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IDST Design, Architecture
IDST Software Design

Portal build using Django Framework
« Dynamic content using JavaScript (JQuery, Bootstrap)
e PostgreSQL (PostGIS modules)
« Mapping using OpenSteetMap data

IDST services
« Current releases:
http://infrarisk.it-innovation.soton.ac.uk
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http://infrarisk.it-innovation.soton.ac.uk/

= infrarisk:idst | home - Mozilla Firefox

infrarisk:idst | home

€ | (0# | https:/finfra ation.soton.ac.uk e | |Q search ¥+ & W B 4 & &m 6

Help ~ #] Login

INFRARISK Decision Support Tool

» The IDST is an online tool to assess the risks to infrastructure networks due to extreme natural hazard events.
+ Relevant to infrastructure owners, managers, risk managers, civil engineers, transport engineers, and others.
e Two examples provided.
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IDST Authentication System

Authentication in IDST is based on
- Local user account authentication (exclusive for admin users)

- Third party authentication services (for normal users), e.g.

e Mozilla
Google
Yahoo
LinkedIn

er browser idst identity
server authorit
fetch
.asse.rt user
identity — certificate -
O O
A

m T verit [T =
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IDST Login Page

> infrarisk:idst | home - Mozilla Firefox

File Edit View History Bookmarks Tools Help
L infrarisk:idst | home ® \-I-
| € ) @ copa:35000 ve| ¢~ [2 search |+ & wE O 4 ® =

INFRARISK Login

g Please, choose one of the following
I N F R R Is K authentication systems to enter the
INFRARISK IDST site. Once clicked you
will be redirected to the respective site for
the login. After having logged in you will be

asked to allow the INFRARISK application to access your profile. This is required for the
authentication process and you can always disallow the application in the future.

IMEDADICK will mmrmnints e meafila with Hhn maminl cnnnint med Tharafara # s

different user.

Mozilla Persona
& Google

Y Yahoo

f Facebook

in Linkedin
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Authorisation and User Roles in IDSP

Authorisation in IDST is based on Roles
Role assigns what rights a user has

A user can have multiple roles
Administrator A complete control and access

Moderator -cu ration of content
Author- creation of content

Anonymou-viewer of public content
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User profile, status in IDST

-'f(-_'mr 10.0.3.156:8000/profile/ ~ | & |[a search |+ & ¥ O 4 ® @m 6 =

#AHome A Profile G+ Logout

User Account Page

Account information Tool usage

Status

User email

User ID [1]

Roles

Date joined

Last login W ot

M Bridges

Activity statistics [l Tunneis

. RoadSections

Number of IDST reports

User defined datasets

Bridge Data
Tunnel Data

Road Section Data

Hazard Scenario Data
Your most frequently used tool is the IDST.
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The Case Study Information Model in IDST

idstpwe_infrastructurecondition

idstpwe_infrastructureobject 4,—> & code R ARYINGtS2)
£ id INTEGER [—]
idstpwe_infrastructureevent .| idstpwe_infrastructure
£ id INTEGER & code CHARACTER VARYING(32)
idstpwe_social
>
# code CHARACTER VARYING|32) idstpwe_networkstate
>
# code CHARACTER VARYING(32)
idstpwe_networkevent
& INTEGER idstpwe_network
£ code CHARACTER VARYING(32)
B , idstpwe_transition  —> i :
idstpwe_scenario pwe._| idstpwe_idststate
# code CHARACTER VARTING|32) >
— 3| # shortname CHARACTER VARYING(32)
idstpwe_systemelements
INTEGER

INTEGER

£ id

£ id
idstpwe_casestudy
& INTEGER idstpwe_systemboundaries
£ INTEGER

auth_user
& id INTEGER

Y

idstpwe_sourcetype
>
# code CHARACTERVARYING|32)

idstpwe_sourceevent

>
& id INTEGER

idstpwe_sourceintensity
£ INTEGER

] u o - idstpwe_hazardevent - x =

idstpwe_hazardintensit idstpwe_hazardtype

RRES Y] > £ id INTEGER > pwe_ yp

£ id INTEGER # code CHARACTER VARYING(32)

idstpwe_idstprobability idstpwe_idstrisk idstpwe_temporal
#* shortname CHARACTER VARYING(32) # shortname CHARACTER VARYING(32) £ id INTEGER

idstpwe_idstconsequence

£ shortname CHARACTER VARYING|32)

idstpwe_spatial
£ id INTEGER
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IDST modelled data
« (OSM data sources

 Bridge
e Road
e  Tunnel

 Hazard data (supported by Ground Motion Models)
 PGA

o Structural data
 Bridges
e Tunnels

. Road sections
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OSM data models, DB schemas in IDST

osm_natural

osm_tentroad

£ id INTEGER
osm_id CHARACTER WARYIMNG(11)
name CHARACTER VARYING( 48]
ref CHARACTER WARYIMGI1E)
type CHARACTER VARYING(16)
oneway INTEGER
bridge INTEGER
tunnel INTEGER.
maxspeed INTEGER
geom USER-DEFIMED

