


WHE‐PAGER (Phase I) 
  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 I were 
extremely useful in refining the efforts for Phase I 
extension (added Taiwan, Morocco, Argentina, 
Georgia, Romania) 



WHE‐PAGER (Phase I) 
  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 (Credit: Dina) 

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

  Illustration 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 
(Credit: Marjorie) 



PAGER‐STR 
Label Description Detailed Classification (Based on ATC-13, HAZUS 1999, WHE 2003, EMS 1998 and newly added for 

PAGER Inventory database 2008) 

W Wood (1 + 7) W1 (Wood with stucco, veneer), W2 (Heavy wood frame, >=5000 sf), W3 (Wood with metal strong wall), W4 (log building)
W5 (Wattle & Daub), W6 (Unbraced post and beam frame with infill), and W7 (Braced wood frame with load bearing wall system)

S Steel (1+ 17) S1 (Steel moment frame of low, mid and high rise), S2 (Steel braced frame of low, mid and high rise), S3 (Steel light frame), S4 (Steel frame with concrete shear wall 
of low, mid and high rise), S5 (Steel frame with URM wall of low mid and high rise) 

C Reinforced Concrete (1 + 
25) 

C1 (Ductile RC moment frame of low, mid and high rise), C2 (RC shear-wall of low, mid and high rise), C3 (Nonductile RC frame with infill of low, mid and high 
rise), C4 (Nonductile RC frame without infill of low, mid and high rise), C5 (Steel reinforced concrete frame of low mid and high rise)

RM Reinforced Masonry (1+ 8) R1 (Reinforced masonry bearing wall with flexible diaphragm of low and mid rise), R2 (Reinforced masonry bearing wall with rigid diaphragm of low, mid and high 
rise)

MH Mobile Homes (1) Mobile homes

M  Mud (1 + 2) M1 (Mud wall without wood), M2 (Mud wall with wood)

A Adobe (1 + 5) A1 (Adobe mud mortar with wood roof), A2 (Adobe mud mortar with thatch roof), A3 (Adobe wall with cement mortar), A4 (Adobe wall with concrete bond beam ), 
A5 (Adobe with reinforcement)

RE Rammed Earth (1) Rammed earth construction

RS Rubble (Field) Stone (1 + 
5) 

RS1 (Rubble stone without mortar), RS2 (Rubble stone with mud mortar), RS3 (Rubble stone with lime mortar), RS4 (Rubble stone with cement mortar), RS5 (Rubble 
stone with concrete bond beam)

DS Dressed Stone, blocks (1 + 
4) 

DS1 (Stone block with mud mortar), DS2 (Stone block with lime mortar), DS3 (Stone block with cement mortar), DS4 (Stone block with concrete bond beam)

UFB Unreinforced Fire Brick (1 
+ 5) 

UFB1 (Unreinforced brick with mud mortar without timber ), UFB2 (Unreinforced brick with mud mortar and timber), UFB3 (Unreinforced brick with cement mortar 
and wood diaphragm), UFB4 (Unreinforced brick with cement mortar and concrete diaphragm)

UCB Unreinforced Concrete 
Block (1) 

Unreinforced concrete block construction

MS Massive Stone (1) Massive stone masonry construction

PC Precast (10) PC1 (Precast concrete tilt up walls), PC2 (Precast concrete frame of low, mid and high rise), TU (Tiltup) 

INF Informal (1) Informal constructions (Plastic, polythene, miscellaneous)

UNK Unknown (1) Unknown (Missing / Default category)

Total: 103 types 



WHE Survey Ques8onnaire 



EMS‐based Collapse Vulnerability 

Credit: Kishor Jaiswal and Dina D’Ayala 



Strategy for Review 

      Revisit Phase I data, Identify suspect \ 
       contributions and go back to experts to seek  
       possible revisit‐                    Did not work ! 

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

             Could not make progress ! 
      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 ! 



