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WHE-PAGER (Phase )

Carried out during Aug 2007- Dec 2008
Covered 26+ countries

Emphasis on both inventory and empirical collapse
vulnerability data on global building types

Experience and lessons learnt during Phase [ were
extremely useful in refining the efforts for Phase I
extension (added Taiwan, Morocco, Argentina,
Georgia, Romania)
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WHE-PAGER (Phase )

An analysis document was prepared that summarizes the
Phase I efforts and shows some analysis of Phase I data

A guideline document was prepared for use by future
participants ( )

Modified definition of Collapse (masonry vs. framed
construction), Intensity instead of PGA based vulnerability

[llustration of collapse fragility estimated using definition
of EMS intensity scale

A new survey questionnaire was prepared using PAGER-
STR with some modifications to original questionnaire

( )



PAGER-STR

Total: 103 types

Appendix 2.

PAGER Structure Type (PAGER-STR):

Label Description Detailed Classification (Based on A
PAGER Inventory database 2008)
w Wood (1 +7) W1 (Wood with stucco, veneer), W2
W5 (Wattle & Daub), W6 (Unbraced
S Steel (1+ 17) S1 (Steel moment frame of low, mid
of low, mid and high rise), S5 (Steel 1
C Reinforced Concrete (1 + C1 (Ductile RC moment frame of lov
25) rise), C4 (Nonductile RC frame withc
RM Reinforced Masonry (1+ 8) R1 (Reinforced masonry bearing wal
rise)
MH Mobile Homes (1) Mobile homes
M Mud (1 +2) M1 (Mud wall without wood), M2 (\
A Adobe (1 +5) A1l (Adobe mud mortar with wood rc
AS (Adobe with reinforcement)
RE Rammed Earth (1) Rammed earth construction
RS Rubble (Field) Stone (1 + RS1 (Rubble stone without mortar), I
5) stone with concrete bond beam)
DS Dressed Stone, blocks (1 + DS1 (Stone block with mud mortar),
4)
UFB Unreinforced Fire Brick (1 UFB1 (Unreinforced brick with mud
+5) and wood diaphragm), UFB4 (Unreir
UCB Unreinforced Concrete Unreinforced concrete block construc
Block (1)
MS Massive Stone (1) Massive stone masonry construction
PC Precast (10) PCI (Precast concrete tilt up walls), 1
INF Informal (1) Informal constructions (Plastic, po!
UNK Unknown (1) Unknown (Missing / Default catego

Material

Description

ALH

Chass

WHE-EERI

EMS-98

Coburn &
Spence 2002

Risk-EU

Wood!Timber

Wood

=

=
3

Zl #[ PAGER-STR

Wood stud-wall frama with plvwood/svpsum
board sheathing.

Absance of masonsy infill walls Shear wall sysem
consists of plywood or manufacturad wood panels
Exterior is commonly cament plaster ("stucco™), wood or
vinyl planis, or zluminum planks (in Jower cost houses)
In addition, brick masonsy or stome is sometimes applisd
to the exterior 25 2 non-load-bearmz venser Theroofand
floor act 2s dizphrazms to resistlaeeal loadin: (US &
Canadizn sinzls familvhomss)

W1

3

W2

Wood frams, heavy membars (with arsa >
5000 sq. 1)
(US & Canadian commercial and industrial wood frame)

W2

Light postand bsam wood frama.

The floors and roofs do notact as diaphrazms. No bracins
poor seismic load resistance path with poor comections
Timber frame may have partial infill walls withor without
timber claddins

W4

Wooden pansl orlog construction.

Walls are made of timber logs sawn horizontallyina
squars or circular cross section and assembled with speaal
end joints. (Typicallyin central Asiz, Russiz)

[
[

Walls with bamboo/light timbar log'read mash

and post (Wattle and Daub).

(Wattle and Daub- 2 woven lattice/sticks of woodan strips
called wattle is daubed with 2 sticky material usually made
of some combination of wetsodl, clay, sand, animal dung

and straw)

[
=1

AE2

W6

Unbracad heavv postand beam wood frams
with mud or othar infill material.

