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LIQUEFACT Software

One of the key outputs from e e e
the project is the LIQUEFACT | hazard map & methodology -
for localized assessment
software, under development
at NORSAR
Physical vulnerability & resilience
assessment methodologies/models
The basic for the development LIQUEFACT Software RS Sl 7 VIR
> | liquefaction assessmentand |—| and future Eurocode
of the |_|QU EFACT software mitigation planning recommendations
consists in integrating the CEMRETENTD EElEE @R Ofiis
) art liquefaction mitigation measures
knowledge (methodologies,
procedures and models) from Community resilience and built
WP2, WP3, WP4 and WP5 asset management planning -
framework

By using LIQUEFACT software, civil engineers and relevant stakeholders involved in the design and
implementation can be guided to assess the feasibility and cost-benefit of certain liquefaction mitigation
techniques or compute the socio-economic impacts of risk reduction and resilience improvement strategies.
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LIQUEFACT Software
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WP2: EU Liguefaction Hazard Map &
Methodology for Localized Assessment

[Liquefaction hazard methodologies

1
J
[EU Liquefaction susceptibility models }

incorporation of
Models for risk

WP6 - LRG Software
Liquefaction Assessmentand Mitigation Planning

Built-in Models
(Input Data)

Integrated liqguefaction susceptibility models
Integrated liquefaction vulnerability and
resilience models

Integrated community resilience models
Integrated mitigation cost/benefit models

Risk Analysis
(Scenario-based Processing)

Computation of liquefaction probability
Computation of liquefaction risk

- damage and socio-economic losses
- community disaster resilience

7 7

assessment _

WP3: Physical Vulnerability & Resilience
Assessment and Methodologies

Liquefaction vulnerability & resilience ]

methodologies )

Liguefaction vulnerability & resilience || | incorporation of

models (structures/infrastructures) ?gfig?z’;?ﬁ::g
WP4: Comparative Analysis of State of
the Art Liguefaction Mitigation Measures

. - A incorporation of

Liquefaction mitigation measures and Methodologies

recommendations/procedures ) for risk mitigation

WP5: Community Resilience and Built
Asset Management Planning Framework

[Community resilience models

)
J
[Mitigation cost/benefit models }

[Field data collection tools

Risk Mitigation
(Scenario-based measures)

Mitigation cost/benefit evaluation

= Mitigation measures and recommendations

}

knowledge, validation and

preventive actions

WP7: Case Study Validation and Future
Eurocode Recommendations
» (Case study validation of the software
» Standarisations and guidelines
development
- measures for liquefaction
mitigation and reduce vulnerability
- recommendations for design of
new structures & infrastructures
- resilience of EU urban communities




LIQUEFACT Software

LIQUEFACT software is a user-friendly toolbox for liquefaction mitigation planning and decision support,
able to estimate and predict the likely consequences of an earthquake-induced liquefaction damage at
individual structure /infrastructure, at regional or city level

@ Liquefaction Reference Guide - m] X
File View Settings Help
Location View 8 x
=] Processing | |Resuits Risk Identification  Latitude Lengitude Street District Municipal  City Region  Postal Code Geo-code Shape ™
Type of Analysis and Geographical Region  Hazard Datalnput  Risk Data Input 1 Bog 44803789 11410564 Bologna Emilia-Romagna 40100 1 e
2 8020 24.804494 11410084 Bologna Emilia-Romagna 40100 1 v
Type of analysis
Assessment analysis |Hazard, Risk & Mitgaton ~ 3 B021 44.804120 11410419 Bologna Emilia-Remagna 40100 1 v
Risk sssessment | Physizal Impact & Economic - 4 BO22 24.804802 11411208 Bologna Emilia-Romagna 40100 1 7
Mitgation analyss [ e 5 8023 24.804677 11411108 Bologna Emilia-Romagna 40100 1 v
Geographical region 6 BO24 44.804845 11410874 Bologna Emilia-Reragna 40100 1 v
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 44.804519| 11411434 Bologna Emilia-Romagna 40100 1 v
3 B026 24804201 11411934 Bologna Emilia-Romagna 40100 1 v
North v
Export...
West East m Wap View 0 5=
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South % TIOLAT ghapes
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' - Markers
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‘ Ground amplfication profiles
‘ rtrereis

m [ Marker labels

Location of interest
SHAPE or CSV file with buiding locations. Only locations within the selected region are imported.
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5 %, Hazardmaps
PGA
LSN LSN Risk Level
LPT LPI Risk Level
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Processing and Analysis Concept

Dependent on the users’ requirements, the LIQUEFACT
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is this acceptable?
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[ no further action ] [ no further action l develop a builtasset management plan to
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Processing and Analysis Concept

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

Type of analysis

Assessment analysis |Hazard, Risk & Mitigation -
Hazard

Risk assessment Hazard & Risk w7
Hazard, Risk & Mitigation
ol =

Mitigation analysis E

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

Type of analysis
Aszessment analysis | Hazard, Risk & Mitigation ~

Risk assessment Physical Impact & Economic

Mitigation analysis | physical Impact & Economic

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 -

Mitigation analysis Existing Structures -
1 6 1 0 201 9 Existing Structures
Geographical region [New Construction




Liguefaction Hazard Assessment

liqguefaction hazard (susceptibility)
assessment

NO susceptibility?
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Liguefaction Hazard Assessment - Susceptibility
o User-Defined and Pre-Defined Model

Evaluation of liquefaction susceptibility of the soil at a specific location: qualitative analysis allowing

end-users to identify how

likely an asset

(e.g.

individual

building/Cl

asset, portfolio of

buildings/distributed infrastructure assets, etc.) is susceptible to liquefaction;

User-Defined: Microzonation maps
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Ref: DELIVERABLE D2.7: Methodology for assessment of earthquake-induced risk of soil liquefaction at the four European testing sites

(microzonation) (http://www.liquefact.eu)
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Liguefaction Hazard Assessment - Susceptibility

o User-Defined and Pre-Defined Model

Evaluation of liquefaction susceptibility of the soil at a specific location: qualitative analysis allowing
end-users to identify how likely an asset (e.g. individual building/Cl asset, portfolio of
buildings/distributed infrastructure assets, etc.) is susceptible to liquefaction;

Pre-Defined: Macrozonation maps

Legend Legend Legend
71 Neon-susceptible soil o T Non-susceptible soil . T INon-susceptible soil
W Liquefaction model predicti ‘ =l Liq ion model predicti i L Liquefaction model predicti
s [0 No liquefaction o T No liquefaction xk 1No liguefaction
B Liquefaction B Liquefaction B Liquefaction

e

920 b00 1.000 1.500 2000

0250 500 1.000 1500 2000

European liquefaction binary model (ADASYN) prediction maps for 475 years, 975 years and 2475 years
return period.

Ref: DELIVERABLE D2.6: Report to describe the adopted procedure for the development of the European liquefaction hazard map (http://www.liquefact.eu)




Liguefaction Hazard Assessment - Susceptibility

o User-Defined and Pre-Defined Model
User-Defined: upload liquefaction hazard maps in terms of LPI, LSN, LSI, LDI, Settlement

Pre-Defined: used embedded European Liquefaction Hazard map

16.10.2019

D Liquefaction Reference Guide - m] X
File View Setings Help
Location View & X
=} Frocesng | [SESEE Risk Identification ~ Latitude Longitude Street District Municipal  City Region Postal Code Geo-code Shape ™
Type of Analysis and Geographical Region  Hazard Data Input  Risk Data Input 1 8019 44803789 11.410564 Bologna Emilia-Romagna 40100 1 v
2 BO20 44804404 11.410004 Bolegna Emilia-Romagna 40100 1 ~
Liquefaction Hazard Model Seismic Hazard Model
3 8021 44.804180 11.410419 Bologna Emilia-Romagna 40100 1 v
| | Please select the fle 4 B022 44804897 11.411208 Bologna Emilia-Romagna 40100 1 v
5 B023 44.804677 11411108 Bolognz Emilia-Romagna 40100 1 v
Browse...
6 B024 44804846 11.410874 Bologna Emilia-Romagna 40100 1 v
7 BO25 44.804319 11411434 Bolegna Emilia-Romagna 40100 1 ~
8 B026 44804201 11.411934 Bologna Emilia-Romagna 40100 1 v
v
Export...
Please select the file
8 x
Map overlays
Browse... A
"OLal ghapes
[] Region
Markers

Locations
Ground amplification profiles
Liquefaction profiles

[ Marker labels

Hazard maps
PGA
LSN LSN Risk Level
LPI LPI Risk Level
ESP GD




Liguefaction Hazard Assessment - Susceptibility

16.10.201¢

|

File Edit Format View

Help

#lLiquefaction Hazard in Europe for 475 Years Return Pericod ~
# In 3rd Column: @: Neon-susceptible / 1: No Liguefaction / 2: Liquefaction

Latitude
24.0924000 71.028000 @

#longitude

24. 947688 71.027008
24.654000 70.988000
24677088 70.986800
24747680 70

|

File

.982000

oo ®

Edit Format View

Help

Ligquefaction Hazard

Unix (LF) Ln1, Col1 100%

#liguefaction Hazard in Europe for 975 Years Return Period
# In 3rd Column: @: Non-susceptible / 1: No Liquefaction / 2: Liquefaction
Latitude Liquefaction Hazard

#longitude
24,
24,
24,
24,
24,

74

024000
B47000
654600
677000
747000
QRAPAR

71.
71.
7@.
78.
78.

