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LIQUEFACT software, a tool for liquefaction

risk assessment, mitigation planning, and
decision support

Abdelghani Meslem and Havard lversen

Il progetto LIQUEFACT in Emilia-Romagna — Webinar 17 febbraio 2021

LIQUEFACT Software

One of the key outputs from the
project is the LIQUEFACT software.
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

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

The basic for the development of the
consists
integrating methodologies, procedures
and models from different partners

LIQUEFACT  software

in

European liquefaction

hazard map & methodology
for localized assessment

Physical vulnerability & resilience
assessment methodologies/models

Comparative analysis of state of the
art liquefaction mitigation measures

LIQUEFACT Software
o liguefaction assessment and
mitigation planning

framework

Community resilience and built
asset management planning
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Processing and Analysis Concept
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Liquefaction Hazard Assessment
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Liquefaction Hazard Assessment

_ susceptibility? YES
o Scenario Earthquake ,

o Regional/National Uniform Hazard Seismic ground shaking
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Liquefaction Hazard Assessment

. susceptibility? YES
o Scenario Earthquake :

o Regional/National Uniform Hazard

o

Seismic ground shaking

o
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Liquefaction Hazard Assessment

susceptibility? YES

Seismic ground shaking
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Liquefaction Hazard Assessment

susceptibility? YES
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Seismic ground shaking

Liquefaction Threat: Outputs for technical user
.
Hazard Risk Mitigation Itpu
Seigmic Ground Shaking Ground Lique! Y
|OwnerLoss | Risk ldentfication Map overlays
AL CONTENTS | [E Shapes
g robability Mean Loss Ratio  Monetary Values  Loss  ~
Risk Identification  Latitude Complete)  (Building) (Building)  (Building)
212 B212 44,805800 Markers 000000 1.000000 109 240.00 109 240.00
213 B213. 44.805800 Locations 000000 1.000000 301 680.00 301 680.00
21 B214 44206100 i 000000 1.000000 10924000  109.240.00
[ Ground ampiification profiles
215 8215 [ Liguefacton profies 000000 1.000000 16290000 16290000
216 B216 D Marker labels 892560 0.993474 282 900.00 281053.75
a7 B217 Hazard 942411 0.997478 326 150.00 325327.36
218 B218 O PGA 000000 1.000000 653 210.00 653 210.00
219 B219 O LSN O LSN Risk Leve! 000000 1.000000 301 680.00 301 680.00
220 B220 O LPT O LPI Risk Level 000000 1.000000 109 240.00 109 240.00
221 B21 r] @ ESP o G0 000000 1.000000 282 900.00 282 900.00
222 B222 000000 1.000000 326 150.00 326 150.00 ~|
Expoct...
SPEG
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Liquefaction Threat: Outputs for technical user
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Liguefaction Threat: Outputs for technical user

Hazard Anslysis Output  Risk Analysis Output  Migation Analysss Oulput
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Liquefaction Threat: Output for non-technical user
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Liguefaction Threat: Output for non-technical user
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Risk Assessment

: Damage and Economic Loss

Hazard Analysis Output Risk Analysis Output Mitigation Analysis Output

Seismic Ground Shaking Ground Liquefaction

Ground Liquefaction-related Risk Description

Analysis Output Parameters for

Owner Loss at Asset level "

BUILDING evenues (o inecces) 012l Loss

Mean Loss Ratio (Building) Is the mean of building loss ratios of a given number of buildings of same Typolq g 468490  6006036.29

_ located in same Geo-code. . _ % nd emnan |

Monetary Values (Building) Input Data of monetary value of a given building

Loss (Building) Is computed as Monetary value (Building) multiplied with the Mean Loss R 10 ANB0 | 342247437 |
(Building). 74 397374 SSURBLR |

CONTENTS 40 773840 1068293840 |

Mean Loss Ratio (Contents) Is the mean of content loss ratios of a given number of buildings of same Typoly ,, ssma AT |
located in same Geo-code. -

Monetary Values (Contents) Input Data of monetary value of a given content in a given building 2 20026, | NI

Loss (Contents) Is computed as Monetary value (Contents) multiplied with the Mean Loss R¢7' 918471 1301574871 |
(Contents). 17 512707 710016716 |

BUSINESS INTERRUPTION 27 485527  6214811.06 |

Mean  Loss  Ratio  (Business | Is the mean of content loss ratios of a given number of buildings of same Typol o PP e

