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A B S T R A C T
This discussion is based on the paper by Pang et al. (2020) (hereafter identified as ‘‘the original authors’’ and ‘‘the original paper’’ or ‘‘the reference paper’’).The original authors employed the endurance time analysis (ETA) and incremental dynamic analysis (IDA) techniques to investigate the probabilistic responseof a deep water bridge in a reservoir. They derived multiple fragility curves using both techniques. Derivation of ETA-based fragility functions in the originalpaper is not fully consistent with the nature of seismic fragility curves. The underpinning concept of fragility curves is tied with ground motion record-to-record(RTR) variability, while the conventional ETA does not offer such an ability. We discussed several underlying assumptions in the ETA method, as well as differentsources of ground motion RTR variability (from IDA technique) which may affect the logarithmic dispersion in a fragility curve (and it is unseen in conventionalETA method).

1. Introduction

Developing fragility functions is the heart of the Performance BasedEarthquake Engineering (PBEE) framework originally proposed by thePacific Earthquake Engineering Research Center (PEER) (Cornell andKrawinkler, 2000). A fragility function essentially presents the proba-bility of exceeding a specific damage state, such as collapse, given anintensity measure of a given earthquake (Porter, 2003). Developing theseismic fragility curves is computationally intensive, and in fact is themain obstacle for practicing engineers in full implementation of PBEE.In some cases, the engineers simulate the response of a real structurewith a simplified numerical model which by itself introduces multiplesources of uncertainty into the estimation of seismic response. Thisbecomes more critical with respect to retrofit of existing infrastructure,because of typical budget constraints to repair the existing infrastruc-ture systems. A risk-based metric could enable decision makers to takemore informed decisions on prioritizing mitigation funds.The reference paper Pang et al. (2020) investigates the applicationof the Endurance Time Analysis (ETA) method (Estekanchi et al., 2007)in nonlinear seismic assessment of bridges including the fluid–structureinteraction (FSI). Among others, they mainly focused on three maintopics: (1) general applicability of the ETA method for the coupled sys-tems with FSI, (2) comparison of capacity curves (Hariri-Ardebili andSaouma, 2017) generated by ETA and Incremental Dynamic Analysis
DOI of original article: https://doi.org/10.1016/j.oceaneng.2019.106846.
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(IDA) (Vamvatsikos and Cornell, 2002) methods, and (3) developingseismic fragility curves.This is an interesting paper with a considerable contribution inthe field of seismic assessment of infrastructures. However, it ap-pears that there is a misunderstanding of the ETA-based fragilitycurves that must be considered. The original paper does not providea proper/comprehensive evaluation and justification on adaptation ofconventional ETA method with seismic fragility function derivation.The discussers would like to contribute to the topic by offering thefollowing comments and suggestions.
2. Applied endurance time analysis

ETA is a dynamic pushover procedure used to estimate the seismicperformance of structures when subjected to pre-designed intensifyingexcitation (Estekanchi et al., 2019). These synthetic acceleration func-tions shake the structure from a low excitation level (with a structuralresponse intended to be in the elastic range) to a medium excitationlevel (where the structure experiences some nonlinearity), and ulti-mately to a high excitation level causing failure (Hariri-Ardebili et al.,2016d). All these response ranges are experienced using a single timehistory analysis.The key parameter in successful implementation of the ETA methodlies in generating a reliable endurance time excitation function (ETEFs).
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In general, the procedure starts with creating a stationary random ac-celeration function, Fig. 1(a). Next, a series of mathematical operationsare performed which include: (1) converting to non-stationary form, (2)filtering in the frequency domain, (3) adjusting to a linear form, (4)optimizing in time and frequency domains, and finally, (5) modifyingthe number of effective cycles, ductility, and hysteresis energy con-tent (Mashayekhi et al., 2018, 2019a). The outcome of one realizationis shown in Fig. 1(b). Since the initial step in ETEF generation israndom, one may technically generate/optimize an infinite number ofsignals which have different acceleration values at different time lapses.Fig. 1(c) shows the acceleration ratio of two ETEF realizations in thelogarithmic scale.Having an ETEF, one can generate an ETA function and the corre-sponding capacity function as follows:
• Develop the numerical model, and apply the ETEF.
• Record the time history of the engineering demand parameter (EDP)of interest (e.g., displacement).
• Compute the maximum value of the absolute EDP at 𝜏 for any timeinterval [0, 𝑡] using Eq. (1). The outcome of this step is a step-wiseincreasing function.
𝛺 (EDP(𝑡)) ≡ max {Abs (EDP(𝜏) ∶ 𝜏 ∈ [0, 𝑡])} (1)

