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ABSTRACT 

This paper summarizes an Electric Power Research Institute (EPRI) project whose objective was to assess 

the extent to which experience-based seismic fragilities can be improved by  

• carefully examining and analysing the earthquake experience database, including data collected 

from recent post-earthquake investigations, 

• augmenting, modifying, or reformulating the statistical methodology used to develop seismic 

capacities from experience data. 

Two statistical approaches are considered: a frequentist approach that adopts the statistical framework 

from EPRI 1019200 (2009), and an alternate Bayesian Inference technique.  The two approaches applied 

to four example equipment classes:  Motor Control Centers (MCCs), Fans, Inverters and Battery Chargers 

(IBCs), and Horizontal Pumps (HPs). The seismic capacities developed for the four example equipment 

classes using the Bayesian approach exceed the capacities developed from EPRI 1019200 by 

approximately 23% to 49%.  The Bayesian results are considered to represent a best estimate, whereas the 

frequentist approach produces a conservative lower bound.  The lower bound capacities from the 

frequentist approach vary within about ±18% of the capacities based on the EPRI 1019200 methodology. 

INTRODUCTION 

Seismic probabilistic risk assessments (SPRAs) have used earthquake experience data to estimate 

probabilistic equipment capacities and seismic fragilities.  The EPRI seismic margins report (1991a) 

states that components satisfying certain screening criteria can be inferred to have a high confidence of 

low probability of failure (HCLPF) capacity of at least equal to the corresponding screening levels

associated with Tables 2-3 and 2-4 of EPRI NP 6041 (1991a).  Appendix C of the EPRI Seismic Fragility 

Applications Guide (2002) contains a statistical analysis of earthquake experience database similar to 

earlier work by Salmon and Kennedy (1994).  EPRI (2009) removes some conservatism from the 

EPRI (2002) approach and improves the statistical method by expressing capacities in terms of  

in-structure spectral acceleration, which is more closely correlated to equipment failure than free field 

ground spectral acceleration.  This EPRI (2009) approach represents a substantial technical improvement 

over the earlier method because it enables the fragility analyst to explicitly account for NPP structure 

response in the fragility calculation. 

Drawing upon the experience-based statistical methods in EPRI (2002, 2009), the present study further 

develops the methodology, which is referred to herein as the frequentist approach.  Seismic capacities are 

then computed for four sample equipment classes represented in the SQUG earthquake experience 
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database.  An alternate statistical approach based on Bayesian inference is also considered.  In the present 

study, the earthquake experience database is examined more closely than in the previous studies, and 

experience data from recent post-earthquake investigations are also included. 

 

EARTHQUAKE EXPERIENCE DATA 

 

The experience data used in the seismic capacity calculations consist of seismic demands at database sites 

and documented equipment performance in actual earthquakes.  The data are primarily obtained from the 

eSQUG online database (2014), and are supplemented by EPRI’s Twenty Classes Report (1991b) as well 

as data collected from more recent post-earthquake investigations.  Seismic demands at database sites are 

expressed as an average 2.5 Hz to 7.5 Hz 5%-damped spectral acceleration following EPRI (2002, 2009). 

 

The experience database contains both failure data and survival data.  However, as described below, the 

survival data is more directly relevant to the seismic capacity calculations performed in this paper.  The 

SQUG caveats and restrictions were originally developed to ensure that: 

 

1. Known failure modes for the equipment class would be precluded based on a caveat or restriction 

associated with this failure (e.g. lead antimony batteries were restricted based on lower seismic 

capacity shown in shake table tests) 

2. Anchorage, load path and seismic interactions would be evaluated separately  

 

Since the seismic capacities generated in this study are aligned with the use of the experience data as 

stated above, the values generated are associated with equipment that meet the SQUG caveats and 

restrictions and the seismic capacities include neither anchorage / load path capacities nor the capacities 

of credible seismic interactions, which need to be calculated separately.  As such, the developed 

capacities only apply to equipment that satisfies the SQUG caveats and restrictions, has adequate 

anchorage, and is free of seismic interaction.   