Un-bracad timber frame with connections meant to resist
(=zravity) vertical loads only. Flooss or roof consists of
wood purlins supporting thatched roof, wood planks or
rafters supportingz clay tiles

W7

Bracad wood frame with load-bzaring infill
wall swstam.

Frame is dizzonally braced and infill walls ar2 z=neclly
made of brick masonsy, adobe, or woodzn planks or wate
& daub infill (Eusopean style)




Completed by: SUN Bait

HE Surve

Questionnaire

WHE Descaiption of cons!
Construction trpe
Type (zefer to Tzbles 2 an
zefer to suggested categosies
Tzble 2 for souzces of data to help
suggested this question)
category(igs)
@
n
l\hson:y Stone Masonsy Walls
Earthen /Mud/Adobe
d Eacthen Walls,(4)(3]
Clay back/
block masonsgy walls
(South pat)*
Clay back/
block masonsy walls
(Nozth pat)*
Clay back/
block masonsy
(South pact)®
Clay back/
block masonsy
(Nozth past)®
Wood/Timber
Concrete block
Structural it N
concrete =
AL +

Wood

‘Wood stud-wall frame with plywoodfgupsum board sheathing
‘Wood frame, heavy members (with area > 5000 sq. ft)

Light post and beam wood frame

‘wooden panel or log construction
Walls with bambootlight timber logfreed mesh and post (Wattle and Daub)

Unb d heawy post and beam wood frame with mud or other infill material

Braced wood frame with Ioad-bearini infill wall sislem




EMS-based Collapse Vulnerability

Structure Tvpe Class Probability of Collapse at ENS Intensity
uewe Lyp VI VI VI X
Rubhble stone, field stone M1 0% Oto5 % 2.5t032 % 21.25t0 70 %
Adobe (earth brick) M2 0% 0to3.8% 1.9t025 % 17 to 61 %
Simple stone (dressed) M3 0% 0to03 % 0.13 to 6.5 % 3.5t034%
MMassive stone 4 0% 0% Dto1.3% D6tol2 %
Unreinforced brick M5 0% 0to03 % 0.13t06.1 % 3.3t033 %
Unreinforced brick with RC floor M6 0% 0% Dto13% D6tol2 %

Reinforced ot confined masonty L7

(assuming 5% in B, 50 % in C and 45 % in D) 0% 0% Dto0.3 % 0.1tod%
Reinforced concrete frame without ERD RCl1 0% 0to03 % 0.13t02.6% 1.6t013.4%
Reinforced concrete frame with moderate ERD RCZ 0% 0% Dto025% 0.15t02.6 %
Reinforced concrete frame with high ERD RC3 0% 0% 0% 0to0.25%
Reinforced shear walls without ERD RC4 0% 0% 0to0.25% 0.13t05.1%
Reinforced shear walls with moderate ERD RCS5 0% 0% 0% 0to025%
Reinforced shear walls with high ERD RCé& 0% 0% 0% 0%
Steel frame (all type) a 0% 0% 0to0.5 % 0.25t04.5 %
Timber structures (all type as per EM3) W 0% 0% 0to0.25% 0.13t02.6 %
Timber structures (high ERD) WA 0% 0% 0% 0%
Timber structures (medium ERD) WEB 0% 0% 0to0.25 % 0.13t02.6 %
Timber structures (low ERD) WC 0% 0to0.3 % 0.13t05 % 31027 %

Credit: Kishor Jaiswal and Dina D’Ayala
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Strategy for Review

O Revisit Phase I data, Identify suspect \
contributions and go back to experts to seek‘

possible revisit- Did not work !