Interruption) located in same Geo-code. |

Business Revenue Input Data of business revenue of a given building

Loss (Business Interruption) Is computed as Business revenue multiplied with the Mean Loss Ratio (Busir =
Interruption).
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Risk Assessment: Damage and Economic Loss
Risk Analysis - Portfolio
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Risk Assessment: Damage and Economic Loss
Risk Analysis - Portfolio
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Risk Assessment: Damage and Economic Loss

Liquefaction Vulnerability Analysis

Type of vulnerability analysis

o Liguefaction

o Liguefaction and Ground Shaking
o Liquefaction (Buit-In)

Type of Analysis and Geographical Region Hazard Data Input

Risk Modelling Portfolio Data

Risk Data Input

19.02.2021 Page 19

Vulnerabiity Data Input  Economic Business Activity Data Input
Path to fragilty files | Browse. ..
Vulnerability Model |Liquefaction ~ | |Conventional ¥
| Ground shaking and Liquefaction
Add row Delete rows = | Show table... View... Import... Export..

Profile assignment | Closest Distance to Point Without Interpolation
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Risk Assessment: Damage and Economic Loss

Liquefaction Vulnerability Analysis

IM for Liquefaction Fragility Curves
o PGA

o LSN

o Sa

o GD —Differential Settlement

IM for Ground Shaking Fragility Curves
o PGA

o Sa

o Sd

19.02.2021 Page 20

Type of Analysis and Geograptical Region  Hazard Data Input
Risk Modeling Portfolio Data

Vulnerabiity DataInput  Economic Business Activity Data Input

Risk Data Input

Path to fragiity fles |

|| prowse...

Vuinerability Model | Ground Shaking and Liquefaction | | Conventional ¥

Typology Period T1 Ground Shaking Fragility Fragility IM_G5

1 RCArRLC 016 GSF_RCFIr-LC Sd

2 RCFmr-LC 032 GSF_RCFmir-LC Sd

3 RCFhe-LC 046 GSF_RCFhr-LC Sd

4 URMIr-PC 10.10 GSF_URMIr-PC PGA
5

iSl
|5d

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

Profile assignment | Closest Distance to Point Without Interpalation ¥

URMmi-PC GSF_URMmr-PC m PGA LQF_URMmr-PC
PGA

Import...

Capacity Liquefaction Fragility Fragility IM_Lq
GSCap_RCFIr-LC LQF_RCFir-LC 6D
GSCap_RCFmr-LC  LQF_RCFmr-LC 6D
GSCap_RCFhr-LC LQF _RCFhr-LC GD

PGA LQF_URMIr-PC GD

Export...
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Risk Assessment: Damage and Economic Loss

Liquefaction Vulnerability Analysis

o ESP-based Procedure
o Conventional Procedure

Type of Analysis and Geographical Region ~ Hazard Data Input  Risk Data Input
Risk Modeling  Portfolio Data
Vulnerability Data Input Economic Business Activity Data Input
Path to fragiity fles | | | Browse...
Vulnerabiity Model |Ground Shaking and Liquefaction  +
T 03 Conventional 1
Typology Period TI  Ground Shaking Fragility |ESP-Based Capacity  Liquefaction Fragility Fragility IM_Lq
1 RCArLC 016 GSF_RCFlr-LC Sd GS5Cap_RCFIr-LC LQF_RCFIr-LC GD
2 RCFmr-LC 032 GSF_RCFmr-LC Sd GSCap_RCFmir-LC LOF_RCFmir-LC GD
3 RCFhr-LC 046 GSF_RCFhr-LC Sd GSCap_RCFhr-LC LQF_RCFhr-LC GD
4 URMI-PC 010 GSF_URMIe-PC PGA PGA LQF_URMIr-PC GD
5 URMmr-PC 0.25 GSF_URMmr-PC PGA PGA LQF_URMmr-PC GD
Add row Deleterows | | Show table... view... Import... Export...
Profie assignment | Closest Distance to Point Without Interpolation  ~
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Liquefaction Vulnerability Analysis

o ESP-based Procedure
o Conventional Procedure

representing: Intersotrey Drift of the Superstructu

Risk Assessment: Damage and Economic Loss

ESP-based Liquefaction Fragility model for a given typology is a combination of fragility functions

re, Residual, Collapse, Foundation Titling.

