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ABSTRACT 

 
We share the findings of two separate expert elicitations on building collapse fragility estimation 
carried out by the Earthquake Engineering Research Institute (EERI), with financial support from the 
GEM Foundation and the U.S. Geological Survey (USGS). These are the first detailed applications of 
structured expert elicitation process in soliciting engineering judgments to assess the structural 
collapse fragilities of selected generic construction typologies. The selected typologies are known to 
be particularly vulnerable under strong earthquake ground shaking. Several key facets of the elicitation 
procedure, such as identifying potential experts, criteria for constructing seed and target questions, 
eliciting judgments in a structured way in a group setting, and combining a multiplicity of judgments 
to construct building typology-specific generic fragility curves are discussed. Analysis of the 
elicitation findings resulted in the generation of suites of structural collapse-fragility relationships for 
dozens of generic construction types. It is shown that the chosen structured expert elicitation process 
offers an efficient way to draw out engineering judgments from multiple experts to estimate structural 
collapse fragility for typologies for which empirical data are lacking, or when robust analytical models 
are not available to predict collapse behavior. 

INTRODUCTION 

Structural collapses are often the main contributor to earthquake shaking-induced injuries and 
fatalities. Estimating the earthquake collapse potential of existing buildings is fraught with numerous 
seismological, engineering and practical challenges. The physical built stock in any given region 
seldom comprises simple, uniform and regular structural systems, for which structural models are 
generally developed and tested in the laboratory. In order to be able to predict the collapse or near 
collapse behavior of any building structural system, significant numbers of modeling inputs and 
assumptions are prerequisite, e.g., material and geometric nonlinearity, post-peak behavior, damping 
in inelastic phase, influence of strength and stiffness degradation, force redistribution during nonlinear 
response, etc. Moreover, the model input parameters and the supporting data may not always be 
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available or applicable for all the variants of a chosen structural system. There are other practical 
constraints to the generation of detailed structural models for real building stock. Among them are the 
limited inventory of data about original structural detailing, drawings of existing buildings, and limited 
information about key structural attributes of built stock that characterizes structural response 
(Anagnos et al., 2012). The latter include age, height, structural system, geometric and other exterior 
properties such as material, number of openings or irregularities. Often, available data are too few, and 
the resource needs to develop robust structural models for predicting the collapse behavior of 
individual buildings can be prohibitive.  

Regional loss estimation strategies are often employed to predict the behavior of archetypical 
construction using empirical and/or analytical approaches. The loss estimation process aims at 
incorporating building stock variability through statistical models in order to produce a probabilistic 
distribution for aggregated losses. Again, the paucity of available exposure data on building stock 
inventory, their structural characteristics and their performance in past earthquakes remains an 
obstacle. Thus, predicting the collapse behavior of a large number of construction types remains an 
ongoing challenge, both in countries where some data may be available and for places in the world 
where such data are not compiled.  

Expert elicitation has been used in the realms of regional earthquake loss estimation in the past. 
The pioneering Applied Technology Council’s ATC-13 approach, which relied on a modified version 
of the Delphi (Dalkey, 1969) procedure, resulted in the generation of ground motion damage 
relationships for a range of facility classes found in California (Applied Technology Council (ATC), 
1985). The weighting system within the ATC-13 approach is dependent upon an expert’s own rating 
of his/her individual assessments, usually self-scored in terms of ordinal levels of confidence and 
experience. Herein, we detail the application of Cooke’s method (Cooke, 1991) as an alternative to the 
Delphi self-weighting approach in the context of seismic vulnerability estimation.  

We discuss the first detailed application of Cooke’s method for soliciting expert judgment on 
structural collapse fragility of archetypical construction, both domestically and internationally, carried 
out through the two expert elicitation exercises performed in 2012 and 2013. The methodological 
details behind quantifying weights using Cooke’s method are provided in Jaiswal et al. (2013). This 
article specifically focuses on the process of implementation of Cooke’s method and the findings of 
the two workshops.  

