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Introduction

Motivation

* Extend the European Macroseismic Scale (EMS-98) for global outreach and
coverage

* Provide a standard scale for international use, reducing the need for inter-scale
conversions

Key Principles
* The internal consistency with EMS-98 must be preserved

*  The scale must remain robust and simple to use
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Introduction

Part One - The International
Macroseismic Scale (The
“Core Scale”

« Definition of building and
vulnerability classes

* Definition of
“observations” and
quantity

« Definition of intensity
degrees and scale
arrangment
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GUIDE

Part Two — Guidelines

Intensity assignments
Usage of intensity
Buildings, damage and
vulnerability

Assessing intensity from
historical records

Annexes

Annex A: Photograhic
illustrations of buildings
and damage

Annex B: Earthquake-
resistant design
Short-form of IMS-24



Introduction

* Intensity corresponds to the classification of the severity of the ground-shaking
based on observed effects in a limited area

* The primary objective of an intensity scale is to effectively compress a verbose
description of earthquake effects into a single symbol (usually a number)

Not Felt Weak Moderate Very Strong Violent
I [} \' \"l IX
Weak Light Strong Severe Extreme
[! v Vi Vi X+
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Introduction

* Effects (or diagnostics) of different degrees of earthquake shaking on a number of
elements (or sensors) that may be found in an everyday environment

* Lliving things (e.g., people and animails)
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Introduction

* Effects (or diagnostics) of different degrees of earthquake shaking on a number of
elements (or sensors) that may be found in an everyday environment

* Lliving things (e.g., people and animals): As intensity increases, a greater
proportion of people or animals (a) notice the shaking, and (b) are frightened
by it
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Introduction
* Effects (or diagnostics) of different degrees of earthquake shaking on a number of
elements (or sensors) that may be found in an everyday environment

* Lliving things (e.g., people and animails)
* Ordinary objects
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Introduction

* Effects (or diagnostics) of different degrees of earthquake shaking on a number of
elements (or sensors) that may be found in an everyday environment

* Lliving things (e.g., people and animails)
* Ordinary objects: As intensity increases, greater numbers of ordinary domestic
items (such as glassware, books, or objects on shelves) begin to shake and

are thrown down
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Introduction

* Effects (or diagnostics) of different degrees of earthquake shaking on a number of
elements (or sensors) that may be found in an everyday environment

* Lliving things (e.g., people and animails)
* Ordinary objects
* The natural environment
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Introduction

* Effects (or diagnostics) of different degrees of earthquake shaking on a number of
elements (or sensors) that may be found in an everyday environment

* Lliving things (e.g., people and animails)
* Ordinary objects

* The natural environment: As intensity increases, there is an increasing
likelihood of effects such as liquefaction, cracks in embankments, and
landslides and rockfalls
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Introduction

* Effects (or diagnostics) of different degrees of earthquake shaking on a number of
elements (or sensors) that may be found in an everyday environment

* Lliving things (e.g., people and animails)
* Ordinary objects

* The natural environment

* Buildings
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Introduction

* Effects (or diagnostics) of different degrees of earthquake shaking on a number of
elements (or sensors) that may be found in an everyday environment

* Lliving things (e.g., people and animails)
* Ordinary objects
* The natural environment

* Buildings: As intensity increases, buildings become progressively more
severely damaged

e ™
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International Macroseismic Scale: Extensions to EMS-98

* Additional building types
» Dual systems (e.g., RC wall-frame dual systems, RC concrete-masonry dual systems, RC
frames with masonry infills)

» Precast concrete buildings
» Adobe building types subdivision
» Timber building types addition




International Macroseismic Scale: Extensions to EMS-98

* Refinement of the vulnerability table

>
>

Refinement of RC frame and wall
structures based on number of storeys

Refinement of steel structures through
earthquake-resistant design level
distinction

Subdivision of fimber structures into
distinct categories

Vulnerability class (VC) refinements
based on number of storeys or by
building height

Improvements of "most likely” values
for masonry and RC buildings

Regional modifiers

2NN sl

Type of structure

Vulnerability class

A|B|C|D|E|F
Rubble stone, field stone fo)
Adobe/earth brick o
Simple stone F-+-O
MASONRY Massive stone o+
Unreinforced, with timber floors F-+O-1-4
Unreinforced, with RC floors [ e |
Reinforced or confined F+O-+H
Frames | === =0~
(Cqsf-i(r:u-situ) Walls b O A
Dual system F-F-O—+A—
RC Frames | O+ 144
(Precast) Walls or dual systems O+
STEEL Frames F-FO+1
WOOD Frame or walls F-r-—O—+1x
O  Most likely vulnerability class for buildings with no ERD
[0 Most likely vulnerability class for buildings with no ERD
A Most likely vulnerability class for buildings with moderate ERD
0\  Most likely vulnerability class for buildings with moderate-to-high ERD
— Probable range
--- Less probable range
GEM 15




International Macroseismic Scale: Extensions to EMS-98

* Description of damage grades
» Improvement of damage grade (DGs) descriptions for RC frames with shear failures

» Infroduction of quantitative terms ("few", "many", "'most") to provide a statistical element
to the scale

Few (0-20%) [0

Many (20% - 60%)

| I I I I I I I I I |
0 10 20 30 40 50 60 70 80 90 100%

» Wider damage grade descriptions for building types in terms of structural and non-
structural components

N\ Conaman GEM 1o



International Macroseismic Scale: Extensions to EMS-98

* Description of damage grades (Adobe)

Negligible to slight damage Substantial to heavy damage Destruction
no structural damage, moderate structural damage, very heavy sfructural damage,
slight nonstructural damage heavy nonstructural damage collapse

Moderate damage Very Heavy Damage
slight structural damage, heavy structural damage,
moderate nonstructural very heavy nonstructural
damage damage

N\ osanmi GEM



International Macroseismic Scale: Extensions to EMS-98

* Description of damage grades (Reinforced Concrete)

Negligible to slight damage Subs’rrﬁial to heavy damage Destruction

no structural damage, moderate structural damage, very heavy structural damage,
slight nonstructural damage heavy nonstructural damage collapse

