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Abbreviations and Acronyms 

Acronym Description 

COV Coefficient of variation 

CS Conditional Spectrum 

CMS Conditional Mean Spectrum 

DB Database 

EQL Equivalent Linear 

FFBC Free-field Boundary Condition 

GMPE Ground Motion Prediction Equation 

GMR Ground Motion record 

IM Intensity measure 

IML Intensity Measure Level 

LHS Latin Hypercube Sampling 

NPP Nuclear Power Plant 

PGA Peak Ground Acceleration 

PSA Pseudo-Spectral acceleration 

PSHA Probabilistic Seismic Hazard Assessment 

Rjb Joyner Boore distance 

RotD50 
median of response spectra of the two 
horizontal components projected onto 
all nonredundant azimuths 

SDOF Single degree of freedom 

Vs30 Shear wave velocity in the first 30m 

TF Transfer function 

WP Work Package 
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Summary 
This deliverable describes the ensembles of hazard-consistent ground motion records considered in the 
METIS project. The first section focuses on a brief summary of the methodology employed for ground 
motion selection, as well as all the characteristics and implications. Additionally, the work shows the 
results of the record selection at the rock level and the format and organization of the selection sets, 
together with some recommendations on record selection. Finally, the selected time-histories at rock 
level are used as input motion for site response analysis both under 1D and 2D hypotheses, integrating 
the geotechnical model of the METIS case-study site and expected uncertainties on soil layers. The 
produced datasets are available for further soil-structure interaction studies.  

 

Keywords 
Ground motions, record selection, site response, 2D, plane wave, variability, uncertainty, equivalent 
linear, soil column 
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1. Introduction 
Choosing ground motion records on rock that are appropriate for the site under consideration is crucial 
for seismic risk assessment, as it provides a link between the seismic hazard with structural analysis for 
site-specific fragility computations.This task is a key aspect of WP5 in the METIS project, aiming to 
maintain hazard consistency. It involves selecting appropriate ground motions that are consistent with 
the rock hazard at the site of interest (Figure 2), as estimated in the WP4, and then driving these ground 
motions through the soil to obtain the corresponding surface motions. This process ensures that the 
derivation of reliable fragility curves (in WP6) use ground motions specifically suited for the site in 
question. 

In the Deliverable D5.1 of the METIS project, it was established that the most convenient and robust 
approach for selecting rock hazard-consistent ground motions is the Conditional Spectrum method in 
either its original form (CS, Jayaram et al., 2011) or in one of its variants (e.g., CS-MR, Spillatura et al. 
2021 and GCIM, Bradley, 2010). This method guarantees hazard consistency and offers realistic ground 
motions by assuming a more accurate spectral shape than that obtained through other traditionally 
used approaches, such as the uniform hazard spectrum (UHS). Additionally to the Conditional Mean 
Spectrum (CMS, Baker, 2011), the CS reflects the variability in the response spectrum, resulting in a 
more comprehensive representation of the ground motions that could potentially be experienced at the 
site. The ground motions selected for the case study site were obtained through the hazard analysis 
performed using the OpenQuake engine and the hazard model provided by WP4 (see METIS D4.6 for 
more information on METIS case study PSHA). The reference rock conditions were considered as being 
characterized by a Vs30 of 1000m/s. 

In the deliverable D5.3 of the METIS project the strategy for conducting 1D, 2D and 3D site response 
analyses were presented together with criteria for choosing the kind of site response analysis adequate 
for a given site.  

From the criteria applied to the METIS case study site, it was concluded that the site can be considered 
a 1D site. General guidelines for standard practice of 1D ground response analysis are given in (Stewart, 
Afshari, & Hashash, 2014). Here we implement the approach for the consideration of uncertainty, 
variability and attenuation in equivalent linear (EQL) and nonlinear 1D site response presented and 
discussed in D5.3. We have proposed a generic framework for uncertainty quantification and 
propagation to define a reduced set of 1D columns that would: (i) well represent the mean and standard 
deviation of soil surface ground motion variability and (ii) be easily implemented for soil-structure 
interaction studies as the framework of the METIS project is oriented in integrating site effects in 
structural response analysis. Both the variability of input ground motion on rock as well as the 
uncertainty related to site data are considered and propagated. In addition, we perform 2D site response 
analysis to corroborate the 1D hypothesis from the site categorization. 

The target Conditional Spectrum (CS) was created following the procedure detailed in Lin et al. 2013, 
which comprehensively considers all scenarios contributing to the hazard. This procedure has been 
recently integrated into the OpenQuake software (see METIS D4.4). Subsequently, the ground motion 
record selection was executed using the optimization methodology defined by Jayaram et al. 2011. This 
methodology enables the selection of different record sets that best match the target mean and 
dispersion within an acceptable tolerance (here measured as the sum of weighted square errors, SSEs), 
with multiple groups of ground motions per intensity level. Here, the selected ground motions were 
extracted from an extensive database compiled from the Engineering Strong-Motion (ESM) database 
(https://esm-db.eu) (Lanzano et al., 2019), NGA-West2 (NGA West 2 | Pacific Earthquake Engineering 
Research Center (berkeley.edu)) (Ancheta et al., 2014), New Zealand Strong-Motion database (Home - 
GNS Science) (here referred to as GNS) (Van Houtte et al., 2017), and the NEar-Source Strong-motion 
(NESS) (INGV/RELUIS NESS flat-file) (Sgobba et al., 2021). The database was described in more detail 

https://esm-db.eu/
https://peer.berkeley.edu/research/nga-west-2
https://peer.berkeley.edu/research/nga-west-2
https://www.gns.cri.nz/
https://www.gns.cri.nz/
http://ness.mi.ingv.it/
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in Deliverable D5.1. The selection was done for the RotD50 combination of the horizontal components. 
The vertical component of the ground motion was not included in the selection procedure. It was scaled 
by the same amount as the two corresponding horizontal components, without any consideration of 
consistency since vertical hazard was not available for the case study site. These time histories are then 
considered as input motion for the site response analysis considering both ground motion variability and 
soil uncertainty. 