© RCFI-LCA01 - Liquefaction Fraglty Functions Inteston Dry | [ @ RePiLC.01 - Liquetaction Fragibty Functions (Foundtion)  RCF-AC-01 - Liguetaction Fraglty Functions (Residusl) X || [ AchLc:1 - Liguetaction Fagity Funcions (Catpsel x|
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Risk Assessment: Damage and Economic Loss

Liquefaction Vulnerability Analysis

o ESP-based Procedure
o Conventional Procedure

(4] O © (4]
1 1 1
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o 0.2 0.4 0.6 0.8 1 GD (cm) GD (cm)
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— Damage Limitation — Significant Damage — Near Collapse
Close o= ]

Lanann,
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Mitigation Analysi
Hazard Analysis Output  Risk Analysis Output  Mitigation Analysis Output
Al ionable to Existing Buildings/Infrastructure
ALL | | MITIGATION TECHNI APPLICABILITY SCORE | A MITIGATION COST | | EXPECTED BENEFIT | | COST BENEFIT RATIO (CBR)
DEEP INDUCED Low DEEP Al
EARTHQUAKE VIBRO BLASTING VIBRO COMPACTION
A s . 2 DYNAMIC PARTIAL PRESSURE SOIL HEIGHEST RANKED
Risk Identification  Latitude Longitude DRAINS COMPACTION COMPACTION COMPACTION REPLACEMENT SATURATION lo] GROUTING GROUTING MIXING G. 1. TECHNOLOGY
(Score) (Score) (Score) (Score) (Score) (Score)
(Score) (Score) (Score) (Score)
15 BO15 44.803853 11.405559 173 141 192 90 128 236 227 256 209 191 LOW PRESSURE GROUTING
16 BO16 44803192 11.404738 173 m 192 90 128 236 227 256 209 191 LOW PRESSURE GROUTING
7 BO17 44.803499 11.405588 173 141 192 90 128 236 227 256 209 191 LOW PRESSURE GROUTING
18 BO18 44.804262 11.411034 173 141 192 90 128 236 227 256 209 191 LOW PRESSURE GROUTING
19 BO19 44.803789 11.410564 173 14 192 90 128 236 227 256 209 191 LOW PRESSURE GROUTING
20 BO20 44.804494 11.410004 173 41 192 ) 128 236 21 256 209 19 LOW PRESSURE GROUTING
21 Bo21 44.804180 11.410419 173 141 192 90 128 236 227 256 209 191 LOW PRESSURE GROUTING
2 B022 44.804892 11.411208 173 141 192 90 128 236 27 256 209 191 LOW PRESSURE GROUTING
23 BO23 44.804577 11.417108 173 141 192 90 128 236 227 256 209 9 LOW PRESSURE GROUTING
] BO24 44804845 11.410874 1 141 192 90 128 236 21 256 209 91 LOW PRESSURE GROUTING
25 B025 44.804519 11.411434 173 M 162 9% 128 236 227 256 209 L LOW PRESSURE GROUTING
v
Results of mitigation analysis system is provided for guidance only and shouid be critically reviewed by an experienced engineer with sufficient expertise and of the underlying and limitations of the software, The validity of the resuits
cannot be guaranteed as correct and the mitigation framework results should be independently cross-checked. This software is offered without warranty or promise of support of any kind either expressed or implied. This software is offered as is, without
warranty or promise of support of any kind either expressed or implied.
Export...
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Mitigation Analysis

Liquefaction Mitigation Techniques

Ground improvement technologies for Earthquake drains

liquefaction mitigation Deep dynamic compaction
Vibro-compaction

Blasting compaction
Vibro-replacement
Induced partial saturation
Compaction grouting

Low pressure grouting

Jet grouting

Deep soil mixing

19.02.2021 Page 25 RegioneEmiliaRomagna R ===..| NORSAR
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Mitigation Analysis

Liquefaction Mitigation Techniques

Very important 4 18.2
PR very important 4 18.2

Medium important 2 9.1
Very important 4 18.2
Less important 1 45
Less important 1 45
8. Presence of subsurface obstructions Medium important 9.1

9. Environmental compatibilit Medium important 9.1

T 100 %

19.02.2021 Page 26 RegioneEmiliaRomagna R ===..| NORSAR
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Mitigation Analysis

Factors

Details

1. Site conditions

1.1) Free field

1.2) Existing buildings

Free-field or existing structure is one of the major factors that can influence
the process of ground mitigation technologies selection, as some
technologies could damage structures.