70

0280880
627080
988000
9860080
982080
QARAPAR

8

OO ®

Uniix (LF) Ln25, Col 22 100%

Nj LiquefactionHazard_2475YRP txt - Notepad

File Edit Format View Help

#liquefaction Hazard in Europe for 2475 Years Return Period

# In 3rd Column: @: Mon-susceptible / 1: No Liquefaction / 2: Liquefaction
#Longitude Latitude Liquefaction Hazard

24.824600 71.028000
24.847000 71.027660
24.654000 70.985000
24.677000 70.9860800
24.747000 70.982600
24.,980000 70.966000
25.003000 70.965000

]

e OO ®

Unix (LF)

Ln 10, Cal 22

100%




Liguefaction Hazard Assessment — Quantitative Analysis

o CPT, SPT, Vs profile

evaluation of liquefaction probability for a given level of amplitude and duration of ground shaking:
quantitative analysis for liguefaction potential allowing end-users to evaluate quantitatively the level of

the threat. End-users will be able to provide different type of inputs data for liquefaction assessment
(CPT, SPT, Vs30 profile data) o

ile View Settings Help
Location View

QLo : 513085 P — = »
=] Processing | |Results Risk |dentification Latitude Longitude Street District Municipal City Region
[ype of Analysis and Geographical Region ~ Hazard DataInput  Risk Data Input 1 8019 44803799 | 11410564
B020 44804494 11.410094
Liquefaction Hazard Model  Seismic Hazard Model
5 3 BO21 44804180 11410419
o P ] Liquefaction profile type | CPT - ] B022 44804892 11.411208
E 44 804677 11411708
10 - Path to liquefaction profiies jzard Analysis/1210_CPT Profile Data/Impor tData_Fmika-Romagna Browse. ..
"g 4 " " 5 B024 44804646 11.410874 ologna Emilis-Romagna
2 CPLID Profile Latitude Longitude GWT (m) .
o] = @ Liquefaction profile 1851308504 (Pare pressure) X Bonson | 44902648 11400200 | 15000 : e o Ratoons P R
_ 5] 0B502  44.804685 11.406930 1.5000 Exort...
\g 1 BOBS03 44804204 11.408891 1,5000
5 10 Map View x
] 308504 |44.806498| 11410870 |1.5000 I
s’ 20— - 5 - . Map overlays
a 0 BOCO0Z 44801059 11.405813 1,5000
£ ‘ O -
15 = 0C003  44.801423 11407497 15000 . [ Region
10 ‘
-‘E_ BOCO04  44.803791 11413926 1.5000 a ' Markers
a0 ] a 0C006  44.800609 11414466 15000 e
(IR ML I I Ground ampification profiles
0 005 01 0.5 15 BOCO07  44.806044 11414135  1.5000
Sleeve fri I 7] Liusfaction profiks
0C008  44.805242 11414541 15000 \ ] Marker labels
wm ' e
T m L ||| ~ o) PGA
LS LSN Risk Level
u LPI Risk Le:

T T T T 1
-0.1 o 01 02 03 04 05 0.6 07 P — ﬂm H| latio
prossure (MPa)  [HeT mmmw o In:-lzlmullmwﬂ]“_r . .

-
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Liguefaction Hazard Assessment — Seismic Input at bedrock

o Scenario Earthquake
o Predefined Uniform Hazard

o User-defined seismic hazard

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

Liquefaction Hazard Maodel Seismic Hazard Model

Hazard Analysiz | Scenario Earthguake -

 Scenario Earthquake
Flease input| Pre-Defined Uniform Hazard
User-Defined Seismic Hazard

Latitude |44.89 | Longitude l11.23 |
Focal Depth (m) |10 | Magnitude 5.9 |
Strike* 270 | Dip* la3 |
A s - (11 |
Fault Mechanism Strike-Sip ¥

Attenuation Table | Boore and Atkinson (2008)NGA ¥ | | View...

*Positive clockwise.
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Liguefaction Hazard Assessment — Seismic Input at bedrock

o Scenario Earthquake uropean Seismic Hazard Map

dited by

o Predefined Uniform Hazard

o User-defined seismic hazard

Peak Ground Accaleration [g]
10% Excoedance Pneabdilv 30

Low oder Wigh Hazard " ‘,w' B
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Liguefaction Hazard Assessment — Seismic action at ground surface

Response spectrum
 Code-design (Eurocode-8)
e Site-specific (Vs30 profiles)
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o

File

— O
View Settings

Help

5 Processing | Results

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

Liguefaction Hazard Madel Seismic Hazard Mode!
Hazard Analysis |Scenario Earthquake -

Flease input the Earthquake Parameters

e X
Focal Depth (am) Magritude
strke® op* e ]
Fault Mechanism Strike-Slip = g 2—:
o~ -
Attenuation Table Boore and Atkinson (2008) NGA = View... g o ]
w 1.5
o] p
=posith i o ]
Positive clockwise. a0 1
29 1]
65 3
| E ] i
= 5 o5 B
z ]
Response Spectrum Code-Design ~ 7
o d
L o o |
Ground Amp Profile Latitude Longitude  Soil Type 0 0.5 1 L5 . 2 2.5 3 3.5 4
Period T (s)
7707 - -1-
1 1851308002 44830508 11.357707 ECB-Type-1-B — Soil Type EC&-Type-18
2 1851308003 11367877
3 1851308004 44.825187 11362831  EC8-Type-1-B B
4 185130B005 44825345 11.374342 ECB-Type-1-B
5 183130C034 44.830627 11379545 ECE-Type-1-B v
Add row Delete rows View... Import... Export...

=




Liguefaction Hazard Assessment — Interpolation

Liquefaction Hazard Model

Seismic Hazard Model

Liquefaction profile type |CPT -

Path to liquefaction profiles PFTWARE/1200_LRG_Liguefaction Hazard Analysis/1210_C

CPT-ID Profile

Latitude Longitude GWT (m)

1 1851308501 44802648 11.408299  1.5000
2 185130B502  44.804685 11.406930 1.5000
3 1851308503 44.804204 11.408891  1.5000
4 185130B504  44.806498 11.410870 1.5000
5 185130CDD2  44.801039 11.403813 1.5000
6  185130CDD3  44.801423 11.407497 1.5000
7 185130C0D4  44.803791 11.413926 1.5000
8 185130C0D6  44.800608 11.414466 1.5000
9 185130C007 44.806044 11.414135 1.5000
10 185130C008  44.803242 11.414541 1.5000
1 185130C009  44.803236 11.411079  1.5000
12 185130C010  44.203746 11.409698 1.5000
13 185130C011  44.802023 11.410717  1.5000
14 185130C012  44.806333 11.400562 1.5000
15 185130C013  44.806897 11.401372 1.5000
Add row Delete rows View... Import...

Ground amp profile assignme

tance to Point Without Interpolation ¥
stance to Point Without Interpolation
Closest Distance to Point After Interpolation

Ground amp profile assignment |Closest Distance to Point Without Interpolation

Closest Distance to Point After Interpolation

-

0 Interpolation Settings

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

Variogram model ] Manual Kriging

Filters ;
. Spherical
(C) Neighborhot Exponential

{:} Vari £l Gaussian
ariance Mt gijinear

Median filtering

() shepard's Weighted Average

Distance damping

Interpolation neighborhood

(@) Average minimum distance between profiles

() Radius {m) &00

Reset Cancel Help




Liguefaction Hazard Assessment — Seismic action at ground surface

@ Variogram Estimator (for LSN at liquefaction profiles)

1400 o

1200

1000

91.18, 780.3

Semi Variance
@ o
b 2
2 =

o
=
=

I
(=]
=]

* Variogram estimator

e Kriging cross-validation

=)

T
0 50 100
Distance between observations (m)

Mean variance for lag — Kringing model - - Population variance

Mode! | Stable i

Mugget [0.000000 2] sil [10000.000000

= Range [10000.000000

Max distance [179.173473 2| Laglength [17.917397 2] |Recompute parameters

Reset
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Q Kriging Cross-Validation (for LSN at liquefaction profiles)

Estimated values
~ w = w
3 E] & B
{ IS N T T IR TR T S [N TN NN ST T N SN T S NNVIN T N W |

-
=}

=

T T T T
10 20 30 40

Population values

@ Observed values

Cancel

Help
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Liguefaction Hazard Assessment — Quantitative Analysis

O Liquefaction Reference Guide

File View Settings Help

Mitigation Analysis Output

B | Pre-Processing | Processing

Hazard Analysis Output Risk Analysis Output
Seismic Ground Shaking Ground Liquefaction
List {Profiles) A
Hazard Identification  Latitude
1 1851308501 44.802600
2 1851308502 44.804700
3 1851308503 44.804200
4 1851308504 44.806500
5 185130C002 44.801100
6 185130C003 44.801400
7 185130C004 44.803200
8 185130C006 44.800600
9 185130C007 44.806000
10 185130C008 44.805200
11 185130C009 44.805200

PGA

Longitud PGA
ongitude (amplified) Assignment

11.408300

11.406500

11.408800

11.410800

11.405800

11.407500

11.413800

11.414500

11.414100

11.414500

11411100

0.130629

0.180629

0.180629

0.180629

0.282233

0.180629

0.282233

0.282233

0.180629

0.180629

0.130629

203010C045

185130C170

185130C170

203010C016

203010C020

203010C045

203010C019

203010019

203010C016

203010C016

203010C016

LPI

28723

6.2871

75441

43913

11.3067

0.4817

8.5764

5.4795

0.3668

0.1795

0.4140

Settlement (cm)  LSN

9.8592

18.7018

16,8794

13.2737

10.4410

2.8001

83986

53714

3.0049

12140

2.0608

151114
29.6469
234641
16.6082
23.1990
6.6645

26,5364
17.8662
77756

34171

33672

LSN (ESP)
49.3036
49,0240
49,1126
49.8063
44,1693
17.0838
42.4364
50.9305
17.0645
23.0041

103392

Liquefaction Risk Level

Liquefaction Risk Level ~ #
(LSN-Based)

Maoderate
Moderate
Moderate
Moderate
Mederate
Low
Mederate
Meoderate
Low
None

Mone

Export...