In what follows we first present the METIS case study site and data in section 2. Then, in section 3, we 
describe the selected rock hazard consistent dataset and provide some recommendations and lessons 
learned. In section 4 we apply the site categorization criteria to the METIS case study site and perform 
site response analysis using the rock ground motion as input. 

 

2. METIS case study  
The METIS case study, illustrated in Figure 1, is located in the Tuscany region of Italy, with site 
coordinates of 42° 25' 26.4'' N and 11° 12' 7.2'' E. This zone is considered a low to moderate seismicity 
region, where historical data shows only 32 events with magnitudes above 5. The region has no 
information available about active fault structures and future seismicity was modelled via the smoothed 
seismicity approach. The full in-depth description of the modelled seismicity in the region can be found 
in Deliverable D4.6. 

 

Figure 1: METIS Case study site 

 
For consistency with record selection, hazard calculations at the rock level were performed for the METIS 
case study assuming a Vs30 of 1000 m/s at bedrock level. The analysis was performed for several levels 
of intensity, for return periods going up to 100 000 years. This upper bound is considered high enough 
to cause strong motions that may damage the NPP structures and components. The detailed results of 
the hazard analysis, which can be found in Deliverable 4.6, are summarized here through the hazard 
curves for PGA and spectral accelerations at periods of 0.1s and 0.25s, as well as the uniform hazard 
spectra at two return periods (Figure 2).  
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3. Ground motion selection on reference rock 

3.1. Method and Dataset 
This section summarizes the results of the record selection at rock level, performed through the 
procedures summarized in the previous subsection. Record selection was performed four times forthe 
conditioning IMs of PGA, Sa(0.1s), Sa(0.26s) and AvgSA(0.1:0.4s), which were deemed as the most 
relevant ones for structural analysis within the METIS project (Deliverable 6.3). Due to limitations on 
the existing variance-covariance matrix of spectral acceleration quantities, the PGA selection was done 
for a Sa at the conditioning period of 0.01s, given that this is the lowest period for which the correlation 
values are available (Baker and Jayaram, 2008). Additionally, record selection was performed for a 
period of 0.25s instead of 0.26s to avoid interpolation errors that can lead to imprecisions in the 
calculations of the spectral ordinates. The selection was done for a set of 10 intensity measure levels 
(IMLs), which are related to different probability of exceedance (POE) values in 50 years (or, alternative 
return periods), as described in Table 2.  

Given the scarcity of available rock ground motions for high levels of intensity, simplifications were made 
by allowing ground motions recorded at non-rock sites, as well as scaling the amplitude of the signals. 
In particular, a lower bound of Vs30 of 400m/s was established, along with a maximum scaling factor 
of 10 at all IMLs except for the largest one, where the maximum scaling factor was set to 12. It is 
expected that the scaling factors can be reduced when a larger database is available. It is not expected 
that the scaling factors and non-rock site ground motion cause any considerable bias in the analysis 
results, as discussed in Deliverable D5.1. Additionally, the maximum error tolerance was set as 0.12, a 
value established through statistical tests as explained in METIS D5.1.  

IML POE in 50 
years 

Return 
Period PGA [g] Sa(0.1)[g] Sa(0.25)[g] AvgSa(0.1:0.4)

[g] 

1 0.7180 40 0.010 0.021 0.021 0.019 

2 0.2855 150 0.025 0.054 0.052 0.049 

3 0.0998 475 0.051 0.124 0.103 0.097 

4 0.0488 1000 0.079 0.198 0.157 0.147 

5 0.0198 2500 0.132 0.343 0.257 0.242 

6 0.0100 5000 0.191 0.505 0.367 0.347 

7 0.0050 10000 0.271 0.664 0.519 0.491 

8 0.0025 20000 0.377 1.139 0.720 0.683 

9 0.0010 50000 0.565 1.557 1.079 1.023 

10 0.0005 100000 0.752 2.082 1.437 1.364 

Table 2: The ten Intensity Measure Levels considered in the case study selection. 
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Given that downstream applications may afford different amounts of computational burden, the 
selection procedure was done in nine incremental sets, to provide flexibility during the analysis. This 
means that for each IML, there are nine groups of ground motion sets with increasing number of records 
per IML, starting with a set of 9 records, and then adding 2 for each group, ending up with a total of 
25 records for the largest set. It must be noted that the larger sets contain all the records from the 
smaller sets and should not be combined, as the full group is hazard consistent and adding or removing 
records would hinder consistency. All these sets are consistent with the target CS within the considered 
tolerance. Figure 5 shows an example of the results of record selection at the same IML5 (corresponding 
to 2500yr return period)) for a smaller set (11 ground motions) and for a larger set (25 ground motions). 
Note that this procedure was repeated exactly as described for all conditioning IMs with the exception 
of Sa(0.1s). For the Sa(0.1s) case, it was not possible to select incremental sets by simply adding two 
ground motions at the time to the previous set and obtain response spectra within the desired error 
tolerance. Therefore, in this case only, each set contains ground motions different than those selected 
for other IMLs.  