2. Soil type

2.1) Gravel soils

2.2) Sandy soils

2.3) Inorganic silts, clays silts of
low to medium plasticity

In general, any ground improvement technologies that can effectively
improve the shear and compression resistance of liquefiable soil can be used
for liquefaction mitigation, but each remedial technology has its own suitable
soil type to which it should be applied (if is gravel, sandy or inorganic/clays
silts of low to medium plasticity).

3. Stratigraphy

3.1) Soil crust

3.2) No soil crust

Link the suitability of ground improvement technologies to the presence or
not of soil crust.

4. Depth of the treatment zone

4.1)<3 m

4.2)3-12m

4.3)12-18 m

4.4)18-25 m

The suitability of ground improvement technologies is subject to the specified
depth of the liquefiable soil layer. Based on extensive review and several
studies the following depths have been determined for the applicability of the
various ground improvement technologies.

5. Size of area to be improved

5.1) Small (<1000 m?)

5.2) Medium (1000-5000 m?)

The suitability of ground improvement technologies is also subject to the size
of area to be improved. Some ranges defining the economic size associated

YRR

19.02.2021

to ground improvement technologies have been established based on case
o . . " ap WM ai” ; Ml
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Mitigation Analysis

Ground improvement technologies
applicability and score rating for the

factor of Site Conditions

Ground Improvement Technologies Applicability Factors 1. Site conditions
1.1) Free field 1.2) Existing buildings
EARTHQUAKE DRAINS o Good Good
Applicability
3 3
Weighed score 55 55
DEEP DYNAMIC COMPACTION o Good Not Applicable
Applicability
3 0
Weighed score 55 0
VIBRO COMPACTION Applicability Good Not Applicable
3 0
Weighed score 55 0
BLASTING COMPACTION . Good Not Applicable
Applicability
3 0
Weighed score 55 0
VIBRO REPLACEMENT Applicability Good Not Applicable
3 0
Weighed score 55 0
INDUCED PARTIAL SATURATION A Good Good
Applicability 3 3
Weighed score 55 55)
COMPACTION GROUTING o Good Good
Applicability
3 3
Weighed score 55 55)
LOW PRESSURE GROUTING o Good Good
Applicability
3 3
Weighed score 55 55
JET GROUTING o Good Medium
Applicability
3 2
Weighed score 55 36
DEEP SOIL MIXING o Good Good
Applicability
! 3 3
Weighed score 55 55
YR Ty