O Provide the guideline, analysis document and
suspect contribution to Steering Committee
and seek their recommendations-

0 Provide all the data on web (but with asterisk marked).
Meanwhile we selected contributions which are

“reasonable” for a selected PAGER STR for
implementation- Proxy in absence !



ctions

_ Selected Collapse

Appendix A
Following table provides the list of collapse fragility functions by PAGER structure type used for semi-empirical model.
o+
Collapse Probability WHE
MMI MMI MMI MMI MMI MMI MMI Country Building Class Description by
PAGER Structure Type 6.0 6.5 7.0 7.5 8.0 8.5 29.0 Expert WHE Experts
A AL A2, A3, A4, A5, INF 0 0.05 0.1 0.325 0.55 0.7 0.85 Chile Adobe
RC MRF Designed with seismic
Cl1,C 0 0.005 0.01 0.015 0.02 0.06 0.1 Japan features (various ages)
C1L 0 0 0 0.0005 0.001 0.0325 0.064 Italy RC, MSD, <=3 sforeys
CI1M, C1H 0 0 0 0.001 0.002 0.0545 0.107 Italy RC,MSD, ==4 sforeys
Reinforced concrete walls cast in
C2 0 0 0 1] 0 0.01 0.02 Slovenia situ
C2L, C2)\L, C2H 0 0 0 0.005 0.01 0.015 0.02 Japan RC SW Walls cast in-situ
C3, C3L, C3)M\, C3H, C4,C4L,
C4), C4H, C5, C5L, C5M, United RC frame, non-seismic but
C5H 0 0.001 0.002 0.011 0.02 0.065 0.11 Kingdom designed for gravity loads
DS2,DS,DS1,DS3,DS4 0 0.005 0.01 0.0675 0.125 0.2875 0.45 Germany Stone masonry walls
Mud walls, mud walls with hori.
M, M1, M2 0.05 0.15 0.25 0.475 0.7 0.8 0.9 Macedonia Wood element
Brick/concrete block/massive
stone masonry in lime/cement
MS 0 0.0125 0.025 0.0625 0.1 0.275 0.45 Switzerland mortar with timber floors
PC1,PC2,PC2L,PC2),
PC2H,TU 0 0.005 0.01 0.035 0.06 0.105 0.15 Switzerland Precast concrete

Mixed structure of unreinforced

masonry and reinforced concrete

(walls of reinforced concrete and

unreinforced masonry with r¢
RML RMI1, RMIL, RMIM 0 0.005 0.01 0.06 0.11 0.205 0.3 Switzerland floors)

Confined brick/block masonry

with concrete posts/tie columns
RM2 0 0.005 0.01 0.03 0.05 0.125 0.2 Japan and beams

Partially reinforced or confined

RM2L. RM2M. RM2H 0 0.025 0.05 0.125 0.2 0.2 0.3 Chile masonry (Hvbrid masonrv)

h



mpirical Collapse Vulnerability

If the collapse fragility 1s expressed as:
El=lyvsy i yoloat o P I=fxaoe p e X

The collapse fragility defined in terms of shaking
intensity S 1s given as:

CR,(S)=4,x10 )l
The total estimated fatalities E[L] over n grid

cells as: o
E[L]=~ 2 > P.f;CR,(S,)FR,
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Collapse Probability
o
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o
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Judgment (Dressed Stone Masonry)

6 6.5

® Exp Judgment

75 8
Shaking Intensity

=fli—Model Fit (A=9.52, B=-4.89, C= 5.32)

8.5

Wﬂ"
o

mical Collapse Vulnefébility

Fitting Collapse Fragility Function to Expert




mpirical Collapse Vulnerability

Collapse Fragility Collapse Fragility
Parameters Parameters

PAGER Structure Type| A B C RN> PAGER Structure Type| A B C RN2
A, A1, Az, A3, Aq, As, INF 10.76 | -5.34 | 4.05 0.91 S, i, SiM, SiH 0.85 -6.06 5.54 0.93
Cy, C 8.85 | -8.83 | 4.46 | 0.89 S1 0.45 871 | 4.40 0.80
il 4.81 .62 5.09 0.88 S2, S2L, S2M, SoH 3.14 -8.38 4.57 0.95
CiM, CiH 804 | 566 | s.97 | 0.89 2* s 036 ‘2-96 503 | 0.89
C2 1.95 -6.14 5.90 0.89 24 043, 04 0-44 =210 4:40 2