£ id INTEGER
osm_id CHARACTER WARYING(11)
name CHARACTER WARYING(48)
type  CHARACTER VARYINGI1E)
geom USER-DEFINED

osm_landuse

£ id INTEGER

osm_id CHARACTER WVARYING(11)
name CHARACTER WVARYING(48)
type CHARACTER WVARYING(1E)
geom  USER-DEFIMED

osm_bridge osm_road osm_tunnel
£ id INTEGER £ id INTEGER £ INTEGER
osm_id CHARACTER WARYING(11) osm_id CHARACTER WARYING(11) osm_id CHARACTER WARYING(11)
name CHARACTER WARYIMNG( 48] name CHARACTER WARYING(48) name CHARACTER WARYING(48)
ref CHARACTER VARYING(1E) ref CHARACTER WARYING(1E) ref CHARACTER WARYING(1E)
type CHARACTER WARYINGI1E] type CHARACTER WARYING(18] type CHARACTER WARYING(1E]
oneway INTEGER oneway INTEGER oneway IMTEGER
bridge INTEGER bridge INTEGER bridge IMTEGER
tunnel INTEGER tunnel INTESER tunnel INTEGER
maxspead INTEGER maxspeed [NTEGER maxspeed INTEGER
length INTEGER geom USER-DEFINED geom USER-DEFIMED
geom USER-DEFIMED

osm_railway

£ id INTEGER
osm_id CHARACTER WARYING(11)
name CHARACTER VARYING(48)
type  CHARACTER VARYINGI1S)
geom  USER-DEFINED

osm_building

£ id INTEGER

osm_id CHARACTER WARYIMNG(11)
name CHARACTER WVARYIMNG(48)
type CHARACTER WARYINGI1E)
geom LSER-DEFIMNED
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The IDST Bridge structural model

structural_typeofdeck2
# shortname CHARACTER VARYINGI32) structural_spans structural_numberofspans
(T3 CHARACTER VARYINGIE4) & shortname CHARACTER VARYING(32) & shortneme CHARACTER VARYING(32)
o LAy name CHARACTER VARYING(E4) name CHARACTER VARYINGIE4)
dascr LT} taxo SMALLINT taxo SMALLINT
A deseription TEXT deseription TEXT
| A structural_bridgemedian
[ structural_connectiontoabutment structural_typeofdeckl & id INTEGER
- dian_s_dl  DOUBLE PRECISION
— - 4 shortname CHARACTER VARYING(32) £ shoriname  CHARACTER VARYING(3Z) median_s.
structural_levelofseismicdesign | CHARACTER VARYING(E4) name R T median_b_dl  DOUBLE PRECISION
& shortnome  CHARACTER VARYNG(2) | | Sy taxe SMALLINT m‘:j‘"—;—:; ';gzsi :EEE:::
name CHARACTER VARYINGIG4] TiEXTy description TEXT e
. SMALLNT L. MY 4 | median_s_d3  DOUBLE FRECISION
=xa \ 1 —
4 - . L { _ median_b_d3  DOUBLE FRECISION
jmzcr|
- ., structural_bridgestructure median_a_d4  DOUBLE FRECISION
RN &id INTEGER structural_materialmm2 median_b_d4  DOUBLE FRECISION
structural spanlength . ™ USER-DEFINED / # shortneme  CHARACTER VARYING(32) efereclne B EETESGEEERD
_ _sp a . CHARACTER VARYINGIES) e AR T e u_bound_b_dl DOUBLE PRECISION
4 shortname  CHARACTER VARYINGI32) - Ter o ST u_bound_a_d2 DOUBLE PRECISION
name CHARACTER VARYINGIGH 0 u_boun 2 DOUBLE PRECISION
le4] CHARACTER VARYINGI32) description TERT bound b_d
texe SMALLINT CHARACTER VARYINGI3Z) u_bound_a_d3 DOUBLE PRECISION
description TEXT CHARACTER VARYINGIZZ) | uboundb d3 DOUBLE PRECISION
CHARACTER VARYINGI(32) u_bound »_d4 DOUBLE PRECISION
N - i u_bound_b_da DOUBLE PRECISION
structural_typeofcolumnsection? - - AT R S . !
= median_id INTEGER structural_bridgelength S 3aun EISTCTE DCURLE[RRECISION
& shertname CHARACTER VARYING(32] 2 id TR |_bound_b_dl  DOUBLE FRECISION
e e el #* shartname  CHARACTER VARYING(3Z)
nams mml_id  CHARACTER VARYING(32) — s &0 |_bound = d2  DOUBLE FRECISION
i) SMALLNT neme CHARACTER VARYINS(E4 I_bound b d2 DOUBLE FRECISION
CHARACTER VARYINGIZZ) P e — _bound b
de=cription TeT CHARACTER VARYINGI(Z2) deseription TET |_bound a d3  DOUBLE PRECISION
CHaRnCTERTARTNEERL | I_bound b d3 DOUBLE PRECISION

I_bound o d4  DOUBLE PRECISION
|_bound b d4  DOUBLE PRECISION

CHARACTER VARYING(32)
CHARACTER VARYING(32)
CHARACTER VARYING(32)

structural_bridgewidth

#* shortname  CHARACTER VARYING(3Z)

name CHARACTER VARYING(E4) ] CHARACTER VARYING(ZZ) stractural_pierheight
SMALLINT spl_id CHARACTER VARYING(32) 5 =
jan TEXT teotid CHARACTER VARYINGIZZ) structural_typeofcolumnsectionl 4 shertname CHARACTER VARYINGIZZ)
teszid  CHARACTER VARYING(32) # shortnam CHARACTER VARYINGI2Z! B=re CHARACTER VARYINGiS4)
tdl_id CHARACTER VARYING(32) name CHARACTER VARYINGIE4) taxe SMALLINT
% taxa SmaLLnT description TEXT

structural_typeofpier

tda_id CHARACTER VARYING(32)

description TEXT

¥ 1

4% shortname CHARACTER VARYINGI32)
CHARACTER VARYING(G4]