Moderate damage Very Heavy Damage

slight structural damage, heavy structural damage,
moderate nonstructural very heavy nonstructural
damage damage

rA“ GLOBAL QUAKE MODEL .OF GEM 13



International Macroseismic Scale: Extensions to EMS-98

* Description of damage grades (Masonry)

Negligible to slight damage Substantial to heavy damage Destruction
no structural damage, moderate structural damage, very heavy sfructural damage,
slight nonstructural damage heavy nonstructural damage collapse

Moderate damage Very Heavy Damage
slight structural damage, heavy structural damage,
moderate nonstructural very heavy nonstructural
damage damage

N\ oscomeg GEM 1o



International Macroseismic Scale: Extensions to EMS-98

Region Building Types
Q [ -]
*  Recommendations for Simplifying Database  mp 98 — ST
Field Work

» Compilation of a database with
predominant building types for each
region

(L[
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International Macroseismic Scale: Extensions to EMS-98 »
Region Building Types

*  Recommendations for Simplifying Database
Field Work e~
> . . —
Compilation of a database with )
predominant building types for each -—
region

» Use of geographical information
system (GIS) databases of building
stock of earthquake-affected or

building damage data (BDD) areas to )
simplify the field work &\&&
QS
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International Macroseismic Scale: Extensions to EMS-98

Region Building Types
Q
*  Recommendations for Simplifying Database ey 9 S rJ— t
Field Work ~ WK
» Compilation of a database with - —
predominant building types for each -—
region L
Event
> Use of geographical information APR

system (GIS) databases of building

— 6 —
stock of earthquake-affected or
building damage data (BDD) areas to )
simplify the field work A
@ -
. . #
» Harmonised data collection forms for

the calculation of quantities and
infensifies Data Collection ol] i

Form ﬁ\

rA“ GLOBAL QUAKE MODE GEM 22
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Regional Construction Practices

. Reinforced or confined, with RC floors

Colombia

= N —
Bolivia
y_,;ﬂ.‘

/. N\ \ \  ctosaLauakemobEl

RC(cast in situ)

RC (precast)

Masonry

Number of buildings

[Thousands] & \

_10-200

| 1200 - 1000

[ 11000 - 5000
[ 5000 - 12000
I >12000

IMS Building classes

~ [ Steel frames
[ Dual systems with hig

| | Dual systems without
I Frames with high ERD

"1 Frames without ERD
I Walls with high ERD

L[| Walls without ERD
[ ] Frames with high ERD

[ I Frames without ERD

I Walls with high ERD
L [ | Walls without ERD

[ | Adobe (earth brick)

[ Wood Frame or walls
[ | Others

[ | Dual systems with moderate ERD

[0 Frames with moderate ERD

[ Walls with moderate ERD

[ Frames with moderate ERD

| MM Unreinforced brick/concrete blocks
I Unreinforced with RC floors

| |Rubble stone, fieldstone
L |  [Reinforced or confined, with RC floors

L/”JG/Q' Suriname

2N s

. “Colombia
KK French Guiana

Ecuador

Brazil

h ERD

ERD

GEM 24



Regional Construction Practices

I Wood Frame or walls

/e N\ \ \  ctosaauakemon

RC(cast in situ)

RC (precast)

Masonry

x/‘f./
. “Colombi
N
3
Ecuador
Number of buildings <4
[Thousands] LS
. 10-200
| 1200 - 1000

[ 11000 - 5000
171 5000 - 12000
I > 12000

IMS Building classes

[0 Steel frames
[ [0 Dual systems with high ERD
[ | Dual systems with moderate ERD
|| Dual systems without ERD
I Frames with high ERD
[0 Frames with moderate ERD
"1 Frames without ERD
I Walls with high ERD
[ Walls with moderate ERD
L [ Walls without ERD
[ ] Frames with high ERD
[ Frames with moderate ERD
[ ]Frames without ERD
I Walls with high ERD
L [ | Walls without ERD
I Unreinforced brick/concrete blocks
I Unreinforced with RC floors
[ | Adobe (earth brick)
| |Rubble stone, fieldstone

Ll Reinforced or confined, with RC floors
[ Wood Frame or walls
[ |Others

Brazil

25



Regional Construction Practices

[ | Frames without ERD

Venezuela

Colombia

I Frames with high ERD
[ Frames with moderate ERD

Colombia

GLOBAL QUAKE

RC(cast in situ)

RC (precast)

Masonry

Suriname

French Guiana

Number of buildings ¢
[Thousands] Foo
. 10-200

| 1200-1000
11000 - 5000
[7771 5000 - 12000
I >12000

IMS Building classes

[ Steel frames
[ [0 Dual systems with high ERD
[ | Dual systems with moderate ERD
|| Dual systems without ERD
I Frames with high ERD
I Frames with moderate ERD
"] Frames without ERD
I Walls with high ERD
771 walls with moderate ERD
L[| Walls without ERD
[ ] Frames with high ERD

Brazil

[ | Frames with moderate ERD
[_]Frames without ERD <
I Walls with high ERD : -
L © | Walls without ERD ghg SEEDLDHES gy

I Unreinforced brick/concrete blocks
I Unreinforced with RC floors
| |Rubble stone, fieldstone
Ll Reinforced or confined, with RC floors
[ Wood Frame or walls
[ |Others

2
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Non-Uniformity of Damage Scales

¢ Post-earthquake building classification HRC |HAZUS| VISION FEMA (EMS98| MSK | ALl |ATC-13 | ATC-21 | EPPO
into different states allows for a more 1999 2000 273
nuanced understanding of structural
perform ance None No damage limit state

®  Without a standardized scale, different

engineers or observers might classify Light
the same damage differently, leading Light Grade2| D2
to inconsistent and unreliable data. Operational | Damage Minor
control
* A common scale allows for Vioderate
comparison between different post- Moderate | "0d¢rate Grade3| D3
1 i damage Life safe Life safe
earthquake scenarios and helps in —
benchmarking damage levels. Yelow | Yelow
Limited Heavy ® | Te
safety
® Auniform scale ensures that damage Extensive | Near collapse ,
assessments are consistent across s Grade4| D4 L
different regions, earthquakes, and damage Collapse
structures and reduces the implications prevention

on empirical fragility

Rosetto & EI-Nashai 2003

RN GEM
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Enhanced Post-Earthquake Building Damage Data Collection