 

Independence 
 

The statistical analysis in this study essentially treats each equipment survival as statistically independent 

of all other survivals.  Treating each survival as independent is mathematically convenient, and is judged 

to be a reasonable approximation under the conditions outlined below.  To accommodate this simplifying 

approximation, components that are obviously strongly correlated with each other are not counted as 

independent.  Only one independent survival is included in the capacity calculations.  This study adopts 

the independence criteria from The Institute of Electrical and Electronics Engineers Standard 344 (2005): 

 

“Independent items are components and equipment that:  (a) have different physical 
characteristics or (b) experienced different seismic motion characteristics, e.g., different 

earthquakes, different sites, different buildings, or different orientations/locations in the same 
building.  For example, two or more identical items of equipment located side by side are 

considered a single independent item for each earthquake experienced.” 
 

Electrical Equipment Data from Kashiwazaki-Kariwa 
 

Some of the more recent seismic experience data considered in this study was collected from the 

Kashiwazaki-Kariwa (KK) NPP in Japan following the 2007 Niigataken Chuetsu Oki (NCO) earthquake.  

The KK experience dataset is unique because it was collected from an NPP in Japan; KK is the first NPP 

subject to a SQUG post-earthquake investigation.  To ensure the capacities developed in this study are 

representative of the generic SQUG equipment classes, the KK data should only be included if it is 

similar to the balance of the database equipment. 
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Based on a review of the descriptive information in the database and interviews with the SQUG engineers 

who performed the KK investigation, it is judged that the mechanical equipment classes (Fans and HPs) 

at KK are generally similar to their respective generic SQUG classes; therefore KK may be included in 

the capacity calculations for these classes.  The electrical equipment in Japanese NPPs (e.g., MCCs and 

IBCs), on the other hand, are often designed significantly stiffer than the common configurations in the 

experience database.  Overall, it is not yet well known whether the Japanese electrical equipment is 

representative of the generic equipment classes, and further study is needed in this area.  As such, the 

capacity calculations for the electrical equipment classes have been performed excluding the KK datasets. 

 

FREQUENTIST CALCULATIONS 

 

The frequentist approach developed in this study adopts the method from EPRI (2009) with some 

improvements.  Compared to the EPRI (2009) method, the frequentist approach used in this paper is 

somewhat streamlined, and the seismic capacities and demands account for structural amplification more 

explicitly.  Additionally, the approach is augmented with some simple procedural rules to ensure that the 

sample of equipment used in the calculation contains a sufficient variety from several sites. 

 

Seismic Capacity for Frequentist Approach 

 

Consider a sample of events, wherein each event is an equipment component subjected to strong 

earthquake ground motion.  Each event can be characterized by a capacity-to-demand ratio X = C / D.  If 

both the capacity and the demand are modelled as lognormally distributed random variables, then their 

ratio, X, is also lognormally distributed.  The median demand, Dm, is computed from accelerations 

measured at the database sites, and the lognormal standard deviation is conservatively estimated to be 

βD = 0.3.  Consistent with EPRI (2009), the lognormal standard deviation on equipment capacity is judged 

to be βC = 0.45. 

 

Using the observed successes and spectral accelerations and the judgment-based uncertainties, the median 

capacity Cm is estimated such that there is 50% confidence that a future sample of n components 

subjected to the same random demand, D, would have the same outcome (e.g., 100% survival and no 

failure).  Thus, the capacity distribution, C, is defined as that which would produce predictions consistent 

with observation 50% of the time, and would otherwise predict more failures than were actually observed 

in the experience database.  The Cm calculated in this way is conservatively biased because it is a lower 

bound on the set of median capacities that would predict the observed outcome most of the time. 

 

The probability of a single event resulting in failure, Pf, is P(X ≤ 1.0).  This performance threshold can be 

characterized as being uo lognormal standard deviations below the median capacity-to-demand ratio, Xm, 

where βX is the lognormal standard deviation on the random variable X. 

 

 Xou

m eX
b×= 0.1  (1) 
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For the judgment-based values of βD = 0.3 and βC = 0.45, Equation (2) gives βX = 0.541.  Using the 

properties of lognormal distributions, Xm and Cm are expressed as follows: 

 

 
mmm DCX /=  (3) 

 

 Xou

mm eDC
b×=  (4) 

 

Each value of uo is associated with a particular probability of failure Pf for a single event according to the 

standard normal cumulative distribution function.  A component failure probability Pf is selected such that 

a random sample of n events would have a 50% probability of resulting in n successes and, equivalently, a 

50% probability of resulting in fewer than n successes.  The probability of having n successes and zero 

failures in a sample of n events, Pn, is expressed in terms of Pf, which is used to obtain uo and finally Cm: 
 