STRUCTURED ELICITATION PROCESS 

There are a variety of ways to gather professional judgments from a group of experts for informed 
decision making. The traditional approach is to form a committee of experts and use the democratic 
process for pooling and deriving the consensus opinion. The building code committee process often 
employs such strategies (e.g., ASCE 7 in the United States). The nominal group method involves 
forming a consensus by bringing the experts together and allowing them to debate the issues in a 
controlled environment (Delbecq and VandeVen 1971). Similarly, the equal weighting approach is 
often used since it is the simplest form of the averaging method in which each expert receives equal 
weight to his/her own assessment. The Delphi method was originally developed by the RAND 
Corporation in the 1950s for performing military intellegence studies. In the Delphi process, each 
expert provides an assessment, and the method allows each expert to view each other’s assessments in 
an anonymous fashion, and allows for an opportunity to revise their opinions or assessments. The 
process is repeated until a single acceptable assessment (consensus) is rendered either by agreeing 
upon a single assessment or through some acceptable combined mathematical aggregation. Readers 
are referred to Aspinall and Cooke (2013) for a detailed discussion on some of these methods, and the 
issues/challenges one is presented with when using them specifically for scientific studies. 

Ignoring or undermining the role of scientific uncertainty in a standard committee process could 
lead to poor decisions (Aspinall and Cooke 2013). The goal of the structured elicitation process should 
be to quantify and incorporate scientific uncertainties in the decision-making process, not endeavor to 
get rid of them or mask them. The process must be structured in the sense that each question has clear 
operational meaning in the process, and should employ a strategy for analysing experts’ responses that 
is scientifically defensible, neutral, and fair for all participating experts. 



  
  

  

The performance-based scoring system proposed by Cooke (1991) reflects the combined 
measure of experts’ informativeness about variables in the discipline under consideration, and their 
ability to enumerate, in a statistically accurate way through expressing their true beliefs, the 
quantitative uncertainties associated with their assessment (Aspinall and Cooke, 2013). Cooke (1991) 
discusses several important features associated with his method. In a structured elicitation process, the 
facilitator bears an added responsibility in terms of identifying the right experts for the job, providing 
suitable guidelines and other materials covering the range of topics, helping the participants 
understand the elicitation process, and providing a suitable workshop ambience for constructive 
participation.  The latter should, ideally, entail conducting the elicitation in such a way that experts are 
encouraged to furnish their true opinions (usually by processing their judgments as anonymous 
submissions), by carefully moderating contentious discussions and by mitigating natural pressures to 
reach an enforced but artificial consensus position.  

A preliminary survey was conducted using the SurveyMonkeyTM platform prior to the two 
elicitation workshops. The preliminary survey was the most important exercise as it helped formulate 
focused objectives/tasks for the ensuing workshops in Lisbon, Portugal, and Oakland, California. 
Similarly, circulating preparatory materials and guideline documents was a prerequisite to bringing all 
the experts together for a group meeting. The preparatory materials helped the experts understand the 
scope of the elicitation and how Cooke’s method works, provided general information through 
answers to frequently asked questions (FAQs) about the methodology, and provided clarifications on 
the definition of terms used and the treatment of uncertainties. The value of these preparatory efforts 
cannot be overstated. 

COLLAPSE FRAGILITY AND CHALLENGES IN SOLICITING EXPERTS’ 
JUDGMENT 

Collapse fragility functions express the probability of building collapse, in one or more modes, as a 
function of spectral acceleration Sa at the first mode period (FEMA, 2012). Instead of focusing on the 
collapse fragility of one specific building, we want to estimate the collapse fragility for populations of 
buildings of a certain predefined typology in a given earthquake. For real-time applications such as 
rapid earthquake loss assessment, the structural demand (or input excitation to structure) may only be 
available at the peak horizontal ground acceleration (PGA) or Spectral Acceleration (Sa) at certain 
predefined periods of interest, such as 0.3 second (short period, abbreviated as Ss) or at 1.0 second 
(long period, abbreviated here as S1). Collapse fragilities can be assumed to follow a lognormal 
distribution and are defined by a median value θ and a dispersion β of intensity measure IM as shown 
below 

P[Collapse | IM ]= φ
ln im /θ( )

β
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where Φ is the cumulative standard normal distribution function. A median value θ is a value of 
intensity measure at which 50% of prototype structures (in which each prototype resembles the real 
world building variation associated with a given typology) would experience collapse, and dispersion 
β indicates the total variability associated with that median value of the given intensity measure. This 
total variability includes but is not limited to the variability due to (a) ground motion record-to-record 
variability, (b) definition of typology (between structure-to-structure within the given generic 
typology), and (c) variation in the structural strength, design, and construction process. A higher value 
of β would indicate more variability in the ground motion for defining collapse distribution, and thus 
more variability in actual collapse behavior. Thus, the collapse fragility parameters provided here have 
a very specific meaning in the context of earthquake loss estimation. 