- [m] X
‘ Map View 8 %
Map overlays
Shapes
[] Region
|
Markers

Map View

Locations

[ Ground ampiification profies
[] Liquefaction profiles

[ Marker labels

Hazard maps
(® PGA
O Lsn
QO er
||| O Esp

() LSN Risk Level
() LPIRisk Level
O ap

Location View
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Liguefaction Hazard Assessment — Quantitative Analysis

Hazard |dentification
1 185130B5M
2 1851308502
3 1851308503
4 1851308504
5 185130C002
6 185130C003
7 185130C004
8 185130C006
9 1853130C007
10 185130C008
11 183130C009

Latitude Longitude

44,802600 11.408300

44.804700 11.406900

44,804200 11.408%00

44,806500 11410900

44,801100 11.405200

44.807400 11.407300

44,803300 11413900

44.800600 11.414500

44.806000 11.414100

44.805200 11.414500

44.805200 11.411100

PGA PGA

(amplified) Assignment LPI Settlement (cm) LN

L5M (ESP)  ESP

0.180629 203010C045  2.8728  9.8592 131114 48,3036 WLM Moederate Moderate
0.180629 185130C170 62371 137018 20,6469 49,0240  WLM Moderate
0.180629 185130C170 75441 168794 234641 451126 WLM Moderate
0.180629 203010C016 |4.3913 | 13.2737 16,6082 49,8063 WLS Meoderate Moderate
0.282233 203010C020 11,3067 104410 23,1990 44,1695  WMS Moderate
0.180629 203010C045 04317 | 2.8001 6.6645 17.0838  WMM Low Low
0.282233 203010C0M9 85764  8.3936 26,3364 424364 WMS Moderate
0.282233 203010C019 | 54795 5.3714 17.8662 509305  WMS Moderate
0.180629 203010C016 03668  3.0049 77756 17.0645  WMM Low Low
0.180629 203010C016 |0.1795 | 1.2140 3171 23.0841 WMM Low Mone
0.180629 203010C016 04740 2.0608 33672 103392 WTM Low Mone
Low hd

Liquefaction Risk Level
(LPI-Based)

Liquefaction Risk Level ~ #
(LSM-Bazed)

16.10.2019
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Liguefaction Hazard Assessment — Quantitative Analysis

E— 3 Map overlays

Map overlays

Shapes

[ region Shapes

Markers D F'.Eglﬂlr'l

Locations

[ Ground amplification profiles

[ Liquefaction profies MarkErE

[ Marker labels
Locations

Hazard maps

O pea . §
[ ] Ground amplification profiles

(O LSN (@ LSNRisk Level
Qe O LPIRisk Level

| o= Ow [] Liguefaction profiles

[ ] Marker labels

Hazard maps

) PGA

K (s () LSN Risk Level
{JLPI (@ LPIRisk Level

% : (O EsP () GD
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Liguefaction Hazard Assessment —

0 Liquefaction Risk Levels (LSM) >

Classification

L5M Range

P e

L5M < 5

Low Liquefaction Risk

Meoderate Liquefaction Risk

5« L5M«=10

10 < L5M <= 30

30« LSM <= 50

LSN = 50

Quantitative Analysis

Map View

Map overlays

Shapes
D Region

Markers

Locations

[ Ground amplification profiles
[ Liquefaction profiles

] Marker lzbels

Hazard maps

O pea

(O 1SN (®) LSNRisk Level
O w1 O LPIRiskLevel
o= (@l

Edit Help
Ground Liquefaction
44.808 —
44.806 —
44.804 — o
2 ) A
o] i B031 @
- 4
44.802
44.8
T T T T T T T T T T
114 11.405 11.41 11.415
Longitude

None Low Moderate M High B Very High
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Liguefaction Hazard Assessment — Quantitative Analysis

o Liquefaction Risk Levels (LPI)

*

Classification

No Liquefaction Risk

Low Liquefaction Risk

Moderate Liquefaction Risk

LPI Range
LPI=D

0« LPl==2
2« LPl==3
5« LPl<=13

LPI=15

cat e

Map View

Ground Liquefaction

44,806 —
.
1 Bl
..
@ 44.804 | ﬁ 218
T EO. 012
=] BO. i b
B BO31 @
= N
0]
. |
44.802 — ‘
44.8
T T T T
11.4 11.405 11.41 11.415
Longitude

Mone Low Moderate M High M Very High

m Oep QOap

Map overlays

Shapes
D Region

Markers

Locations

[ Ground amplification profiles
[ Liquefaction profiles

[] marker labels

Hazard maps

) PGA

(O sn (O LS Risk Level
(O LP1 (@) LPIRisk Level

NORSAR



Risk Assessment

1 1

i i

i e liqguefaction hazard (susceptibility) i

'@ assessment i

5 |

1w 1

] NO - I

L9 susceptibility? i

| @ A

1 0 YES |

| @ A I T e e

1 1 H 1

1 (0 . . wyw 1 ] :

i£ Ilquefactlonthreat_(probab|l|tyand HEE E i | mitigation options to lower vulnerability !

I deformation) assessment i L . L - < 3

i A ! and improve resilience of building b =
Byuiiyiinpiegu iyt Byl i qa !
e e B ! s |
g HE 0 |
: ; g EILD risk level (on building) assessment i: i cost-benefit analysis n =
1 & il i =

1 ol 1 1 3 1
ik ] e I 3
o N 3
: o impact of the risk on the overall i : i impact of mitigation options on the averall ml i
: | — performance of the subsystem i : i performance of the subsystem E
1L i : |

[ no further action ] [ no further action L develop a builtasset management plan to
e 23 programme mitigation works




Risk Assessment

@ Physical Impact

o Computation of Damage Probability and Loss Ratio
* ESP-based Procedure
 Conventional Procedure

@ Economic Loss
o Owner Loss (Building, Contents, Business Interruption)
o Insurance Loss (Building, Contents, Business Interruption)

(1) Hazard for Risk Assessment
o Liquefaction
o Liquefaction + Ground Shaking (without liquefaction)

o

16.10.2019 Page 24
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Physical Impact - Equivalent Soil Profile (ESP) method

. - B WL B WM B WLD W wWMs Bl OWMM Bl WMD WS WM WTD
Strength - Size - Position
EMS EMM EMD EMMS EMMM EMMD B MTS © MM MTD

Shallow ﬁg m_fds 2 figsls W SLY W SMX ST W RXX
 Mid. | WLM| MLM | SLX R ——
Deep [ WLD | MLD
| 8| shatiow [WMS | MMS T

g Mid. | WMM|MMM| SMX | RXX

=} Deep WNDIMIMD ey
Shallow |WTS |MTS =T

| mid. [WTM[MTM | STX o

| 'Deep [WTD |MTD 0% o

m ®Er Cep

16.10.2019 Page 25




Physical Impact - Equivalent Soil Profile (ESP) method
@®

Bare hole definilion profile dafinition

it
— 5

Strength - Size - Position

o | Shatlow | WLS | MLS
2 Mid. | WLM|MLM] SLX
WLD | MLD
WMS | MMS
WMM|MMM| SMX | RXX
WMD|MMD
WTS |MTS
WTM |MTM | STX
WTD |MTD

Step 1. is about generating an
equivalent soil profile that will be used
for the evaluation of liquefaction risk;

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.

Ref: DELIVERABLE D3.3: Design guidelines for the application of soil
characterisation and liquefaction risk assessment protocols
(http://www.liquefact.eu)
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Physical Impact - Equivalent Soil Profile (ESP) method

Combines the selected building or infrastructure in © RCFiri- Liguefaction Fragilty Functions (terstory i) ”
terms of its typology/class with the determined 3
equivalent soil profile class to select the associated “

=

HN

]
1

fragility curves for the computation of physical
impact and the expected losses.

=
H
|

Damage Probability
2
|

Determine building class

R A La (%) I U_i —r ' 1 ' r 1 1 " Tt 1 1]

L 0 0.2 0.4 0.6 0.8 1
[— o S
LT a

= Structural DS1 = Structural DS2 = Structural DS3

M 5}_

[l L
[the mpact measures |+ = e [ws -
WLS  a

Select fragility curves WViLM

I Compute expected losses I WLD

Determine soil profile class

VMS
WMD
WTS

WM
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Physical Impact - Equivalent Soil Profile (ESP) method

D Liquefaction Reference Guide - O X

File View Settings Help

T Processing | Results

Type of Analysis and Geographical Region Hazard DataInput ~ RiskDatal 0 o o

0.16
Risk Modeling  Portfolio Data 1
Vulnerability Data Input  Ecanomic Business Activity Data Input 0.14 7
Path to fragility files ; Browse...
*0.12 ]
Wulnerability Model | Liquefaction (Built-In) - | | ESP-Based 1
0 014
Typology Period T1 Liquefaction Fragility Fragility IM_Lg & 1
[2] g
2 RCF-I-i 017 Fragility RCF-Ir-i_Lq Sa = 7]
T 0.06
3 RCFIr 017 Fragility_RCF-Ir_Lg 5a E 1 L 0
o 1 i ) :
4 CM-Ie-i 037 Fragility_CM-Ir-i_Lq LSN 0.04 b 014 —
5 CM-Ir 017 Fragility_CM-Ir_Lg LSN wond |
.02 L—— J
6 CM-hr-i 017 Fragility_CM-hr-i_Lg LSN g |
11
0- = 4
r T T T T 1 = ]
o 0.2 0.4 0.6 0.8 1 // 2 .
PGA 4 0.08 o . )
— Structural DS1 Structural DS2 — Structural DS3 & ]
ESP lwis ¥ &U-OGf S5e-09 5
E i N
Close &5 0.04 E 4e-00 {
E 0.3 = ] = ]
& — bizo £ 3e-09
Add row Delete rows | Show table... View... Import... [a] 02 b & ]
A - | - (i ]
. @ 2e-09
Profile assignment | Closest Distance to Point Without Interpolati : T o3 g 1
losest Distar o Point Without Int: ion 0.1 : £ ]
Closest Distance to Point After Interpolation [ 1e-09
—-sm O ]
0 y ]
T T T T T T T 1 E
0 0.2 0.4 0.6 0.8 1 =2 =k T T T
PGA 0 0.2 0.4 0.6 0.8
— Foundation Repairable — Foundation Irreparable PGA
B wis = Structural Collapse
ESP |wLs ~