• Smooth the ETA function for any practical purpose (because anETEF has a stochastic nature). This curve is called the ETA func-tion (Hariri-Ardebili et al., 2016a), and is presented in the EDP-timedomain.
• Adjust the EDP-time coordinate system to make it time-EDP. Inthis way, the independent variable (i.e., time) is on vertical axis(analogous to an IDA curve).
• Convert the time parameter to its equivalent intensity measure (IM)parameter to obtain the so-called capacity curve (Hariri-Ardebiliand Saouma, 2017). The most straightforward IM parameter is peakground acceleration (PGA) that can be obtained directly as:
𝛺 (PGA(𝑡)) ≡ max{Abs (𝑢̈𝑔(𝜏) ∶ 𝜏 ∈ [0, 𝑡]

)} (2)
Fig. 1(d) compares 𝛺 (PGA(𝑡)) of three ETEFs (from e-series). Thelinear relationship between peak acceleration and time is intuitive.Moreover, Fig. 1(e) compares the ratio of three time-dependent
𝛺 (PGA(𝑡)). Neglecting the initial spike, the ratio of three ETEFs variesbetween 0.8 to 1.2. This shows consistency of ETEFs over time.

• For more efficient IM parameters (Vamvatsikos and Cornell, 2005),one may establish a relation among time, 𝑡, period, 𝑇 , and an IMparameter. Fig. 2(a) shows, for example, such a relationship betweenspectral acceleration, 𝑆𝑎(𝑇 ) with 𝑡 and 𝑇 . The time parameter, 𝑡, canbe further converted to its equivalent PGA and presented in a vectorIM form, see Fig. 2(b).
• Although this procedure is applicable only with single ETEF, in orderto reduce the uncertainty (due to the random nature of the initialwhite noise), typically a mean of three ETEFs is used (Li et al., 2019).
3. Fragility function derivation

In the context of the PEER PBEE approach, and according to thetotal probability theorem, the mean annual frequency of exceedance ofa decision variable (DV) is (Baker and Cornell, 2008; Der Kiureghian,2005):
𝜆DV (𝑑𝑣) = ∫𝑑𝑚 ∫𝑒𝑑𝑝 ∫𝑖𝑚

𝑃
[DV ≥ 𝑑𝑣|DM = 𝑑𝑚

]

d𝑃 [DM ≥ 𝑑𝑚|EDP = 𝑒𝑑𝑝
]

d𝑃 [EDP ≥ 𝑒𝑑𝑝|IM = 𝑖𝑚
]

|

|

d𝜆IM (𝑖𝑚)|
|

(3)
where 𝑃

[X > 𝑥|Y = 𝑦
] denotes the conditional complementary cumula-tive distribution function (CCDF) of random variable X given Y = 𝑦.Therefore, the conditional probability 𝑃