Soliciting expert judgments on structural collapse fragility had its own challenges. First, most of 
the experts in the realms of structural response modeling and seismic design were accustomed to 
dealing with a specific single building rather than populations of buildings. Second, not all the experts 
felt comfortable in providing judgments in terms of quantiles (or adhering to certain likelihood or 
bounds such as low, high and best estimates), or in providing judgments in terms of parameters of a 
probabilistic distribution for an unknown quantity. Moreover, agreeing upon a single intensity measure 
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type (e.g., spectral acceleration at the first mode period Sa(T), spectral displacement Sd, or peak ground 
acceleration PGA) in order to define collapse fragility for a given typology/class raised additional 
concerns. Lastly, defining in precise terms the collapse condition for a given prototype or a generic 
construction typology was a particularly thorny problem. Even agreeing to a very general definition of 
collapse (that could easily apply to field reconnaissance conditions) versus considering and defining a 
very specific behavior of the structural system (that relates to specific condition in nonlinear modeling 
and analysis) was contentious since its definition formed the basis for developing the collapse fragilty 
curves.  

In the two elicitations that we conducted, we gathered the differing opinions among all the 
participating experts on some of these topics before the elicitation workshops by conducting an online 
preliminary survey. Some of these topics, including the definition of collapse, intensity measure type, 
definition of generic construction and treatment of variability within the prototype construction, were 
again brought up for open discussion during the workshop. We endeavored to consolidate all opinions 
by proposing semi-deliberative, strategic solutions, thus creating agreement for a workable hypothesis. 
For future elicitations on building collapse fragility analysis, we feel that more time must be made 
available to the experts for such discussions; our workshops were each concluded in one day’s work. 
This is important especially due to the fact that the empirical data are too sparse in many instances to 
establish quantitative benchmarks, and secondly, that the state-of-the-art in general falls short 
significantly when it comes to answering most of these questions.  

COMBINING MULTIPLE JUDGMENTS 

We used three different approaches to define the weight of an individual expert: equal weighting, self-
rating, and Cooke’s classical approach. In the equal weighting approach, for a pool of N experts, each 
expert’s probability, or probabilistic distribution, is assigned a weight of 1/N. This ensures that the 
sum total weight for all experts equals to unity. Similarly, in the self-rating-based approach, we 
derived the self weight for individual experts using the ATC-13 approach. In this approach, the 
experience and confidence measures that are provided by individual experts for individual assessments 
are used to estimate normalized weight. If the experience level of expert i is denoted as qi and his 
confidence value is defined in terms of ci, then the unnormalized self rating based weight wi is 
calculated as 

wi = qi
α × ci        (2) 

where the value of α is taken as 4 based on the ATC-13 approach. The normalized weight is obtained 
by ensuring that the sum of all the weights within the expert pool equate to unity. In the present 
application, each expert was asked to provide his/her own experience or confidence measure on a scale 
of 1 to 10 for each of their assignments. Thus, the experts who tended to underestimate their own 
experience or confidence for a specific assignment received a lower weight than their peers, and the 
experts who tended to overestimate their own experience or confidence for a specific assignment 
received a higher weight.  

The performance-based scoring metric proposed by Cooke helps to overcome this problem of 
personal bias. The weighting scheme consists of evaluating the calibration and the information (or 
entropy) scores for each expert using a set of seed questions for which the answers are knowable. The 
seed questions should be designed in such a way that they (a) sample experts’ judgments in the subject 
matter of concern, with direct relevance to the specific problem under consideration; (b) help evaluate 
an individual expert’s ability to make rational judgments about credible ranges for capturing knowable 
realization values, by providing specified estimates for expressing the associated uncertainties; and (c) 
are fair to all the participating experts, i.e. they are not biased towards, for example, academic experts 
compared to field experts by asking too many academic or research-related questions, and vice versa. 
Cooke (1981) and Tyshenko et al. (2011) discuss the mathematical principles behind Cooke’s scoring 
approach, and Jaiswal et al. (2013) provide an account of a specific application of the scoring metric to 
collapse fragility analyses.  