It must be noted that no target duration was established for the rock record selection, and the 
accelerograms were selected with no limitations regarding this IM. This limitation may impact the results 
for duration sensitive components, such as those that are pushed into significant nonlinearities or are 
susceptible to degradation and damage accumulation. However, long duration ground motions should 
not be prevalent in the selection given the imposed spectral shape (as elaborated on in section 3.2). 
However, directly disaggregating the duration parameter depends on its availability within the GMPEs 
used in the hazard calculation, as well as the presence of a correlation structure to impose it during 
selection. The relevant duration can be deduced from then scenario obtained by disaggregation using 
available relationships. If duration is deemed critical, it should be included in the selection process. The 
record selection via the GCIM framework could also offer a more accurate approach to directly 
incorporate it. Alternatively, the CS-MR could also provide some improvements in this regard, as 
enforcing the causative parameters would lead to a selection of ground motions that reflect the duration 
of earthquakes with magnitudes and distances similar to those found by disaggregation. 

Finally, a small number of near-field, pulse-like records can be identified within the selected dataset. 
These records, potentially featuring spikes in the velocity time-history indicative of fling effects, are an 
inherent aspect of hazard-consistent record selection across multiple intensity levels. Given their limited 
presence, their impact on the fragility results is expected to be minor, consistent with findings from 
previous studies (e.g., Kohrangi et al., 2018). 
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imls List of intensity measure values (Sa) in g per level 

IM_cond Conditioning IM 

IM# Directories from 1 to 10, containing the data per IML. Detailed in 
level 2 

Level 2 Inside each IM directory there are 9 subdirectories, corresponding to the different 
number of records considered. Detailed in level 3 

Level 3 
group N followed by the number of records per IM in this group 

CS subdirectories with the data for the group and IML. See level 4. 

Level 4 

Spectra Contains the spectral acceleration values for each record, for the 
periods listed on the periods field 

Rec_h1 Names of the ground motion record files on the first horizontal 
direction 

Rec_h2 Names of the ground motion record files on the second horizontal 
direction 

Rec_v Names of the corresponding vertical acceleration files 

SSEs Matching error associated with this group and IML in % 

dt Time step for each record 

nstp Number of points for each record 

DB Database of origin for each record file 

SF scale factor applied to each record to match the target CS 

Mw The magnitude of the earthquake causing the ground motion 

Rjb Joyner Boore distance 

Vs30 Vs30 of the station at which the ground motion was recorded 

Table 3: Description of fields and structure of the record selection files 

 

3.2. Recommendations from D5.1 and comments on 
record selection 

The recommendations and comments in this section are based on the record selection study described 
in Deliverable 5.1, only the main aspects of the tests performed there, and related conclusions are 
reported herein.  
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In CS-based hazard-consistent record selection, it is of paramount importance to be able to select 
ground motions that have the specified joint distributions of spectral accelerations. In an ideal case, an 
analyst would be able to choose from a sufficiently large number of ground motions that are naturally 
at the amplitude levels requested and have been recorded at sites with similar conditions of those 
present at the site. In this study the local soil conditions are selected to be reference rock of 
Vs30=1000m/s. Unfortunately, the existing databases of real ground motions do not have enough 
recordings to satisfy this request, especially for very high hazard levels. Therefore, one is left with two 
choices: either using the few existing ground motions recorded on the desired site conditions without 
enforcing hazard consistency or assembling hazard consistent sets of ground motions allowing two 
operations that may potentially affect the robustness of the results. These two operations are ground 
motion scaling and using ground motions not recorded on the desired site conditions. Previous studies 
(e.g. Tarbali and Bradley 2016) have shown that not enforcing hazard consistency has a very negative 
effect on the accuracy of the fragility curves that ensue.  

In D5.1 we have investigated whether scaling and mixing soil conditions in CS-based record selection 
are legitimate operations, when done judiciously, or whether a bias is introduced in the structural 
responses by the use of these spurious ground motions. The first battery of tests on record selection 
had the objective of assessing the potential bias introduced by using records scaled by large factors 
selected according to the CS-based approach. To this end, two sets of 40 CS-based hazard-consistent 
ground motions were assembled for a given site: one containing records with exclusively high (7-10) 
scaling factors (HSF) and the other set with exclusively low (1-2) scaling factors (LSF). The 
accelerograms were selected using different conditioning IMs and ran through a suite of fixed-base 
nonlinear SDOF systems with different vibration periods of 0.2, 0.5, 1.0. 1.5 and 2.0s and two material 
constitutive laws, an elastic with hardening and a pinching model with degradation. Additionally, an 
MDOF system, representing a 5-story RC building was added to the testing set to evaluate any possible 
bias coming from MDOF systems, shown in Iñarritu et al. (2023). More details about the modeling 
approach and assumptions can befound in Vamvatsikos and Zeris (2010).  For all cases, the response 
was evaluated in terms of maximum ductility (maximum inter-storey drift in the case of the MDOF). The 
ground motions were also subjected to comparative tests, by computing and comparing different 
intensity measures (PGA, DS5-75, CAV and AI). Results showed that neither the IMs nor the responses 
and resulting fragility curves were significantly biased by using ground motions scaled by large factors, 
only observing small differences at severe levels of nonlinearity. Results of the responses for the MDOF 
case are summarized in Figure 6, while the rest can be found in D5.1 and Iñarritu et al. (2023). It must 
be noted that this investigation is conducted only for SDoF and simple MDOF placed on the ground and 
needs to be validated for more general cases. 
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motions very sparingly and only on an as needed basis. Given that the outcomes for these extreme 
scenarios exhibited no notable bias, one can infer that with a meticulous control over hazard consistency 
and spectral shape, the responses are expected not to manifest any statistically significant bias even 
when scaled ground motions and soil motions are included in the mix. While the simplified structures 
considered in these studies do not represent real nuclear structures, they enable us to perform large 
scale testing with the multiple ground motion groups considered. 

Further details of these studies can be found in Deliverable D5.1. 

