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ABSTRACT
Practical methods for the probability-based seismic assessment of structural performance in terms of
fragility curves relies on estimates of demand produced by earthquakes of different intensities. The
uncertainties associated with these estimates are highly dependent on the interface variable adopted as
the intensity measure (IMs), generating a need for analyzing the suitability of different candidate IMs,
particularly in terms of their efficiency. An efficient IM is one that results in a relatively small
dispersion of seismic demand measures, or engineering demand parameters (EDPs), conditional to
each considered IM. Selecting an efficient IM will result in a narrower confidence interval for the
conditional median EDP value for a given IM level or, from a different perspective, in a smaller
number of analyses needed to obtain an acceptable confidence interval.
To this aim, the simple study presented in this paper deals with the prediction of displacementbased response of a case-study reinforced concrete (RC) frame building, representative of mid-rise RC
building classes in the Mediterranean region. The prediction is performed via statistical relationship
between multiple (scalar) ground motion IMs and various EDPs, namely peak (over time) inter-storey
drift ratio, maximum (over all stories) peak inter-storey drift ratio and roof drift ratio. Only a small set
of potential IMs are considered in the preliminary investigation discussed in this study, namely peak
ground acceleration, spectral acceleration at the initial fundamental period (for a damping ratio of 5%),
and two advanced scalar parameters accounting for spectral shape over a range of periods. The
relationship is built on data obtained from analysis of the frames subjected to over nine hundred
ground motion records. An innovative capacity spectrum method is employed, which uses inelastic
response spectra derived from actual earthquake accelerograms to estimate seismic demand and derive
fragility curves. This approach has the advantage of simplicity and rapidity over other methods using
accelerograms, as nonlinear dynamic analysis.

INTRODUCTION
Recent earthquakes in Maule, Chile (2010), Tohoku, Japan (2011) and Christchurch, New Zealand
(2011) have resulted in extensive concentration of damage and significant losses in low seismic
performance RC building classes and particularly mid-rise buildings for both residential and
commercial occupancy. The limited availability of historical damage data associated with most
seismic prone areas makes the derivation of analytical fragility functions (Calvi et al., 2006) an
essential component of seismic risk evaluation. In particular, non-linear dynamic analysis (NLDA)
represents a tool for assessing inelastic structural response with relatively low uncertainty, accurately
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capturing failure modes. Apart from the undoubted advantages of using NLDA, the required
computational resources and high cost (in terms of time consumption), precludes this approach when
analysing large populations or portfolios of buildings, for example for catastrophe modelling purposes.
In contrast, several variants of capacity spectrum assessment methods based on incremental dynamic
analysis (IDA) and static push-over analyses have been proposed. These capacity assessment methods,
such as the N2 method (Fajfar, 2000), FRACAS (Rossetto et al., 2014) and others, are widely
implemented for fragility analysis of building classes, although they rely on simplifying assumptions
in assessing both the structural capacity and the seismic demand. Fragility functions constitute a
substantive tool for Performance-Based Earthquake Engineering (PBEE), allowing the estimation of
probability of structural damage, expressed in terms of EDPs, as a function of an interface variable,
known as ground motion IMs.
In particular, FRACAS allows one to use suites of scaled and/or unscaled ground motion
records (simply GMs hereinafter) and delivers immediately the fragility function of the considered
structure. Nonetheless, the effect of implementing different combinations of IM/EDPs in simplified
fragility analysis by FRACAS has not been appropriately investigated. As future earthquake GMs
represent a major source of uncertainty in PBEE assessment, one then faces the question of how
suitable the adopted IM is for representing GM uncertainty. Specifically, a preferred IM is both
"sufficient" with respect to the GM characteristics (Jalayer et al., 2012) and also "efficient" (Luco and
Cornell, 2003). A sufficient IM renders the structural response conditionally statistically independent
of other GM characteristics (e.g., the event magnitude, source-to-site distance, fault type, soil type,
etc), while an efficient IM predict the structural response with (relatively) small record-to-record
variability. In other words, the higher the predictive power of the selected IMs, the lower is the
uncertainty in the estimated EDP and, therefore, the lower the number of computer runs necessary to
achieve a desired level of statistical accuracy. A sufficient IM is important because it can be used in
the probabilistic seismic demand assessment decoupling the hazard and the structural response.
Finally, an IM is "robust" if the amplitude (linear) scaling of records does not induce bias in the
estimation of the seismic demand. It is worth noting that, since the IM is the link between seismic
hazard and structural analysis, the selection of the IM to be used should also keep in consideration the
effort required from the seismologists to calculate hazard curve in terms of that variable (e.g.,
Giovenale et al., 2004).
This paper aims to shed light in comparing different IM/EDP combinations for the fragility
analysis of mid-rise RC buildings by FRACAS. In particular, the objective here is to test different IM
representations in order to identify an efficient IM or subset of efficient IMs, which can estimate
structural response with minimum record-to-record variability; results in terms of sufficiency and
robustness of the considered IMs are currently under investigation and they are not discussed in this
paper. Only a small set of potential (and typical) IMs are considered in the preliminary investigation
discussed in this study, namely peak ground acceleration (PGA), spectral acceleration at the initial
fundamental period (for a damping ratio of 5%), S a T1  , and two advanced scalar parameters
accounting for spectral shape over a range of periods, to follow. Other IMs and vector IMs (Baker and
Cornell, 2005) are not discussed here but are being investigated by the authors and will be discussed in
future works. Amongst the EDPs used are peak (over time) inter-storey drift ratio, maximum (over all
stories) peak inter-storey drift ratio and roof drift ratio. A regular mid-rise (5-storey, 3-bay) RC bare
frame was selected as the structural model for this study. Designed according the Italian Code of 1982
(CS.LL.PP. 1982), this structure provides a representative example of the existing low-seismically
designed European RC building stock. A finite element model of this structure is developed in
SeismoStruct (SeismoSoft, 2007) and analysed using both conventional static and adaptive push-over
methods (displacement, force- and interstorey drift-based), which account for the stiffness state at each
step as well as the effects of higher modes expected in structures of such height. The resultant pushover curves are then transformed to capacity curves and implemented as inputs to the simplified
spectrum assessment method, FRACAS. Consequently, the seismic demands of this building are
generated utilising different EDPs, against various IM representations, particularly those related to the
spectral shape (e.g., Bojórquez and Iervolino, 2011). Over 900 GMs records are selected from the
recent-developed SIMBAD database (Selected Input Motions for displacement-Based Assessment and
Design; Smerzini et al., 2014).
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This study constitutes the first step in the development of a generic framework for constructing
analytical fragility curves for mid-rise RC populations, accounting for structural and ground motion
uncertainties. Based on the results, conclusions are drawn at the appropriateness of various IM/EDP
combinations in simplified demand assessment of mid-rise RC buildings.