1¢ Close



Physical Impact - Equivalent Soil Profile (ESP) method

D Liquefaction Reference Guide - O X
File View Settings Help
(I)__I __Pra-Prooessing Processing | | Results
Type of Analysis and Geographical Region Hazard Data Input R\skData]; 0 v
0 Loss Factors (ESP-Based) >
Structural  Structural  Structural  Foundation  Foundation Demalition and Replace Cost ]
051 (D52 (053] (Repairable] (Irrepairable] Replacement Cost  from Collapse

Buiding 01 i 02 0.5 0.3 1 1 1

Contents 0.2 0.5 0.7 0.4 1 1 1

Business Interruption ] 0.15 1 0.1 1 1 1 -
Reset Cancel Help

v —-
@ 2e-09
Profile assignment | Cl o
(Cla d 0 0.2 04 @
Cl o 2] 0.1 £
Closest Distance to Point After Interpolation 1§ 1e-09
—-sm O
0 L |
U U U L ESP |wLg 0
0 0.2 0.4 0.6 0.8 1 T T T T T T T T T T
PGA 0 0.2 0.4 0.6 0.8
| — Foundation Repairable — Foundation Irreparable PGA
B wis = Structural Collapse
ESP |wLs ~

1¢ Close



Physical Impact - Conventional method

Q URMIr-PC - Liquefaction

1—
e, 4
E 0.8 4
0 i
E i
s} 0.6 7]
L —
o 7
Q _
mﬂ.‘l- i
E o
@ 0.2
(] J
o-
I B e e e m e T
0 0.2 0.4 0.6 0.8 1
GD (cm)
= Slight Moderate Extensive = Complete
Close
0 URMIr-PC - Liquefaction Fragility x
GD, Slight beta Slight GD, Moderate beta Moderate G0, Extensive beta Extensive GD, Complete beta Complete
0.0221 0.54 0.0806 0.54 0.1365 0.54 0.1995 0.54

Close

NORSAR



Physical Impact — Limit States

0 Loss Factors (Conventional 2 State) * 0 Loss Factors (Conventional 3 State) >
Minor Complete Damage Limitation  Significant Damage  Mear Collapse
Building 0.1 1 Building 0.1 0.6 1
Contents 0.2 1 Contents 0.2 0.7 1
Business Interruption 0 1 Business Interruption 0 0.5 1
Reset Cancel Help Reset Cancel Help

0 Loss Factors (Conventional 4 5State) >
Moderate Extensive Complete
Building 033 1 1
Contents 0.5 0.85 1
Business Interruption 0 0.5 1 1

- el NORSAR




Physical Impact — Liquefaction and Ground Shaking

Risk assessment due to liquefaction Risk assessment due to liquefaction and ground shaking
Vulnerability Model | Liquefaction ¥ | | Conventional |
Typology | Period T1 | Liquefaction Fragility | Fragility IM_Lq Vulnerability Model | Ground Shaking and Liquefaction | |Conventional ~
1 RCFIr-LC 0.6 LQF RCFIr-LC GD Typolegy Period T1 Ground Shaking Fragility  Fragility IM_GS  Liquefaction Fragility  Fragility IM_Lg
2 RCFmr-LC 0.32 LOF RCFmi-LC D 1 RCFIr-LC 0,18 GSF_RCFIr-LC PGA LQF_RCFIr-LC GD
RCFmr-LC 0.32 GSF_RCFmr-LC PGA LOF RCFmr-LC GD
3 RCFhr-LC 046 LOF_RCFhr-LC GD 2| RLime - QF_RCFmr
4 URMIrPC 0.10 LQF_URMIr-PC D 3 RCFhr-LC 046 GSF_RCFhr-LC PGA LOF RCFhr-LC GD
URMIr-PC  0.10 GSF_URMIr-PC PGA LOF_URMIr-PC GD
5 URMmr-PC 0.25 LQF_URMmr-PC GD 4 ' - QF_URMIr
5 URMmr-PC 0.25 GSF_URMmr-PC PGA LOF_URMmir-PC GD
0 URMIr-PC - Ground Shaking Fragility Functions X 0 LIRN F
13 1]
E 0.8 0.8
o 5
S06 806
o 0.6 7 —{ o 0.6 7
| . | .
o 7 ew| O]
30.4— 30.4—
8 g 8 b s | Show table... View... Import... Export...
£ 1 er] E ]
M 0.2 0.2 o
[a] b — a b Cistance to Point Without Interpolaton
0 0
| DL L L L L L L DL L | | LA DL DL L L L L L DL L |
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
PGA | GD (cm) W'IN s
= Slight Moderate Extensive = Complete = Slight Moderate Extensive = Complete
NORSAR




Physical Impact — Intensity Measures

IM for Liquefaction Fragility Curves

O

©)
©)
©)

IM for Ground Shaking Fragility Curves

©)
©)
©)

PGA
LSN
LPI

GD -Settlement

PGA
Sa
Sd

16.10.2019

Page 33

Rigk Modeling

Vulnerability Data Input

Fath to fragility files '—‘I’\":’AREJ"I%D_LRG_Risk Analysis021_LRG_Risk-Physical_Analysis/FragCapacdtyCurves |

Type of Analysis and Geographical Region

Portfolio Data

Hazard Data Input

Risk Data Input

Economic Business Activity Data Input

Wulnerability Model | Ground Shaking and Liquefaction

Conventional ~

Browse...

Profile assignment | Closest Distance to Point Without Interpolation ™

Typelogy Period T1 - Ground Shaking Fragility  Fragility IM_GS  Liquefaction Fragility Fragility IM_Lg
1 RCF-Ir  0.07 G5-Fragility_RCF-Ir 5a LF-Fragility_RCF-Ir LSN
2  RCF-mr 013 GS-Fragility_RCF-mr Sa LF-Fragility_RCF-mr LSM
3 RCW-Ir 0.06 G5-Fragility_RCW-Ir PGA LF-Fragility_RCW-Ir Sa
4  RCW-mr 012 G5-Fragility_RCW-mr PGA LF-Fragility_RCW-mr Sa
5 URM-Ir 0.05 G5-Fragility_URM-Ir 5a LF-Fragility_URM-Ir L5M
6 URM-mr 0.10 G5-Fragility_URM-mr Sa LF-Fragility_URM-mr LSM
7 RM-Ir  0.05 G5-Fragility_RM-Ir 5d LF-Fragility_RM-Ir GD
8 RM-mr 0.0 G5-Fragility_RM-mr 5d LF-Fragility_RM-mr GD
9  STR-Ir 005 G5-Fragility_STF-Ir PGA LF-Fragility_RM-Ir PGA
10 5TF-mr  0.10 G5-Fragility_STF-rr PGA LF-Fragility_RM-mr PGA
Add row Delete rows | | Show table... View... Impaort... Export...




Physical Impact — Portfolio

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

Risk Modelling Portfolio Data
LOCATION STRUCTURE

Risk Identification  Latitude Longitude Street District Municipal — City Region Postal Code Geo-code Typology Use Width (m) Length (m) Height (m) Stories Above Ground  Stories Below Ground  Shape 2
1 BO19 44803789 11.410564 Bologna Emilia-Romagna 40100 1 URMIr-PC Health System 7.00 5.00 2.80 1 0 v
2 B020 44.804484 11.410094 Bologna Emilia-Romagna 40100 1 URMIr-PC Health Systern 9.00 12.00 5.60 2 0 v
3 B021 44804180 11.410419 Bologna Emilia-Romagna 40100 1 RCFIr-LC  Health Systerm 8.00 10.00 2.80 1 0 ~
4 B022 44804302 11.411208 Boloegna Emilia-Romagna 40100 1 RCFIr-LC  Health System 20.00 10.00 8.40 g 0 v
5 B023 44804677 11.411108 Bolegna Emilia-Romagna 40100 1 RCFIr-LC  Health System 15.00 20.00 2.40 3 0 v
6 B024 44.304346 11.410874 Bologna Emilia-Romagna 40100 1 RCFIr-LC  Health System 18.00 10.00 5.60 2 0 '
7 B025 44204519 11.411434 Bologna Emilia-Romagna 40100 1 RCFIr-LC  Health System 8.00 15.00 8.40 3 0 v
8 B026 44804201 11.411934 Bolegna Emilia-Romagna 40100 1 URMIr-PC Health System 20.00 10.00 5.60 2 0 v
9 B0Z27 44304042 11.411598 Bologna Emilia-Romagna 40100 1 RCFIr-LC  Health System 20,00 15.00 2.80 1 0 4
10 B028 44803901 11.408807 Bologna Emilia-Romagna 40100 1 RCFIr-LC  Health System 15.00 10.00 5.60 2 0 ~
1 B029 44802652 11.408535 Bologna Emilia-Romagna 40100 1 URMIr-PC Health System 5.00 8.00 2.80 1 0 v
12 B030 44.803551 11.400127 Boloegna Emilia-Romagna 40100 1 RCFIr-LC  Health System 7.00 4.00 240 3 0 v
13 B031 44.803232 11.409781 Bologna Emilia-Romagna 40100 1 RCFIr-LC  Health Systern 20,00 10.00 240 3 0 v v