When selecting ground motion records using CS, the match between the target and the selected sets 
should stay within an acceptable tolerance. Based on an additional battery of tests conducted in 
Deliverable D5.1, it was found that a sum of square errors below 0.12 can be considered to be an 
accurate match to the target CS when 25 periods participate in the computation of the  sum of square 
errors, as done here. It is acknowledged that for an application to multimodal industrial structures, the 
list of frequencies needs to be adapted to the kind structure considered. Here, they were chosen among 
those already available in the databases. This threshold value, of course, depends on the number of 
vibration periods considered in the matching procedure, as a higher number of points would naturally 
yield higher acceptable threshold values of error. However, if so desired, an estimate of the acceptable 
tolerance value for different number of vibration periods can be computed by normalizing the values 
used for 0.12 (i.e., 0.12/25). As a comment of practical importance, it is recommended to only select 
records conditioning on spectral quantities at periods for which spectral ordinates are available in the 
database. Interpolation of response spectral ordinates may bias the results of selection. For instance, 
this was the case when attempting to select a group for a period of 0.26s, which led to a larger spread 
on the SaRotD50 values of the selected records. Herein the choice of the reference frequencies comes 
from the available data provided by the record databases (NGA, ESM, NESS), as the databases contain 
the RotD50 spectra for a set number of periods. Note, that a perfect match of the period of vibration of 
the structure with the period used in the CS approach is not needed to ensure statistically robust fragility 
curves.  

To conclude, as discussed above, the accuracy of the match of the target joint spectral acceleration 
distribution imposed in the CS approach should be the top priority in record selection above scaling 
factors bounds or soil type limits of the selected motions.  Relaxing those limitations (i.e., allowing some 
scaled and soil motions) is preferable to accepting a larger distribution mismatch (i.e., larger error values 
with only unscaled rock motions), as the consequences of using a hazard inconsistent set of ground 
motions for fragility computations are far worse. 

 

3.3. Further Analysis of rock ground motion time 
histories selected for METIS case study and lessons 
learned 

In this paragraph we provide a few further analyses of the target spectra and time histories selected 
for METIS case study and report on some issues encountered in the selection procedure. 

In a first application of the record selection described in the previous sections, the Sa(0.26s) was 
considered as one of the conditioning IMs. This IM was selected to represent the fundamental frequency 
of a typical reactor model, such as the simplified reactor model used for preliminary analysis. For this 
conditioning IM the analysis of the time histories revealed significant discrepancies with respect to the 
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target. This is shown for the example of IML_7 (10 000-year return period) in Figure 7. For comparison 
the same result is also shown for the conditioning IMs PGA in Figure 8.  
 
Additional analysis showed that the large misfit observed for Sa(0.26 s) conditioning was due to the fact 
that the Sa(0.26 s) RotD50 values were not available in databases but were obtained by interpolation 
between available values. The PGA RotD50 values were not interpolated (they are available in 
database), and the error is much smaller (Figure 8). However, there are still some misfits that might 
be due to discrepancies in the values provided in the database. 

Based on these analyses, the SA(0.26s) results were discarded for further analysis and replaced by 
SA(0.25s) as described in section 3.1.1. 

 

 

 

  

Figure 7: Comparison of the target conditional PSA (median and log-std) to the statistics 
of selected records for 10 000-year return period (IML 7) for Sa(0.26 s) as an IM. 
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G/Gmax D (%) 

Figure 15: Generic and specific soil class standard deviation from Darendeli (2001) layer 
numbers refer to METIS case study. 

  
Figure 16: Example of randomized soil nonlinear properties (layer 2). 

 

For this application we identified a sample size of N=100 to well represent soil uncertainty, as illustrated 
in Figure 15 below but this must be assessed for more examples to deduce general conclusions. For 
the uncertainty propagation, we pair each of the 100 soil columns with one time history from the set. 
Since 100 soil columns for 25 time histories are available (for each horizontal direction), each time 
history is used 4 times. The results for this LHS-type design are compared to the full factorial design 
where each time history is paired with each soil column. The results confirmed the acceptability of the 
reduced design. 
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leading to differences in free-field motion computed for the H=200 and H=400m soil columns 
hypothesis. 

  
Figure 18: Elastic transfer functions for deconvolution on rock (Vs=1000m/s) columns 
with H=200m and H=400m and different damping characteristics (left) and response 

spectra for convolution on soil columns (right). 

The deconvolution results for 2500 years return period on both horizontal components are presented in 
Figure 19, and compared to the conditional spectra anchored at PGA and used for time histories 
selection (based on RotD50). As previously discussed, the impact of the deconvolution on the obtained 
input motions for soil column analysis is mainly relevant for deep soil profiles. 

  
Figure 19: Pseudo-spectral accelerations a in units of g are plotted for horizontal 

components  (X: left and Y: right) of deconvolved bedrock input motions for return period 
of 2 500 years and a soil columns of H=200m, 400m, considering CMS anchored at PGA. 

Solid line: median; dashed line: 15% and 85% quantiles 

 

4.3.2. Best-estimate soil column results 
In this section we briefly describe the results for free-field spectral accelerations for both horizontal and 

vertical components. The horizontal components are obtained by Linear Equivalent approach, whereas 
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the vertical free-field motion is obtained without any soil properties reduction. Figure 20 and Figure 
21 presents the results for 2 500 years (left) and 50 000 years (right) return periods, for a soil column 
hypothesis of H=200m and CMS anchored at PGA and T=0.25s, respectively. Figure axis are in log-log 
to better visualize differences between outcrop rock and soil spectral accelerations at low frequencies. 
As expected, pseudo-spectral accelerations for both horizontal directions at the soil follow a consistent 
similar response, although the time-histories selection procedure enforced hazard consistency for 
RotD50 combination of the horizontal components rather than for each horizontal component 
separately. Differences between rock and site pseudo-spectral accelerations are mainly due to: (i) site 
amplification at low frequencies (cf. Figure 22 for site amplification function) and (ii) soil damping 
which leads to a reduction pseudo-spectral accelerations at the high-frequency range. In this sense, 
obtained median PGA values from the 1D soil column model are lower than the PGA at rock. 