Ss, SsL, SsM, SsH 2.31 -7.14 5.72 0.87
Cz2L, C2M, C2H 0.44 -6.10 4.40 0.91 UCB o S % =
C3, (3L, C3M, C3H, C4, C4L, 12 2 2: 95
C4M, C4H, Cs, C5L, CsM, CsH 3.42 -5.03 5.62 0.93 UFB, RE, UNK 3.88 ~4.22 4.97 0.94
DS, DS1, DSz, DS3, DS4 052 | -489 | 532 | 095 UFB1 1569 | -7.62 | 335 | 0.08
M, M1, M2 2.56 -1.69 5.18 0.94 Skha 19.38 454 5.98 92
M,S . s o S 092 UFB3 8.03 -7.59 4.60 0.95
PC1, PC2, PCaL, PCaM, PC2H, UFB4 1263 | -582 | 564 | 0.92
TU 085 | -235 | s5.90 | 0.95 W 049 | -214 5.87 0.95
RM, RMi1, RMiL, RMiM 4.00 | -420 | s27 | 0.97 Wi, MH 130 | 640 | 4.92 | 0.95
RM2 4.47 -4.88 5.38 0.93 xz = 0'26 '2‘25 5.76 o.gg
RM2L, RM2M, RM2H 0.0 | 160 | 563 | 0.96 S Ris 007 1 259 [ 572 | 09
RS, RS1, RS2, RS3, RS4, RS5 6.17 -4.58 5.03 0.89




ragi
If the collapse fragility (

expressed as:  [Y1=Dy, v,, V5.

Minimization Approach-

e’ =Y w Y - F(x)]

This approach can be used to

update the collapse fragility
functions when collapse data for

past earthquakes is available

lity Function Calibration

) 1S

x,] with weights

uuuuuuuu

O  Field Obs

Collapse Ratio (%)




“"UCAM Databa

Aegean 15/06/1995 67
Athens 07/09/1999 36
Bhuj 26/01/2001 24
surveyid [numbersurveyed |buildingclass |damagelevel placenamg Boumerdes 21/ 05/ 2003 42
4126 12057|wW No damage Fukui City Chi-Chi 21/09/1999 1890
4129 12425|W Total collapse Fukui City Erzincan 13/03/1992 123
4137 6713|W Total collapse Yoshida GY Fukui 28/06/1948 44
4156 35|W Half collapse Noumi Gu - -
P olw Burned Kahoku Gu Fukuoka-ken Seiho-oki 20/03/2005 66
4162 12675|W No damage Komatsu C Geiyo 24/03/2001 55
4183 5|RC B Niigata Hokkaido Nansei-oki 12/07/1993 140
2132 301‘; :/C : — :‘f“at Irpinia 23/11/1980 3234
otal collapse iigata
4209 330|W+Mortar D2 Sendai City Kalamata 13/09/1986 32
4212 2|w+Mortar  |Ds Sendai Ci Kobe 17/01/1995 598
4220 0|Block unknown Sendai City Kocaeli 17/08/1999 438
4223 118|RC+SRC D2 Sendai City Kushiro-oki 15/01/1993 32|
4226 1|RC#SRC D5 Sendai City
4224 10|RC+SRC D3 Sendai City Lefkada 14/08/2003 3510
4227 5|RC+SRC unknown Sendai Ci Manijil 21/06/1990 64
4235 10|unknown DO Sendai City Miyagi-ken 12/06/1978 42
— numnoun__03- e E'g Miyagi-ken Hokubu 26/07/2003 65
unknown unknown enaai Ci
4202 1059|W D2 Sendai City Newcastle 27/12/1989 40
4210 aa|w+Mortar  |D3 Sendai Ci Niigata 16/06/1964 30
4213 11|W+Mortar  |unknown Sendai City Niigata-ken Chuetsu 23/10/2004 170
Ziiz I §:°°: E§ 26“38? 2'2 Northridge 17/01/1994 720
ocCl enaai Ci
4222 262|RC+SRC D1 Sendai City Roermond 13/04/1992 666
4230 18]S D2 Sendai Ci Sanriku-Haruka-Oki 28/12/1994 24
4233 ols D5 Sendai City Spitak 07/12/1988 368
4236 5|unknown D1 Sendai City Tipaza 29/10/1989 27
Tottori-ken Seibu 06/10/2000 102
Wenchuan 12/05/2008 30
Total 12679