*  Following an EQ event, the DGs assigned to building types is a combination of:
» Observed damage sustained by structural components
» Observed damage sustained by nonstructural components

.-‘3\! ’ e
Substantial to heavy damage

Negligible to slight damage
no structural damage,

slight nonstructural damage heavy nonstructural damage

Moderate damage
slight structural domage,
moderate nonstructural domoge

rA“ GLOBAL QUAKE MODEL .¢

moderate structural damage,

Destruction
very heavy structural damage,

collapse l

Very Heavy Damage
heavy structural domage,

very heavy nonstructural domage

GEM 29



Enhanced Post-Earthquake Building Damage Data Collection

* Structural components are elements
whose stability is essential o maintain
life-safety

*  Nonstructural components are elements
whose integrity ensures (or not) the
functionality of a building class

* The variation in the extent of damage
between the two components requires

a building class to be thouroughly ’/
inspected and thus graded accordingly J
26/

B9

Y

Structural Non-Structural
(Moderate) (Heavy)
DG3

2N\ oo )



Enhanced Post-Earthquake Building Damage Data Collection

) Enhancing the Data Collection Process to ensure consistency and comparability
of damage assessments across regions
* Utilizing Building Class and Damage Databases:
Databases containing building class photos and pre-categorized damage examples

can significantly improve inspection consistency.
These databases serve as reference tools to facilitate the identification of building types
(e.g., masonry, steel-frame, wood-frame structures) and specific damage patterns

associated with different building types
* Revisiting existing protocols and post-earthquake rapid evaluation forms
The ATC-20 Building Safety Tagging Inspection form or AeDES NGDT Building Form is widely

used for post-disaster building safety evaluations.
Minor modifications will enable better mapping of building types to IMS VCs and DGs

GEM 31
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GEM Building Taxonomy

* The GEM Building Taxonomy (currently GEM Building Taxonomy
at v3.2) was developed originally in Version 20
2012

* The purpose of the GEM Building
Taxonomy is to describe and classify
buildings in a uniform manner and ,
relevant to seismic performance of ] e
different construction types o

Scan me to access database ~N
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GEM Building Taxonomy

*  The taxonomy is organized as a series of expandable tables, which contain
information pertaining to various building attributes and occupancies

Occupancy

M

Exterior walls

Structural irregularity
Plan shape .

S " Foundation
AW Floor

Occupancy
| Date of construction or retrofit

Height

Position

Residential
Commercial
Industrial

Lateral load-resisting system
Material of the lateral load-resisting system

Direction

rA“ GLOBAL QUAKE MODEL .OR

©
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GEM Building Taxonomy

*  The taxonomy is organized as a series of expandable tables, which contain
information pertaining to various building attributes and occupancies

DXP/

Direction

Occupancy

M

Exterior walls

Structural irregularity
Plan shape .

S " Foundation
AW Floor

Occupancy
| Date of construction or retrofit

Height

Position

Residential
Commercial
Industrial

Lateral load-resisting system
Material of the lateral load-resisting system

Direction
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GEM Building Taxonomy

*  The taxonomy is organized as a series of expandable tables, which contain
information pertaining to various building attributes and occupancies

DXP/MUR/

Material

Occupancy

M

Exterior walls

Structural irregularity
Plan shape .

S " Foundation
AW Floor

Occupancy
| Date of construction or retrofit

Height

Position

Residential
Commercial
Industrial

Lateral load-resisting system
Material of the lateral load-resisting system

Direction
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GEM Building Taxonomy

*  The taxonomy is organized as a series of expandable tables, which contain
information pertaining to various building attributes and occupancies

DXP/MUR/LWAL+CDN+DNO/

Lateral load-resisting system

Occupancy

Exterior walls

Structural irregularity
Plan shape .

".‘ " Foundation
V" Floor

Occupancy
Date of construction or retrofit

Height

Position

Residential
Commercial
Industrial

i

Lateral load-resisting system
Material of the lateral load-resisting system

Direction

rA“ GLOBAL QUAKE MODEL .OF
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GEM Building Taxonomy

*  The taxonomy is organized as a series of expandable tables, which contain
information pertaining to various building attributes and occupancies

DXP/MUR/LWAL+CDN+DNO/H1/
Height

Occupancy

Exterior walls

Structural irregularity
Plan shape .

".‘ " Foundation
V" Floor

Occupancy
Date of construction or retrofit

Height

Position

Residential
Commercial
Industrial

i

Lateral load-resisting system
Material of the lateral load-resisting system

Direction

rA“ GLOBAL QUAKE MODEL .OF
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GEM Building Taxonomy

*  The taxonomy is organized as a series of expandable tables, which contain
information pertaining to various building attributes and occupancies

DXP/MUR/LWAL+CDN+DNO/H1/Y1944/

Year of construction (or retrofit)

Occupancy

Exterior walls
Structural irregularity

Date of construction or retrofit

Plan shape

Position

Residential
Commercial
Industrial

Height

Lateral load-resisting system
Material of the lateral load-resisting system

Direction

rA“ GLOBAL QUAKE MODEL .OF
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GEM Building Taxonomy

*  The taxonomy is organized as a series of expandable tables, which contain
information pertaining to various building attributes and occupancies

DXP/MUR/LWAL+CDN+DNO/H1/Y1944/RES/

Occupancy

Occupancy

Exterior walls
Structural irregularity

Date of construction or retrofit

Plan shape

Position

Residential
Commercial
Industrial

Height

Lateral load-resisting system
Material of the lateral load-resisting system

Direction

rA“ GLOBAL QUAKE MODEL .OF
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GEM Building Taxonomy

*  The taxonomy is organized as a series of expandable tables, which contain
information pertaining to various building attributes and occupancies

DXP/MUR/LWAL+CDN+DNO/H1/Y1944/RES/BP1/
Shape of the building plan

Occupancy

Exterior walls
Structural irregularity

Date of construction or retrofit

Plan shape

Position

Residential
Commercial
Industrial

Height

Lateral load-resisting system

Material of the lateral load-resisting system

©
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GEM Building Taxonomy

*  The taxonomy is organized as a series of expandable tables, which contain
information pertaining to various building attributes and occupancies

DXP/MUR/LWAL+CDN+DNO/H1/Y1944/RES/BP1/REC/...