Selected Collapse Fragility Func8ons 



Empirical Collapse Vulnerability 
If the collapse fragility is expressed as: 

at 

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

The total estimated fatalities E[L] over n grid 
cells as: 



Empirical Collapse Vulnerability 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Fitting Collapse Fragility Function to Expert 
Judgment (Dressed Stone Masonry) 

Exp Judgment  Model Fit (A=9.52, B=‐4.89, C= 5.32) 



Empirical Collapse Vulnerability 

PAGER Structure Type 

Collapse Fragility 
Parameters 

A B C R^2 
A, A1, A2, A3, A4, A5, INF 10.76  ‐5.34  4.05  0.91 
C1, C 8.85  ‐8.83  4.46  0.89 
C1L 4.81  ‐5.62  5.99  0.88 
C1M, C1H 8.04  ‐5.66  5.97  0.89 
C2 1.95  ‐6.14  5.90  0.89 
C2L, C2M, C2H 0.44  ‐6.10  4.40  0.91 
C3, C3L, C3M, C3H, C4, C4L, 
C4M, C4H, C5, C5L, C5M, C5H 3.42  ‐5.03  5.62  0.93 
DS, DS1, DS2, DS3, DS4 9.52  ‐4.89  5.32  0.95 
M, M1, M2 2.56  ‐1.69  5.18  0.94 
MS 11.92  ‐5.06  5.44  0.92 
PC1, PC2, PC2L, PC2M, PC2H, 
TU 0.85  ‐2.35  5.90  0.95 
RM, RM1, RM1L, RM1M 4.00  ‐4.20  5.27  0.97 
RM2 4.47  ‐4.88  5.38  0.93 
RM2L, RM2M, RM2H 0.90  ‐1.60  5.63  0.96 
RS, RS1, RS2, RS3, RS4, RS5 6.17  ‐4.58  5.03  0.89 

PAGER Structure Type 

Collapse Fragility 
Parameters 

A B C R^2 
S, S1L, S1M, S1H  0.85  ‐6.06  5.54  0.93 
S1  0.45  ‐8.71  4.40  0.80 
S2, S2L, S2M, S2H  3.14  ‐8.38  4.57  0.95 
S3  0.36  ‐9.96  5.03  0.89 
S4, S4L, S4M, S4H  0.44  ‐6.10  4.40  0.91 
S5, S5L, S5M, S5H  2.31  ‐7.14  5.72  0.87 
UCB  2.15  ‐5.18  5.11  0.95 
UFB, RE, UNK  3.88  ‐4.22  4.97  0.94 
UFB1  15.69  ‐7.62  3.35  0.98 
UFB2  19.38  ‐4.54  5.98  0.92 
UFB3  8.03  ‐7.59  4.60  0.95 
UFB4  12.63  ‐5.82  5.64  0.92 
W  0.49  ‐2.14  5.87  0.95 
W1, MH  1.30  ‐6.40  4.92  0.95 
W2  0.86  ‐2.05  5.76  0.95 
W3, W4  0.67  ‐1.69  5.72  0.96 



Fragility Func8on Calibra8on 

Minimization Approach- 

If the collapse fragility (observations/judgment) is     
     expressed as: 

at shaking intensity with weights 

This approach can be used to 
update the collapse fragility 
functions when collapse data for 
past earthquakes is available 



UCAM Database EQ Name  Date  No. of Observa8ons 
Aegean  15/06/1995  67 
Athens  07/09/1999  36 
Bhuj  26/01/2001  24 

Boumerdes  21/05/2003  42 
Chi‐Chi  21/09/1999  1890 
Erzincan  13/03/1992  123 
Fukui  28/06/1948  44 

Fukuoka‐ken Seiho‐oki  20/03/2005  66 
Geiyo  24/03/2001  55 

Hokkaido Nansei‐oki  12/07/1993  140 
Irpinia  23/11/1980  3234 

Kalamata  13/09/1986  32 
Kobe  17/01/1995  598 
Kocaeli  17/08/1999  438 

Kushiro‐oki  15/01/1993  32 
Le`ada  14/08/2003  3510 
Manjil  21/06/1990  64 

Miyagi‐ken  12/06/1978  42 
Miyagi‐ken Hokubu  26/07/2003  65 

Newcastle  27/12/1989  40 
Niigata  16/06/1964  30 

Niigata‐ken Chuetsu  23/10/2004  170 
Northridge  17/01/1994  720 
Roermond  13/04/1992  666 

Sanriku‐Haruka‐Oki  28/12/1994  24 
Spitak  07/12/1988  368 
Tipaza  29/10/1989  27 

Toaori‐ken Seibu  06/10/2000  102 
Wenchuan  12/05/2008  30 

Total  12679 



Fibng Beta Distribu8on for Uncertainty 

Current 
Selection 

Median 
(50% occ. 
Prob) Current 

Selection 

Median 
(50% occ. 
Prob) 