The vertical component presents a large variability, as: (i) no consideration of consistency with the 
vertical ground motion hazard is proposed in this work and (ii) soil modulus reduction and damping are 
considered only for horizontal components, the convolution of the vertical one being performed for the 
elastic soil column.  

  

Figure 20: Pseudo-spectral accelerations a in units of g are plotted for horizontal and 
vertical components for return period of 2 500 (left) and 50 000 (right) years, considering 

best-estimate soil column and CMS anchored at PGA. Solid line: median; dashed line: 
15% and 85% quantiles. 



D5.4 Hazard-consistent surface ground motions for METIS case study
   

 

 

GA N°945121  35 

 

 

  

Figure 21: Pseudo-spectral accelerations a in units of g are plotted for horizontals and 
vertical components for return period of 2 500 (left) and 50 000 (right) years, considering 
best-estimate soil column and CMS anchored at T=0.25s. Solid line: median; dashed line: 

15% and 85% quantiles. 

For all considered cases, maximum equivalent shear strains for best-estimate soil columns were lower 
than 0.35%, although extreme case of IML 9 (50000 years return period) presented 3 out of 50 
numerical simulations per anchoring CMS period (2 horizontal directions x 25 TH) with maximum shear 
strains larger than 0.15%. Maximum strains are obtained on layers 3 and 4, which are the more prone 
to nonlinearity as (i) layer 3 is adjacent to Vs inversion at the interface with layer 2 and (ii) layer 4 has 
a rapid G/Gmax reduction with shear strains. 

4.3.3. Impact of soil column uncertainties 
The numerical simulations performed show that the introduction of uncertainties in the soil column (Vs 
profile and nonlinear properties) directly impacts the bedrock to surface transfer function (TF) (Figure 
22) as: (i) smaller resonance peaks for the median TF values are observed and (ii) higher TF variability 
is obtained in comparison to the best estimate profile only, although differences reduce when 
considering high return periods (right-hand side). However, median and 15%/85% quantiles for the 
spectral accelerations at the surface are less impacted by the variability at the soil column (Figure 23). 
Slight lower median values and consistently lower 15% quantile are obtained for return period of 50 
000 years, as higher nonlinearities are attained for some simulations, leading to lower spectral 
accelerations. Indeed, including soil variability led to a higher number of soil columns presenting 
maximum shear strains larger than 0.15%, or locally higher than 0.5% (6 out of 400 simulations for 
20000 years return period and 23 out of 400 simulations for 50000 years return period). Excluding these 
extreme cases do not significantly change the median spectral acceleration at the surface (Figure 23), 
although 15% quantile increases. In both Figures, the PSA response are shown for the response in x-
direction for illustration. 
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7. Appendix 

7.1. Example of bedrock selected ground motions 
The following figures and tables show the case with 15 time histories per stripe for the PGA selection. 

7.1.1. IML1 
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Figure 32: Set of 15 3-component waveforms of the selected ground motions at bedrock 

for PGA (Sa[0.1s]) for IML1 
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7.1.2. IML2 
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Figure 33: Set of 15 3-component waveforms of the selected ground motions at bedrock 

for PGA (Sa[0.1s]) for IML2 
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7.1.3. IML3 
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Figure 34: Set of 15 3-component waveforms of the selected ground motions at bedrock 

for PGA (Sa[0.1s]) for IML3 
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7.1.4. IML4 
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Figure 35: Set of 15 3-component waveforms of the selected ground motions at bedrock 

for PGA (Sa[0.1s]) for IML4 
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7.1.5. IML5 
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Figure 36: Set of 15 3-component waveforms of the selected ground motions at bedrock 

for PGA (Sa[0.1s]) for IML5 
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7.1.6. IML6 
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Figure 37: Set of 15 3-component waveforms of the selected ground motions at bedrock 

for PGA (Sa[0.1s]) for IML6 
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7.1.7. IML7 

 



D5.4 Hazard-consistent surface ground motions for METIS case study
   

 

 

GA N°945121  61 

 

 

 
Figure 38: Set of 15 3-component waveforms of the selected ground motions at bedrock 

for PGA (Sa[0.1s]) for IML7 
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7.1.8. IML8 
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Figure 39: Set of 15 3-component waveforms of the selected ground motions at bedrock 

for PGA (Sa[0.1s]) for IML8 
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7.1.9. IML9 

 



D5.4 Hazard-consistent surface ground motions for METIS case study
   

 

 

GA N°945121  65 

 

 

 
Figure 40: Set of 15 3-component waveforms of the selected ground motions at bedrock 

for PGA (Sa[0.1s]) for IML9 
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7.1.10. IML10 
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Figure 41: Set of 15 3-component waveforms of the selected ground motions at bedrock 
for PGA (Sa[0.1s]) for IML10 
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7.2. Selected records and causative Parameters 

IML rec_h1 rec_h2 rec_v Mw Rjb 
[km] 