Structural irregularities

Occupancy

Exterior walls
Structural irregularity

Date of construction or retrofit

Plan shape

Position

Residential
Commercial
Industrial

Height

Lateral load-resisting system
Material of the lateral load-resisting system

Direction

rA“ GLOBAL QUAKE MODEL .OF
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GEM Building Taxonomy

*  For example, the global vulnerability model of GEM contains a comprehensive set
of functions associated with 1400+ building types derived using the GEM
Taxonomy

* The Building Taxonomy is accompanied by supplementary resources

Occupancy

Exterior walls
Structural irregularity

Plan shape

Position

Residential
Commercial
Industrial

Occupancy
Date of construction or retrofit

Height

¥

A

Lateral load-resisting system
Material of the lateral load-resisting system

Direction

rA“ GLOBAL QUAKE MODEL .OF
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GEM Building Glossary

* The GEM Building Glossary was Glossary for the GEM
developed in 2013 thanks to Building Taxonomy
contributions from 13 organizations
and 69 individuals

L. Allen, AW. Charleson, S. Brzev,

& |
o

EXPOSURE
MODELLING

Scan me to access report \

(355 ]
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GEM Building Glossary

* The Glossary is infended to be referred Glossary for the GEM
to in conjunction with the GEM Building Taxonomy
Taxonomy

*  Graphical illustrations are critical for
the effectiveness of the Glossary
keeping in mind its diverse global ~ -
audience T e P e i

*  Graphical explanation and Exposune
clarification on the meaning of
attributes and their details for users

rA“ GLOBAL QUAKE MODEL .ORE GEM 44



GEM Building Glossary

*  Each Glossary term contains a text GLOSSARY FOR GEM TAXONOMY
descripfion , O nd mOST -I-erms CO nTOin Authors: Luke Allen, Andrew Charleson, Svetlana Brzev, and Charles Scawthorn

This online Glossary explains around 400 terms contained in the GEM Building Taxonomy v 2.0 and nearly 700 images.

M M The terms have been listed in alphabetical and numerical order. Text description of each term is accompanied by illustrations (photos and/or
one or more illustrations (photos i héss i,

We welcome contributions in the form of photographs or images, illustrating glossary terms. If you have any questions you can also contact us at

O n d /O r d rOWi n g S) . buildingtaxonomy@globalquakemodel.org

* The Glossary includes more than 370 scnrems |G | Contribute |
‘I‘erms Ond 760 i”Us-I-r-O-I-ions A|B|c|p|E|F|G|H|I|L|M|N|o|P|R|s|T|U|V W |X|Y |12 3|5

> Masonry, confined [MCF]

> Masonry, reinforced [MR]

> Masonry, unknown reinforcement [M99]

> Masonry, unreinforced [MUR]

> Material of exterior walls, other [EWO]

> Material of the lateral load-resisting system

/ Scan me to access online glossary

p— = T e 20102125
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GEM Building Glossary

*  Each Glossary term contains a text GLOSSARY FOR GEM TAXONOMY
descripfion , O nd mOST -I-erms CO nTOin Authors: Luke Allen, Andrew Charleson, Svetlana Brzev, and Charles Scawthorn

This online Glossary explains around 400 terms contained in the GEM Building Taxonomy v 2.0 and nearly 700 images.

M M The terms have been listed in alphabetical and numerical order. Text description of each term is accompanied by illustrations (photos and/or
one or more illustrations (photos i héss i,

We welcome contributions in the form of photographs or images, illustrating glossary terms. If you have any questions you can also contact us at

O n d /O r d rOWi n g S) . buildingtaxonomy@globalquakemodel.org

* The Glossary includes more than 370 scnrems |G | Contribute |
‘I‘erms Ond 760 i”Us-I-r-O-I-ions A|B|c|p|E|F|G|H|I|L|M|N|o|P|R|s|T|U|V W |X|Y |12 3|5

> Masonry, confined [MCF]

> Masonry, reinforced [MR]

> Masonry, unknown reinforcement [M99]
> Masonry, unreinforced [MUR]

> Material of exterior walls, other [EWO]

> Material of the lateral load-resisting system

/ Scan me to access online glossary
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Earthquake Consequence Database: GEMECD

*  GEMECD project initiated in
November 2010

¢ Collaboration between 10
international partners

* Thereport (So ef al, 2014) includes:

* Description of the database (contents
and framework)

*  Development of a set of guidelines for
data collection and templates to
populate the database

°*  GEMECD examples

VULNERABILITY
AND LOSS

Scan me to access report E

rA“ GLOBAL QUAKE MODEL .OF

Introduction to the GEM
Earthquake Consequences
Database (GEMECD)




Earthquake Consequence Database: GEMECD

* GEMECD is a GIS relational database industiial _ Critical Road
infegrcﬂ'ed info the GEM OpenQuake Buildings  facilities facilities Lifelines ~ Networks
Web Portal gg ' —

+ GEMECD creates a global database  § &2
of standardised information of o
consequences on inventory classes §§
following significant events -

*  Benchmarking tool for analytical loss ‘é’g
models and to support the =8
development of tools to create £
vulnerability data appropriate to 5
specific countries, structures, or o
building classes £%

o
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Earthquake Consequence Database: GEMECD

* GEMECD Statistics
° 68 Even’rs

Siberia

23 on soao _economic |mpoc’r

* 4o0n seconchr;gge&@zords (15 Pl g, T o ot
slope failure) i B 4
° Sgrvey locations: 3760 “*j’,_' 5T Inggrotia N
* Survey value record: 39629 v+
*  Photographs: 14000+ & Atian AUSTRALIA 9
J .
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Earthquake Consequence Database: GEMECD
* GEMECD Metadata

« Photo ID

« EventID

+ Event and Inspection
Coordinates

Asset Class

Soil Conditions

Material and Technology Type
Occupancy

Design Code

Damage Scale and Assigned
Grade

VRN GEM



Earthquake Consequence Database: GEMECD

* GEMECD Metadata (Examples)

 Photo ID: 11411

« Event ID: Banda-Aceh
Sumatra 2004

« Event Coordinates: 95.97,
13.29

* Investigation Coordinates:
100.547, 13.753

« Soil Conditions: NA

* Material and Technology
Type: RC

+ Occupancy: RES

+ Design Code: NO-CODE

+ Damage Scale and Assigned
Grade: D2 (EMS-98)
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Earthquake Consequence Database: GEMECD