Add row Delete rows Import... Export...
N ‘:‘1 e
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Physical Impact — Portfolio in GIS platform

o

File View Settings

Hel

Ip

Type of Analysis and Geographical Region

Risk Modelling

Portfolio Data

ALL | |LOCATION | | STRUCTURE

Risk Identification  Latitude

Add row

BO19

B020

BO21

B022

B023

B024

B025

B026

B027

B028

B029

B030

RN

44.80378%

44804494

44804180

44.804392

44804677

44804246

44804519

44804201

44.804042

44.803901

44803652

44.803551

A44.803232

Delete rows

Hazard Da

Longitude

11410564

11.410094

11410419

11.411208

11411108

11.410874

11411434

11411934

11411588

11.408807

11.409385

11409127

11.409781

= Processing

Location View

Risk Iden’;:\fi(atiom

Latitude Longitude Street District Municipal

) shape editor (Edit)

New polygon

Undo Zoom In

Zoom Out

Discard

Rolnana Fmilia-Ramanna 40100

Export...

w

Cancel

Help

*

g X
City Region Postal Code Geo-code Shape =
Bologna Emilia-Romagna 40100 1 e
Bologna Emilia-Romagna 40100 1 - -
Export...
— g X
1\ Map overlays
Shapes
D Region
Markers

Locations

[ Ground amplification profiles
[ Liquefaction profiles

[ Marker labels

Hazard maps
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Economic Model — Owner

Vulnerability Data Input Economic Business Activity Data Input

ALL | ECONOMICAL MODEL | | POLICY | | CONTENTS BUSIMESS INTERRLUFTION

Risk Identification Muuleézﬁd?:;ues M?jr;?:tzrri:::::es BusinBeusdeF‘;:;enue Time Horizon

5 BO23 109 240.00 10924.00 109.24 23

& B024 162 900.00 6 516.00 162.90 20

7 BO25 428 100.00 85 620.00 42810 15

8 BEO26 160 750.00 6 430.00 160.75 33

9 BO27 271 050.00 54 210.00 271.05 40

0 B028 327 100.00 13 084,00 327.10 42

1 BO29 132 700.00 5308.00 132.70 43

12 BEO30 506 250.00 21 250.00 106.25 46

13 BO31 162 800.00 32 560.00 162.80 15

14 B032 107 700.00 21 540,00 107.70 33 'b ‘Im ' ' L
15 BO33 327 100.00 65 420.00 327.10 40 ".RS‘R




Economic Model — Insurance data

Vulnerability Data Input

ALL

ECOMCOMICAL MODEL | | POLICY | | CONTENTS

Economic Business Activity Data Input

BUSIMESS INTERRUPTION

10

1

12

13

14

15

Fay

Insured Amount  Facultative Reinsurance  Coinsurance CEDED Reinsurance

Rizk ldentification

(Building)
BO23 5 462.00
BO24 3 258.00
BO25 8562.00
BO26 3 215.00
BO27 5421.00
BO28 6 542.00
BO29 2 654.00
BO30 2125.00
B0 3 256.00
BO32 2154.00
B033 6 542.00

(Building)
015
0.15
0.15
0.15
015
0.15
0.15
0.15
015
0.15

015

(Building)

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

(Building)
0.98
0.93
0.93
0.93
0.98
0.93
0.93
0.93
0.98
0.93

0.98

16.10.2019
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Economic Model — Insurance data

—

=T AT ET T - W . J L

Vulnerability Data Input

ALL

ECOMOMICAL M

10

1

12

13

14

15

Fay

Rizk ldentificatio

BO23

BO24

BO25

BO26

BO27

BO23

BO29

BO30

BO31

BO32

BO33

Vulnerability Data Input

ALL

ECOMNOMICAL MODEL

Economic Business Activity Data Input

POLICY BUSINESS INTERRUPTION

10

1

12

13

14

15

Y

Rizk ldentification

BO23

BO24

BO23

BO26

BO27

BO23

BO29

BO30

BO31

BO32

BO33

Insured Amount
(Contents)

1082.40
651.60
171240
643.00
1084.20
1308.40
530.80
425.00
651.20
430.20

1308.40

Facultative Reinsurance Coinsurance CEDED Reinsurance

(Contents)
017
0.7
0.7
0.7
017
0.7
0.7
0.7
017
0.7

07

(Contents)
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00

(Contents)
0.36
0.32
0.30
0.30
0.22
0.20
0.88
0.68
0.54
0.50

0.32

16.10.2019
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Economic Model — Insurance data

Vulnerability Data Input

ALL

ECOMOMICAL M

—

L

AT ET T - W . J L

10

1

12

13

14

15

Fay

Rizk ldentificatio

BO23

BO24

BO25

BO26

BO27

BO23

BO29

BO30

BO31

BO32

BO33

Vulnerability Data I

et

Ecomornic Bucincies & ctwibe Diads Treaad

AlLL | | ECOMOMIC]
Risk ldentifi
5 BO23
B BO24
7 BO23
a BO26
9 BO27
10 BO23
1 BO29
12 BO30
13 BO31
14 BO32
15 BO33

16.10.2019

Vulnerability Data Input

AlLL

Economic Business Activity Data Input

ECOMOMICAL MODEL | | POLICY | | COMTENTS

| BUSINESS INTERRUPTION |

10

N

12

13

14

13

Fay

Risk Identification

BO23

BO24

BO25

BO26

BO27

BO23

BO29

BO30

BO31

BO32

BO33

Insured Amount
(Business Interrupticn)

273.10
162.90
423810
160.75
27.05
327.10
132,70
106.25
162.80
107.70

327.10

Facultative Reinsurance
(Business Interruption)

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00

Coinsurance
(Business Interruption)

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00

CEDED Reinsurance

(Business Interrupticon)
0.84
0.84
0.24
0.84
0.85
0.85
0.85
0.85
0.85
0.85

0.86




Risk Analysis Output — Owner Loss at Individual Level

o Resulted from liquefaction
o Building Loss

Hazard Analysis Qutput Risk Analysis Output Mitigation Analysis Output

Seismic Ground Shaking Ground Liquefaction

Owner Loss ~ | |Risk Identification -

ALL | [BUILDING | | CONTENTS | BUSINESS INTERRUFTION

Risk Identification  Latitude Longitude Geo-code LPI Settlement (cm) LSM  LSM (ESP) ESP

Liquefaction Risk Level  Liquefaction Risk Level Probability Probability Probability Probability Mean Loss Ratic  Monetary Values Loss 2

(LPI-Based) (LSM-Baszed) (Slite) (Moderate)  (Extensive) (Complete) (Building) (Building) (Building)
5 B023 44804700 11411100 1 0.0000  0.0000 0.0000  0.0000 RXX  MNone MNone 0.000000  0.000000 0.000000 0.000000 0.000000 106 240.00 0.00
6 B024 44804300 11.410900 1 0.0000 | 0.0000 0.0000 | 0.0000 R MNone MNone 0.000000  0.000000 0.000000 0.000000 0.000000 162 900.00 0.00
7 B025 44804500 11.411400 1 0.0000  0.0000 0.0000  0.0000 RXX  MNone MNone 0.000000  0.000000 0.000000 0.000000 0.000000 428100.00 0.00
8 BO26 44.804200 11.411300 1 0.0000  0.0000 0.0000  0.0000 R¥X MNone Mone 0.000000  0.000000 0.000000 0.000000 0.000000 160 750.00 0.00
9 BO27 44.804000 11411600 1 0.0000  0.0000 0.0000  0.0000 R¥X MNone Mone 0.000000  0.000000 0.000000 0.000000 0.000000 271050.00 0.00
10 B028 44.803%00 11.408800 1 9.7548 |3.7707 7.1690 60.4450 WLS _ Low 0.000000  0.000000 0.000002 0.999998 1.000000 327 100.00 327 099.99
" B029 44803700 11.409600 1 13.4352 5.1838 11,1685 80.6003 WMS _ Moderate 0.000000  0.000000 0.000000 1.000000 1.000000 132 700.00 132 700.00
12 B030 44803600 11.409100 1 8.6068 3.9682 4.0382 129.5341  WLD _ MNone 0.000000  0.000000 0.000001 0.999999 1.000000 506 250.00 506 249.99
13 BO31 44803200 11.400200 1 0.0000 | 0.0000 0.0000  0.0000 Rx  MNone Mone 0.000000  0.000000 0.000000 0.000000 0.000000 162 800.00 0.00
14 B032 44804200 11.409700 1 0.0000 | 0.0000 0.0000 | 0.0000 R¥X None Mone 0.000000  0.000000 0.000000 0.000000 0.000000 107 700.00 0.00
15 B033 44804100 11.408300 1 0.0000  0.0000 0.0000  0.0000 RXX  MNone MNone 0.000000  0.000000 0.000000 0.000000 0.000000 327 100.00 0.00

v
Export...

i
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Risk Analysis Output — Owner Loss at Individual Level

o Resulted from liquefaction
o Contents Loss

Hazard Analysis Output Risk Analysis Output Mitigation Analysis Qutput

Seismic Ground Shaking Ground Liquefaction

Owner Loss ~ | |Risk Identification ~

ALL | |BUILDING BUSINESS INTERRUPTION

Risk Identification Latitude Longitude Geo-code LPI  Settlement(cm) LSN  LSN(ESP) ESP Liquefaction Risk Level  Liquefaction Risk Level Probability Probability Probability Probability Mean Loss Ratic  Monetary Values Loss