SMALLINT structural_bridgeconfiguration| | \ —
e BTEXT] &% shortname  CHARACTER VARYING(22) \ -
name CHARACTER VARYINGIE4) | structural_numberofcolumnsforpier
taxe SMALLINT | ! £ shertname CHARACTER VARYING(22)
description  TEXT | nams CHARACTER VARYING(E4)
structural_deckstructuralsystem \ \ taxo SMALLINT
J descripti BT
& shortna CHARACTER VARYING22) X AR
name CHARACTER VARYING(G4] h |
toxa SMALLINT structural_materialmml structural_piertodeckconnection
deseription  TEXT 4 chortname  CHARACTER VARYINGEZZ) & zhartname CHARACTER VARYINGIZZ)
name CHARACTER VARYINGIE4) name CHARACTER VARYINGIE4)
tmxe SMALLINT taxo SMALLINT
description T deser e
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The IDST Tunnel structural model

structural_tunnelstructure .
- = structural_tgeologicalcond
& id INTEGER
n hort CHARACTER VARYING|32
structural_tunnelmedian length NUMERICI10,3) ¢ shortname (32)
- ' name CHARACTER VARYING(G4)
£ id INTEGER pnt USER-DEFINED " description TEXT
median_a_dl DOUELE PRECISIORN name CHARACTER VARYING( B4~ 4
median_b_dl DOUBLE PRECISION note TEXT A~
median_a_d2 DOUBLE PRECISION cm_id CHARACTER VARYING(32)| . ,/,51;ructural_tsuppnrtingsys
median_b_d2 DOUBLE PRECISION d_id CHARACTER VARYING(32) e
H-d / shortname CHARACTER VARYINGI32
median_a_d3 DOUBLE PRECISION geo_id CHARACTER VARYING(32]| i name CHAMCTERVARYING:H:
median_b_d3 DOUBLE PRECISION sh_id CHARACTER VARYING(32)| description TEXT
median_a_d4 DOUBLE PRECISION ss_id CHARACTER VARYING(32) =
median_b_d4 DOUELE PRECISION typology_id INTEGER Y
u_bound a d1 DOUEBLE PRECISION I.' [ Structural_tshape
u_bound_b_d1 DOUBLE PRECISION ? | £ shortname CHARACTER VARYING(32)
u_bound_a_d2 DOUELE PRECISION
H o i name CHARACTER VARYING(E4)
u_bound b dZ DOUELE PRECISION Structural_ttwnlngy P \\\ description TEXT
u_bound_a_d2 DOUBLE PRECISION — | # —
u_bound_b_d3 DOUELE PRECISION . - Y
cm_id CHARACTER VARYING(32)
u_bound a d4 DOUBLE PRECISION At RS R TIEEE structural_tconstructionmethod
u_bound_b_d4 DOUELE PRECISION - T ————— 3
geo_id CHARACTER VARYING(32) £ shortname  CHARACTER VARYING(32)
| bound_a_d1 DOUELE PRECISION _
shid CHARACTER VARYING(32) name CHARACTER VARYING(64)
Ibound_b_d1 DOUELE PRECISION .
ss_id  CHARACTER VARYING(32)|w description  TEXT
Ibound_a_d2 DOUELE PRECISION —
I bound_b_d2 DOUBLE PRECISION ||
|
| bound_a_d3 DOUELE PRECISION | structural_tunnelmean
I bound_b_d3 DOUBLE PRECISION
hid . id INTEGER
I bound_a_d4 DOUELE PRECISION
structural_tdepth a_d1 DOUBLE PRECISION
I bound_b_d4 DOUBLE PRECISION : = -
typology_id  INTEGER 4" shortname CHARACTER VARYING|32) b_d1 DOUBLE PRECISION
name CHARACTER VARYINGI64) a_d2 2O UHEEIRAEEISION
description TEXT b_dz DOUBLE PRECISION
a_d3 DOUBLE PRECISION
b_d3 DOUBLE PRECISION
a_d4 DOUBLE PRECISION
b_da DOUBLE PRECISION
typology_id INTEGER

INFRARISK - Novel Indicators for Identifying Critical INFRAstructure at RISK from Natural Hazards




INFR"kRISK

The IDST Case Study

IDST Terminology:
 An IDST Process Workflow Engine run is a Case Study or scenario
 An IDST case study stores all necessary information to run a workflow.
* Users can create and manage multiple Case Studies, i.e.

 Create

* Run

o Edit

* Delete
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IDST case study dashboard

e infrarisk:idst | ISR home page - Mozilla Firefox

infrarisk:idsk | ISR hom.