 5.0=nP ( )nfP-= 1  (5) 
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Seismic Demand for Frequentist Approach 

 

To compute Dm, an average 2.5 Hz to 7.5 Hz 5% damped ground spectral acceleration is calculated from 

the ground response spectrum associated with each database site.  The recorded ground accelerations are 

scaled to account for structural amplification and weighted by their respective number of survivals.  The 

median is then computed using a basic definition, such as provided by Ang and Tang (1975): 
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Where m is the total number of sites included in the calculation, Di is the spectral acceleration demand 

recorded at site i, and AFj is a structural amplification factor at location j in the database structure.  As a 

simplifying approximation, AFj is estimated as 1.0, 1.5, or 2.0 for equipment located in the lower, middle, 

and upper third of the database structure, following an approach by the Multidisciplinary Center for 

Earthquake Engineering Research (MCEER) (1999).  AF is limited to 1.5 for structures with heights less 

than 40 ft above grade.  The number of survivals observed at location j (lower, middle, or upper third of 

structure) at site i is denoted nij, and the total number of survivals included in the calculation is denoted n. 

 

Optimization and Diversity of Experience Data Sample 

 
Since low-acceleration events obviously do not challenge the equipment performance, only  

high-acceleration recordings and survivals are included in the calculations.  A low-acceleration cutoff is 

identified below which additional survivals do not provide any meaningful information that could benefit 

the capacity estimates.  To ensure diversity, this truncated sample is constrained such that no more than 

50% of the total number of survivals can come from a single site.  Similarly, no more than 80% is 

permitted from any two sites, and 90% from any three.  Additionally, at least four different sites and four 

different earthquakes are required to be included in the sample.  These constraints ensure that the sample 

of equipment is diverse and not overly biased toward too few sites. 
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BAYESIAN UPDATING CALCULATIONS 

 
A Bayesian technique is used to update the seismic capacity of an equipment class using earthquake 

experience data.  The Bayesian Inference technique provides a powerful tool to effectively integrate 

existing information or “prior knowledge” on the seismic capacity with “newly collected information” 

from earthquake experience to obtain the updated or “posterior” capacity estimate.  The Bayesian 

approach begins with a subjective prior distribution, which captures the analyst’s expert judgment or 

current state of belief concerning the equipment seismic capacity.  The prior is then updated according to 

Bayes’ Theorem, which quantitatively adjusts the seismic capacity parameters to account for the observed 

survival data.  The result is a posterior estimate of the seismic capacity parameters, which accounts for 

both the prior state of belief as well as the observed experience data. 

 

Consistent with the frequentist approach described above, the Bayesian approach models the seismic 

capacity as a lognormally distributed random variable, C.  The probability of failure Pf is modelled as a 

function of the local, in-structure spectral acceleration, a.  The median capacity is Cm, and the lognormal 

standard deviation on capacity is βC.  The probability of failure is expressed as a function of local 

acceleration. 

 

Prior Distributions 

 

The lognormal seismic fragility model depends on two statistical parameters: median capacity, Cm and 

lognormal standard deviation, βC.  Their values are uncertain, and their estimates can be improved by 

considering experience data.  The Bayesian Updating process begins by quantifying the current state of 

belief about these two parameters.  Each parameter is modelled with a lognormal distribution representing 

the best estimate value and uncertainty.  

 

The best estimate value of Cm, denoted Cmbe, is judged to be 4.8g following EPRI (2009).  This value is 

heavily based on qualitative expert judgement from the Senior Seismic Review Advisory Panel (SSRAP) 

concerning the ground motion capacity of a wide variety of equipment types (1992).  The lognormal 

standard deviation denoted βCm represents qualitative uncertainty on this best estimate.  The 5% and 95% 

confidence of non-exceedance Cm values are judged to be 2.4g and 9.6g, respectively (error factor of 2.0); 

βCm can therefore be computed as follows: 

 

 
( )

42.0
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0.2ln
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mCb  (8) 

 

The best estimate value of βC, denoted βCbe, is equal to the value of β’C = 0.42 recommended in EPRI 

(2009).  This value is based on the experience of the authors of EPRI (2009), who note that a reasonable 

range for βC is 0.4 to 0.5.  The lognormal standard deviation representing qualitative uncertainty on this 

best estimate is denoted ββc.  The 95% confidence of exceedance βC value is judged to be 0.30; ββc can be 

estimated as follows: 