(LPI-Based) (LSM-Based) (Slite) (Moderate)  (Extensive) (Complete) (Contents) (Contents) (Contents)
5 B023 44804700 11411100 1 0.0000  0.0000 0.0000  0.0000 R¥X MNone MNeone 0.000000  0.000000 0.000000 0.000000 0.000000 10924.00 0.00
6 BO24 44,804300 11.410900 1 0.0000 | 0.0000 0.0000 | 0.0000 R¥X MNone MNeone 0.000000  0.000000 0.000000 0.000000 0.000000 6516.00 0.00
7 B025 44.804500 11.411400 1 0.0000  0.0000 0.0000  0.0000 R¥X MNone MNeone 0.000000  0.000000 0.000000 0.000000 0.000000 85 620,00 0.00
8 BO26 44.804200 11.411900 1 0.0000 | 0.0000 0.0000 | 0.0000 R¥X MNone MNeone 0.000000  0.000000 0.000000 0.000000 0.000000 6430.00 0.00
9 BO27 44,804000 11411600 1 0.0000  0.0000 0.0000  0.0000 R¥X MNone MNeone 0.000000  0.000000 0.000000 0.000000 0.000000 54 210.00 0.00
10 B023 44.803%00 11.408800 1 9.7348 37707 71690 60.4450 WLS Low 0.000000  0.000000 0.000002 0.999993 1.000000 13 084.00 13 084.00
" BO29 44,803700 11.409600 1 13.4352 5.1838 11.1685 80.6003 WMS Moderate 0.000000  0.000000 0.000000 1.000000 1.000000 5308.00 5308.00
12 B030 44,803600 11.409100 1 8.6068 3.9682 4.0382 129.5341  WLD MNeone 0.000000  0.000000 0.000001 0.999999 1.000000 21 250.00 21 250.00
13 BO31 44.803200 11.409800 1 0.0000 | 0.0000 0.0000 | 0.0000 RXX None Mone 0.000000  0.000000 0.000000 0.000000 0.000000 32 560.00 0.00
14 B032 44.804200 11.409700 1 0.0000 | 0.0000 0.0000 | 0.0000 R¥X MNone MNeone 0.000000  0.000000 0.000000 0.000000 0.000000 21 540.00 0.00
15 B033 44804100 11.409300 1 0.0000  0.0000 0.0000  0.0000 R¥X MNone MNeone 0.000000  0.000000 0.000000 0.000000 0.000000 65 420.00 0.00

v
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Risk Analysis Output — Owner Loss at Individual Level

o Resulted from liquefaction

o Business Interruption

Hazard Analysis Output

Seismic Ground Shaking

Risk Analysis Output

Ground Liquefaction

Mitigation Analysis Output

Owner Loss ¥ | |Risk Identification *
ALL BUILDING COMNTENTS BUSIMESS INTERRUPTION
Risk Identification ~ Latitude Longitude Geo-code LP|  Setflement(cm) LSN  LSN(ESP) ESP Liq”ﬁi;ﬁ‘_”é;?;:‘;““*' Liq“e{fscrfj_”a”a?:d"JLe"E' P'?;?tbe;“t" f@”nb;:r:g ?&iﬁ:gg fc'gl::l':tté M;::;ﬂ;‘tizaém Business Revenue (lnterer‘;tiDm
5 B023 44804700 11411100 1 0.0000 0,000 00000 00000 | RXX None None 0000000  0.000000 0000000 0000000  0.000000 100.24 0.00
§ B024 44804800 11410900 1  0.0000 0.0000 00000 00000  RXX None None 0000000  0.000000 0000000 0000000  0.000000 16290 0.00
7 B025 44804500 11411400 1 0.0000 0,000 00000 00000 | RXX None None 0000000  0.000000 0000000  0.000000  0.000000 428,10 0.00
8 B026 44804200 11411900 1 0.0000 0,000 00000 00000  RXX None None 0000000  0.000000 0000000 0000000  0.000000 160.75 0.00
9 B027 44804000 11411600 1 0.0000 0,000 00000 00000 | RXX None None 0000000  0.000000 0000000  0.000000  0.000000 271.05 0.00
10 Bo22 44802000 11408800 1 97548 37707 71690 604450  WLS _Law 0000000  0.000000 0000002 0999998 1.000000 2710 2710
1 B029 44803700 11409600 1 13.4352 5.1838 111685 80,6003  WMS _ Moderate 0000000  0.000000 0000000  1.000000  1.000000 13270 13270
12 B030 44803600 11409100 1 86068 3.9682 40382 1205341  WLD _None 0000000  0.000000 0000001 0999999  1.000000 10625 10625
1 B031 44803200 11409800 1 0.0000 0,000 00000 00000 | RXX None None 0000000  0.000000 0000000  0.000000  0.000000 162.80 0.00
14 B032 44804200 11409700 1 0.0000 0.0000 00000 00000  RXX None None 0000000  0.000000 0000000 0000000  0.000000 107.70 0.00
15 B033 44804100 11409300 1 0.0000 0.0000 00000 00000 | RXX None None 0000000  0.000000 0000000  0.000000  0.000000 32710 0.00
Export...
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Risk Analysis Output — Owner Loss at Geo-code Level

o Resulted from liquefaction

Hazard Analysis Output ~ Risk Analysis Qutput  Mitigation Analysis Output

Seismic Ground Shaking Ground Liquefaction

Owner Loss ¥ | |Geo-code A
. . Mean Loss Ratic  Monetary Values Loss Mean Loss Ratio Monetary Values Loss Mean Loss Ratio . Loss
Geo-code | Latitude ' Longitude {Buildings) {Buildings) {Buildings) (Contents) (Contents) (Contents) (Businesses) Business Revenues (Businesses) Total Loss
1 1 44.804153 11.410370 | 0.200000 4 255 630.00 851925.99 0.200000 1173 302.00 234 660.37  0.200000 3 839.63 771.83 1087 358.28
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Risk Analysis Output — Insurance Loss at Individual Level

o Resulted from liquefaction

o Building Loss

Hazard Analysis Output ~ Risk Analysis Output  Mitigation Analysis Qutput

Seismic Ground Shaking Ground Liquefaction

Insurance Loss ~ | |Risk Identification ~

ALL CONTENTS | | BUSINESS INTERRUPTION

oo Lo Longiade Geoode (P Sethmercm) (S0 SNE®) 5 RIS Unoasiont ol pumoty bty frsiy Mo s It et Redio Feuis o Cetanston ol
5 8023 44804700 11411100 100000 0.0000 00000 00000  RXX Mome None 0000000  0.000000  0.000000  0.000000  0.000000 5 462.00 000 0.00 000 0.00
& B024 44804800 11410900 1 00000 0.0000 00000 00000  RXX MNone None 0000000  0.000000  0.000000  0.000000  0.000000 3258.00 000 0.00 0.00 0.00
7 B025 44804500 11411400 100000 0.0000 00000 00000  RXX MNone None 0000000  0.000000 0000000  0.000000  0.000000 8562.00 0.00 0.00 0.00 0.00
8 BO26 44.804200 11.411900 1 0.0000 | 0.0000 0.0000 0.0000 RXX None None 0.000000  0.000000 0.000000  0.000000 0.000000 3 215.00 0.00 0.00 0.00 0.00
E 8027 44304000 11411600 100000 0.0000 00000 00000  RXX Mome None 0000000  0.000000  0.000000  0.000000  0.000000 5421.00 000 0.00 000 0.00
10 B028 44803900 11408800 1 97548 37707 71690 604450  WLS Low 0000000  0.000000 0000002 0999998  1.000000 6542.00 000 145.23 0.00 6396.77
1 8029 44803700 | 11409600 T 134352 57838 111685 80.6003  WMS Moderate 0000000  0.000000 0000000 1000000 1.000000 2654.00 0.00 58.92 0.00 2595.08
12 B030 44.803600 11.409100 1 8.6068 3.9682 40382 129.5341 | WLD None 0.000000  0.000000 0.000001 10.999999 1.000000 2125.00 0.00 4717 0.00 2077.82
13 8031 44803200 11403800 1 00000 0.0000 00000 00000  RXX MNone None 0000000  0.000000  0.000000  0.000000  0.000000 3256.00 000 0.00 000 0.00
14 B032 44804200 11408700 1 00000 0.0000 00000 00000  RXX MNone None 0000000  0.000000  0.000000  0.000000  0.000000 2154.00 000 0.00 0.00 0.00
15 B033 44804100 11409300 100000 0.0000 00000 00000  RXX MNone None 0000000  0.000000 0000000  0.000000  0.000000 £542.00 0.00 0.00 0.00 0.00

»
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Risk Analysis Output — Insurance Loss at Individual Level

o Resulted from liquefaction

o Contents Loss

Hazard Analysis Output Risk Analysis Qutput Mitigation Analysis Qutput

Seismic Ground Shaking Ground Liquefaction

Insurance Loss ¥ | |Risk Identification

AL | [BurLDING BUSINESS INTERRUPTION

st Lt Lo Geocooe 15 Sevimerecm) (50 (Su() 59 UL Eoerd Ut Tkl Pl puasols cotabl pasly el ke s s o ot Corsnmieton (850 ©
5 B023 24804700 11.411100 1 0.0000 0.0000 00000 0.0000  RXX None Nene 0000000 0000000  0.000000  0.000000  0.000000 1092.40 0.00 0.00 0.00 0.00
6 B024 24.804800 11.410900 1 00000 0.0000 00000 00000  RXX None None 0000000 0000000 0000000  0.000000  0.000000 651.60 0.00 0.00 0.00 000
7 B025 44.304500 11.411400 1 0.0000 0.0000 0.0000  0.0000 RXX MNone Mone 0.000000 | 0.000000 0.000000 0.000000 0.000000 171240 0.00 0.00 0.00 0.00
E B026 24804200 11.411900 1 0.0000 0.0000 00000 00000  R¥X None None 0.000000  DOOD0DD 0000000  0.000000  0.000000 £43.00 0.00 0.00 0.00 0.00
9 B027 24804000 11.411600 1 00000 0.0000 00000 0.0000  R¥X None None 0000000 0000000 0.000000  0.000000  0.000000 1084.20 0.00 0.00 0.00 0.00
10 B028 44803900 11408800 1 97548 37707 70690 604450  WLS Low 0000000 0000000 0000002 0999998  1.000000 1308.40 23091 22020 0.00 257.28
1" 8029 24.803700 11409600 1 134332 57838 111685 80.6003  WMS Moderate 0000000 0000000 0000000  1.000000  1.000000 530.80 0.00 62.38 0.00 468.42
12 B030 44.303600 11.409100 1 8.6068 3.9682 40382 1295341  WLD Mone 0.000000  0.000000 0.000001 0.999999 1.000000 425.00 65.82 71.53 0.00 287.65
13 8031 44803200 11.409200 1 0.0000 0.0000 00000 0.0000  R¥X None None 0000000  DOOD0O0  0.000000  0.000000  0.000000 £51.20 0.00 0.00 0.00 0.00
14 B032 24804200 11.409700 1 00000 0.0000 00000 00000  R¥X None None 0.000000 0000000 0000000  0.000000  0.000000 430.80 0.00 0.00 0.00 000
15 B033 24804100 11.409300 1 0.0000 0.0000 00000 00000  RXX None Nene 0000000 0000000 0000000  0.000000  0.000000 1308.40 0.00 0.00 0.00 000