[EDP ≥ 𝑒𝑑𝑝|IM = 𝑖𝑚
] is called
2

fragility or ‘‘demand fragility’’ (Mackie and Stojadinovic, 2005a).
A fragility function is capable of quantifying the uncertainties in1) ground motion record-to-record (RTR) variability, (2) material un-ertainties, and (3) modeling assumptions. In this discussion, we focusnly on ground motion RTR variability. Variability in ground motionecords is usually addressed using one of the following three methods:1) IDA, (2) multiple stripe analysis, and (3) cloud analysis (Mackiend Stojadinovic, 2005b). Among those three, the IDA is widely usedecause it adapts a (relatively) small set of ground motions (comparedo cloud analysis). In IDA, a total of 𝑁 capacity curves are constructedfor 𝑁 scaled ground motions. The source of dispersion among theseurves is due to the aleatory nature of ground motion RTR variability.ig. 3(a) illustrates a typical multi-record IDA function which is de-eloped on a simple cantilever reinforced concrete (RC) column. Theutcome of IDA is presented as: (1) 16%, 50% (median) and 84%ractile curves, and (2) the corresponding fragility curve. When it comeso the fragility curve, dispersion among the individual curves need toe quantified. It is well-accepted that a log-normal distribution can beitted to the response quantities, either in the form of IM|EDP (the redurve in Fig. 3(a)) or EDP|IM (the blue curve in Fig. 3(a)) (Bakalisnd Vamvatsikos, 2018). Such a simplified method needs a logarithmicean, 𝜂, and a standard deviation, 𝛽. Both these quantities can be easilybtained from post-processing the IDA method (Baker, 2015).On the other hand, several researchers compared the averagemean) of three ETEFs with the median of IDA method results (Hariri-rdebili et al., 2014b,a; Rahimi and Estekanchi, 2015; Tafakori et al.,017; Guo et al., 2017; Bai et al., 2018, 2019; Avanaki et al., 2020;irfarhadi and Estekanchi, 2020), and nearly in all cases, they reportedgood agreement. Therefore, the ETA method provides a reliable 𝜂ver various IM/EDP values. However, the conventional ETA methods not capable of providing ground motion RTR variability, 𝛽. Thereare multiple concerns in estimating 𝛽 based on ETA, and developing aragility function. We will address them as follows (note that the thirdne is adopted in the reference paper):
.1. Scaling ETEFs

Scaling ETEFs either in time or acceleration may leads to capacityurve-to-curve variation; however, the resulted dispersion is not due toround motion RTR variability.
Acceleration scaling: In Fig. 3(b), a sample ETEF (i.e., ETA20e02)is linearly scaled in acceleration by multiplying 𝑢̈𝑔 in a scale factor,
𝜆IMSF ∈ [0.5, 3.0]. The resulted scaled ETEFs are then applied to a RCcantilever column, and the capacity curves are developed. As seen,there is a considerable dispersion (hereafter it is called 𝛽′) amongthe capacity curves. The nature of conventional RTR dispersion, 𝛽, isdifferent from scaling-induced dispersion, 𝛽′.In fact, acceleration scaling of an ETEF is not a right approach becauseits time-variant PGA, 𝛺 (PGA(𝑡)), increases linearly by time, Fig. 1(d).Let us assume an sample ETEF, 𝑢̈𝑒1, See Fig. 1(b). The value of
𝛺 (PGA(𝑡 = 5𝑠)) (See Eq. (2)) is about 0.34 g. Therefore, the projectedvalue of 𝛺 (PGA(𝑡 = 10𝑠)) should be twice, i.e., 0.68 g (the exact valueis 0.66 g). This is an underlying assumption in generation of ETEFs inwhich their time-variant acceleration increases with a linear profile,
𝛺 (PGA(𝑡)) ≈ 𝑡

𝑡0
𝛺
(PGA(𝑡0)) (Hariri-Ardebili et al., 2016a). Moreover,let us assume that the structural responses, 𝛺 (EDP(𝑡)) (See Eq. (1)),are 𝛥5 and 𝛥10 for our hypothetical system at time 5 and 10 se,respectively. Now, assume that a scale factor 𝜆IMSF = 2 is applied to thisETEF. The value of the 𝛺 (PGA(𝑡 = 5𝑠)) will be then 2×0.34 = 0.68 g inthis scaled ETEF, and the value of 𝛺 (EDP(𝑡 = 5𝑠)) will be 𝛥10±𝜀. Theparameter 𝜀 is controlled by the number of effective cycles. Down-scaling an ETEF increases the number of effective cycles to reacha target intensity, and vice versa. For a structural system with aconstitutive model insensitive to the number of cycles in the appliedload, the value of 𝜀 → 0, while it is crucial for brittle materials (Hariri-Ardebili, 2020). For the case study in Fig. 3(b) (i.e., an RC columnwith concrete tensile strength model and linear tension softening),
the 𝜀 causes a large curve-to-curve variation.
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(a) While noise. (b) Sample realization of an ETEF. (c) Acceleration ratio of two realizations.