Considered IMs
To quantify GM features that are important to the nonlinear structural response, PGA of a record was a
commonly used IM in the past although PGA is generally perceived to be a poor predictor of the
structural response of mid- to high-rise MRFs. More recently spectral response values have been used
as IM. In fact, the first-mode spectral acceleration S a T1  is verified to be a more suitable choice of an
IM. This is because it reflects the elastic response of a single degree of freedom (SDoF) system with a
period equal to (or somehow neat to) the first-mode period of the structure, thus accounting for the
GM frequency content. Shome et al. (1998) have demonstrated that S a T1  is a good predictor of the
structural response for MRFs of low to moderate fundamental period. Moreover, classic hazard
analysis quantifies the seismic threat in terms of probability of exceedance of spectral amplitudes.
However, S a T1  is unable to reflect the effect of higher frequencies (higher modes in a structures
with several degrees of freedom) or lower frequencies (severe nonlinear behaviour in the structural
elements). Ideally, one should use a vector consisting of S a T1  and an IM related to the spectral
shape, for example the ratio between spectral ordinate at a second period, S a T2  , considered as
important to the structural response, and S a T1  . A number of new scalar IMs have been proposed and
discussed (e.g., Giovenale et al., 2004), attempting to avoid the major shortcomings of S a T1  and of
vector-valued IMs (for example, difficulties in terms of hazard computability).
In particular, Cordova et al. (2000) proposed an advanced scalar IM that takes into account
spectral shape information (period lengthening), defines as in Eq. (1):
S ac

 S cT  
 S a T1  a 1 
 S a T1  



(1)

In Eq. (1), c and  are two parameters estimated by the authors by calibration on the response of four
different (relatively long-period) structures to two sets of eight GMs; the resulting values are c = 2 and
 = 0.5 and are assumed in this study. A significant advantage of using S ac is the possibility of
obtaining its corresponding Ground Motion Prediction Equation (GMPE) directly, as a linear
combination of the GMPE for the spectral acceleration values S a T1  and S a cT1  that appear in Eq.
(1). This requires the estimation of the statistical correlation coefficient between these variables (e.g.,
Baker and Jayaram, 2008).
Similarly, Bojórquez and Iervolino (2011) introduce a scalar IM (Eq. (2)) based on S a T1  and
the parameter Np, defined as in Eq. (3):
I N p  S a T1 N p