€ DR soton.ac.uk [ + & wa A © @ 0

Help ~ IDST ~ Tools ~ G Logout

IDST Dashboard

The INFRARISK decison support tool (IDST) is an online tool which allows the user to preform stress tests for
transport infrastructure networks at risk from natural hazards. The tool demonstrates the application of a stress testing
methodology, developed as part of the INFRARISK project, which can consider multiple cascading hazards fo allow the
potential impacts to be assessed at a network level.

Start Stress Test

Create a new stress test New Stress Test

Previous Stress Tests

Access user's previous stress tests wved stress tests

https://infrarisk.itinnovation.soton.ac.uk/login/google-cauth2/

INFRARISK - Novel Indicators for Identifying Critical INFRAstructure at RISK from Natural Hazards
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IDST on-line help page

N infrarisk:idst | ISR home page - Mozilla Firefox (Private Browsing) - + X
-

©8 | infrariskidst | ISR home page % \i h

G ) B | https:#infrarisk-dev.it-innovation soton.ac.uk/idstpwe/intro/ *E1| ¢ ‘ |Q Search ‘ 4+ & ™ B 4 © @& 6 =

What is the IDST Workflow, steps and stages:

The IDST workflow consits of 6 main stages:

# Problem identification

= System definition
o spacial boundaries
o temporal boundaries
o hazard scenario

= Risk identification

= Risk analysis

+ Risk evaluation

» Risk treatment

The following table shows briefly the necessary steps required in order to complete the IDST workflow.

Close

INFRARISK - Novel Indicators for Identifying Critical INFRAstructure at RISK from Natural Hazards
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Process Workflow Engine Implementation

 Governed by Overarching Risk Management Framework
(ORMF) Implemented as a Case Study in IDST

Define a new Case Study, i.e. name, description

 Define system boundaries

 Define the hazard scenario, i.e. hazard source, assign hazard events

« Configure hazard event assigned models

 Define the network scenario, i.e. network type, assign network elements
and their fragility curves models

 Define network characteristics, (datasets)

 Derive damage states for each element using their fragility curves and
hazard intensity (e.g.PGA values)

 Provide results for further processing outside the IDST

INFRARISK - Novel Indicators for Identifying Critical INFRAstructure at RISK from Natural Hazards m
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Case Study Northern Italy Scenario

« Target area: Region of Bologna, Northern Italy
 Network: Road network, (European TEN-T network)

« Hazards source: Earthquake
. Hazard event: Ground motion (primary)
. Hazard event: Earthquake-triggered landslides (secondary)

« Network element types:
. Bridges
. Tunnels
. Road sections

« Determine element characteristics, i.e. network elements in IDST
database datasets for bridges, tunnels, road section, or upload user
defined.

o Stress tests: determine risk associated with an earthquake hazard event
on the road network

« Calculate direct costs

INFRARISK - Novel Indicators for Identifying Critical INFRAstructure at RISK from Natural Hazards
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Create a new Case Study, Problem Identification

e infrarisk:idst | IDST Problem Identification - Mozilla Firefox

infrarisk:idst | IDST Pro... %

€ & soton.ac.uk E1 ¢ +¥ A T B 4 & @& 0

Help ~ IDST ~ Tools ~ G+ Logout

INFRARISK Methodology
Define Stress Test

This page allows general information on the stress test to be included. This information is not directly used to inform
the analysis but is included within an automatically generated summary report upon completion of the stress test.

Define Stress Test
Define System Representation

Define Spatial

Enter stress test details: N Boundaries

Define Hazard Scenario
Name:

Define Network

Characteristics
Summary (Optional): Estimate Risk

Evaluate Risk

Determine Outcome of Stress
Test

Note that hazard-specific input parameters, e.g. return period, are considered at the "Define Hazard Scenario”
stage.

Press the following button to save your stress test, and start the IDST
workflow.

Save and proceed

INFRARISK - Novel Indicators for Identifying Critical INFRAstructure at RISK from Natural Hazards
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IDST: Define spatial boundaries

® infrarisk:idst | IDST Define System Representation - Mozilla Firefox

infrarisk:idst | IDST Def... x

€ D& soton.ac.uk, El1|e + & w B 4 © @ O

Help ~ IDST ~ Tools ~ G+ Logout

#IDST Home Define Hazard Scenario B

Define Spatial Boundaries

This step involves the definition of geographical boundaries which describe the extent of the transport network to be
considered for the stress tests.

INFRARISK Methodology

% Problem Identification

Multiple boundaries can be defined at this stage. The appropriate boundary to be used in the analysis can then be Define Stress Test
chosen at a later stage.
Define System Representation

Spatial boundaries: Define Spatial

Boundaries

Boundary Name Action i
Define Hazard Scenario

Northern Htaly 1l Delete Spatial Boundary Define Network
Characteristics

I Add Spatial Boundary Estimate Risk

Evaluate Risk

Determine Outcome of Stress
Test

INFRARISK - Novel Indicators for Identifying Critical INFRAstructure at RISK from Natural Hazards
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® infrarisk:idst | IDST - Mozilla Firefox

infrarisk:idst | IDST

€ & soton.ac.uk c 4+ & wBa 4 & @m O

Help ~ IDST ~ Tools ~ G+ Logout

System Definition: spatial boundaries

Spatial boundaries are defined by a polygon border, and can be defined using one of the options below: Problem Identification

INFRARISK Methodology

Define Stress Test

User defined boundaries: Pre-defined boundaries:
Define System Representation
Manually define spatial borders Northern Italy (road), case study borders
Upload spatial borders Croatian railway, case study borders Define Spatial
Boundaries
= Add spatial boundary = Cancel Define Hazard Scenario
Define Network
Characteristics

Estimate Risk

Evaluate Risk

Determine Outcome of Stress
Test

INFRARISK - Novel Indicators for Identifying Critical INFRAstructure at RISK from Natural Hazards

innovation



® infrarisk:idst | IDST - Mozilla Firefox

infrarisk:idst | IDST

€ Of

soton.ac.uk

Help ~

+ & B O 4 & & 6 =

IDST ~ Tools ~

G+ Logout

#IDST Home

System Definition: spatial Boundaries

Provide a name and draw a binding polygon, from the map below, to define a boundary.