For soliciting judgments on collapse fragility, experts were allowed to either define the 
quantiles of probability distribution (e.g., they were asked to state the intensity measure associated 



  
  

  

with 5, 10, 25, 50, 75, and 95 percentile probability of collapse) or directly provide the median value θ 
and a dispersion β of intensity measure with the assumption of lognormal distribution. In the former 
case, since the number of quantiles necessary to define a complete distribution were too many, we 
provided simple multiplicative parameter tables. These tables were designed in such a way that if the 
expert chose a specific quantile estimate and the dispersion parameter of lognormal distribution, they 
would be able to generate other quantiles easily by doing simple multiplication, and thus could state 
their own assessment irrespective of the assumption on the shape or nature of the distribution. 

However, in combining multiple judgments on collapse fragility, we developed a complete 
fragility distribution (using the expert-defined quantiles or using the lognormal distribution 
parameters) for each expert and then weighted the subjective probabilities (instead of weighting the 
intensity measures directly) by using the expert’s weight to derive a combined collapse fragility 
measure. Next, we fitted the lognormal distribution to the combined fragility measure and then 
calculated the median and dispersion of the lognormal distribution for collapse fragility distribution.  

THE 2012 LISBON SURVEY 

In the first elicitation in September 2012 in Lisbon, Portugal, 13 experts from 8 countries provided 
their engineering judgments on the structural collapse fragility of 6 masonry (MS) and 6 reinforced 
concrete (RC) construction types that are commonly found in earthquake-prone countries around the 
world. The rationale behind the selection of experts, identifying the construction types, 
methodological details and the selection of experts are detailed in Jaiswal et al. (2013). The 
construction types chosen in the Lisbon survey were generic in nature, in the sense that they were not 
specific to one country, but they were representive of general construction categories that are 
commonly found in earthquake-prone countries. This factor led us to select experts from different 
geographic areas, covering a range of expertise instead of selecting many experts from one country.  

The experts had the option to choose the construction categories for which they felt comfortable 
providing judgments on collapse fragilities. Among the 13 experts, there were some experts whose 
experience and expertise was limited to only masonry construction types whereas there were others 
who volunteered their expertise only on concrete frame construction types. There were 16 seed 
questions covering a range of topics from earthquake resistant design and analysis, past earthquake 
performances, and concepts related to experimental and analytical research.  

In the Lisbon exercise, given its international scope in terms of generic construction types, and 
given the challenges associated with estimating collapse fragility of a broader representation of a 
structural class, a significant majority of the experts voted for using the peak ground acceleration 
(PGA) as their preferred intensity measure parameter for defining structural collapse fragility. 
Building collapse (irrespective of wall or frame type construction) was defined as a condition in which 
failure of some or all portions of gravity load-bearing elements occurs leading to local or global 
collapse of the structure, potentially inducing injuries. For masonry constructions, the participating 
experts explicitly demanded the inclusion of a specific condition of damage in which 50% of the 
exterior bearing wall experiences out of plane failure leading to casualties outdoors, as a condition of 
collapse. 

Experts were pooled separately for masonry and concrete types. Thus, the experts who 
volunteered their judgments on both construction categories were combined with domain experts from 
individual categories. Figure 1 shows a photograph of typical 1- to 2-story unreinforced concrete block 
masonry construction in New Zealand and Pakistan.  

Figure 2 provides the collapse fragility estimates of unreinforced concrete block masonry wall 
construction obtained by combining multiple judgments using three different weighting approaches. 
Also shown in Figure 2 are the lower and upper bounds on the probability of collapse indicated using a 
dotted line at the given intensity measure level. This represents the total range of expert opinions; such 
a spread is expected given the underlying uncertainty, yet with this approach it can be quantified. 
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Figure 1. Photograph showing typical 1- to 2-story unreinforced concrete block masonry construction in New 

Zealand (left) and Pakistan (right). Photograph credits: Left: Kishor Jaiswal, Right: WHE Report 174 
(http://www.world-housing.net/WHEReports/wh100200.pdf, used with permission). 