* GEMECD Metadata (Examples)

 Photo ID: 11411

+ Event ID: Kocaeli-Golcuk 1999

« Event Coordinates: 29.91, 40.7

* Investigation Coordinates:
29.938, 40.712

« Soil Conditions: NA

* Material and Technology
Type: MUR

+  Occupancy: EDU

+ Design Code: NO-CODE

+ Damage Scale and Assigned
Grade: D5 (IMS-14)
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Earthquake Consequence Database: GEMECD

* GEMECD Metadata (Examples)

Photo ID: 13078

Event ID: Wenchuan 2008
Event Coordinates: 103.364,
30.959

Investigation Coordinates:
103.486, 31.057

Soil Conditions: Diluvial or
Alluvial Fan of the Yuzixi River
Material and Technology
Type: RC (PC) / LFINF
Occupancy: EDU

Design Code: GB 50011-2001
& GB50223-2004 (Chinese
intensity zone VII)

Damage Scale and Assigned
Grade: D5 (IMS-14)
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Earthquake Consequence Database: GEMECD

* Non-structural damage observations

-5

."’-; ;

: Complete

Slight Damage

fo Piping Systems 33}?&3%%25

Complete

Heavy Damage Domgge to
fo Suspended Distribution
Ceilings Panels
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Interconnected System for Post-Earthquake Reconaissance

N\
Digital Evaluation
Form

GEM Glossary

* Facilitates the
identification of
inspected buildings

(L

GLOBAL QUAKE MOD|

GEMECD

Harmonisation of
damage scales
Eases the
identification of
damage patterns
Accurately associate
damage patterns to
IMS-compatible
damage grades
Promote uniform
damage classification

Collection of damage
data and identification of
damage patterns
Associates damage
patterns to IMS-
compatible damage
grades
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Interconnected System for Post-Earthquake Reconaissance

Digital Evaluation
Form

Harmonisation of
damage scales

Eases the identification of
damage patterns
Associates damage
patterns to IMS-
compatible damage
grades

ATC-20 Rapid Evaluation Safety Assessment Form

Inspection

ATC-20 Detailed Ev:
Inspector ID:
Affiliation:
C-20 Det d Evaluation Safety Assessment Form Page 2
( Inspector 1D:
Building Description Affiation: Building name: nspector ID:
Building name: y
Inspection date and time: "
Address: > i Sketch (op
Building Description Provide a sketch of the building or
" . damaged portions. Indicate damage
Building contact/phone: Building name: points,
Number of stories above ground: belos Adross:
A . “Footprint " feet): |
ek st bt Esimated Buiking Damage
- N . If requested by the jurisdiction,
Number of residential units not habitable: __| Number of stories above ground: — below estimate building damage {repair
\ Approx. “Footprint area” (square feet): cost + replacement cost, excluding
4 Evaluation Number of residential units: | contents).
Investigate the building for the conditions belovy \_ Number of residential units not habitable: ] ] None
Observed Conditions: Ve Oo-%
Collapse, partial collapse, or building off foun Evaluation O 1-10%
Building or story leaning Investigate the building for the conditions below [ 10-30%
Racking damage to walls, other structural dary sketch, [ 30-60%
Chimney, parapet, or other falling hazard Minor/None [ 60-100%
Ground slope movement or cracking Overall hazards: O 100%
Other (specify) Collapse or partial collapse
. Building or story leaning
Comments: Other
\ Structural hazards: N <
4 Postin, oundations 4 Posting ~N
9 " N Roofs, floors (vertical loads) If there is an existing posting from a previous evaluation, check the appropriate box.
Choose a posting based on the evaluation and t| Columns, pilasters, corbels
. " Previous posting (] INSPECTED (] RESTRICTED USE (] UNSAFE Inspector ID: Date:

an Unsafe posting. Localized Severe and overalll
placard at main entrance. Post RESTRICTED U

[J INSPECTED (Green placard) ]
Record any use and entry restrictions exactly a

\

( Further Actions Check the boxes below

Walls, vertical bracing
Precast connections
Other.

Nonstructural hazards:
Parapets, omamentation
Cladding, glazing
Ceilings, light fixtures
Interior walls, partitions

Diaphragms, horizontal bracing

000 00000000 0O00000o oOoo

If necessary, revise the posting based on the new evaluation and team judgment. Severe conditions endangering the overall
building are grounds for an Unsafe posting. Local Severe and overall Moderate conditions may allow a Restricted Use posting.

Indicate the current posting below and at the top of page one.
[ INSPECTED (Green placard) [ RESTRICTED USE (Yellow placard)
Record any use and entry restrictions exactly as written on placard:

(] UNSAFE (Red placard)

GLOBAL QUAKE MODEI

Elevators g -/
OJ Baricades needed in the following areas: _| Z'::‘:’:‘:, (" Further Actions Check the boxes below only if further actions are needed. )
Other [ Barricades needed in the following areas:
[ Detailed Evaluation hazards:
failure, debris - oeri . X -
7 Other recommendations: m e st g mm Evﬁuu.onucomnmdnd. O struewal - O3 [ other:
Other
\_ General Comments:
\ Comments:
Continue on page 2
N\ _J
© Copyight 1935-07, Appled Technclogy Coumct
Permagents ron-axiuive, this Copyright Notce s he Appiied
Tacheclogy Caunclrame shallnot be used i sny 9 . bjectiothe apak
orcfert form forsae o e - <l = made from sy of s o resrc
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Damage Data Collection

The experience of DaDO: Database of Observed Damage

7 r‘ -
PROTEZIONE CIVILE | E

Presidenza del Consiglio dei Ministri ) FOR YOUR SAFETY.