Choose from the map left hand panel either the polygon or the rectangle symbol to draw a border. After defining the spatial

boundaries click the Store Boundaries button to proceed further.

Boundary Name:

Geometry Polygon:

Danmark Kasaks
+ United Lietuva RU-TA
Kingdom =
- Ireland oS penapyce RU-BRY
. Nederland 88 | polskaMA T
London Deutschland ; =
™ AT i
Caskd xas AU-VGG
Paris sw.t B Slovensko Ykpaina Bonrorpa
o wien T 3
France Hogyarorszag
- Romania "
AU-KDA -
Hruvatska Cpbuja, Bucuresti
. Buarapus v G’
Italia bagsmgamm,
Barcelona teanBul
Espafia Azarbaycan
500 km Portugal S

© Store Boundaries

ara
Turk Leaflet | © OpenStreetMap contributors

INFRARISK Methodology

Problem Identification
Define Stress Test

Define System Representation

Define Spatial

Boundaries

Define Hazard Scenario

Define Network
Characteristics

Estimate Risk
Evaluate Risk

Determine Outcome of Stress
Test

INFRARISK - Novel Indicators for Identifying Critical INFRAstructure at RISK from Natural Hazards
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IDST: define hazard scenario

e« Source event: e.g. earthquake
« Hazard events:
« A ground motion hazard
 and the cascading effects, i.e. earthquake-triggered landslides

INFRARISK - Novel Indicators for Identifying Critical INFRAstructure at RISK from Natural Hazards




* infrarisk:idst | IDST Define Hazard Scenario - Mozilla Firefox
infrarisk:idst | IDST Def... »

€ O

soton.ac.uk <

Define Hazard Scenario
This step includes choosing the natural hazard(s) to be considered for the stress test.
This is carried out in three steps:

» choose hazard source to be considered b
» choose the resulting hazard events(s) o be considered
» choose hazard model(s) to represent the hazard event(s)

Hazard Source

Choose the hazard source for this stress test.

Hazard source:

Store Hazard Source

The IDST does not currently support other hazard sources, please contact us for further information on how these
should be considered.

Earthquake

Hazard Events

Add hazard events to your hazard scenario.

Associated hazard event list:

Hazard Type Primary/Secondary Model Action

Ground Motion  primary INFRARISK GM MODEL

@ Delete

ange model

Landslide secondary /A Void

@ Delete

B Add Hazard Event

Help ~

+ & B 9 4 @ O

IDST ~ Tools ~

C* Logout

INFRARISK Methodology

Problem Identification
Define Siress Test
Define System Representation

Define Spatial
Boundaries

Define Hazard Scenario

Define Network
Characteristics

Estimate Risk
Evaluate Risk

Determine Outcome of Siress
Test

INFRARISK - Novel Indicators for Identifying Critical INFRAstructure at RISK from Natural Hazards

innovation




e infrarisk:idst | IDST Ground Motion PGA Grid - Mozilla Firefox
infrarisk:idst | IDST Gro... x

€ O’ soton.ac.uk c + A& TH O 4 © @ O

Help~ IDST~  Tools~  (*Logout

4(1DST Home

IDST INFRARISK Ground Motion Model Goniiguration

This ground motion hazard model is based on the INFRARISK GM model. Please select the PGA grid for the Ground
Motion event.

INFRARISK Methodology

Problem Identification
Define Stress Test

Define System Representation

Seismic activity model:

Low activity v Define Spatial
Boundaries
Ground-motion prediction model: Low attenuation
- Define Hazard Scenario
Hazard level (Mean return period): 2500 years v Define Network
Characteristics
Fractile of extreme ground-motion: 0.50 v

Estimate Risk

Store stress test hazard configuration. Evaluate Risk

Store hazard configuration Determine Qutcome of Stress

Test

europa.eu

INFRARISK - Novel Indicators for Identifying Critical INFRAstructure at RISK from Natural Hazards

innovation



NFRL\RISK

IDST: define network scenario

#IDST Home Add Network Elements W

Define Network Characteristics

This involves defining the network type and extent along with the element types to consider as part of the stress test.
This requires a number of steps as shown below:

INFRARISK Methodology

Problem Identification

* Choose network type Define Stress Test
+ Choose types of network elements to be considered
o Choose hazard evenst deemed to impcat each element type Define System Representation
o Choose approach for assigning fragility functions to element types
» Assign spatial boundary to network Define Spatial
Boundaries

Network Infrastructure
Choose the network type.