 
 

 

 
Figure 2. Collapse fragility estimate of unreinforced concrete block masonry wall construction derived from the 

Lisbon survey. The ranges of estimates are shown with dotted blue lines with low and high bounds, and the 
fragility curves are obtained using multiple weighting approaches.  

 
As expected, there is larger uncertainty in collapse probability estimates at lower intensity levels 

than at stronger shaking thresholds. Similarly, at the lower shaking threshold, the aggregated opinion 
from the group of experts, when combined using the simple democratic equal weight process or the 



  
  

  

self-rating-based process, indicated that there is a relatively higher probability of collapse, up to 50%, 
of concrete block masonry construction when subjected to peak ground acceleration intensity in the 
range of 0.45 to 0.5g. However, the collapse fragility estimate obtained using Cooke’s procedure 
indicated that at such ground shaking levels, there would be 25 to 30% chance of collapse instead. 
Thus, the equal weight or self-weight-based fragility curves for concrete block masonry construction 
indicated a higher collapse vulnerability compared to the curve obtained by combining judgments 
using Cooke’s approach. The Lisbon effort resulted in the generation of 12 generic collapse-fragility 
models based on Cooke’s approach, as shown in Table 1.  

In general, the fragility curves obtained using Cooke’s approach tend to be flatter, indicating 
relatively higher uncertainty in collapse vulnerability (larger dispersion parameter β) compared to 
fragility curves obtained using the other two approaches. 

 
Table 1. Lisbon Survey on Structural Collapse Fragility 

Building Type Median (θ) 
(in terms of 
Peak Ground 
Acceleration, 
PGA) 

Dispersion  
(β) 

MS-T1: Unreinforced clay brick masonry, lime/cement mortar, timber floors/roof, (1 to 2 stories) 0.62 0.63 
MS-T2: Unreinforced clay brick masonry, lime/cement mortar, concrete floors/roof, (1 to 2 stories) 0.63 0.65 
MS-T3: Unreinforced concrete block masonry, lime/cement mortar, reinforced concrete roof/floors, (1 
to 2 stories) 

0.70 0.62 

MS-T4: Unreinforced rubble stone masonry, lime/cement mortar, timber floors/roof, (1 to 2 stories) 0.47 0.72 
MS-T5: Reinforced concrete block or clay brick masonry, lime/cement mortar, concrete floors/roof, (1 
to 3 stories) 

0.98 0.54 

MS-T6: Confined clay brick masonry, lime/cement mortar, concrete floors/roof, (1 to 3 stories) 0.95 0.51 
RC-T1: Nonductile gravity-load bearing RC regular frame with masonry infill walls (1 to 3 stories) 0.62 0.61 
RC-T2: Nonductile gravity-load bearing RC regular frame with masonry infill walls (4 to 7 stories) 0.65 0.66 
RC-T3: Nonductile lateral-load designed RC regular moment frame with masonry infill walls (1 to 3 
stories) 

1.04 0.54 

RC-T4: Nonductile lateral-load designed RC regular moment frame with masonry infill walls (4 to 7 
stories) 

1.02 0.56 

RC-T5: Modern seismically designed ductile RC regular moment frame with masonry infill walls (1 to 
3 stories) 

1.83 0.47 

RC-T6: Modern seismically designed ductile RC regular moment frame with masonry infill walls (4 to 
7 stories) 

2.03 0.45 

 
For nonductile RC gravity frame construction types, the aggregated fragility curves obtained 

from different approaches show striking similarity, irrespective of the weighting schemes used to 
combine the experts’ probabilities. Notwithstanding the larger uncertainty associated with individual 
experts’ assessments of the probability of collapse at a given intensity measure, there is good 
agreement in terms of pooled group estimates using the different weighting approaches when 
compared with available empirical evidence for certain construction types. In other words, relying 
solely on the views of just one or two experts could be misleading or fallacious—genuine, realistic 
uncertainties are very likely to be greater than those expressed by any individual expert, and too large 
to be simply discounted for the sake of quick and easy decision-making. 