 

 
( )
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30.042.0ln
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Cb
b  (9) 

 

The lognormal distributions on Cm and βC characterize the current state of belief about the seismic 

fragility parameters for equipment in the generic SQUG equipment classes.  They both depend on analyst 

judgment and could vary within a reasonable range depending on the opinion and experience of the 

analyst.  Sensitivity studies are discussed below to assess how the Bayesian results would be affected by 

differing analyst judgments in the prior. 
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The two lognormal probability density functions are multiplied to obtain a joint probability density 

function.  The joint distribution is known as the “prior” distribution for these parameters, p(Cm, βC).  Here, 

φ(·) is the standard normal probability density function: 
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Likelihood Function 

 

The Bayesian Updating procedure involves defining the likelihood of observing the experience data 

across the domain of possible values for Cm and βC.  The experience data is expressed in terms of 

survivals and failures, and the seismic fragility gives the probability of failure Pf.  The likelihood function 

is defined as follows: 

 

 ( ) ( ), | , 1
n

m c fL n a C Pb = -  (11) 

 

where n is the number of observed survivals at local spectral acceleration level a, Pf is the probability of a 

single component failing at acceleration level a, given fragility parameters Cm and βC, and (1-Pf)
n
 is the 

probability of observing n successes and zero failures in n observations.  Since the experience data consist 

of several sets of survivals at various acceleration levels, the likelihood function is reformulated using 

product notation: 
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Here {n,a} is used to denote a set of observations (n1, a1), (n2, a2)… (nm, am), where ni is the number of 

components observed to survive local spectral acceleration ai, and m is the total number of different local 

spectral accelerations included in the experience data for the equipment class. 

 

Bayesian Update 

 

The “posterior” joint distribution on Cm and βC, which quantifies the state of belief about these parameters 

after considering the observed survivals, is given by Bayes’ Theorem: 

 

 { }( ) { }( ) ( ), | , ' , | , ,m c m c m cf C n a L n a C p Cb b b= ×  (13) 

 

In this case, f (Cm, βC|{n,a}) is the posterior distribution of Cm and βC, conditional on the observed 

experience data.  Finally, the posterior f is approximated as a joint distribution on independent variables 

Cm and βC, and updated best estimates of Cm and βC are taken as the medians of the respective constituent 

distributions: 
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where C’mbe and β’Cbe are the updated best estimates of Cm and βC, and β’Cm and β’βc are updated 

lognormal standard deviations for the posterior distributions on Cm and βC. 
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PRELIMINARY RESULTS FOR FOUR EXAMPLE EQUIPMENT CLASSES 

 

The purpose of the EPRI project summarized herein was to demonstrate that seismic capacity increases 

would be feasible based on use of the eSQUG experience data for the four example equipment classes.  

As noted above, only the success data within eSQUG was used for this study, since all of the failures 

were assumed to be addressed by the caveats and restrictions associated with the equipment class.  The 

results presented below are preliminary because EPRI is currently investigating several equipment records 

in the experience database that may not contain enough detail to clearly classify them as success or failure 

for the purpose of these statistical calculations.  This current EPRI project is examining how these 

potential “grey area” items could be included in the frequentist and Bayesian calculations, if needed.  As 

such, the results shown below are intended for illustration purposes only, and should not be used in SPRA 

calculations without a full understanding of the underlying data and its applicability to project-specific 

conditions.   

 

Table 1 contains the median (Cm) and 1% probability of failure capacities (C1%) calculated for the four 

example equipment classes using the frequentist approach.  Using the procedures described above, the 

capacities are calculated from the spectral accelerations, independent survivals, and mounting point 

locations obtained from the earthquake experience database.  Capacities are expressed in terms of 5% 

damped in-structure spectral acceleration at the equipment mounting point. 

 

Table 1:  Probabilistic Capacities for Four Sample Equipment Classes Using Frequentist Approach 

 

Equipment Class No. Survivals Included Low-Sa Cutoff (g) Dm (g) Cm (g) C1% (g) 

Motor Control Centers 60 1.07 1.50 5.13 1.80 

Fans 41 1.18 1.84 5.82 2.04 

Inverters and Battery Chargers 34 0.95 1.39 4.22 1.48 

Horizontal Pumps 71 1.18 1.65 5.86 2.05 

 

Table 2 contains the updated median and 1% probability of failure capacities calculated using the 

Bayesian approach for the four example equipment classes.  Updated lognormal standard deviations are 

also shown.  Again, capacities are expressed in terms of 5% damped in-structure spectral acceleration at 

the equipment mounting point. 