(d) Comparison of three Ω (PGA(t)). (e) Time-dependent ratio of Ω (PGA(t)).
Fig. 1. Randomness in generation of ETEFs including their acceleration time histories and envelop function.
(a) Sa — T — t relationship. (b) Sa — T —  PGA relationship.
Fig. 2. Converting ETEF’s time parameter to conventional IM parameters of earthquake engineering.
• Time scaling: In Fig. 3(c), a same experiment is implemented; how-ever, the time parameter of the sample ETEF (i.e., ETA40e01) isscaled using 𝜆𝑡SF ∈ [0.3, 3.0]. Again, the nature of the resulting dis-persion 𝛽′′ (which is identical to 𝛽′) is different from ground motionRTR variability, 𝛽.
A sample of such a scaling method can be found in Tavazo andRanjbaran (2017) in which the following procedure is followed to scalethe ETEFs:

• Three ETEFs pairs are selected.
• For each pair, the SRSS of two horizontal spectra is computed. It is notclear at which time (as ETEF’s response spectrum is time-dependent).
• For each of 𝑁 ground motion records (from reference IDA groundmotion set), an ETEF’s SRSS response spectrum is randomly assigned(from three available ones).
• The selected ETEF’s response spectrum is then scaled to be higherthan the target ground motions SRSS response spectrum over theperiod range [0.2𝑇𝑛, 1.5𝑇𝑛].
• Finally, a total of 𝑁 scaled ETEFs are used for dynamic analysis,which may result in a ‘‘misleading’’ dispersion.
3.2. Multiple ETEFs

One may use a total of 𝑁 ′ ETEFs (more than 3) and calculatethe dispersion among those curves. According to Estekanchi (2020),

3

there exists over 10 series of different ETEFs (each one includes threeexcitation functions). Using all (or subset of) those ETEFs to excite astructure may lead to a curve-to-curve variability, 𝛽′′′, which is againdifferent from ground motion RTR variability, 𝛽. Fig. 3(d) illustratesvariability in 30+ ETEFs all applied to the same RC cantilever column.The associated variability, 𝛽′′′, is only due to variability in differenttechniques to generate various ETEF generations, and it does not reflectthe conventional RTR variability. This figure also shows dependency ofa numerical model to ETEF, and the sensitivity in the selection of properETEF.
3.3. Generic dispersion

As already stated, the ETA provides an acceptable estimate of 𝜂(with reference to IDA method) to be used in generating a fragilityfunction. Since IDA may lead to the response bias when using a largescaling factor, this may happen for the ETA too. In some of the previousstudies (Rahimi and Estekanchi, 2015; Basim and Estekanchi, 2015;Mirfarhadi and Estekanchi, 2020), as well as the reference paper (Panget al., 2020), a fixed value for dispersion, 𝛽∗, is used (basically claimedto be a codified value). Discussers believe that using a deterministic dis-persion value might be misleading (to generate an ETA-based fragilityfunction) for the following reasons:
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(a) Variability in multi-record IDAfunctions. (b) Variability in acceleration-scaledETA functions. (c) Variability in time-scaled ETA functions.

(d) Variability in ETA functions due todifferent ETEFs generations. (e) Dependency of βRTR to period-basedductility parameter (FEMA P695, 2009).β (f) Fragility curves from reference paperfor slight damage state (Pang et al., 2020).

(g) Fragility curves from reference paperfor complete damage state (Pang et al.,2020).
(h) Dependency of βRTR to modelinguncertainty (Shao and Mahin, 2020). (i) Dependency of collapse fragility tonumber of initial ground motions (Kiani et al., 2018).

(j) Variation of βRTR as a function of EDP(Vamvatsikos and Fragiadakis, 2010),(Vamvatsikos, 2015), (Kazantzi et al.,2014).
(k) Sensitivity of βRTR to IM parameter(Hariri-Ardebili and Saouma, 2016). (l) Sample target spectra for probabilisticETEFs (Mashayekhi et al., 2019).

β

ββ

Fig. 3. Different aspects related to fragility, uncertainty and dispersion in IDA and ETA functions. (For interpretation of the references to color in this figure legend, the readeris referred to the web version of this article.)

• Existing literature such as that published in Federal Emergency Man-agement Agency (FEMA) P695 provide a general recommendation forRTR variability dispersion in some specific type of structures, andconditions. According to FEMA P695, 𝛽𝑅𝑇𝑅 ∈ [0.35, 0.45] is fairlyconsistent among various building types.The dependency of RTR variability dispersion and the ductility, 𝜇𝑇 ,for reinforced concrete frames from collapse data is shown in Fig. 3(e)(results are presented for both ordinary moment frames — OMF –and special moment frames – SMF). A simplified relationship foundin FEMA P695 for systems that have little, or no, period elongation
4

is (FEMA P695, 2009):
𝛽𝑅𝑇𝑅 = 0.1 + 0.1𝜇𝑇 ≤ 0.4 (4)
where 𝛽𝑅𝑇𝑅 must be greater than or equal to 0.2.As opposed to fixed-based buildings (i.e., Eq. (4)) there is no sig-nificant correlation between 𝛽𝑅𝑇𝑅 and 𝜇𝑇 for seismically isolatedstructures (Shao and Mahin, 2020).Figs. 3(f) and 3(g) illustrate the IDA-based and ETA-based fragilitycurves presented in the reference paper (Pang et al., 2020), as well