THE 2013 OAKLAND SURVEY 

The second elicitation workshop was conducted in Oakland, California, in May 2013. The impetus for 
the Oakland workshop was to derive collapse-fragility parameters for several vulnerable construction 
typologies within the United States by soliciting engineering judgments from the domain experts on 
these types. This exercise was funded primarily by the USGS, with additional support provided by the 
Global Earthquake Model (GEM) Foundation. Seismic collapse fragility functions were developed by 
combining the judgments from multiple experts using weights derived from Cooke’s method. In 
addition to Cooke’s method for estimating weights, the collapse fragility curves were also derived by 
using the traditional democratic-pooling and self-rating approaches prescribed in ATC-13.  
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Based on the pre-workshop consensus obtained through the preliminary survey, three broad 
categories of U.S. construction types were included in the Oakland exercise, each with different levels 
of detail. They included older reinforced concrete constructions (frames, walls, or both) with 20 
subcategories, unreinforced masonry bearing wall construction with 3 subcategories, and weak first 
story wood frame construction with 2 subcategories. Similarly, the intensity measure selected for each 
of the subcategories was based on expert advice sought through the pre-workshop survey; these were 
refined further during the workshop by engaging all experts in deliberation and discussion. Given the 
range of construction types and their expected variation in terms of design, construction, and 
evaluation standards, it was necessary to come up with topic- and construction type-specific seed 
questions. The seed questions pertaining to a specific construction category were designed to reflect 
experimental test results, standards/guidelines/design manuals, research studies from the literature, 
field observations/findings from recent earthquakes, and other objective criteria. In addition, there 
were five seed questions that were compulsory for all experts. These questions were designed to 
sample general earthquake engineering principles, performance of buildings in recent earthquakes, 
significance of field survey data, and the type of data and its interpretation.  

The estimated probability of collapse from an individual expert’s judgment was weighted in turn 
using the weights obtained from specific schemes. For a typical seismically retrofitted unreinforced 
masonry bearing wall construction (Figure 3), 10 experts provided the collapse fragility parameters, 
which were used to combine individual judgments (using the multiple weighting schemes), and to 
estimate the derivative fragility curve as shown in Figure 4. The brown line with the open-square 
symbols shows the curve obtained using equal weighting for all experts, the darker blue line with the 
filled symbols shows the fragility estimate in terms of the normalized self-weight obtained for each 
expert, and the light green line with the triangular symbols shows the fragility curve obtained using 
Cooke’s weight. In addition, Figure 4 also shows the low and high estimates of the probability of 
collapse at a given intensity level indicated by dotted blue lines. Thus, these bounds reflect the overall 
spread, within the expert group, of the estimated probability of collapse at each level of intensity 
measure. It is important to note that these spreads depend to a certain extent upon the membership of 
the group and their personal judgments on collapse uncertainty, and that real uncertainties might 
extend marginally beyond these bounds. By fitting the weighted estimate of collapse probability at 
each intensity level using a lognormal cumulative distribution function, the derivative collapse 
fragility parameters (expressed in terms of the median and beta parameters) are obtained.  

The lognormal collapse fragility parameters for 25 construction types which included weak story 
timber frame (W2), unreinforced masonry (URM) bearing wall, pre- and low-code moment frames 
(C1), shear walls (C2) and infill frames (C3) construction are presented in Table 2.  

 
Table 2. Oakland Survey on Structural Collapse Fragility 

U.S. Model 
Building Type 

Median (θ) (in 
terms of Spectral 
Acceleration, Sa) 

Dispersion (β) U.S. Model 
Building Type 

Median (θ) (in 
terms of Spectral 
Acceleration, Sa) 

Dispersion (β) 