Define Hazard Scenario

Define Network

Characteristics
Infrastructure: Road Network v Store Network Infrastructure

Estimate Risk
Evaluate Risk

Determine Outcome of Stress

Network Elements Test

Add the element types on the nework to be considered in the stress test.

Network element type Hazard event  Fragility Functions Action

Bridge Ground Motion  BRIDGE # Change approach 1ii Delete
Tunnel Ground Motion  TUNNEL # Change approach 1ii Delete

I Add Element Types

Spatial Boundaries

Choose boundary to assign to network

Spatial boundaries bound to this hazard scenario is: NORTHERN ITALY b

I Change Spatial Border

INFRARISK - Novel Indicators for Identifying Critical INFRAstructure at RISK from Natural Hazards




INFR"kRISK

Assignhing Bridge, Tunnel Fragility Curves

» Median fragility curves with confidence bounds is ported to IDST

 Bridge and tunnel structural data modelled and ingested in IDST, 340
bridges, 30 tunnels

« Mean and standard-deviation for all damage states is calculated for 4
damage states

« Damage state sampling algorithm is also ported in IDST for a given
hazard intensity (IM)

2/a Damage tate

0 DSO No damage

DS1 Slight damage
2 DS2 Moderate damage
3 DS3 Extensive damage
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Assignhing Road Section Fragility Curves

Structural Road sections data are modelled
Landslide data are modelled

Fragility Curves calculation porting to IDST is implemented

2/a Damage State

0 DSO No damage

DS1 Slight damage
2 DS2 Moderate damage
3 DS3 Extensive damage
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IDST: add network type elements

T(— & soton.ac.uk e + & WA 4 & = O E|

Help~ IDST~ Tools~  (C*Logout

Add Network Element Types

Each element type must be associated with a hazard event.

INFRARISK Methodology

Problem Identification

k Define Siress Test
Choose element type and an associated hazard event. Define System Representation
Element: Bridge w Define Spatial
Boundaries

Liazardlevent; Ground Motion ~ R
me azard Scenario
Add Element Types Define Network
Characteristics

Estimate Risk

Evaluate Risk

Determine Qutcome of Stress
Test
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IDST: assign fragility functions

€ | ¥ | ©fa | https://infrarisk.itinnovation.soton.ac.uk/idstpwe/define_infra_scenario/4/ @ | |Q search ¥ A wa 4 & @&m 6 =

Fragility Functions:

Choose approach for assigning fragility
functions to element type Bridge.

Fragility functions -

BRIDGE Network

Cancel
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IDST: Define network element characteristics

r(-v

soton.ac.uk El|c

4 IDST Home Assign Fragility Functio

Define Network Element Characteristics

The user must define the individual characteristics for each type of element being considered within the stress test.
These characteristics must be defined for each hazard that is deemed to affect the different types of elements on the
netowrk (hazards will affect different types of elements in different ways). Once the characteristics have been defined
the user should proceed by clicking the "Upload Network Elements" button.

Note that as part of this process some calculations may be carried out and depending on the number of elements
chosen this might take some time to complete.

Define characteristics for Bridge:
Dataset Type Name Action

IDST CASE STUDY DATABASE IDST DB il Delete

B Add Element Details

Define characteristics for Tunnel:
Dataset Type Name Action

IDST CASE STUDY DATABASE IDST DB il Delete

B Add Element Details

+ A * B U 4 © @ O

IDST ~ Tools ~ C» Logout

INFRARISK Methodology

Problem Identification
Define Stress Test
Define System Representation

Define Spatial
Boundaries

Define Hazard Scenario

Define Network

Characteristics

Estimate Risk

Evaluate Risk

Determine Qutcome of Stress
Test

europa.eu
T
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IDST: Dataset network element characteristics

r(' [/ soton.ac.uk,

- $ A KB O 40 a0 =

Help~ IDST~ Tools~  (*Logout

44 IDST Home

PO INFRARISK Methodology
System Definition: Define Network Element Characteristics
The current version of the IDST supports the following formats for defining element characteristics:

Problem Identification

* Network element datasets already preloaded in IDST databases, e.g. Northern Italy case study. Define Siress Test
* User defined network element datasets in a shapefile format.
* User defined netowrk element datasets in a CSV format.

Define System Representation
Please choose any of the following methods to define characteristics for individual network elements.
Define Spatial
. Boundaries
User defined network element

characteristics: Define Hazard Scenario

Use elements found in IDST databases.

Define Network

User upload elements in shapefile format. NS Characteristics
User upload elements in CSV format.

Estimate Risk

= Add network elements Evaluate Risk

% Cancel Determine Qutcome of Stress

Test

europa.eu
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IDST: Overview of network element datasets

r(' [/ soton.ac.uk, c

44 IDST Home View Network Elements M

Network Element Overview

The summary below provides an overview of the number of elements on the network.