 

Table 2:  Probabilistic Capacities for Four Sample Equipment Classes Using Bayesian Approach 

 

Equipment Class Number of Survivals C’mbe (g) β’Cbe C1% (g) 

Motor Control Centers 193 6.24 0.40 2.46 

Fans 115 6.68 0.39 2.69 

Inverters and Battery Chargers 65 5.78 0.41 2.22 

Horizontal Pumps 194 6.68 0.39 2.69 

 

The 1% probability of failure capacities calculated for the example equipment classes using the 

frequentist approach are consistent with the 1.8g 5% damped in-structure spectral acceleration capacity 

derived in EPRI (2009).  The C1% capacities for Fans and HPs are slightly higher at about 2.04g and 

2.05g, corresponding to 13% and 14% increase over 1.8g, respectively.  The database contains 

considerably fewer samples of IBCs, and consequently the capacity derived for this class is somewhat 

lower than the others at 1.48g.  The MCCs capacity agrees very well with the 1.8g estimate from EPRI 

(2009). 
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The C1% capacities computed using the Bayesian approach, on the other hand, show significant 

improvement over the 1.8g estimate from EPRI (2009); increases vary from about 23% for IBCs to a 

maximum of about 49% for HPs.  The pattern is consistent with the frequentist approach, with IBCs 

showing the lowest capacity since it has fewer survival samples in the database compared to the other 

classes. 

 

As noted above, the frequentist approach results developed herein are judged to be conservatively biased, 

representing lower bound capacity estimates.  The statistical modelling assumptions defining the 

approach are such that any higher capacity estimate would be more likely to predict outcomes consistent 

with the experience data; that is, any lower estimate would be more likely than not to predict outcomes 

inconsistent with observation.  The Bayesian approach, on the other hand, provides best estimate 

capacities. 

 

SENSITIVITY STUDIES 

 

Two sensitivity studies summarized below were performed to investigate how various elements of the 

frequentist and Bayesian approaches influence the calculated capacities: 

 

• The first study investigates the impact of the database site seismic demand variability estimate in 

the frequentist approach. 

• The second study examines the judgments involved in defining the prior fragility parameters for 

the Bayesian approach. 

 

Database Site Demand Variability in Frequentist Calculations 

 

The frequentist results in Table 1 conservatively assume the lognormal standard deviation on database site 

demand is βD = 0.3.  This variability accounts for both dispersion in the reported spectral accelerations 

and imperfect knowledge of the actual motions experienced by the database site structures.  The βD = 0.3 

value corresponds to an error factor of 1.64, which represents 90% confidence that the 2.5 to 7.5 Hz Sa at 

the database sites included in the calculation do not vary from Dm by more than a factor of 1.64.  Because 

the spectra at many database sites are rough approximations based on recordings that are sometimes miles 

away from the site, the βD = 0.3 is likely somewhat conservative. 

 

If βD is instead estimated to be βD = 0.4, this would correspond to an error factor of 1.93.  This value of βD 

may be reasonable if there is significant uncertainty in the database site demand estimates.  However, 

little is known of the accuracy of the demand estimates, so the associated uncertainty is difficult to 

quantify.  As a sensitivity study, C1% capacities are computed for the Fans and HPs equipment classes 

using both βD = 0.3 and βD = 0.4.  It is found that using βD = 0.4 produces C1% capacities approximately 

15% greater than βD = 0.3.  The frequentist approach is therefore moderately sensitive to judgments 

concerning variability in database site demands.  Lacking data to support higher values, this variability is 

conservatively estimated in this study, which introduces additional conservatism into the frequentist 

results. 

 

Bayesian Prior 

 

The Bayesian approach uses prior distributions on Cm and βC that are heavily dependent on expert 

judgment of the analyst.  While the values used in this study are judged to represent best estimates, 

different knowledgeable analysts could propose different priors within a reasonable range.  To investigate 

whether differences in the subjective priors could significantly affect the Bayesian results, four alternate 

cases are evaluated for the HP class in addition to the “base case” described above: 
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• Cmbe is a factor of 1.5 lower than the base case.  All other parameters are held the same as the 

base case.  This is considered to be a conservative estimate, but still within a reasonable range 

that could be judged by a knowledgeable analyst. 