Dipartimento della Protezione Civile

» The platform is divided into two sections:

» Ordinary buildings, includes 12 databases relating to events: Friuli 1976, Irpinia 1980,
Abruzzo 1984, Umbria-Marche 1997, Pollino 1998, Molise-Puglia 2002, Emilia 2003, L'Aquila
2009, Emilia 2012, Garfagnana-Lunigiana 2013, Central Italy 2016 - 2017 and Mugello
2019

» Churches, includes 8 databases relating to Umbria-Marche 1997, Molise-Puglia 2002,
Piedmont 2003, Sald 2004, L'Aquila 2009, Emilia 2012, Central Italy 2016 - 2017 and Ischia
2017 events
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Damage Data Collection

The experience of DaDO: Database of Observed Damage

GRUPPO NAZIONALE PER LA DIFESA DAI TERREMOTI (G.N.D.T.) - CNR. o] l
Scheda di 1° livello per il rilevamer|™ G N 5 T "SCHEDA DI VULNERABILITA DI 2° LIVELLO (CEMENTO ARMATO)

Sezione 1~ DATI RELATIVI ALLA SCHI
Codice ISTAT Provincia il

Codice ISTAT Comune il PARAMETRI El @
G.N.D.T. - SCHEDA DI VULNERABILITA DI 2° LIVELLO (MURATURA]
P 2 1- ‘I 997 Comue L | | LI I I 1] - R 1 ( )
r|Or O Do Pl | codice 1STAT Provincia ' Codice ISTAT Comune | schedant '|_|_| L
A= O 1 ORAANEZAZIONE || L PARAMETRI Classi | Qual. ELEMENTI DI VALUTAZIONE SCHEMI - RICHIAMI
Codice ISTAT sezione Censuaria ™ L SISTEMA ™ Lt
RIFERIMENTO CATASTALE L ™ Norme nuove costruzioni (Clas. A) ** Paramtro 3. Resistenza convenzionale
Tel
Fogio 7] Mappale | — = e Norme riparazioni (Clas. A) Tipologla stutture vertcal « (Uma)
o ALLL_{veseee "L 5 aunmkomsn "L 1| [ 1| orommmmoe | _jla | |cogmccsmonsines cuee (3]
CARTOGRAFIA DI RILEVAZIONE ramui (cas.c) [4]
) Aggregato -y Ny
; g - Foglo ®|_|_| SRieese ol u cas0) 5] -
o IE d 2nd | | | bilit - o | B I e e || — —
an evel vuinerapill ' L o marwa) S "

Zona dipiano “|_| Piano atwatvo “|__I| |3 TESITENZA UL | A Numero di piani N |

MassimotaAced A, A (ma)

f orms p re p are d by -I-h e Sezione 3- DATI METRICI B s vt AL || ot et oo
. | Pe —— Aron Ay (m) W | | e mnemacn
. | | |cal [3| convenzionate [ "|_I|*_I||w @ma) || catdte fy—aN
National Group for the . R || Ce ey
POSIZIONE " Rof Peso specifco paretl pm (Ume)  2|_,|_| | | a=ci04
4 (I Carco permanento sols ps (mq) “|_.|_| | | Parametro 6. Configurazione planimetrica

Defense against Earthquake e e B

coperta (ma) o

Ter Pendenza percentuale del terrenc**|__|__| —) ) ‘Eﬁ 8
! oiff PosizionE Rocca  Fondazion: i (1] No [2] 0 g f:

( N DT) Sezione 4 - USO I | | Pl 4 SowRco | #1_ | rer. scioto non sping Fona. st 3] no [4] | | —— l»
G [ orf FONDAZIONE Tor scoto spingentaFond. i [5] No [8] =y=1 ﬂz >
Totale unita d'uso '*| 5 !‘SI_’ L |e Differen. max di quota ah (m)  **|__|__|_ ’ 0

« Simple detection of RC and s U} F‘ B o e
Masonry structures TR e oy | M= ) UL

o pranl pasbi

pani stalsat s (w2
0]

Orizzontam, deformabil ¢ mai colegat 4]

Abitazioni | % Orizontam. rigid e ben collegat *“|__| .|

vulnerability and damage 12 ) S5 ) ammicic i e

) CONFIGURAZIONE |, | PLANIMETRICA R
H I 'I a Att. produttive '?’\7\2" servzi pubtic | |7 eeviione |_|‘[ L | ::‘ :‘P"’:‘:’::':‘" fa=tn L4
using general building -~ ‘ = 1
. N Codkn oo Suk | Rail || conricumazione ||| |__J | |Rapporoperertle T I m mm
I’O eI’TIeS o O Y T e, T o | Ao RSSO Parcentuale supericie portcata ||
p p S e coueaamenm | ]| S T e i
EEREEERE NN “:E'ﬁ'..!" "U|'|—| Rafl |8 Du MURATURE || |[] || |aapporio massimo s Tl ‘
| =L =L | b Copart. mon 9. [2] s . [1] 0. [2] m ﬂ/ﬂ m
o g .. o B N ) O i ‘ :"n Z:M:::. : “E :%
. 248 250, 293y 754 — - Loy atene in tura o Coperture poco spingent; (tpologia N)
https://emidius.mi.ingv.it/GNDT2/ N Wi W o | vy ey il £ | L i ] B ooty
Py Lungh. appoggio coper. l(m) *|_|___J :t
10, EL NOW STRUTT. "‘]_] M\_‘ & rimetro copertura | (m) -
11]  STATO DI FATTO "u{"u (:: Perimetro copertura |(m) 1 d nﬁ

10| ELEM.NONSTRUTT. | | | | | [vedi manuale) ‘Copariure non spngen (tpcogia O)

_ 1] statooiFatto || [ | [vos manuate)
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Damage Data Collection