Vs30 
[m/s] DB 

1 
RSN9095_14151344_CIS
DRHHN 

RSN9095_14151344_CIS
DRHHE 

RSN9095_14151344_CIS
DRHHZ 5.2 93.4 827 NGA 

1 
IT.MRR..HNE.D.IT-2012-
0032.ACC.MP 

IT.MRR..HNN.D.IT-2012-
0032.ACC.MP 

IT.MRR..HNZ.D.IT-2012-
0032.ACC.MP 5.5 98.9 915 ESM 

1 
RSN10538_10370141_CI
STCHNN 

RSN10538_10370141_CI
STCHNE 

RSN10538_10370141_CI
STCHNZ 4.45 173.7 490 NGA 

1 
IT.BRH..HNE.D.IT-2012-
0008.ACC.MP 

IT.BRH..HNN.D.IT-2012-
0008.ACC.MP 

IT.BRH..HNZ.D.IT-2012-
0008.ACC.MP 6.1 69.3 521 ESM 

1 
RSN9633_10410337_U5
036360 

RSN9633_10410337_U5
036090 

RSN9633_10410337_U5
036-UP 4.7 90.1 631 NGA 

1 
RSN10508_10370141_CI
RPVHNN 

RSN10508_10370141_CI
RPVHNE 

RSN10508_10370141_CI
RPVHNZ 4.45 108.5 530 NGA 

1 
RSN11434_10275733_CI
PLSHLN 

RSN11434_10275733_CI
PLSHLE 

RSN11434_10275733_CI
PLSHLZ 4.73 11.7 699 NGA 

1 
IT.TGG..HNE.D.IT-2012-
0008.ACC.MP 

IT.TGG..HNN.D.IT-2012-
0008.ACC.MP 

IT.TGG..HNZ.D.IT-2012-
0008.ACC.MP 6.1 63.9 797 ESM 

1 
20110222_015029_LBZ_
x 

20110222_015029_LBZ_
y 

20110222_015029_LBZ_
z 5.63 211.8 1000 GNS 

1 
RSN49_LYTLECR_SAD00
3 

RSN49_LYTLECR_SAD27
3 

RSN49_LYTLECR_SADD
WN 5.33 42.1 667 NGA 

1 RSN59_SFERN_CSM095 RSN59_SFERN_CSM185 
RSN59_SFERN_CSMDW
N 6.61 89.4 813 NGA 

1 
RSN9644_10410337_U5
371360 

RSN9644_10410337_U5
371090 

RSN9644_10410337_U5
371-UP 4.7 95.9 496 NGA 

1 

IT.SPO1..HGE.D.EMSC-
20161026_0000095.ACC
.MP 

IT.SPO1..HGN.D.EMSC-
20161026_0000095.ACC
.MP 

IT.SPO1..HGZ.D.EMSC-
20161026_0000095.ACC
.MP 5.9 34.4 533 ESM 

1 
RSN5853_SIERRA.MEX_
03234360 

RSN5853_SIERRA.MEX_
03234-90 

RSN5853_SIERRA.MEX_
03234-UP 7.2 139.4 477 NGA 

1 
IT.FLP..HNE.D.IT-2012-
0008.ACC.MP 

IT.FLP..HNN.D.IT-2012-
0008.ACC.MP 

IT.FLP..HNZ.D.IT-2012-
0008.ACC.MP 6.1 131.5 417 ESM 

2 
RSN12345_40194055_0
1828360 

RSN12345_40194055_0
1828090 

RSN12345_40194055_0
1828-DN 4.23 13.7 415 NGA 

2 
HL.DMKA..HN2.D.GR-
1999-0001.ACC.MP 

HL.DMKA..HN3.D.GR-
1999-0001.ACC.MP 

HL.DMKA..HNZ.D.GR-
1999-0001.ACC.MP 5.9 19.6 767 ESM 

2 
RSN1065_NORTHR_RHE
090 

RSN1065_NORTHR_RHE
360 

RSN1065_NORTHR_RHE
-UP 6.69 44.9 473 NGA 

2 
20161113_110324_HAV
S_20_x 

20161113_110324_HAV
S_20_y 

20161113_110324_HAV
S_20_z 7.85 63.0 1000 GNS 

2 
RSN9489_10410337_CI
GORHNN 

RSN9489_10410337_CI
GORHNE 

RSN9489_10410337_CI
GORHNZ 4.7 134.2 559 NGA 

2 
RSN9108_14151344_CIS
WSHHN 

RSN9108_14151344_CIS
WSHHE 

RSN9108_14151344_CIS
WSHHZ 5.2 95.0 503 NGA 

2 
RSN12693_14330056_C
JRC2HHN 

RSN12693_14330056_C
JRC2HHE 

RSN12693_14330056_C
JRC2HHZ 4.34 19.2 623 NGA 

2 
RSN497_NAHANNI_S327
0 

RSN497_NAHANNI_S336
0 

RSN497_NAHANNI_S3-
UP 6.76 4.9 605 NGA 

2 
20130816_023124_EBPS
_20_x 

20130816_023124_EBPS
_20_y 

20130816_023124_EBPS
_20_z 6.6 65.8 540 GNS 

2 
RSN18868_71336726_N
JSFBHNN 

RSN18868_71336726_N
JSFBHNE 

RSN18868_71336726_N
JSFBHNZ 4.05 34.2 432 NGA 

2 
RSN18085_14519780_CI
FURHNN 

RSN18085_14519780_CI
FURHNE 

RSN18085_14519780_CI
FURHNZ 5.19 86.8 433 NGA 

2 
20150424_033700_NNZ
_20_x 

20150424_033700_NNZ
_20_y 

20150424_033700_NNZ
_20_z 6.05 96.4 1200 GNS 
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2 
RSN18146_14519780_C
SPG2HNN 