• Cmbe is a factor of 1.5 lower than the base case, and βCm is accordingly increased to an upper 

bound estimate of 0.55.  The increased βCm accounts for the fact that decreasing Cmbe by a factor 

of 1.5 reflects additional uncertainty in Cmbe compared to the base case, which should be 

quantified in βCm.  The 0.55 value suggests a 95% confidence of non-exceedance Cm of 7.9g, 

which is still more conservative than the 9.6g of the base case. 

• βCm is reduced to 0.25 and other parameters are held the same as the base case.  The 0.25 value 

corresponds to a 95% confidence of exceedance Cm of 3.2g.  This case represents a lower-bound 

on the reasonable range of βCm, corresponding to a scenario in which the analyst is highly 

confident in judging a value for Cmbe. 

• ββc is reduced to 0.11 and other parameters are held the same as the base case.  The 0.11 value 

corresponds to a 95% confidence of exceedance βC of 0.35.  This case represents a lower-bound 

on the reasonable range of ββc, corresponding to a scenario in which the analyst is highly 

confident in judging a value for βC.   

 

The largest difference in C1% compared to the base case is approximately 13%, when Cmbe is reduced by a 

factor of 1.5.  On the other hand, in the next scenario, when βCm is increased to account for the additional 

uncertainty in Cmbe that is implied by the 1.5 reduction factor, C1% is reduced by only 4% compared to the 

base case.  The last two scenarios introduce lower bounds on βCm and ββc to assess how C1% might be 

reduced if an analyst were highly confident in the prior; the maximum reduction is about 12% compared 

to the base case.  In all cases, C1% varied from the base case by less than about 13%, suggesting that the 

Bayesian results are relatively stable irrespective of the analyst’s subjective judgments concerning the 

prior.  The results are only modestly affected by significant differences introduced in the prior. 

 

RESULTS AND CONCLUSIONS 

 

This study set out to assess the extent to which experience-based seismic fragilities could be improved by 

considering the full extent of the EPRI experience database and by updating methodologies used to 

develop seismic capacities from earthquake experience data.  The results of the study showed that seismic 

capacities can generally be improved over those developed in previous studies, such as EPRI (2009).  The 

extent to which they can be improved depends on several factors, such as the number of independent 

samples documented in the earthquake experience database and the location of the equipment within the 

database structures.  Two statistical approaches are considered:  a frequentist approach that adopts the 

statistical framework from EPRI (2009) and an alternate Bayesian Updating approach.  The two 

approaches are applied to four example equipment classes:  MCCs, Fans, IBCs, and HPs.  The main 

conclusions from this study were: 

 

• Experience-based seismic capacities can be improved over those developed in past EPRI studies 

by incorporating the applicable data from the highest ground motion earthquakes from the 

experience database and by using the Bayesian Updating statistical approach outlined herein. 

• The results from the Bayesian approach represent best estimate seismic capacities.  The Bayesian 

approach accounts for both subjective expert judgment, as well as objective experience data.  For 

the four example equipment classes, the experience data dominated the results such that the 

results were relatively stable irrespective of variations in the subjective judgments defining the 

prior.  The Bayesian results show significant improvement over the 1.8g 5% damped in-structure 

Sa capacity from EPRI (2009).  For the four example classes, the 1% probability of failure 

capacities range from about 2.22g to 2.69g, which represent 23% to 49% increases over 1.8g.  

These Bayesian capacities are considered to be best estimates, and are preferred over the more 

conservative frequentist results. 
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• The frequentist approach results developed as part of the EPRI project are judged to be 

conservatively biased, representing lower bound capacity estimates.  Additionally, the frequentist 

approach is moderately sensitive to judgments concerning variability in database site demands.  

Lacking data to support a precise estimate, this variability is conservatively estimated in this 

study, which introduces additional conservatism into the frequentist results.  The frequentist 

approach results in conservative, lower bound 1% probability of failure capacities for the four 

example classes ranging from 1.48g to 2.05g 5% damped in-structure Sa. 

• Only independent equipment samples should be included in the capacity calculations.  The 

earthquake experience database documents many collocated equipment items that are essentially 

identical to each other, such that they had very similar seismic capacities and demands.  Anytime 

such statistical capacity calculations are performed, the experience database should be carefully 

reviewed to realistically estimate the number of independent samples. 
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