Ocean Engineering 221 (2021) 108499M.A. Hariri-Ardebili and S. Sattar

•

•

•

•

•

•

4

f(cargsagt
𝑆

𝑆

wpo
ao8g
𝛽

c
tip
5

bIogtvbforbeouua
D

c

as the uncertainty quantification (UQ) in ETA-based curves by Dis-cussers (using the 𝛽 range of 0.35–0.45 proposed by FEMA P695).While the original authors claimed to use a dispersion of 0.40 forall fragility curves, ‘‘Due to the reason that the ETA underestimatesthe record-to-record variability, an approximate recommended fragilitydispersion 0.4 was used for the generation of fragility curves according theexisting literature’’, digitizing ‘‘Fig.9’’ of the reference paper, it revealsthat a ETA-based fragility for a complete damage state (DS) has ahigher dispersion of 0.48.The RTR variability 𝛽 is indirectly affected by the modeling un-certainty. For an example, Shao and Mahin (2020) reported a de-pendency between 𝛽𝑅𝑇𝑅 in an isolator design to its strength andpost-yield period. Different combinations of strength and post-yieldperiod generates dispersion 𝛽𝑅𝑇𝑅 ∈ [0.1, 0.35]. The cumulative fre-quency of 𝛽𝑅𝑇𝑅 is shown in Fig. 3(h). Thus, using a generic 𝛽 is notrecommended for ETA-based fragility curves.The RTR variability 𝛽 also depends on the structure type. A sameground motion set will lead to different (scalar or vectorized) 𝛽 valuesin steel (Bojórquez et al., 2012) and RC framed structures with andwithout infill panels (Sattar, 2013), shear wall buildings (Shafei et al.,2011), bridge piers (Choi et al., 2004), 2D gravity dams (Hariri-Ardebili and Saouma, 2016b), 3D gravity dams (Sevieri et al., 2020),arch dams (Gasser et al., 2019), embankment dams (Pang et al.,2018), nuclear power plants (Jin and Gong, 2020), and jacket typeoffshore platforms (Abyani et al., 2019). Therefore, the authors areencouraged to use the results of similar studies (i.e., similar structuralarchetype and similar damage state) for the new case study.The RTR variability 𝛽 depends also on the ground motion suite andthe number of records (Azarbakht and Dolšek, 2007; Kiani et al.,2018). For example, Kiani et al. (2018) developed a series of fragilitycurves for an eight-story steel frame. They used eight different sets ofground motions with 7, 10, 15, 20, 25, 30, 40, and 100 records. Theresulted fragility curves using the sum of squared error method aredigitized and re-plotted in Fig. 3(i). While they present a considerablevariability among themselves, it demonstrates that one cannot com-pare the ETA-based fragility curve with IDA because this comparisonmay yields to a good or bad result with no justification. In a separateresearch, Uribe et al. (2019) studied the impact of ground motionselection techniques on response variability of steel moment framebuilding. This implies that the resulted fragility curves also might bedifferent.The codified (constant) 𝛽 is usually recommended to be used for gen-erating a collapse fragility curve. In the case that fragility functionsshould be derived for other DSs, one should use a variable 𝛽 values.For example, Fig. 3(j) shows the variation of 𝛽𝑅𝑇𝑅 as a function of
𝜃𝑚𝑎𝑥 for steel moment resisting frames. Curves are presented only forfour and nine story (4S and 9S) 2D frames. In the case of the 9Sframe, plasticity is considered only for beam (BP), only for column(CP) and both (BCP). As seen, there is a considerable variation in 𝛽𝑅𝑇𝑅values and thus, one cannot adopt a constant value for all the DSs.The original authors in the reference paper claimed to use constantdispersion for four different DSs.The codified (constant) 𝛽 and also the dispersion value from theliterature is usually recommended for the fragility functions whichare constructed based on the first-mode spectral acceleration, 𝑆𝑎(𝑇1).This is one of the optimal IM parameters in seismic performanceassessment of majority of structures (Padgett et al., 2008; Hariri-Ardebili and Saouma, 2016c). However, one should notice that the
𝛽 value highly depends on choice of IM. Therefore, if the fragilitycurves are developed on an IM different from 𝑆𝑎(𝑇1), an appropri-ate dispersion value should be used (which is specific to this newIM) (Hariri-Ardebili et al., 2014a). Fig. 3(k) shows the RTR dispersionin acceleration-based IM parameters only for the collapse DS obtainedfor a gravity dam. As seen, depending on the choice of IM, thecollapse level dispersion takes a wide range of [0.08, 0.45].
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Finally, the value of 𝛽 also depends on the selected EDP. Whilein majority of cases, displacement-based EDP (e.g., 𝜃𝑚𝑎𝑥) is used inframed structures, floor acceleration can be also used as a demandparameter to quantify RTR dispersion (Zhang and He, 2019).
. Probabilistic ETEFs