(2)

where:




S a ,avg T1 ,...,TN  
Np 

S a T1 

S a Ti 
i

S a T1 
N

1

N

(3)

In Eq. (3) TN is a period of practical interest which defines the portion of the spectrum to be considered
for the characterisation of the GM. In particular, Bojórquez and Iervolino (2011) recommend to use a
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value for TN between 2 and 2.5T1; a value of TN  2.5T1 is used here. Although GMPEs do not exist
for predicting Np directly, it is relatively easy to show that its natural logarithm (and consequently the
natural logarithm of I N p ) is a linear combination of logarithmic spectral amplitudes (similar to S ac ). A
GMPE for Np can be obtained directly from a GMPE for spectral accelerations and a correlation model
for spectral ordinates. Moreover, as Np, is invariant with respect to any scaling of the GM, it can be
used in a vector-valued IM, for example with S a T1  . This has been discussed by Bojórquez and
Iervolino (2011, 2012) and Modica and Stafford (2014) for some structural types (e.g., steel frames in
the case of narrow-band GMs and concrete frames).

Figure 1. Main steps of FRACAS for the derivation of Performance Point using bilinear idealisation model
(adapted from Gehl et al. 2014)

FRACAS - FRAgility from CApacity Spectrum assessment
In the current study, the simplified capacity assessment methodology, and related computer codes,
known as FRACAS (FRAgility from CApacity Spectrum assessment) is implemented in order to
determine the performance points (PP) of a case-study structure for different GM inputs. FRACAS is
based on the displacement-based procedure, originally originally proposed by Rossetto (2004) and
Rossetto and Elnashai (2005). Unlike other capacity spectrum approaches, FRACAS utilises GM timeseries, accounting for the effect of record-to-record variability of the seismic demand (Rossetto et al.
2014). The step by step procedure followed by the methodology is summarised below (Figure 1):
i.
Conversion of pushover curve (force-displacement space) to equivalent SDoF-based capacity
curve (acceleration-displacement response spectrum, ADRS format) taking into consideration
the floor masses and the inter-storey displacements (Figure 1a).
ii.
Idealisation of the capacity curve. User can choose different idealised models (Elastic
Perfectly Plastic, Elastic Strain Hardening and Multi-Linear Model), yielding point, ultimate
point and hardening options (Figure 1a).
iii.
Discretisation of the capacity curve to a series of checking points associated with various preand post-yield periods. The number of pre- and post-periods can be selected by the user
(Figure 1b).
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Computation of elastic response spectrum from the inputted GMs. The elastic demand is
calculated for periods up to the yielding period Ty (Figure 1c).
Calculation of the inelastic demand of the equivalent SDoF for the selected post-yield periods
(Figure1d).
Determination of PP at the intersection of the capacity with the demand curve (Figure 1d). The
corresponding EDP values are then obtained from the back-calculation of PP to the forcedisplacement format.

It is important noting that, in contrast to other capacity spectrum methods, FRACAS does not
rely on reduction factors or indices to estimate the inelastic spectrum from the elastic one. Instead, it
carries out, for each target ductility and period, a simplified dynamic analysis on the idealised
nonlinear SDoF model corresponding to the capacity curve. This process proves to be more timeconsuming than the commonly-used static approaches but it is more robust and remains faster than
performing full NLDAs on finite element models. This feature also has the advantage of permitting the
use of various GM records that generate unsmoothed spectra as opposed to standardised design
spectra. Therefore, the record-to-record variability can be directly introduced and the resulting cloud
of performance points leads to fragility curves that account for the natural variability in the seismic
demand. In particular, the computed EDPs corresponding to different scaled/unscaled seismic demand
inputs, in conjunction with user defined damage, states are used for the generation of analytical
fragility curves. This method is recommended in the new GEM Guidelines for Analytical
Vulnerability Estimation, (D’Ayala et al., 2014), where further details are also provided.