Fitting Beta Distribution for Uncertainty

Collapse Probability

Plot showing estimated collapse fragility parameters for [RM2]
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Reinforced Masonry
Alternatively one can use
Bayesian Updating -

10

o
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02

0.1

p(Bly) = kL(Bly)p(B)

Nonductile Concrete MRF

Plot showing estimated collapse fragility parameters for [C3]
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Project-related Papers ks |

W EERI

Several papers have been published that summarize the work that has taken place in earlier phases. Links

are provided here: % USGS PAGER Project wlogin

% Entries RSS
Jaiswal and WaldJaiswal&Wald(2009)Analysis of Phase | & Comments RSS
’AUTHOR[S] TITLE % WordPress.org

U.S. Geological
Survey website with
products and
references for PAGER

http:/learthquake.usgs.govieqcenter/pager/prodandrefiindex.php

Kishor Jaiswal and
David Wald U.S. AnJaiswal&Wald Analysis of Phase |.pdf alysis of Collapse Fragilities of Global
Geological Survey, Construction Types Obtained During WHE-PAGER Phase | Survey

Golden, CO 80401

Keith Porter, SPA Cracking an Open Safe: HAZUS Vulnerability Functions in Terms of Structure-
Risk LLC Independent Intensity, Earthquake Spectra, Vol 25, No 2, pp 361-378, August 2009

Keith Porter, SPA Cracking an Open Safe: More HAZUS Vulnerability Functions in Terms of Structure-
Risk LLC Independent Intensity, Earthquake Spectra, Vol 25, No 3, pp 607-618, August 2009

WHE-PAGER Project: A New Initiative in Estimating Global Building Inventory and Its
Porter, et. al. Seismic Vulnerability, 14th World Conference on Earthquake Engineering, October
12-17, 2008, Beijing, China

Extracting Values of Some Key HAZUS-MH Seismic Vulnerability Parameters from
Sean McGowan Dynamic Test Results, with Application to Adobe Dwellings, University of Colorado
Master's Thesis

The Italian Contribution to the USGS PAGER Project, 14th World Conference on

Coretti ot al



WHE-PAGER Survey
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Analytical Parameters (CSM) for non-US
constructions

 Analysis by Keith & Craig (White Paper)
1 Realization of need of additional capacity

parameters (Credit: Craig Comartin)
1 SPO2IDA analysis of Phase II data and illustration

(Credit: Craig Comartin)



WHE-PAGER Survey

Phase Il

Analytical Parameters (CSM & Capacity Boundary)
(through NEHRP project)



mity Construction Types

PAGER-STR  Description of Structure

No.