RSN18146_14519780_C
SPG2HNE 

RSN18146_14519780_C
SPG2HNZ 5.19 83.6 924 NGA 

2 
RSN1098_NORTHR_WRI
090 

RSN1098_NORTHR_WRI
180 

RSN1098_NORTHR_WRI
-UP 6.69 71.5 477 NGA 

2 
RSN2048_YLINDA_1306
8360 

RSN2048_YLINDA_1306
8090 

RSN2048_YLINDA_1306
8-UP 4.27 6.5 485 NGA 

3 
RSN9048_14151344_AL
VA2HHN 

RSN9048_14151344_AL
VA2HHE 

RSN9048_14151344_AL
VA2HHZ 5.2 17.9 682 NGA 

3 
RSN12578_51207740_5
8238004 

RSN12578_51207740_5
8238094 

RSN12578_51207740_5
8238-UP 4.1 44.7 414 NGA 

3 
RSN10588_10370141_1
3922360 

RSN10588_10370141_1
3922090 

RSN10588_10370141_1
3922-UP 4.45 48.0 581 NGA 

3 
IT.MLC..HNE.D.IT-2012-
0010.ACC.MP 

IT.MLC..HNN.D.IT-2012-
0010.ACC.MP 

IT.MLC..HNZ.D.IT-2012-
0010.ACC.MP 5.5 100.9 430 ESM 

3 
RSN2144_BEARCTY_201
3A090 

RSN2144_BEARCTY_201
3B360 

RSN2144_BEARCTY_201
3C-UP 4.92 44.9 426 NGA 

3 

IT.ASP..HGE.D.EMSC-
20160824_0000006.ACC
.MP 

IT.ASP..HGN.D.EMSC-
20160824_0000006.ACC
.MP 

IT.ASP..HGZ.D.EMSC-
20160824_0000006.ACC
.MP 6 31.4 436 ESM 

3 

IT.SIG..HGE.D.EMSC-
20161030_0000029.ACC
.MP 

IT.SIG..HGN.D.EMSC-
20161030_0000029.ACC
.MP 

IT.SIG..HGZ.D.EMSC-
20161030_0000029.ACC
.MP 6.5 53.3 689 ESM 

3 
RSN1747_SKULLMTN_LS
M8000 

RSN1747_SKULLMTN_LS
M8270 

RSN1747_SKULLMTN_LS
M8-UP 5.65 98.1 579 NGA 

3 

IT.PGG..HGE.D.EMSC-
20161026_0000095.ACC
.MP 

IT.PGG..HGN.D.EMSC-
20161026_0000095.ACC
.MP 

IT.PGG..HGZ.D.EMSC-
20161026_0000095.ACC
.MP 5.9 65.6 694 ESM 

3 
RSN8365_YLINDA_N533
1021 

RSN8365_YLINDA_N533
1111 

RSN8365_YLINDA_N533
1-UP 4.27 55.2 643 NGA 

3 

IT.CLO..HGE.D.EMSC-
20161026_0000095.ACC
.MP 

IT.CLO..HGN.D.EMSC-
20161026_0000095.ACC
.MP 

IT.CLO..HGZ.D.EMSC-
20161026_0000095.ACC
.MP 5.9 3.2 420 ESM 

3 
RSN9071_14151344_AZ
PFOHLN 

RSN9071_14151344_AZ
PFOHLE 

RSN9071_14151344_AZ
PFOHLZ 5.2 12.8 763 NGA 

3 
RSN8845_14383980_CS
BB2HNN 

RSN8845_14383980_CS
BB2HNE 

RSN8845_14383980_CS
BB2HNZ 5.39 80.9 1131 NGA 

3 
RSN1742_SKULLMTN_LS
M3000 

RSN1742_SKULLMTN_LS
M3270 

RSN1742_SKULLMTN_LS
M3-UP 5.65 45.2 404 NGA 

3 
RSN6045_SIERRA.MEX_
SLR360 

RSN6045_SIERRA.MEX_
SLR-90 

RSN6045_SIERRA.MEX_
SLR-UP 7.2 163.1 499 NGA 

4 
RSN11082_40187964_N
1806HNN 

RSN11082_40187964_N
1806HNE 

RSN11082_40187964_N
1806HNZ 4.5 49.8 688 NGA 

4 
RSN555_CHALFANT.A_A
-MAM020 

RSN555_CHALFANT.A_A
-MAM290 

RSN555_CHALFANT.A_A
-MAM-UP 6.19 34.9 529 NGA 

4 
IV.RM05..HNE.D.IT-
2009-0102.ACC.MP 

IV.RM05..HNN.D.IT-
2009-0102.ACC.MP 

IV.RM05..HNZ.D.IT-
2009-0102.ACC.MP 5.5 20.5 617 ESM 

4 
HL.DMKA..HN2.D.GR-
1999-0001.ACC.MP 

HL.DMKA..HN3.D.GR-
1999-0001.ACC.MP 

HL.DMKA..HNZ.D.GR-
1999-0001.ACC.MP 5.9 19.6 767 ESM 

4 
RSN12577_51207740_5
8219360 

RSN12577_51207740_5
8219090 

RSN12577_51207740_5
8219-UP 4.1 22.9 517 NGA 

4 
RSN1662_NORTH001_T
EM000 

RSN1662_NORTH001_T
EM090 

RSN1662_NORTH001_T
EM-UP 6.05 26.8 452 NGA 

4 
RSN12693_14330056_C
JRC2HHN 

RSN12693_14330056_C
JRC2HHE 

RSN12693_14330056_C
JRC2HHZ 4.34 19.2 623 NGA 

4 
RSN9010_14151344_CI
DPPHHN 

RSN9010_14151344_CI
DPPHHE 

RSN9010_14151344_CI
DPPHHZ 5.2 67.2 611 NGA 

4 

IT.TER..HGE.D.EMSC-
20161026_0000095.ACC
.MP 

IT.TER..HGN.D.EMSC-
20161026_0000095.ACC
.MP 

IT.TER..HGZ.D.EMSC-
20161026_0000095.ACC
.MP 5.9 45.3 887 ESM 

4 
RSN8970_14383980_NS
720360 

RSN8970_14383980_NS
720090 

RSN8970_14383980_NS
720-UP 5.39 72.8 493 NGA 
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4 
20130721_050943_FAIS
_20_x 