19.02.2021

el

l

Page 28

Eﬁegioneﬁmilia-ﬁdmagna [ |

cor | NORSAR
Commission

28

14



19.02.2021

o . . .
M It I atl O n A n a | S IS Ground Improvement Technologies Applicability 2. Soil Type
Factors 2.1) Gravel soils 2.2) Sandy soils 2.3) Inorganic silts,
clays silts of low to
medium plasticity
EARTHQUAKE DRAINS ’ Low Good Low
Applicability
1 3 1
Weighed score 18 55 18
Ground improvement techno|og|es DEEP DYNAMIC COMPACTION Applicabilit Medzwum Gt);d L(;w
applicability and score rating for the Wenrea 3 E3 8
factor of Soil Type VIBRO COMPACTION Aoplicabilt Good Good Not Applicable
PP ility 3 3 )
Weighed score 55 55 0
BLASTING COMPACTION ’ Medium Medium Not Applicable
Applicabilit
2 2 0
Weighed score 36 36 0
VIBRO REPLACEMENT " Low Medium Good
Applicability
1 2 3
Weighed score 18 36 55
INDUCED PARTIAL SATURATION " Medium Good Low
Applicability
2 3 1
Weighed score 36 55 18
COMPACTION GROUTING ’ Medium Good Low
Applicability
2 3 1
Weighed score 36 55 18
LOW PRESSURE GROUTING ’ Good Good Not Applicable
Applicabilit
3 3 0
Weighed score 55 55 0
JET GROUTING ’ Good Good Medium
Applicabilit
3 3 2
Weighed score 55 55 36
DEEP SOIL MIXING " Low Medium Good
Applicability
1 2 3
| Weighed score 18 36 55
* v wm ol
one «o | NORSAR
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LEGEND
Good 3
Medium 2
APPLICABILITY
Low’ 1
Not applicable 0
Very important 4
Important 3
WEIGHT Medium important 2
Less important 1
Not applicable 0
Relative DEEP DYNAMIC INDUCED PARTIAL ‘COMPACTION LOW PRESSURE
Question s welght EARTHQUAKE DRAINS COMPACTION VIBRO COMPACTION  [BLASTING COMPACTION| VIBRO REPLACEMENT SATURATION GROUTING GROUTING JET GROUTING DEEP SOIL MIXING
(%) | Aepicabity [weighedscor| Apaicabitty [we Aopicabilty [ Appicabilty [weg Apicabity noplicabiey [weig Roplcaitty |Weighed score| Applcabity. [We Aoplicabity |weig Aoplicabilty
1. si ” 1.1) Free field N 182 3 55 3 55 3 55 3 55 3 55 3 55 3 55 3 55 3 55 3 55
1 istir ildi N 3 55 0 0 0 0 0 0 0 0 3 55 3 S5 3 55 2 36 3 S5
2.1) Gravel soils 1 18 2 36 3 55 2 36 1 18 2 36 2 36 3 55 3 55 1 18
2.2) Sandy soils 3 55 3 55 3 55 2 36 2 36 3 55 3 S5 3 55 3 55 2 36
2. Soil type - ; 4 182
23) Inorganic sils, dlays sits 1 13 1 18 0 0 0 0 3 55 1 18 1 138 0 0 2 36 3 55
of low to medium plasticity
3.1) Soil crust 3 27 1 9 2 18 1 9 1 9 3 27 3 27 3 27 3 27 3 27
3. Stratigraphy 2 9.1
3.2) No soil crust 2 18 3 27 3 27 3 27 3 27 3 27 3 27 3 27 3 27 3 27
4.1) 3m 1 18 3 55 3 55 2 36 3 55 2 36 2 36 3 55 2 36 2 36
|4. Depth of the 4.2)3-12m 4 182 3 55 3 55 3 55 3 55 3 55 3 55 3 S5 3 55 3 55 3 55
(based on case histories) 4.3) 12-18m - 3 55 2 36 2 36 2 36 2 36 3 55 3 S5 3 S5 3 55 3 55
4.4) 18-25m 3 55 1 18 1 18 0 0 1 18 3 55 1 18 3 S5 3 S5 2 36
5.1) Small (<1000m”) 3 1 3 14 3 14 2 9 3 14 3 1 3 14 3 14 3 14 3 14
5. Size of area to be improved ~ [5.2) Medium (10005000 m’) 1 45 3 14 3 14 3 14 2 9 3 14 3 1 3 14 3 14 3 14 3 14
5.3) High (>5000 m:) 3 14 3 14 3 14 3 14 3 14 3 14 3 14 3 14 3 14 3 14
6 6.1) Shallow foundations 1 p 3 10 0 0 3 1 0 0 3 ] 3 14 3 1 3 1 3 1 3 )
6.2) Deeg foundations 3 14 0 0 1 5 0 0 0 0 3 14 1 5 3 14 2 9 3 14
7.1) Low overhead clearance 0 0 0 0 1 9 0 0 1 9 3 27 2 18 3 27 1 9 0 0
|7. Project constrains 7.2) Adjacent structures 2 9.1 3 27 0 0 0 0 0 0 0 0 3 27 3 27 3 27 2 18 3 27
7.3) Existing utilities 1 9 0 0 1 9 0 0 1 9 3 27 2 18 3 27 1 9 2 18
8. Presence of subsurface obstructions 2 9.1 1 9 0 0 0 0 0 0 0 0 3 27 1 9 3 27 1 9 2 18
9. Environmental compatibility 2 9.1 3 27 3 27 3 27 0 0 1 9 3 27 3 27 1 9 2 18 3 27
Total 100.0
PYRRTORPY | " e
v 4 il oot
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Mitigation Analysis

@ set mitigation parameters X I

*| © 5et mitigation parameters X
€ © Set mitigation parameters %
A to Existing Infrastructure

= —

| RikIdentfcaton  Sol Type svatgraghy ool Size of Area Foundaton Type PopctConaranes | Sberface  Emirommetal 7| | X

4 8004 Gravel soils Soil crust <3m Small (<1000 m2) Shallow foundations  Low overhead clearance No