v
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Risk Analysis Output — Insurance Loss at Individual Level

o Resulted from liquefaction
o Business Interruption

Hazard Analysis Output

Seismic Ground Shaking

Insurance Loss

Risk Analysis Output

Ground Liquefaction

Risk Identification ¥

Mitigation Analysis Qutput

AL | [punomG | [conenTs
ottt Lt ongade Geocods 11 Stmecn) L NG sy G i b duglly bl prin frein Mon oo st aieion Sieles G o G001
5 BO23 44804700 11.411100 1 0.0000  0.0000 0.0000 | 0.0000 RXX MNone MNone 0.000000 | 0.000000 0.000000 0.000000 0.000000 273.10 0.00 0.00 0.00 0.00
] BO24 448042800 11.410900 1 0.0000 0.0000 0.0000 0.0000 RXX MNone MNone 0.000000  0.000000 0.000000 0.000000 0.000000 162.90 0.00 0.00 0.00 0.00
7 BO25 44804500 11.411400 1 0.0000  0.0000 0.0000 | 0.0000 RXX 'MNone MNone 0.000000 | 0.000000 0.000000 0.000000 0.000000 428.10 0.00 0.00 0.00 0.00
8 BO26 44804200 11.411900 1 0.0000 0.0000 0.0000 0.0000 RXX MNone MNone 0.000000  0.000000 0.000000 0.000000 0.000000 160.75 0.00 0.00 0.00 0.00
9 BO27 44804000 11.411600 1 0.0000  0.0000 0.0000 | 0.0000 R¥X MNone MNone 0.000000 | 0.000000 0.000000 0.000000 0.000000 271.03 0.00 0.00 0.00 0.00
10 B028 44.803900 11.408800 1 97548 3.7707 7.1690 60.4450 WLS Low 0.000000  0.000000 0.000002 0.999998 1.000000 327.10 48.28 0.00 0.00 278.82
" BO29 44803700 11.409600 1 13.4352 3.1838 11,1685 80.6003 WMS Moderate 0.000000 | 0.000000 0.000000 1.000000 1.000000 132,70 19.49 0.00 0.00 11321
12 BO30 44803600 11.409100 1 8.6068 3.9682 4.0382 129.5341 WLD MNone 0.000000  0.000000 0.000001 0.999999 1.000000 106.25 15.46 0.00 0.00 90.79
13 BO31 44803200 11.409800 1 0.0000  0.0000 0.0000 | 0.0000 R¥X MNone MNone 0.000000 | 0.000000 0.000000 0.000000 0.000000 162.80 0.00 0.00 0.00 0.00
14 BO32 44804200 11.409700 1 0.0000 0.0000 0.0000 0.0000 RXX MNone MNone 0.000000  0.000000 0.000000 0.000000 0.000000 107.70 0.00 0.00 0.00 0.00
15 B033 44.804100 11.409300 1 0.0000  0.0000 0.0000 | 0.0000 R¥X MNone None 0.000000  0.000000 0.000000 0.000000 0.000000 327.10 0.00 0.00 0.00 0.00 v
€ >
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Risk Analysis Output — Insurance Loss at Geo-code Level

o Resulted from liquefaction

Hazard Analysis Output Risk Analysis Output Mitigation Analysis Output

Seismic Ground Shaking Ground Liquefaction

Insurance Loss ¥ | | Geo-code ~

o
Mean Lozs Ratio  Insured Amount Retained Losz  Facultative Loss Coinzurance Loss CEDED Losz  Mean Lozs Ratio  Insured Amount  Retained Loss

Geo-code Latitude Longitude g G5 o) (Buildings)  (Buildings) (Buildings) (Buildings)  (Buildings)  (Contents) (Contents) (Contents)

1 1 44804153 11.410370  0.200000 134 235.00 0.00 596,00 0.00 26251.00  0.200000 671175 57917

Facultative Loss Coinsurance Loss CEDED Loss Mean Loss Ratio  Insured Amount  Retained Loss  Facultative Loss  Coinsurance Loss  CEDED Loss Total L
(Contents) (Contents) (Contents) {Busineszes) (Interrupticn) (Interruption)  (Interruption) (Interruption) (Interruption) otalLoss

220,74 0.00 54243 0.200000 B 711.75 21236 0.00 0.00 1129.99 29 531.70
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Risk Analysis Output — Owner Loss at Individual Level

o Resulted from ground shaking (without liquefaction)
o Building Loss

Hazard Analysis Output

Seismic Ground Shaking

Risk Analysis Output

Ground Liquefaction

Owner Loss ~ | |Risk Identification +

BUILDING | | CONTENTS | | BUSINESS INTERRUPTION

Mitigation Analysis Output

Nk denfcton Lsttude Longde Ge-code PRI DBy Pbebily bl Meplhaio Mordtey s | Los | Moo Lot Mopetr lbies  Los | MEnLosiole ppeense (105, Tol o
5 BO23 44304700 11.411100 1 0365638 0194737 0.002946 0.204310 0.300770 109 240.00 32 856,15 0.377310 10924.00 4121.74  0.236467 109.24 25.83 37003.72
& BO24 44,804800 11.410000 1 0.365638 0.194737 0.002946 0.204310 0.300770 162 900.00 48 995.48 0.377310 6 516.00 245855 0.236467 162.90 38.52 5149256
7 BO25 44304500 11.411400 1 0365638 0194737 0.002946 0.204310 0.300770 428 100.00 128759.77 0377310 85 620.00 3230531 0.236467 42810 101.23 161 166.31
8 BO26 44,804200 11.411900 1 0.166542 0.192891 0.095171 0.242463 0414611 160 750.00 66 648.76 0.453112 6 430,00 2013.51 0.366568 160.75 58.93 69 621,19
9 BO27 44304000 11.411600 1 0365638 0194737 0.002946 0.204310 0.300770 271 050.00 81523.79 0377310 54 210.00 2045399 0.236467 271.05 64.00 102 041.88
10 BO28 44.803900 11.408800 1 0.365638 0.194737 0.002546 0.204310 0.300770 327 100.00 98 381.97 0.377310 13 084.00 4936.73  0.236467 327.10 7735 103 396.05
1l BO29 44303700 11.409600 1 066542 0192891 0.085171 0242463 0414611 132 700.00 5501891 0433112 5308.00 240512  0.366568 132.70 48.64 57 472,67
12 BO30 44.803600 11.408100 1 0.365638 0.194737 0.002546 0.204310 0.300770 506 250.00 152 264.97 0.377310 21 250.00 8017.84  0.236467 106.25 2512 160 307.94
13 BO31 44303200 11.409800 1 0365638 0194737 0.002946 0.204310 0.300770 162 800.00 4396541 0377310 32 560.00 12 285.22  0.236467 162.80 38.50 6128913
14 BO32 44.804200 11.409700 1 0.166542 0.192891 0.095171 0.242463 0.414611 107 700.00 44 653.63 0.453112 21 540.00 9760.03 0.366568 107.70 39.48 54 453.14
15 BO33 44304100 11.409300 1 066542 0192891 0.085171 0242463 0414611 327 100.00 135619.34 0453112 65 420.00 29 642,59 0.366568 327.10 119.90 165 381.83
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tigation Framework
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Mitigation Framework

o Existing Structure or New Construction (Free Field)

o Mitigation Thresholds
o Mitigation Cost and Expected Benefit (in terms of reducing liquefaction risk)

MWNMWWHM=~ -
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Mitigation Safety Thresholds / Mitigation Cost and Expected Mitigation Solution Level

) Mitigation Safety Thresholds

safety thresholds
() LP1 2
() LsN 10
(®) Loss ratio 0.15
Reset Cancel Help
16.10.2019 Page 51

0 Mitigation Cost and Benefit

G.I. TECNOLOGY Mitigation cost / m 3 Fapecied T;Eglatt%”
EARTHOUAKE DRAINS 100 80
DEEP DYMAMIC COMPACTION 100 &0
VIBRO COMPACTION 100 40
BLASTING COMPACTION 100 50
VIBRO REPLACEMEMNT 100 55
IMDUCED PARTIAL SATURATION 100 45
COMPACTION GROUTING 100 70
LOW PRESSURE GROUTIMG 100 g3
JET GROUTIMG 100 75
DEEP SOIL MIXING 100 &0
Constant discount rate (%6)
Feset Cancel Help