The experience of DaDO: Database of Observed Damage

After Umbria-Marche 1997 Event

Masonry buildings Other Masonry structures ::;nr.ys
Type I Type IT
woor | [ o2 [ e [e] [ 3| T ememm 1 m] [ e | (2] [
structures % (n::;:mr mm) 3 E g Steel frames =] m:::;m’n, m;xs_) § § é
. . .o . ) 2 ot wTwenl 2| 2|8 “ ad 3| = H
» Building Identification s s s e ey 1 | i == e e R e o I
. . . . A B C 0 E FIGIH B :‘anm o o) B C ) 3 £lolH
+ Building Description et ofolel ol oleloln o o] [ea o [o]| |28
2|Vaults without ie rods o o =] a O |Ofoct|Ht| |2 a Q| 61| H
o|o|o|ao
. . 3] Vaults with te rods o ol o) o| 0 oo Roof
(] Bams wih fiexibie S - o|lo|[o|o ojo
BUIldlng TypOIOgy A%ﬁw'ﬁfﬁM' ol o| o O ow|c|w|[LOmmssxmy ERBERRSR o] [w| e
rhveuly, ) 2 Non thrusting heavy
o DOmOge to Structural e svasosm e voroe | O 8| 0| 0| 0o 0| of|lOmusewm ] o[of[ofao olofo
g v | Ol@| 0| O] O =y o 14O Mon wrestopighs _| O|o|o|o 3|1
Elements (e.g., vertical
. p— DD:::GE L] o EXISTING SHORT TERM COUNTERMEASURES A [usaBLe bonding @
structures, floors, stairs, etc.) % Pci o - R I O N [ P ) e
S1als1813183 S bl - = & 3 & [32% lafter short term countermeasures @
« Damage to Non-Structural e e e S Ft w1 1 P
. 1 |Vertical struct ojojojo|jojojo|jaojOjo o =} =} a a a
Elements (e.g., plaster, tiles, e o N A e ] [ )
HVAC systems, electrical sl afafalalslaialafolofat-fatalall|
y ’ o[oloJo[alo]o P
Sys‘l'e mS e 'I'C ) e extension must be filed only if the corresponding damage level is present in the building
' c

AeDES Short-Form (2002)
https://emidius.mi.ingv.it/ GNDT2/
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Damage Data Collection

The experience of DaDO: Database of Observed Damage

LSEVIER

International Journal of Disaster Risk Reduction

Volume 87, March 2023, 103595

Damage survey
Observed Dam
earthquakes (L

Antonella Di Meo @ & &, Martc
Chiara Calderini &, Romina Si

Show more v
+ Add to Mendeley o Shar¢

https://doi.org/10.1016/}.ijdrr.2023.10:

Abstract

Da.D.0. (Database of Observe
international scientific comm
structural characteristics and
relevant seismic events occur
platform was conceived by th
Eucentre (European Centre fo
as a part of a wider project ai
damage scenario of the Italia
Initiallv. the Da.D.O. platform

S N\

Observed damage datab
earthquakes: the Da.D.O

M. Dolce, E. Speranza, F. ¢
Pascale

Following major seismic ¢
data relevant to post-ear
today represent an inesti
purposes, including calib
formulation of damage s
tools developed over the
for enhancing the reliabil
decision-making has mo\
2014, a specific project w
of Eucentre Foundation,
Database), is meant to st
campaigns occurred in tk
members of the scientific
extended in the future tc
capabilities of the IT plat
events (or sequences) oc
earthquake).

https://doi.org/10.5194/nhess-23-3199-
© Author(s) 2023. This work is distribute]
the Creative Commons Attribution 4.0 Li|

Research article | @®

Testing machine
building damage
Database of Obs

Subash Ghimire &, Philippe Gué

Abstract

Assessing or forecasting seismic
explore the efficacy of several m
damage observed after Italian e:
and classification-based machint
The structural features consider:
considered to be the most reliat
intensity was also included as ar
observed after seven significant

boosting classification is statistically the most efficient method, particularly w
grouping the damage according to the traffic-light-based system used; for ex:
and red), 68 % of buildings were correctly classified. The results obtained by tre miacinrie-iearinng-vdseu reurisuc
damage assessment are of the same order of accuracy (error values were less than 17 %) as those obtained by the
UE method. Finally, the machine learning analysis found that the importance of structural features with respect to
conditioned by the level of damage considered.

How to cite. Ghimire, S., Guéguen, P., Pothon, A, and Schorlemmer, D.: Testing machine learning models for heur
damage assessment applied to the Italian Database of Observed Damage (DaDO), Nat. Hazards Earth Syst. Sci., 23, _the abserved ceiemic fraoilitv
https://doi.org/10.5194/nhess-23-3199-2023, 2023.
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Empirical fragility curves for Italian

residential RC buildinc<

Empirical fragility curves for masonry
buildings after the 2009 L'Aquila, Italy,
earthquake

Original Research | Published: 19 July:
Volume 17, pages 6301-6330, (2019)

S.1.: Seismic Risk Assessmentin Italy | Open acces
Volume 19, pages 31653183, (2021)  Cite thisari

Empirical fragility curves for Italian URM
buildings

S.1.: Seismic Risk Assessmentin Italy |

Download PDI @ You have full ac

A.Rosti, C. Del Gaudio 9, M. Rota,

Fragility functions for non-ductile infilled
reinforced concrete buildings using next-
generation intensity measures based on
analytical models and empirical data from
past earthquakes

Original Article | Published: 21June 2024
Volume 22, pages 4983-5021,(2024) ~ Cite this article

Download PDF % @ Access provided by CARE-CRUI COMPACT

Volume 19, pages 3057-3076, (2021)
Ricci,|

Download PDF @ Acce
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Ricci & Gerardo Mario Verderame
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Abstract
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Download PDF & @ Acce

Annalisa Rosti, Maria Rota & &

In this paper, empirical fragility curve:
on post-earthquake damage data colle
Italy in the period 1976—2012. These d:
called Da.D.0., provide information on

Abstract

This study focuses on the seis

Al Mouayed Bellah Nafeh & Gerard ). O'Reilly &

damage detected on different structur: o 5) 1834 Accesses L) 93 Citatic
of data is carried out to guarantee the ¢ L’Aquila earthquake. A geo-re 5) 267 A Explore all metri
o1 Explore all metrics
Then, an in-depth analysis of the degr  Was compiled in the aftermat = e Bploreslinete
Abstract

aiming at the identification of the Mur ~ Department of Civil Protectio
20-

o ~~g~  enormous amount of data prc Abstract

damage data and their correlz This paper illustrates the derit
houak The origi unreinforced masonry (URM) The regional seismic risk assessment of reinforced concrete (RC) building portfolios is a

earthquake survey. The origir data and compatible with the critical issue in earthquake engineering due to their high vulnerability and widespread

- e . . distribution in seismic prone areas. A pertinent aspect in regional seismic risk applications
Seismic vulnerability is descri

is the ability to accurately quantify the exceedance of any damage state, generally via
fragility functions. To this end, this study derives analytical fragility functions for large-
scale seismic risk applications of non-ductile RC buildings with masonry infills

refined based on the building -
merge predefined building tyy

characteristic of the Italian peninsula and Southern Europe in general. These were derived
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Interconnected System for Post-Earthquake Reconaissance