5 B00S Gravel soils Sail crust <3m Small (<1000 m2) Shallow foundations  Low overhead clearance No £

6 B00G Gravel soils Soil crust <im Small (<1000 m2) Shallow feundations. Low averhead clearance Me

7 8007 Gravel soils Soil crust <3m Small (<1000 m2) Shallow foundations  Low overhead clearance No Yes

8 8008 Gravel soils Soil crust <3m Small (<1000 m2) Shallow foundations  Low overhead clearance No Yes

9 8009 Gravel soils Sail crust <3m Small (<1000 m2) Shallow foundations  Low overhead clearance No Ves

10 BO10 Gravel soils Soil crust <im Small (<1000 m2) Shallow foundations Low overhead clearance No Yes

1 8011 Gravel soils Soil crust <3m Small (<1000 m2) Shallow foundations  Low overhead clearance No Yes

12 BO12 Gravel soils Seil crust <3m Small (<1000 m2) Shallow foundations Low overhead clearance No Yes

v
R

12 BO12 Gravel soils Soil erust <3m Small (<1000 m2) Shallow foundations Low overhead clearance No Yes ‘
|

. mw
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Mitigation Analysis
Mitigation Safety Thresholds / Mitigation Cost and Expected Mitigation Solution Level

(&) Mitigation Cost and Benefit X o Miti madin P
G.J. TECNOLOGY Mitigation cost / m”3 E;s,:‘::: 'E:':'j“&‘}" Safety thresholds
O 1 2
EARTHQUAKE DRAINS 100 80
® L [ =]
DEEP DYNAMIC COMPACTION 100 60
O Loss ratio 0.5
VIBRO COMPACTION 0 40
BLASTING COMPACTION 0 50
VIBRO REPLACEMENT 100) 55
Reset OK Cancel Help
INDUCED PARTIAL SATURATION 100 45
COMPACTION GROUTING 100 70
LOW PRESSURE GROUTING 100 65
JET GROUTING 0 7
DEEP SOIL MIXING 100 60
Constant discount rate (%) S‘ M
= =

won | NORSAR
Commission
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Mitigation Analysis

o Disclaimer

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

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

© Error Me

* Results of the Mitigation Analysis System shq
experienced engineer with sufficient expertis
underlying assumptions and limitations of t

* The validity of the results cannot be guarant:
framework results should be independently ¢

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

Agree Disagree

MWMNMWM”W

e Mitigation computation requires that the disclaimer terms are accepted.

OK

ol it
e
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Mitigation Analysi
Hazard Analysis Output  Risk Analysis Output  Mitigation Analysis Output
Al ionable to Existing Buildings/Infrastructure
ALL | | MITIGATION TECHNI( APPLICABILITY SCORE | A MITIGATION COST | | EXPECTED BENEFIT | | COST BENEFIT RATIO (CBR)
DEEP INDUCED Low DEEP
EARTHQUAKE VIBRO BLASTING VIBRO COMPACTION
5 sa i 3 < DYNAMIC PARTIAL PRESSURE SOIL HEIGHEST RANKED
Risk Identification  Latitude Longitude DRAINS COMPACTION COMPACTION COMPACTION REPLACEMENT SATURATION lo] GROUTING GROUTING MIXING G. 1. TECHNOLOGY
(Score) (Score) (Score) (Score) (Score) (Score)
(Score) (Score) (Score) (Score)
15 BO15 44.803853 11.405559 173 141 192 90 128 236 227 256 209 191 LOW PRESSURE GROUTING
16 BO16 44803192 11.404738 173 41 192 90 128 236 227 256 209 191 LOW PRESSURE GROUTING
7 BO17 44.803499 11.405588 173 141 192 90 128 236 227 256 209 19 LOW PRESSURE GROUTING
18 BO18 44.804262 11.411034 173 141 192 90 128 236 227 256 209 191 LOW PRESSURE GROUTING
19 BO19 44.803789 11.410564 173 4 192 90 128 236 227 256 209 191 LOW PRESSURE GROUTING
20 BO20 44.804494 11.410004 173 41 192 ) 128 236 21 256 209 19 LOW PRESSURE GROUTING
21 Bo21 44.804180 11.410419 173 141 192 90 128 236 227 256 209 191 LOW PRESSURE GROUTING
2 B022 44.804892 11.411208 173 141 192 90 128 236 27 256 209 191 LOW PRESSURE GROUTING
23 BO23 44.804577 11.417108 173 141 192 90 128 236 227 256 209 9 LOW PRESSURE GROUTING
] BO24 44804845 11.410874 1 141 192 90 128 236 21 256 209 91 LOW PRESSURE GROUTING
25 B025 44.804519 11.411434 173 M 192 90 128 236 227 256 209 L LOW PRESSURE GROUTING
Results of mitigation analysis system is provided for guidance only and shouid be critically reviewed by an experienced engineer with sufficient expertise and of the underlying and limitations of the software, The validity of the resuits
cannot be guaranteed as correct and the mitigation framework results should be independently cross-checked. This software is offered without warranty or promise of support of any kind either expressed or implied. This software is offered as is, without
warranty or promise of support of any kind either expressed or implied.
Export...
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Cost-Benefit Analysis