W2-I  SS = 0.95 0.62 C3L-I SS = 0.72 0.97 
W2-II SS = 2.38 0.54 C3L-II SS = 1.30 0.81 
URM-I SS = 0.51 0.76 C3M-I S1 = 0.24 1.00 
URM-II SS = 0.73 0.76 C3M-II S1 = 0.47 0.88 
URM-III SS = 2.20 0.60 C1LMC-I S1 = 0.43 0.85 
C1LPC-I S1 = 0.29 0.92 C1LMC-II S1 = 0.70 0.70 
C1LPC-II S1 = 0.50 0.82 C1MMC-I S1 = 0.37 0.81 
C1MPC-I S1 = 0.24 0.89 C1MMC-II S1 = 0.60 0.72 
C1MPC-II S1 = 0.43 0.75 C2LMC-I SS = 1.38 0.83 
C2LPC-I SS = 0.82 0.83 C2LMC-II SS = 2.00 0.70 
C2LPC-II SS = 1.50 0.69 C2MMC-I S1 = 0.49 0.88 
C2MPC-I S1 = 0.30 0.89 C2MMC-II S1 = 0.87 0.72 
C2MPC-II S1 = 0.56 0.76 - - - 

Typology Description: W2: multi-unit wood frames without seismic retrofit (W2-I) and with seismic retrofit (W2-II), 
URM: Unreinforced masonry with no seismic retrofit (URM-I), with partial retrofit (URM-II), and with full seismic 
retrofit (URM-III). For concrete types, the suffix –I indicates one or more seismic deficiency, and –II indicates less 
significant seismic deficiency. C1: Concrete moment frame type, C2: Concrete frame with structural shear wall type, 
C3: Concrete frame with infill masonry, L: low rise (1 to 3 stories high), M: mid-rise (4 to 7 stories high), PC: pre-
code (related to pre-1940s), MC: moderate code (1940s to 1980s construction). 



  
  

  

 
 

 

	  

 	  
Figure 3. Typical seismically retrofitted (according to ASCE 41 or equivalent) unreinforced masonry (URM) 

bearing wall (up to 4 stories) constructions. Photograph credits: William T. Holmes 

	  
Figure 4. Collapse fragility estimate of seismically retrofitted unreinforced masonry bearing wall construction. 
The ranges of estimates are shown with dotted blue lines with low and high bounds, and the fragility curves are 

obtained using multiple weighting approaches. 
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SUMMARY 

We discuss the findings of the two international expert elicitation workshops that were convened by 
EERI in 2012 and 2013. The main objective was to apply Cooke’s structured elicitation process to 
earthquake loss estimation and to draw upon experts’ collective wisdom and advice to understand 
structural collapse susceptibility of selected vulnerable construction typologies in the United States 
and around the world. The exercises resulted in the generation of structural collapse fragility 
relationships for dozens of generic construction types; many of these construction types are located in 
earthquake prone regions of the world.  

The fragility relationships presented here could be of use to global loss-estimation tools such as 
GEM’s OpenQuakeTM earthquake loss-estimation engine and the USGS Prompt Assessment of Global 
Earthquakes for Response (PAGER) system, especially where empirical data are lacking or when 
robust analytical models are not feasible. Although a significant background effort is required for 
conducting an international survey, it is expected that the elicitation strategy described here will gain 
momentum in a wide variety of earthquake seismology and engineering hazard and risk analyses.  

One common feedback that we received was the lack of sufficient time available to individual 
experts for general discussion and the consensus-building process. Similarly, a number of concerns 
were expressed by the participants of the Oakland workshop that should be considered in future 
elicitation exercises on collapse fragilities. These concerns were mostly related to the fact that 
available “experts” in the seismic vulnerability of buildings are mostly structural engineers 
experienced in studying individual buildings with known characteristics. Few have experience 
considering inventories of model building types described only by material and seismic force resisting 
systems. This lack of experience or expertise in the determination of fragilities caused difficulties in 
developing seed questions for weighting experts’ judgments using Cooke’s method. It also created 
concern among the experts that the workshop setting, without the ability to consult literature on the 
topics, was forcing them out of their usual research-based judgment “comfort zone.” 

Despite the challenges, significant improvements are possible in applying Cooke’s method in 
structural vulnerability and loss/risk modeling. For example, the available experts are not often 
responsible for dealing with such subjects as a part of their day-to-day work. Disseminating pre-
workshop materials and guidelines could help. Similarly, bringing all the experts together a couple of 
times for collaborative meetings and ‘training’ exercises, prior to an actual elicitation, could offer 
added potential for experts to get more familiar with the in-depth aspects of the process, provide an 
environment where they can seek and understand answers for their concerns, and allow them to 
express their positions objectively, as well as engage in constructive discussion and interaction with 
their peers. 
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