Case-study structure
A regular RC 5-storey 3-bay bare frame was chosen as case-study structure for this study. This
structure, which is symmetrical in plan and elevation, was assumed to be situated in an intermediate
seismic zone in Italy (Zone 2, S=9, with a corresponding PGA of 0.07g for a 10% exceedance
probability in 50 years). Designed according to 1982 Italian Building Code (CS.LL.PP. 1982; see
Rossetto, 2004 for further details), this structure follows the respective prescriptions for loading
(gravity and seismic loading), material, element cross-section geometry and structural detailing. The
1982 Italian Building Code is regarded as a representative of the low seismic design of existing
building stock in the South European/ Mediterranean region.
This regular RC structure consists of 4 frames, with a constant span of each bay of 4.5m and an
inter-storey height of 3m. The member dimensioning of interior and exterior frames differs due to the
change of designing loads. The elevation and element cross-sections of the typical exterior frames are
illustrated in Figure 2.
Concrete with characteristic compressive strength fck = 30MPa was chosen, alongside with
ribbed reinforcement bar of grade FeB38k with characteristic yield stress fyk = 380MPa. Although
seismic load was taken into consideration in the design of the elements, insufficient level of
confinement is observed in all sections of the structure (confinement factor k, is defined as the
confined-unconfined concrete compressive stress ratio, ranging from 1.01 to 1.05). The structure was
modelled utilising the finite element platform SeismoStruct (SeismoSoft, 2007), which was evaluated
by Bento et al. (2010), amongst others. The effect of confinement was taken into account by
implementing the confinement model proposed by Mander et al. (1988). The uniaxial hysteretic stressstrain relation proposed by Menegotto and Pinto (1973) was used to represent the reinforcement steel
behavior. Filippou et al. (1983) calibrated the parameter values of the aforementioned steel model in
order to include isotropic strain-hardening effects. In order to account for the material’s inelasticity,
distributed plasticity approach is used. Thus each RC section consisted of a total 200 steel, confined
concrete and unconfined concrete fibers.
Two sets of static pushover (PO) analysis were used depending on the distribution of loads,
namely uniform and triangular PO analysis. Lateral loads were incrementally applied to the side nodes
of the structure. These lateral loads are proportionally distributed with respect to the floor masses
(uniform distribution) and the interstorey heights (triangular distribution). In both cases, PO analysis
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was carried out until a predefined target displacement was reached, corresponding to the expected
collapse state.
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Figure 2. Drawings of the case-study RC frame designed to the 1982 Italian Building Code

Figure 3 (left panel) presents the static pushover curves for the case-study building. The curves
are reported in terms of top centre of mass displacement divided by the total height of the structure
(i.e., the roof drift ratio, RDR) along the horizontal axis of the diagram and base shear divided by the
building seismic weight along the vertical axis. This figure shows the capability of the structural
model to directly simulate response up to collapse. Figure 3 (right panel) shows the performance
points in the ADRS space computed by FRACAS using the GMs records described in the next subsection and the uniform distribution of the lateral loads. For the sake of brevity, only results for this
latter case will be presented hereinafter but similar trends have been observed in the case of triangular
distribution of lateral loads.
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Figure 3. Static pushover curves of the case-study building (left) and performance points computed by FRACAS
in ADRS space (right)

Considered GMs
The SIMBAD database (Selected Input Motions for displacement-Based Assessment and Design;
Smerzini et al., 2014), used here, was developed in the framework of ReLUIS 2010-2013 Project, task
Displacement Based Approaches for Seismic Assessment of Structures, as a strong ground motion
database suitable for displacement-based design and assessment. It contains at present 467 threecomponent accelerograms from 130 earthquakes worldwide and was obtained by assembling records
from different worldwide ground motion databases according to the following criteria:
a) Shallow crustal earthquakes worldwide with moment magnitude (M) ranging from 5 to 7.3
and epicentral distance R ≤ 35 km. This ensures to provide strong ground motion records of
engineering relevance for most of the design conditions of interest that can be used without
introducing large scaling factors.
b) Good quality at long periods, so that only records for which the high-pass cut-off frequency
used by the data provider is below 0.15 Hz were considered. Therefore, most records are from
digital instruments (about 80%), while from analog instruments only those records with a
good signal to noise ratios at long periods, typically from large magnitude earthquakes, were
retained.
c) Availability of site class information based on quantitative criteria.

Figure 4. Magnitude versus epicentral distance distribution for SIMBAD dataset (Smerzini et al., 2014). The
records are grouped by site class according to Eurocode 8 (EC8; European Committee for Standardization, 2004)
classification (left); distribution of the records of SIMBAD by the countries they come from (right)

Figure 4 (left) shows the distribution of magnitude and distance for the acceleration records
included in the database. Most of the records come from Japan (47%), Italy (18%) and USA (9%),
New Zealand (16%) with minor contributions from European and Middle East countries, Turkey, Iran
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and Greece (10%), as shown in Figure 4 (right).