Set Mitigation Parameters

Selected building for mitigation investigation based on pre-defined mitigation

thresholds

0 Set mitigation parameters

Applicationable to Existing Buildings/ Infrastructure

) T . . Depth of ) ) . ) Subsurface Environmental
Risk Identification Soil Type Stratigraphy treatment zone Size of Area Foundation Type Project Constraints Obstructions Compatibility
BO28 Gravel soils Soil crust <3m Small (<1000 m2) Shallow foundations Low overhead clearance Mo Yes
2 BO2G Gravel soils Soil crust <3 m Srmall (<1000 m2) Shallow foundations Low overhead clearance Mo Yes
3 BOZ0 Gravel zoils Soil crust <3 m Small (<1000 m2) Shallow foundations Low overhead clearance Mo es
Cancel Help
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Set Mitigation Parameters

Selected building for mitigation investigation based on pre-defined mitigation

thresholds

Hazard Analysis Qutput Risk Analysis Qutput Mitigation Analysis Output

Seismic Ground Shaking Ground Liquefaction

Owner Loss ¥ | |Risk Identification ~

ALL CONTENTS | | BUSINESS INTERRUPTION
Risk Identification Latitude Longitude Geo-code LPI  Settlement (cm) LSN  LSN (ESP) ESP Liq”eﬁf,tli_°8';2;§me' Lique{fscﬂ_ogasieﬂ()me' Pm(;?tii)“ty fﬂl",!fg; ?&iﬁi:&g fég:f;';té Me?gu%ﬁfi;;atio MDPBEEH:;UES {BuLiﬁ;i;g) :

5 B023 44.804700 11411100 1 00000 0.0000 0.0000 00000  RXX None None 0000000 0.000000 0000000  0.000000  0.000000 109 240.00 0.00

6 BO24 44.804800 11410900 1 00000 0.0000 0.0000 00000  RXX Mone None 0000000  0.000000 0000000  0.000000  0.000000 162 900.00 0.00

7 BO25 44.804500 11411400 1 00000 0.0000 0.0000 00000  RXX MNone None 0000000  0.000000 0000000  0.000000  0.000000 428100.00 0.00

] BO26 44.804200 11411900 1 00000 0.0000 0.0000 00000  RXX Mone None 0000000  0.000000 0000000  0.000000  0.000000 160 750.00 0.00

9 a, 0.0000 00000  RXX MNone None 0.000000  0.000000 0.00

44.803900 11.408800 1 9738 37707 71600 60.4450  WLS _an 0000000 0.000000 0000002 0999998  1.000000 32710000 327
< 1 B029 44.803700 11.409600 1 134352 51838 111685 80.6003  WMS _ Moderate 0000000 0.000000 0000000  1.000000  1.000000 13270000 132 700.00

11.409100 1 86068 3.9682 40382 129.531 WLD _None 0000000  0.000000 0000001 0999999  1.000000 506250.00 5062

13 0.0000 00000 00000 | RXX None None 0000000  0.000000  0.000000 O, T62 800.00 0.00

14 B032 44.804200 11.409700 1 00000 0.0000 0.0000 00000  RXX None None 0000000  0.000000 0000000  0.000000  0.000000 107 700.00 0.00

15 B033 44.804100 11.409300 1 00000 0.0000 0.0000 00000  RXX MNone None 0000000  0.000000 0000000  0.000000  0.000000 327 100.00 0.00
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Mitigation Framework

Mitigation techniques applicability score

Hazard Analysis Output Risk Analysis Cutput Mitigation Analysis Output

Applicationable to Existing Buildings/ Infrastructure

ALL | MITIGATION TECHNIQUES APPLICABILITY SCORE | MITIGATION COST | | EXPECTED BEMEFIT

COST BENEFIT RATIO (CBR)
EARTHOUAKE DYDN%IE’IIC VIBRO BLASTIMG VIBRO lgﬁ#ﬁjﬁ COMPACTION PRE?:ERE JET ESEIF_, HEIGHEST RAMKED
Risk ldentification  Latitude Longitude DRAINS COMPACTION COMPACTION COMPACTION REPLACEMENT SATURATION GROUTIMG GROUTING GROUTING MIXING G. . TECHNOLOGY
(Score) (Score) (Score) (Score) (Score) (Scor
(Score) (5core) (Score) (5core)
1 BO28 44.803%01 11.408807 173 114 142 ] 128 236 227 256 200 191 LOW PRESSURE GROUTING
2 BO29 44.803652 11.4095495 173 11 192 90 128 236 227 256 200 191 LOW PRESSURE GROUTING
3 BO30 44.803551 11.400127 173 114 192 90 128 236 227 256 200 191 LOW PRESSURE GROUTING
M«MN o
i
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Mitigation Framework

Mitigation Cost

Hazard Analysis Output Risk Analysis Qutput Mitigation Analysis Cutput

Applicationable to Existing Buildings/Infrastructure

ALL | | MITIGATION TECHNIQUES APPLICABILITY SCORE EXPECTED BENEFIT | | COST BENEFIT RATIO (CBR)
EARTHOUAKE DY&%IE’IIC VIBRO BLASTING VIBRO lgﬁ#ﬁ:ﬁ COMPACTION PREE;ERE JET [SJEJEE
Risk Identification  Latitude Longitude DRAIMS COMPACTION COMPACTION ~ COMPACTION ~ REPLACEMENT SATURATION GROUTING GROUTING GROUTING MIXING
Mitigaton Cost) - (Mitigaton Cost) (Mitigaten Cost)  (Mitigaten Cost) i (Mitigaton Cost) - (Mitigaton Cost) -
( (Mitigaton Cost) (Mitigaton Cost) (Mitigaton Cost) (Mitigaton Cost)
1 B028 44803907 11.408807 11 567 11 567 11 567 11567 11567 11567 11567 11567 11567 11567
2 B029 44803652 11.409595 4824 4824 4824 4824 4824 4824 4824 4824 4824 4824
3 BO30 44.803551 11.409127 19639 19639 19639 19639 19633 19633 19633 19639 19639 19639

M«MN s
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Mitigation Framework

Expected Benefit

Hazard Analysis Output Risk Analysis Output

Applicationable to Existing Buildings/ Infrastructure
ALL | MITIGATION TECHNIQUES APPLICABILITY SCORE

Mitigation Analysis Output

MITIGATION COST | | EXPECTED BEMEFIT | | COST BENEFIT RATIO (CBR)

Risk [dentification  Latitude Longitude

VIBRO

COMPACTION
(Expected Benefit)

COMPACTION
GROUTING
(Expected Benefit)

LOow

PRESSURE
GROUTING
(Expected Benefit)

JET
GROUTING
(Expected Benefit)

DEEP

SOIL
MIXING MAKIMUM BENEFIT

(Expected Benefit)
1 BO23 44.803901 11.408807 8302.24 14 528.90 13 451.10 15 566.70 1245340 EARTHOUAKE DRAINS
2 B029 44,803652 11.409595 3 627.69 6348.45 5804.99 6801.92 544153 EARTHOUAKE DRAINS
3 BO30 44.803551 11.409127 15134.40 26 485.30 24 593.50 2837710 2270170 EARTHOUAKE DRAINS
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Mitigation Framework

Cost Benefit Ratio (CBR)

Hazard Analysis Qutput Risk Analysis Output

Mitigation Analysis Output

Applicationable to Existing Buildings/Infrastructure

ALL | | MITIGATION TECHNIQUES APPLICABILITY SCORE

MITIGATION COST | | EXPECTED BENEFIT | COST BEMEFIT RATIO (CER) |
EARTHOUAKE DYDNEI'\F:"IIC VIERO BLASTING VIEROD lEERL'JI'(I:;IE] COMPACTION PREE:ERE JET [SJEJ%IF_,
Rizk Identification  Latitude Longitude DRAINS COMPACTION COMPACTION REPLACEMEMNT GROUTING GROUTING MINIMUM CER
(CBR) COMPACTION (CBR) (CBR) (CBR) SATURATION (CBR) GROUTING (CBR) MIXING

(CBR) (CBR) (CBR) (CBR)
1 B028 %44.8.03901 11.408807 0.70 0.93 - 1.01 - 0.80 0.86 0.74 0.93 EARTHQUAKE DRAINS
2 B029 44.803652 11.409595 0.66 0.89 1.06 0.97 - 0.76 0.82 0.71 0.89 EARTHQUAKE DRAINS
3 BO30 44803551 11.408127 0.65 0.87 1.04 0.94 - 0.74 0.80 0.69 0.87 EARTHOQUAKE DRAIMS
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Mitigation Framework

Overall result of mitigation and cost-benefit analysis for a selected building

© Mitigation Result (B028) X
G.I. TECNOLOGY Score Mitigation cost  ANnual Freguency E"EEFSTS m?guaili;s ” hp;fiteerdhﬂ;;:;!:hm Expected Loss Avoided g o Benefit  Cost-Benefit Ratio
of Damage (%) (EALD) (EALM) (EALI - EALM)
EARTHQUAKE DRAINS 173 11567 0.072149 245,68 49.14 196,54 16 604.50 0.70
DEEP DYNAMIC COMPACTION 141 11567 0.072149 245.68 98.27 147.41 12 453.40 0.93
VIBRO COMPACTION 192 11567 0.072149 245.68 147.41 93,27 8302.24 _
BLASTING COMPACTION 9% 11567 0.072149 245,68 122.84 122.84 10377.80 _
VIBRO REPLACEMENT 128 11567 0.072149 245,68 110.55 135.12 11 415.60 1.01
INDUCED PARTIAL SATURATION 236 11567 0.072149 245.68 135.12 110.55 934003 _
COMPACTION GROUTING 227 11567 0.072149 245,68 73.70 17197 14528.90 0.80
LOW PRESSURE GROUTING 256 11567 0.072149 245,68 85.99 159.69 1349110 0.86
JET GROUTING 200 11567 0.072149 245.68 61.42 184.26 15 566.70 0.74
DEEP SOIL MIXING 191 11567 0.072149 245,68 98.27 147.41 12 453.40 0.93

Help




http://www.liquefact.eu/
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