Reinforced Masonry 

Nonductile Concrete MRF 

Alternatively one can use  
Bayesian Updating - 



Publica8ons/Website 



WHE‐PAGER Survey 
Phase II 

Analy8cal Parameters (CSM) for non‐US 
construc8ons 

Outcome of Phase II was – 

    Analysis by Keith & Craig (White Paper) 
    Realization of need of additional capacity     
parameters (Credit:  Craig Comartin) 
    SPO2IDA analysis of Phase II data and illustration 
(Credit: Craig Comartin) 



WHE‐PAGER Survey 
Phase III 

Analy8cal Parameters (CSM & Capacity Boundary) 
(through NEHRP project) 



Priority Construc8on Types 
Sr.  
No.  PAGER‐STR  Description of Structure 

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 
11  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 

16  UFB5  Unreinforced fired brick masonry, cement mortar, but with reinforced concrete floor and 
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  C6  Concrete moment resisting frame with shear wall – dual system 
22  PC3  Precast reinforced concrete moment resisting frame with masonry infill walls 
23  S1  Steel moment frame 
24  S5  Steel frame with unreinforced masonry infill walls 



Analy8cal Model Parameters 
Researchers 
/Contributors 

PAGER‐STR  Details 

Dina D’Ayala 
(total 24 types) 

UFB 
DS 
MS 

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

Andreas Kappos 
(total 18 types) 

C6   Rise (L,M,H) 
Code(Low, High) 
Infill (No, Full, Soft) 

D Lang/Y Singh 
(total 6 types) 

UFB  UFB (1,3,5) 
Rise (1,2) 

H Kaushik 
(total 5 types) 

C3  Infill (No, Full, Soft) 
Rise (All, 4) 

A Lang 
(total 24 types) 

CM 
(with concrete block, 
with clay bricks) 

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  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 
11  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 

16  UFB5  Unreinforced fired brick masonry, cement mortar, but with reinforced concrete floor and 
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  C6  Concrete moment resisting frame with shear wall – dual system 
22  PC3  Precast reinforced concrete moment resisting frame with masonry infill walls 
23  S1  Steel moment frame 
24  S5  Steel frame with unreinforced masonry infill walls 

Dina 

Singh/
Lang/
Kaushik 
A. Lang 

Kappos 



Taiwan (pre‐code MBTs) 
Capacity parameters:  

MBT Dy (in)  Ay (g)  Du (in)  Au (g)  Belas8c  Inventory 
C1M  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) 

MBT  m2  β2  m3  β3  m4  β4  m5  β5 
C1M  14.63  0.82  21.46  0.82  32.67  0.82  48.77  0.82 
RMM  14.63  0.82  21.46  0.82  32.67  0.82  48.77  0.82 

Fragility parameters:  

Hardening µ 
Hardening 

slope 

Residual 
plateau 

Fracturing µ Period 

MBT B(Elas8c)  m5  Kab  Kbc  Kcd  NEW Kcd  Hard μ  Hard Slope 
NEW Sog 
Slope  Resi. Plateau  Fract μ  Telas8c 

C1M  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  0  23.86008  0.996085 

Capacity Boundary:  



Comparison of different approaches 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Credits:   a) Jay Lin (WHE‐PAGER Survey contribution for Taiwan)  
 b) Hyeuk Ryu performed IDA analysis 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Comparison of different approaches 

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



HAZUS Methodology 

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 

Input:   
Dy = 2.044; 
  Ay = 0.233; 
  Du = 33.6; 
  Au = 0.63; 
  Be = 0.07; 
  Kshort = 0.7; 
  Kmed = 0.59; 
  Klong = 0.42; 
  theta5 = 48.77; 
  beta5 = 0.82; 
  Pc = 0.1; 
  M = 7; 
  R = 20; 



Comparison of Collapse Fragility 

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

‐20 

0 

20 

40 

60 

80 

100 

0.01  0.1  1 C
ol
la
ps

e 
P
ro

ba
bi
li
ty
 (%

) 

Sa (1.0 sec) in g 

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

C3‐(midrise‐infill) 
C3‐(softstory) 
C3‐(bare frame) 
C3‐(infill) 
HAZUS C3Ml 



Comparison of Collapse Fragility 

Source: Capacity parameters for Indian types are from Kappos (2009) WHE PAGER Survey 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Thank You !! 
(For your aaen8on and your valuable 

contribu8ons )  