METHODOLOGY
Statistical regression techniques are used here to identify the IM that better predicts each EDP of
interest, following a similar approach to Jayaram et al. (2010). In particular, to determine the statistical
properties of the cloud response (Jalayer and Cornell, 2009), the linear least squares is applied on
EDPs versus IMs for the suite of GMs (unscaled) in order to estimate the conditional mean and
standard deviation of EDP given IM. The simple power-law model in Eq. (4) is used here:
EDP  aIM b

(4)

Where a and b are regression parameters; the standard deviation (s) of the regression is assumed to be
constant with respect to IM over the range of IMs in the cloud. Modica and Stafford (2014) discussed
that EDPs may have significant heteroskedasticity with respect to various IMs and that this feature
should be modeled correctly when deriving fragility curves; for example performing linear regressions
locally in a region of IM values of interest. Eq. (4) can be re-written as in Eq (5), as a linear
relationship between the natural logarithm of the EDP and the natural logarithm of the IM:

lnEDP  lna   b lnIM 

(5)

The use of the logarithmic transform implies that the EDPs are assumed conditionally
lognormally distributed (conditional upon the values of the IMs); this is a common assumption that
has been confirmed as reasonable in many past studies.
The IM that best predicts the EDP is then the one that provides the largest value of the
coefficient of determination, R2, among those considered or, equivalently, the one with the smallest
value of s. R2 is the proportion of variability in the EDP that is accounted for by the statistical model.
This procedure is used to guide the selection of the most efficient predictors for all the EDPs of
interest for the considered frame. Given their strong correlation, multiple IMs provide values of R2 that
are very close to another one but some of these IMs are much easier to predict for a given earthquake
scenario than others. For example, several GMPEs exist for spectral ordinates.
As discussed, the deformation-based EDPs considered in this study are:
- peak (over time) inter-storey drift ratio, as the largest difference between the lateral
displacements of two adjacent floors, divided by the height of the storey (denoted as IDRi for
storey i);
- maximum (over all stories) peak interstorey drift ratio (denoted as MIDR);
- ratio of the peak lateral roof displacement to the building height (i.e., RDR).
In particular, all these EDPs have been shown to be well correlated to both structural and nonstructural damage and can be used, for example, to estimate local or global instability of MRFs.

RESULTS AND DISCUSSION
As shown in the PO curves in Figure 3 (left), the structure only starts to demonstrate significant
nonlinear behavior beyond about 0.75% RDR. As a consequence, the actual number of GM that
pushed the frame into the nonlinear range is relatively small, i.e., 81 GM records. This is also
confirmed by the visual inspection of the performance points computed by FRACAS (Figure 3, right).
Additionally, a few records (i.e., 6) led to numerical nonconvergence of the algorithm implemented in
FRACAS and were removed.
The estimated parameters a, b, s and R2 for each EDP and each IM are presented in Tables 1-4,
only considering the 75 GM records resulting in actual nonlinear response.
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Table 1. Regression parameters for the adopted IMs/EDPs: a
PGA
S a T1 
S ac
INp