Hazard Analysis Output  Risk Analysis Output ~ Mitigation Analysis Output

Applicationable to Existing Buildings/Infrastructure

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

=
EARTHQUAKE o oEP VIERO BLASTING VIBRO DD | COMPACTION| parite: | Jer | DEER
Risk Identification  Latitude Longitude DRAINS COMPACTION COMPACTION COMPACTION REPLACEMENT SATURATION GROUTING GROUTING GROUTING MIXING MINIMUM CBR
(CBR) (CBR) (CBR) (CBR) (CBR) (CBl
(CBR) (CBR) (CBR) (CBR)

12 BO12 44.803577 11.405844 0.89 EARTHQUAKE DRAINS

13 BO13 44803335 11.405187 042 1.04 0.90 EARTHQUAKE DRAINS

4 B014 44803718 11.405271 017 0.46 068 0.55 050 061 039 0.42 037 046 EARTHQUAKE DRAINS

15 BO15 44.803853 11.405559 0.07 0.20 030 0.24 022 026 047 0.18 0.16 020 EARTHQUAKE DRAINS

1% BO16 44.803192 11404738 005 013 0.19 0.15 0.14 017 on 012 0.10 0.13  EARTHQUAKE DRAINS

17 BO17 44.803499 11.405588 040 1.06 081 0.8 0.85 1.06  EARTHQUAKE DRAINS

18 BO18 44.804262 11.411034 - EARTHQUAKE DRAINS

19 BO1S 44803789 11.410564 088 — EARTHQUAKE DRAINS

20 BO20 44804494 11.410094 033 0.89 0.76 0.82 (7] 089  EARTHQUAKE DRAINS

21 BO21 44.804180 11.410419 0.07 0.20 017 018 016 020  EARTHQUAKE DRAINS

22 B022 44.804892 11.411208 0.07 019 029 023 021 0.26 0.16 018 015 019  EARTHQUAKE DRAINS

v
Results of mitigation analysis system is provided for guidance only and shoid be critically reviewed by an experienced engineer with suffident expertise and und of the underlying and limitations of the software. The validity of the results
cannot be guaranteed as correct and the mitigation framework resuits should be independently cross-checked. This software is offered without warranty or promise of support of any kind either expressed or implied. This software is offered as s, without
warranty or promise of support of any kind either expressed or implied.
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Expected Annual Loss  Expected Annual Loss .
GJ. TECNOLOGY Score Mitigation cost ATNU3l Freguency "ot . Mitigation AfterMitigation | EXPected Loss Avoided | g i penefit | Cost-Benefit Ratio
of Damage (%) (EALI - EALM)
(EALI) (EALM)
EARTHQUAKE DRAINS m 6833 0464764 64203 128.41 513.62 17162.60 040
DEEP DYNAMIC COMPACTION 141 13 665 0464764 64203 256.01 38522 12876.40
VIBRO COMPACTION 192 13665 0464764 64203 385.22 256,31 850429
BLASTING COMPACTION % 13665 0464764 64203 2101 32101 10730.40
VIBRO REPLACEMENT 128 13665 0454764 64203 28391 353.12 11803.40
INDUCED PARTIAL SATURATION 236 13665 0.464764 64203 35312 288,91 9657.33
COMPACTION GROUTING 27 13665 0.464764 64203 192,61 449.02 1502250
LOW PRESSURE GROUTING 256 13665 0464764 64203 247 41732 1394950 098
JET GROUTING 209 13665 0454764 64203 160.51 48152 16095.50 085
DEEP SOIL MIXING 191 13665 0454764 64203 256.81 385.22 1287640 106
oK Help
- — m—
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