1 W3 Light post and beam wood frame
2 W5 Walls with bamboo/light timber log/reed mesh and post (Wattle and Daub)
3 W6 Unbraced heavy post and beam wood frame with mud or other infill material
4 M Mud walls
5 A1 Adobe block, mud mortar, wood roof and floors
6 A2 Adobe block, mud mortar, bamboo, straw, and thatch roof
7 A4 Adobe block, mud mortar, reinforced concrete bond beam, cane and mud roof
8 RS3 Local field stones with lime mortar.
9 RS4 Local field stones with cement mortar, vaulted brick roof and floors
10 DS2 Rectangular cut stone masonry block with lime mortar
1 DS4 Rectangular cut stone masonry block with reinforced concrete floors and roof
12 MS Massive stone masonry in lime or cement mortar
13 UCB Unreinforced concrete block masonry with lime or cement mortar
14 UFB1 Unreinforced brick masonry in mud mortar without timber posts
15 UFB3 Unreinforced brick masonry in lime mortar
Unreinforced fired brick masonry, cement mortar, but with reinforced concrete floor and
16 UFBs5
roof slabs
17 RM3 Confined masonry
18 C1 Ductile reinforced concrete moment frame with or without infill
19 C3 Nonductile reinforced concrete frame with masonry infill walls
20 C4 Nonductile reinforced concrete frame without masonry infill walls
21 Co6 Concrete moment resisting frame with shear wall - dual system
22 PC3 Precast reinforced concrete moment resisting frame with masonry infill walls
2 S1 Steel moment frame

24 S5 Steel frame with unreinforced masonry infill walls
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Analytical Model Parameters

Researchers PAGER-STR Details
/Contributors

Dina D’Ayala
(total 24 types)

Andreas Kappos
(total 18 types)

D Lang/Y Singh
(total 6 types)

H Kaushik
(total 5 types)

A Lang
(total 24 types)

UFB
DS
MS

Coe

UFB

G3

CM
(with concrete block,
with clay bricks)

By Geographic Regions
(Erbil, Fener Balat, L’Aquila,
Nocera, Serravalle)

Rise (L,M,H)
Code(Low, High)
Infill (No, Full, Soft)

UFB (1,3,5)
Rise (1,2)

Infill (No, Full, Soft)
Rise (All, 4)

Peru, Chile, Mexico, Colombia
Only capacity parameters
Rise (1,2,4)



“"PAGER-STR

Sr.
No PAGER-STR  Description of Structure
1 W3 Light post and beam wood frame
2 Ws Walls with bamboo/light timber log/reed mesh and post (Wattle and Daub)
2 W6 Unbraced heavy post and beam wood frame with mud or other infill material
4 M Mud walls
5 A1 Adobe block, mud mortar, wood roof and floors
6 A2 Adobe block, mud mortar, bamboo, straw, and thatch roof
/ v A AdquHUCbmmmﬂm&rm&mr&bmm&mdwd—\
8 RS3 Local field stones with lime mortar.
9 RS4 Local field stones with cement mortar, vaulted brick roof and floors
10 DS2 Rectangular cut stone masonry block with lime mortar
1 DS4 Rectangular cut stone masonry block with reinforced concrete floors and roof Dina
12 MS Massive stone masonry in lime or cement mortar
13 UCB Unreinforced concrete block masonry with lime or cement mortar
& 14 UFB1 Unreinforced brick masonry in mud mortar without timber posts )
15 ITFR3 Llnreinforced hrick masanry in lime mortar y
Unreinforced fired brick masonry, cement mortar, but with reinforced concrete floor { n%ngh/
SR o] UFBs SAay Z Lang/
TOuUl 51dU> h'l
it RM3 Confined e KauSLl 3
Q Val A mY O | LAY o) C hAr O I . ang
10 1 L/LILLJJC ICIIIIvlL LCU LUILLICLC lllUlllcllL IIaric VVlLll Ul VVlLllULlL jUgsgNNg
19 > Nonductile reinforced concrete frame with masonry infill walls
Val N 1 ALl L o] 1 g e | e DAl b | 11
~\J \_—L'- ITNUITUULULUIIU TUITTITUTCOUUOUU LUV OO 11T AaIiIe vwitiivuao 111aou111)’ 111111l vwAallo
21 Co6 Concrete moment resisting frame with shear wall — dual system Kappos
inTal el 11
e L \D LI ICUVUAOU TUITITUTCUUOUU CUILIVT \,L\, lllulll\,llL l\,oloLLlLs TICIIIC VViILlY llluoullll 1111l VvVdailio
2 S1 Steel moment frame
24 S5 Steel frame with unreinforced masonry infill walls



aiwan (pre-code MBTSs)

Capacity parameters:

MBT Dy (in) Ay (g) Du (in) Au (g) Belastic Inventory
CiM 2.044 0.233 33.6 0.63 7% 27 % (all C1
RMM 2.044 0.21 33.6 0.595 10% 33 % (all RM
Fragility parameters:
Actual analysis results
MBT m2 BZ m3 B3 m4 [34 m5 BS Idealized model
CiM 14.63 0.82 21.46 0.82 32.67 0.82 48.77 0.82 o
RMM 14.63 0.82 21.46 0.82 32.67 0.82 48.77 0.82 £
Capacity Boundary: Brpacomon
. Residual
Hardening p
Hardening plateau
slope Fracturing y|  Period
INEW Soft
MBT B(Elastic) m5 Kab Kbc Kcd INEW Kcd Hard p Hard Slope  [Slope Resi. Plateau |[Fract p Telastic
CiM 7 48.77 0.113992 0.012581 -0.02653 -0.04153 16.43836 0.110366 -0.36432 [0 23.86008 0.945645
RMM 10 48.77 0.10274 0.012201 -0.02506 -0.03922 16.43836 0.118752 -0.38176 a 23.86008 0.996085




- Comparison of different approaches

ol N N W W
O O Ul O U

(9|

Collapse Probability (%)
©

Collapse Probability for Midrise Reinforced

Masonry
=—IDA
/;/ Empirical
Mﬁ’ —SPO2IDA
0.01 0.1 1

Sa(1.osec)ing

Credits: a) Jay Lin (WHE-PAGER Survey contribution for Taiwan)
b) Hyeuk Ryu performed IDA analysis




- Comparison of different approaches

Collapse Probability for Midrise Concrete MRF

~ 35
N
2
= 25 I
"
a0 20
o % —IDA
A 15 .
Y Empirical
2 10 s
< é/ ==SPO2IDA
= 5
=]
Y o _/%f
0.01 0.1 1

Sa(1.osec)ing

Preliminary Observation: Analytical approaches overestimate collapses at
lower intensity (EDP) and underestimate at high intensity (EDP).



“"HAZUS Methodology

Midrise Concrete Frame (Low code) in Taiwan

100 T T T T T T
90r Complete Damage with Collapse |
Complete Damage (No Collapse)
80 .
Input:
Dy = 2.044; 70+ i

Ay =0.233;
Du =33.6; —_
Au = 0.63; X 60r ]
Be =0.07; 2
Kshort = 0.7; T S50 7
Kmed = 0.59; g
Klong = 0.42; o 40k _
thetas = 48.77; o
beta5 = 0.82;
Pc=0.1; 30 T
M=7;
R =20; 20+ _

10F

0 _/ | ! | I
0 2 4 6 8 10 12 14 16

Sa(1.0sec, 5%)ing

We underestimate the overall collapse probability
- with Pc (Probability of collapse given complete damage state)- 10 %

Note: Complete damage state ~ 50 % chance that structure cannot be economically repaired



~ Comparison of Collapse Fragility

Collapse Probability for Concrete MRF with
infill (India&US)

/ ==(3-(midrise-infill)

==C3-(softstory)

o
o
o

o
@)

N
@)

40 ==(3-(bare frame)
20 C3-(infill)
—HAZUS C3Ml

Collapse Probability (%)
o

O

|

e

b i | 11l
Sa(1.osec)ing

N
S

Source: Capacity parameters for Indian types are from Kaushik (2009) WHE PAGER Survey



~ Comparison of Collapse Fragility

Collapse Probability for Dual RC MRF with
infill (Greece & US)

—~ 100
S
z
§ 6o =—=C6-HH(softstory)
E 40 =(C6-HH(bare)
v C6-HH (infill)
»w 20
9 —HAZUS C3MI
= o '
O

0.01 0.1 1

Sa(1.osec)ing

Source: Capacity parameters for Indian types are from Kappos (2009) WHE PAGER Survey



Thank You !!

(For your attention and your valuable
contributions )