IDR1
0.758
0.226

IDR2
1.144
0.395

IDR3
0.966
0.388

IDR4
0.726
0.641

IDR5
0.402
0.401

MIDR
1.144
0.395

RDR
0.792
0.336

0.484

0.776

0.701

0.689

0.399

0.776

0.580

0.301

0.512

0.491

0.655

0.398

0.512

0.414

Table 2. Regression parameters for the adopted IMs/EDPs: b
PGA
S a T1 

IDR1
0.232
0.872

IDR2
0.205
0.768

IDR3
0.180
0.662

IDR4
0.020
0.087

IDR5
-0.004
-0.001

MIDR
0.205
0.768

RDR
0.166
0.620

S ac

0.632

0.553

0.469

0.066

0.003

0.553

0.445

INp

0.855

0.749

0.637

0.089

0.004

0.749

0.603

Table 3. Regression parameters for the adopted IMs/EDPs: s
PGA
S a T1 
S ac
INp

IDR1
0.318
0.180

IDR2
0.277
0.154

IDR3
0.236
0.129

IDR4
0.046
0.038

IDR5
0.036
0.036

MIDR
0.277
0.154

RDR
0.223
0.123

0.219

0.191

0.166

0.039

0.036

0.191

0.154

0.170

0.148

0.128

0.036

0.036

0.148

0.119

Table 4. Regression parameters for the adopted IMs: R2
PGA
S a T1 
S ac
INp

IDR1
0.132
0.722

IDR2
0.136
0.734

IDR3
0.143
0.745

IDR4
0.051
0.370

IDR5
0.003
0.000

MIDR
0.136
0.734

RDR
0.137
0.737

0.586

0.588

0.578

0.326

0.001

0.588

0.588

0.751

0.755

0.747

0.420

0.002

0.755

0.756

As an example, the scatter plots for the structural demand in terms of MIDR and RDR for this
set of GMs versus the scalar candidate IMs are plotted in Figure 5 (MIDR) and Figure 6 (RDR). Those
figures also show the mean and two standard deviations above and below the mean, respectively, from
the logarithm regression model fitted to the data.
Both numerical values in Table 4 and the visual inspection of Figure 5 and 6 (for MIDR and
RDR respectively) confirm that deformation-based EDPs appear to be better correlated with the
spectral shape parameter I N p (highest values of R2) followed by S a T1  (slightly lower values of R2);
it is confirmed that PGA is a poor predictor of the nonlinear structural response of mid- to high-rise
MRFs (lowest values of R2). Also the spectral shape parameter S ac performs quite well for the
considered case-study but, in general, it performs worse than S a T1  . Obviously, similar comments
arise by looking at the s values in Table 3.
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Figure 5. Scatter plots of the adopted IMs versus MIDR for the considered subset of GM records

Figure 6. Scatter plots of the adopted IMs versus RDR for the considered subset of GM records
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The results presented here are essentially consistent with similar investigations on selecting
optimal IMs (scalar or vector-valued) for predicting structural response by using NLDA and cited
earlier. However, it is worth noting that the performance of the two considered spectral shape
parameters, for example in terms of impact upon the standard deviation of the logarithmic demand
parameter, does not trail that of spectral acceleration by an excessive amount, being even lower than
S a T1  when S ac is the selected IM. A potential improvement may be obtained by calibrating c and  (in the
case of S ac ) and TN and  (in the case of I N p ) for the specific case-study structure (e.g., Bojórquez and
Iervolino, 2011), rather than using the values suggested by other researchers for different case-study
structures.
Finally, it is worth remarking that comparisons in terms of efficiency may not be simple and not
be generalised: some candidates may be more efficient at high ductility levels but not at lower ones.
Or they may work well for peak deformation levels, but not for, say, energy based EDP (e.g., Iervolino
et al., 2006), or they may be better for certain types of structures, but worse for others (e.g., tall versus
low-rise buildings, etc.). Because of these difficulties, a broader effort is required to establish general
rules. Moreover, a novel proposed IM might be, for example, sufficient and more efficient than a
commonly-used IM such spectral acceleration, but the calculation of the corresponding hazard curves
may be excessively demanding. In other words, efficiency and hazard computability are two relative
properties that may lead us to prefer the use of one IM over the others.

CONCLUSIONS
This paper presented preliminary results of a larger and more ambitious investigation aiming at
identifying the GM parameters that are better correlated with displacement-based response parameters
for simplified fragility analysis of mid-rise RC buildings. For this purpose, a case-study existing RC
frame building typical of the Italian inventory of different vintages in different seismic regions was
considered. The main objective of this paper was to establish correlations between IMs and EDPs
describing the nonlinear performance of the case-study structure. This is done by utilising a
comprehensive set of GMs and an innovative capacity spectrum method that uses inelastic response
spectra derived from earthquake accelerograms. Four alternative ground motion IMs, including
advanced IMs accounting for the spectral shape, that may be used in fragility assessment have been
considered. Efficiency was recognised as the main criterion for judging the adequacy of each
candidate IM in the preliminary investigation.
The results from this study are essentially consistent with similar investigations on selecting
optimal IMs (scalar or vector-valued) for predicting structural response by using NLDA. In particular,
it has been shown that improvements in efficiency can be obtained when predicting nonlinear
structural response (and developing fragility curves) by using advanced IMs accounting for spectral
shape. Ongoing studies along this line will include the ad hoc calibration of spectral shape parameters
for each case-study structure and the identification and evaluation of additional IMs. In particular, the
dependency of efficiency and sufficiency on the structural typology, the adopted EDP and the demand
level will be investigated.
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