Event
Occurrence

&
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Interconnected System for Post-Earthquake Reconaissance

Event Post-Sequence
Occurrence Inspection
@ L |
aih
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Interconnected System for Post-Earthquake Reconaissance

Building Class
|dentification

Event Post-Sequence
Occurrence Inspection

@ =

GEM Glossary

rA“ GLOBAL QUAKE MODEL .ORG GEM 63



GLOSSARY FOR GEM TAXONOMY
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Interconnected System for Post-Earthquake Reconaissance

VC and DG

Event Post-Sequence Building Class )
|dentification ldentification

Occurrence Inspection
‘ L

GEM Glossary GEMECD + Form
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Damage Inspection @

Photo Courtesy of Reuters
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ATC-20 Rapid Evaluation Safety Assessment Form

Inspection
repector 10 spection dte 2ed time Case Clrsm
Alfkation Arsas bupuctedt ] Exterior ooly ] Ectasier and intesice

Building Description Type of Construction

Bty rame CJ Weed dramm CJ Concomte shear wall
- -

Rddoens: ] Somnd feure L Usreinforcad momsery
L1 Tikwp concress L Remforced masanry
(] Comcrene frame C

Bulidng cartactiphane

Narber 3l stones abowe ground bekw graand Peimary Occupency

. CJ Dwetirg O Cormmcal J 6
Roprar “Footpeiel aved” fagure Teet) — - —
L Other residorcial L Offices J
Navber of mexidarviel weinx C] Puble assembly O dusmal C

Navbder of sesidevial soins sat haditable L] Emergency servdices L) Otder:

Evaluation

Estimated Sulding Damage E
brosstigne 9 bedding Ter 1he conditiens Didew and theck the spprapriens cakem peachadag comanty i X CO”e bUﬂdW% de

Obsorved Condisone: Misoi/Nose  Medermne Saves H N y - f g f
Collpan, partid collegan, or Salddeg ofl fsasdation [ O O J0-1% . g M
o we g 5 2 g — using forms ’rcnlored to S
Racking darsage to wals, ather structural darvage ] [ [ 10-20% 1 r
Chimny, paraper, & ofhr faling hecasd [ 30-e0%
Ground skpe yoversart of crackeg ] ( O [ so-100%
O (spacityl l [ T I 100%

Cavmanis
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Interconnected System for Post-Earthquake Reconaissance

Event Post-Sequence
Occurrence Inspection

Building Class ) VC and DG ) : .
Identification Identification Intensity Assignment

Extreme
X+

—_— Mod\?ra’re

\2 Not Felt

oy |
GEM Glossary GEMECD + Form i;%’ﬁf(’)cc‘,’s’
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GEM Damage Taxonomy

* Joint effort between 6 international @))GEM % USGS

institutions GLOBAL EARTHQUAKE MODEL

working together to assess risk science for a changing world

« GEM Damage Taxonomy brings several key
benefits in improving earthquake risk
assessment via a unified system for
categorizing domage based on:

*  Comprehensive and standardized
taxonomy definition enabling cross-
comparability and inclusive representation
of global building classes

* Simplicity, efficiency and practicality of IMS
damage grades
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GEM Damage Taxonomy

* Joint effort between 6 international
institutions

 GEM Damage Taxonomy brings several key
benefits in improving earthquake risk
assessment via a unified system for
categorizing domage based on:

*  Comprehensive and standardized
taxonomy definition enabling cross-
comparability and inclusive representation
of global building classes

* Simplicity, efficiency and practicality of IMS
damage grades

IMS-based damage grades
DG1 DG2 DG3 DG4 DG5

GEM-based taxonomies
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GEM Damage Taxonomy

 GEM Damage Taxonomy brings several key

benefits in improving earthquake risk
assessment via a unified system for
categorizing domage based on:

Comprehensive and standardized
taxonomy definition enabling cross-
comparability and inclusive representation
of global building classes

Simplicity, efficiency and practicality of IMS
damage grades

*  Benefits include:

S N\

Improved derivation of fragility and
vulnerability functions for earthquake risk
assessment application

Validation with consistent, well-categorized

empirical data improving the analytical
predicting capacity

GLOBAL QUAKE MODE

Empirical fragilities

Empirical .
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" ] »
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Analytical Modelling
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]
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Analytical fragilities

GEM 73



Conclusions

Objective

) To communicate a universal, efficient and simple intensity scale, damage to
buildings of a particular type should be grouped consistently irrespective of the
strength of the building doamaged

J To present tools that adequately map the output from rapid evaluation forms
(ATC-20-like digital forms) to IMS VCs and DGs and—with sufficient observations—
automatically assign IMS intensities:

» Comprehensive building taxonomy and illustrative resources for facilitating
building type identification

» Extensive and photographic consequence database to ease inspect and
building damage data collection

» With sufficient observations, these tools will be able to automatically assign
IMS intensities for more efficient post-event analysis to ensure more reliable,
standardized results

N\ oo GEM



Conclusions

Direct Benefits of Database Integration in Earthquake Response:
- Streamlining Identification of Building Classes:

» Inspectors can quickly cross-reference real-time observations with a digital
library of building class photos

» Reduces ambiguity in identifying structural types, leading to more accurate
vulnerability assessments

- Improving Damage Classification:

» Databases of historical damage data allow inspectors to compare observed
damage against previously documented earthquake impacts

» This helps to standardize damage classifications and improve the consistency of
assessments

J Openly accessible BDD will facilitate consistent macroseismic intensity assignments
and ShakeMaps

GLOBAL QUAKE MOD| 75

S N\



Conclusions

Future Benefits of Integrating Digital Tools with IMS

J Such efforts would facilitate significantly the development of IMS-based global
vulnerability database

L This consistency translates into earthquake engineering applications for better
understanding of building behavior, improved fragility curves, and refined
prediction equations

J BDD data assist with societal needs for response, recovery, and long-term
mitigation of vulnerable structures
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Thank you!

Please attribute to the GEM Foundation with a link fo:
https://www.globalguakemodel.org
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