3
Weighed score 27 27
COMPACTION GROUTING o Low Good
Applicability
1 3
Weighed score 9 27
LOW PRESSURE GROUTING L Good Low
Applicability
3 1
Weighed score 27 9
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JET GROUTING o Low Medium
Applicability
1 2
Weighed score 9 18
DEEP SOIL MIXING o Medium Good
Applicability
2 3
Weighed score 18 27
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Table 20 Concept for the evaluation of overall score rating for selection of mitigation technologies considering the most influential factors of applicability

LEGEND
Good 3
Medium 2
APPLICABILITY
Low 1
Not applicable 0
Very important 4
Important 3
WEIGHT Medium important 2
Less important 1
Not applicable 0
Relative DEEP DYNAMIC INDUCED PARTIAL COMPACTION LOW PRESSURE
EARTHQUAKE DRAINS VIBRO COMPACTION [BLASTING COMPACTION| VIBRO REPLACEMENT JET GROUTING DEEP SOIL MIXING
Question Weight weight . COMPACTION SATURATION GROUTING GROUTING
(%) Applicability |Weighed score| icability |Weighed score icability |Weighed score| Applicability |Weighed score| Applicability |Weighed score| icability |Weighed scorel icability |Weighed score| Applicability [Weighed score| Applicability |Weighed score| Applicability |Weighed score|
1. site conditions 1.1) Free field 4 182 3 55 3 55 3 55 3 55 3 55 8] 55 3 55 3 55 3 55 3 55)
) 1.2) Existing buildings ) 3 55 0 0 0 0 0 0 0 0 3 55 3 55 3 55 2 36 3 55
2.1) Gravel soils 1 18 2 36 3 55 2 36 1 18 2 36 2 36 3 55 3 55 1 18
2.2) Sandy soils 3 55 3 55 3 55 2 36 2 36 8 55 3 55 3 55 3 55 2 36
2. Soil type 23)1 icsilts, it 4 18.2
.3) Ing nic silts, il
a Cf > € ayfsA s 1 18 1 18 [ 0 0 0 3 55 1 18 1 18 0 0 2 36 3 55
of low to medium plasticity
3.1) Soil crust 3 27 1 9 2 18 1 9 1 9 B 27 3 27 3 27 3 27 3 27
3. Stratigraphy 2 9.1
3.2) No soil crust 2 18 3 27 3 27 3 27 3 27 3 27 3 27 3 27 3 27 3 27
4.1) <3m 1 18 3 55 3 55 2 36 3 55 2 36 2 36 3 55 2 36 2 36
4. Depth of the treatment zone |4.2) 3-12m 4 182 3 55 3 55 3 55 3 55 3 55 3] 55 3 55 3 55 3 55 3 55
(based on case histories) 4.3)12-18m ’ 3 55 2 36 2 36 2 36 2 36 3 55 3 55 Bl 55 3 55 3 55
4.4) 18-25m 3 55 1 18 1 18 0 0 1 18 3] 55 1 18 3 55 3 55 2 36
5.1) Small (<1000 mz) 3 14 Bl 14 3 14 2 3 14 3 14 3 14 Bl 14 3 14 3 14
5. Size of area to be improved |5.2) Medium (1000-5000 mz) 1 4.5 3 14 3 14 3 14 2 9 3 14 3 14 3 14 3 14 3 14 3 14
5.3) High (>5000 m2) 3 14 2 14 3 14 3 14 3 14 3 14 3 14 B] 14 3 14 3 14
. 6.1) Shallow foundations 3 14 0 0 3 14 0 0 3 14 3 14 3 14 3 14 3 14 3 14
6. Foundation type = 1 4.5
6.2) Deep foundations 3 14 0 0 1 5 0 0 0 0 3 14 1 5 3 14 2 9 3 14
7.1) Low overhead clearance 0 0 0 0 1 9 0 0 1 9 3 27 2 18 3 27 1 9 0 0
7. Project i 7.2) Adjacent structures 2 9.1 3 27 0 0 0 0 0 0 0 0 3] 27 3 27 3 27 2 18 3 27
7.3) Existing utilities 1 9 0 0 1 9 0 0 1 9 3] 27 2 18 B] 27 1 9 2 18
8. Presence of subsurface obstructions 2 9.1 1 9 0 0 0 0 0 0 0 0 3 27 1 9 3 27 1 9 2 18
9. Environmental compatibility 2 9.1 3 27 3 27 3 27 0 0 1 9 3 27 3 27 1 9 2 18 3 27
Total 100.0
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5.3.3 Cost-Benefit Analaysis

5.3.3.1 Cost-Benefit Ratio (CBR)

Cost-benefit assessment provides a tool for comparing the costs of a given mitigation strategy to the
benefits that can be achieved (Liel and Deierlein 2013). By explicitly quantifying the relationship
between mitigation effectiveness and its costs, these assessments facilitate effective decision making
for investment in liquefaction risk safety.

CBR = Mitigation Cost (MC)
"~ Expected benefit (EB)

Cost-benefit ratios less than unity indicate favourable conditions where the benefits outweigh the
costs

5.3.3.2 Expected Benefit (EB)

The Expected Benefit (EB) of a given mitigation action over the building’s remaining lifespan is given
by:

EB = (EAL; — EALy,) -

T
1+t

t=1

- EAL;:is the Expected Annual Losses before a mitigation strategy is implemented

- EALy:is the Expected Annual Losses after a mitigation strategy is implemented

- ris constant discount rate: is determined from interest rates and adjusted for inflammation,

and traditionally ranges from 2% to 6%.
- T:is remaining building life of 50 years

5.3.3.3  Expected Annual Loss (EAL)

Expected Annual Loss (EAL) represents the estimated losses, in terms of an average yearly amount,
associated with liquefaction mitigation and reducing building vulnerability to liquefaction risk,
considering the frequency and severity of possible future earthquake-induced liquefaction
represented by the seismic and liquefaction hazard at the site of interest.

EAL is obtained by combining the Expected Losses E[L|im] associated with the damage and non-
damage states of the building/infrastructure asset, integrated overall ground-motion/liquefaction
intensities.
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