Network Element Datasets

Dataset elements for the Bridge event:
Dataset Type Name Num of elements Action

IDST Case Study Database IDST DB 328

Dataset elements for the Tunnel event:

Dataset Type Name Num of elements Action

IDST Case Study Database IDST DB 30

+ A * B U 4 © @ O

Help ~

IDST ~ Tools ~ C» Logout

INFRARISK Methodology

Problem Identification
Define Stress Test
Define System Representation

Define Spatial
Boundaries

Define Hazard Scenario

Define Network

Characteristics
Estimate Risk

Evaluate Risk

Determine Qutcome of Stress
Test
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IDST: Network element overview

T(‘ @ | https://infr -innovation.soton.ac.uk/idstpwe/view/4/ ¢ | |Q searc ¥+ i E QO 4 0 @ O

Help~ IDST~ Tools~  (*Logout

44 IDST Home Select Centre Point

Network Element Overview: Northern Italy 2016-09-15
09:59:20.484043 Problem Identification

Next: select the centre point of the PGA grid for this case study. Define Stress Test

INFRARISK Methodology

Infrastructure elements included in this stress test:

« Number of bridges: 328
* Number of tunnels: 30

N.B. Hover over the layers icon, on the right h%d side of the
map below, to control the display of network element markers
on the map.

Define System Representation

Define Spatial
Click on any element for further details. Boundaries

Define Hazard Scenario

i Argel 5z
- Pago regionne
t :
Fr (A1) Blotople HSltadelEe Define Network
] Elciopie e
amiiencail di Characteristics
Medicina e
Estimate Risk
Evaluate Risk
Determine Qutcome of Stress
- Test
parcoTegional [A14]
arcovegionale et %
A ES
Roccamalatina
eldisantandrea
< Imola
Pavullo nel
Frignano
; . {T4070011 —
£ #~ SIC-ZPS — Vena
del Gesso
Romagnolale
ﬁf » e o) 3 b ,-
20km _'_l Balestiay 25 4 ke ke = g
e . A P 2 * Leafiet | Map data © OpenStresthdap contributors, CC-BY-SA, Imagery © Mapbox
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Bridge summary with assigned Fragility Curves

n infrarisk:idst | Bridge view - Mozilla Firefox (Private Browsing) - + X
B8 | infrariskidst | Bridge view x | b
| € ) B | https:/infrarisk-dev.it-innov * @ ‘ |3\ Search | 3 A B 9 O @& O =
ftHome L Profle  C+Logout
IDST Bridge Data 11.2382, 44.4939
ez, £
Lo- R
/ : = B8
= 0.9-
$ :
3 08- £ Ds4
) s o7- 3
aff 06- 2
4 Ds—jé
OMA S 04—
NS [ETTIR
02—
)5a NUGYA pazzANESE 01-
a 0.0~ i 7 T T ; T T T ’ BG
0.0 01 0.2 03 0.4 05 0.6 0.7 0.8 03 10
& Risore
MeEnrg a Bridge fragility curves for DS1-DS4.
Name: Not defined Type of Column section 1: Rectangular
Note: No note Type of Column section 2: Solid
Where: 11.2382, 44.4939 Spans: Multi-span
Material MM1: Concrete Span length: <25m
Material MM2: Prestressed concrete Connection to abutment: Isolated (through bearings)
Maweid Mwls. resuesscu Lulvicie CUINIECLIVITIV aRULineTiL. ISUldied (LInvuyn veaniiygs)
Bridge width: <20m Bridge configuration: Regular
Bridge length: 50-100m Type of deck 1: Undefined
Deck structural system: Simply supported Type of deck 2: Undefined
Pier to deck connection: Isolated (through bearings) Number of columns for pier: Undefined
Type of pier: Multi-column pier Pier height: Undefined
Level of seismic design: No seismic design (gravity loads only) Number of spans: Undefined
Numhar nf lanac- 2

INFRARISK - Novel Indicators for Identifying Critical INFRAstructure at RISK from Natural Hazards

innovation



Tunnel summary with assigned Fragility Curves

infrarisk:idst | Tunnel view - Mozilla Firefox (Private Browsing)

[} - + X
B8 | infrariskidst | Tunnel view x |
.(- ) Ba | https:/infrarisk-dev.it-innovation.soton.ac.uk/tunnels/tunnel/2/ ¢ ‘ |51\ Search | 4+ B ﬁ =] O @ O =
ftHome R Profle  C»Logout
\ L0- 4
2
’ N ‘ 09— % PE—
3 o8- g Ds2
Alvar 0.7 %
3 06- 2 DS3
i 0a- £
(a1) o
0.2-
I 01—
/l
! 0.0 T T T T T T T T T PGbse
= 0.0 01 02 0.3 0.4 05 0.6 07 0.8 09 10
FME C)
v ?_mv Tunnel fragility curves for DS1-DS4.
1 T MAmmtnfrmndnmén
Name: Not defined
Note: No note
Note: No note
Where: 11.2083, 44.1988
Construction Method: Cut & cover
Shape: Horseshoe
Depth: Deep
Geological conditions: Alluvial
Supporting system: Concrete
Quality: Undefined
Number of lanes: 0
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Help ~

IDST ~ Tools ~

44 IDST Home

Network Element Overview:
09:59:20.484043

Infrastructure elements included in this stress test:

« Number of bridges: 328
* Number of tunnels: 30

parcoreglonale
Sassidi
Roccamalatina
edisantAndrea
Pavullo nel
Frignano

Select Centre Point

Northern Italy 2016-09-15

Next: select the centre point of the PGA grid for this case study.

N.B. Hover over the layers icon, on the right h%d side of the
map below, to control the display of network element markers
on the map.

Click on any element for further details.