So far, the options in Section 3 (i.e., conventional ETA method)ail to provide a probabilistic response prediction. Mashayekhi et al.2019b) proposed a probabilistic ETEF method which indirectly ac-ounts for various ordinates of response prediction. In this method,new series of ETEFs should be generated for the considered meanesponse spectra (of real ground motions). While the average of scaledround motions’ response spectra is assumed to be median (i.e. 50%)pectrum, the 16% and 84% spectra (or any other exceedance prob-bility) are also generated, Fig. 3(l). These spectra are then used toenerate the new ETEFs. During the optimization process of ETEF, thearget spectra are modified as (Mashayekhi et al., 2019b):
𝑡𝑎𝑟𝑔𝑒𝑡
𝑎,𝑃 (𝑇 ) = exp

(

𝛷−1 (1 − 𝑃 ) .𝜎ln𝑆𝑎(𝑇 ) + 𝜇ln𝑆𝑎(𝑇 )

) (5)
𝑡𝑎𝑟𝑔𝑒𝑡
𝑢,𝑃 (𝑇 ) = exp

(

𝛷−1 (1 − 𝑃 ) .𝜎ln𝑆𝑢(𝑇 ) + 𝜇ln𝑆𝑢(𝑇 )

)

here 𝛷 is cumulative normal distribution, 𝑃 denotes the exceedancerobability of 𝑃 , and 𝜇 and 𝜎 are the median and the standard deviationperators, respectively.Again, three ETEFs are generated for each of response spectrum, andre applied to the structure. The capacity curves are developed for eachf spectral ordinates. Having the (ETA-based) estimated 16%, 50% and4% capacity curves, the dispersion can be estimated as (to be used inenerating the fragility function) (Vamvatsikos and Fragiadakis, 2010):
𝑅𝑇𝑅 ≈ 1

2
(

ln𝑆84%
𝑎 − ln𝑆16%

𝑎
) (6)

where 𝑆84%
𝑎 and 𝑆16%

𝑎 are the 84% and 16% values of 𝑆𝑎(𝑇1, 5%)-apacity.While this new technique accounts for the probabilistic nature ofhe fragility curves, it preserves the efficiency of the ETA method. Yet,t adds another step of generating the new ETEFs and it may not beossible to use a series of generic ETEFs for different structures.
. Final recommendation

One of the original author’s main intention is to develop ETA-ased fragility curves for various damage states, and compare it withDA method. Discussers briefly explained the fundamental assumptionsf the conventional ETA method and its limitations to be applied inround motion uncertainty quantification, and seismic fragility func-ion derivation. Discussers collected a series of non-constant dispersionalues for different structural systems and damage states. Discusserselieve that the comparison of (conventional) ETA-based constant-𝛽ragility curves with those from IDA is very approximate and dependsn many factors which may yield a good or bad comparison. Discussersecommend to use an uncertainty region for the (conventional) ETA-ased fragility function (and not a single curve) to emphasize on thepistemic uncertainty in derivation of ETA-based fragility curves. More-ver, it is important to note that practitioners should not adopt andse the (conventional) ETA-based fragility curves for advance analysesnless they understand all aspects of the available uncertainties, andddress them in their calculations.
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