Argel 5z
Parco reglonne
Delta del P
Biotople
Ripristini
ambientali di
Medicina e
{54]
=
Imola

IT4070011 —
S51G-2P5 — Vena

Romagnolale

INFRARISK Methodology

Problem Identification
Define Siress Test
Define System Representation

Define Spatial
Boundaries

Define Hazard Scenario

Define Network

Characteristics

Estimate Risk

Evaluate Risk

Determine Qutcome of Stress
Test

C» Logout

ﬁf - i 6
20km _'_l Balestiay 25 4 ke X =
e . A P 2 * Leafiet | Map data © OpenStresthdap contributors, CC-BY-SA, Imagery © Mapbox
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IDST: Anchor PGA grid on centre point

o el I A HE D 40 w0 =

n.soton.ac.uk

Help ~ IDST ~ Tools ~ C» Logout

Stress Test View: Display PGA grid for case study

The colour filled contour map below shows the Problem Identification
ground motion grid (in terms of Peag Ground

INFRARISK Methodology

Critical infrastructure elements included in this stress test:

« Centre point: 11.303, 44.398 Acceleration PGA) anchored at the selected location. Define Stress Test
= Number of bridges: 328 Ferm more information on the seismic hazard
« Number of tunnels: 30 methodology click here. Define System Representation
Download hazard PGA grid in CSV format:| & Download PGA Grid Next stage: calculate damage states of the network .
Define Spatial
elements.
Boundaries
N.B. damage state calculation next takes a while to
[} complete. Define Hazard Scenario

mivusa

Define Network

+ | Arg 5 )
- Paite0 e TORETE Characteristics
— Delta del Po
R
ameienta)idi Estimate Risk
edicina &
Molingfla
Evaluate Risk
Determine Qutcome of Stress
Test
\
e
Parcoreglonale [a12]
Sassi di
Roccamalatina
& disantandrea
y o Imola
idsuien
00125 kg -
0.024-0035g -
§p3HMg g IT4070011 —.
046-0.058g SIEZPS — Vena
| 0.058-0.069g £b Al .
1V 8,0.065-0.08 g e .
| IR0+ g g 3

! 1

20 km
10 mi
= -

Leaflet | Map fata © OpenStresthiap contributors, CC-BY.SA, Imagery © Mapbox
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IDST: Calculate Damage States

r(— & soton.ac.uk c + A& A O 4 @ @ 6 E‘

Help ~ IDST ~ Tools ~ C» Logout

4 IDST Home View Network Stats W

Network Element Damage States Calculation

the damage state for the individual elements have now been calculated. Proceed to view some statistics on the
damage of the network.

INFRARISK Methodology

Problem Identification

Define Stress Test
Network Element Datasets
% Define System Representation

Define Spatial
Boundaries

Dataset elements for the Bridge event:

Dataset Type Name Num of elements Action Define Hazard Scenario

IDST Case Study Database IDST DB 328
Define Network
Characteristics

Estimate Risk

Evaluate Risk
Dataset elements for the Tunnel event:

Determine Outcome of Stress
Dataset Type Name Num of elements Action Test

IDST Case Study Database IDST DB 30

@
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Case Study Damage State stats

N infrarisk:idst | IDST case study stats - Mozilla Firefox - + X

| infrariskcidst | IDST case stu... % | [E] Pie and Donut Chartsin... % ) Quantitative Scales - mbo... % %

2+ A B O 4 O & 6

» ¢ |[Q d3archpie

A Home 2 Profile C» Logout
Case Study: ps stats
Case study stats: Tunnel damage state stats graph:
30 o
H
E
254§
204
Roads: 77967 154
. Bridges: 28
M Tunnels: 5 104
054
o T T T
DSO DS1 D52 Ds3 DS4
Damage State
Bridge damage state stats graph: Road sections damage state stats graph:
204 z 40,0005 z
159 %. 35,000 %.
1642 £
30,000
184
124 25,000
104 20,000
&1 15,000
6
10,000
4
24 5,000
T 0
DS0 DS1 DS2 D53 D54 DSO D51 DS2 DS3
Damage State Damage State
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Assigning provisional consequence parameters

Functional Capacity Loss Functional Capacity Loss during Restoration Time Restoration Cost
Restoration

(% Lane Closure) (% Lane Closure) (Days) (Euros)
Pavements (All)
No Damage 0 0 0 0
Slight/Minor 0 0.5 1 500
Moderate 0.5 0.5 1 1000
Extensive/Complete 1 1 1 3500
Bridges (All)
No Damage 0 0 0 0
Slight/Minor 0 0.5 120 100000
Moderate 0.5 0.5 120 750000
Extensive/Major/Severe 1 1 150 1000000
Complete/Collapse/Failure 1 1 150 1000000
Tunnels (All)
No Damage 0 0 0 0
Slight/Minor 0.75 0.75 120 150000
Moderate 1 1 120 1000000
INER Extensive/Major/Severe 1 1 120 3000000

Complete/Collapse/Failure 1 1 365 10000000
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Join us to run the IDST

https://infrarisk.it-innovation.soton.ac.uk/

Thank You

INFRARISK - Novel Indicators for Identifying Critical INFRAstructure at RISK from Natural Hazards



https://infrarisk.it-innovation.soton.ac.uk/
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Theme 6: Environment (Including Climate change)

INFR"kRISK

Novel Indicators for identifying critical INFRAstructure at RISK from Natural Hazards

Website

www.infrarisk-fp7.eu
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