20130721_050943_FAIS
_20_y 

20130721_050943_FAIS
_20_z 6.58 64.9 760 GNS 

4 
RSN10528_10370141_CI
SLRHNN 

RSN10528_10370141_CI
SLRHNE 

RSN10528_10370141_CI
SLRHNZ 4.45 55.3 499 NGA 

4 
RSN3739_WHITTIER.B_
B-GLE180 

RSN3739_WHITTIER.B_
B-GLE270 

RSN3739_WHITTIER.B_
B-GLE-UP 5.27 27.6 402 NGA 

4 
RSN5830_SIERRA.MEX_
RSL000 

RSN5830_SIERRA.MEX_
RSL090 

RSN5830_SIERRA.MEX_
RSL--V 7.2 43.6 524 NGA 

4 
RSN13356_10285533_2
3292360 

RSN13356_10285533_2
3292090 

RSN13356_10285533_2
3292-UP 4.2 10.6 403 NGA 

5 
RSN19045_40238431_P
GWRDHNN 

RSN19045_40238431_P
GWRDHNE 

RSN19045_40238431_P
GWRDHNZ 4.39 21.2 649 NGA 

5 
20110613_022049_D14
C_x 

20110613_022049_D14
C_y 

20110613_022049_D14
C_z 5.99 11.0 1000 GNS 

5 
RSN3776_NORTH392_C
O2092 

RSN3776_NORTH392_C
O2182 

RSN3776_NORTH392_C
O2-UP 5.28 8.5 400 NGA 

5 

IT.FSS..HGE.D.EMSC-
20161030_0000029.ACC
.MP 

IT.FSS..HGN.D.EMSC-
20161030_0000029.ACC
.MP 

IT.FSS..HGZ.D.EMSC-
20161030_0000029.ACC
.MP 6.5 86.9 932 ESM 

5 
RSN12577_51207740_5
8219360 

RSN12577_51207740_5
8219090 

RSN12577_51207740_5
8219-UP 4.1 22.9 517 NGA 

5 
RSN1666_NORTH001_P
KC090 

RSN1666_NORTH001_P
KC360 

RSN1666_NORTH001_P
KC-UP 6.05 6.6 508 NGA 

5 
RSN10528_10370141_CI
SLRHNN 

RSN10528_10370141_CI
SLRHNE 

RSN10528_10370141_CI
SLRHNZ 4.45 55.3 499 NGA 

5 
RSN9074_14151344_CIP
SDHHN 

RSN9074_14151344_CIP
SDHHE 

RSN9074_14151344_CIP
SDHHZ 5.2 31.3 408 NGA 

5 
20130721_050943_WAN
S_20_x 

20130721_050943_WAN
S_20_y 

20130721_050943_WAN
S_20_z 6.58 62.6 1000 GNS 

5 

IV.T1299..HNE.D.EMSC-
20161030_0000029.ACC
.MP 

IV.T1299..HNN.D.EMSC-
20161030_0000029.ACC
.MP 

IV.T1299..HNZ.D.EMSC-
20161030_0000029.ACC
.MP 6.5 9.8 641 ESM 

5 
RSN9071_14151344_AZ
PFOHLN 

RSN9071_14151344_AZ
PFOHLE 

RSN9071_14151344_AZ
PFOHLZ 5.2 12.8 763 NGA 

5 
RSN1098_NORTHR_WRI
090 

RSN1098_NORTHR_WRI
180 

RSN1098_NORTHR_WRI
-UP 6.69 71.5 477 NGA 

5 
RSN12578_51207740_5
8238004 

RSN12578_51207740_5
8238094 

RSN12578_51207740_5
8238-UP 4.1 44.7 414 NGA 

5 RSN226_ANZA_TVY045 RSN226_ANZA_TVY135 RSN226_ANZA_TVY-UP 5.19 5.9 618 NGA 

5 
RSN4069_PARK2004_JA
CK-90 

RSN4069_PARK2004_JA
CK360 

RSN4069_PARK2004_JA
CK-UP 6 9.1 576 NGA 

6 
RSN9048_14151344_AL
VA2HHN 

RSN9048_14151344_AL
VA2HHE 

RSN9048_14151344_AL
VA2HHZ 5.2 17.9 682 NGA 

6 

IV.TERO..HNE.D.EMSC-
20161030_0000029.ACC
.MP 

IV.TERO..HNN.D.EMSC-
20161030_0000029.ACC
.MP 

IV.TERO..HNZ.D.EMSC-
20161030_0000029.ACC
.MP 6.5 27.9 1002 ESM 

6 
RSN12343_40194055_0
1823360 

RSN12343_40194055_0
1823090 

RSN12343_40194055_0
1823-UP 4.23 9.9 469 NGA 

6 

IV.T1201..HNE.D.EMSC-
20161026_0000095.ACC
.MP 

IV.T1201..HNN.D.EMSC-
20161026_0000095.ACC
.MP 

IV.T1201..HNZ.D.EMSC-
20161026_0000095.ACC
.MP 5.9 22.3 426 ESM 

6 
RSN11501_10275733_1
3096360 

RSN11501_10275733_1
3096090 

RSN11501_10275733_1
3096-UP 4.73 19.8 646 NGA 

6 
RSN8784_14383980_CI
DGRHNN 

RSN8784_14383980_CI
DGRHNE 

RSN8784_14383980_CI
DGRHNZ 5.39 74.4 576 NGA 

6 RSN226_ANZA_TVY045 RSN226_ANZA_TVY135 RSN226_ANZA_TVY-UP 5.19 5.9 618 NGA 

6 
RSN11333_9064092_CIS
VDHHN 

RSN11333_9064092_CIS
VDHHE 

RSN11333_9064092_CIS
VDHHZ 4.78 15.8 699 NGA 
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6 

IV.T1244..HNE.D.EMSC-
20161026_0000095.ACC
.MP 

IV.T1244..HNN.D.EMSC-
20161026_0000095.ACC
.MP 

IV.T1244..HNZ.D.EMSC-
20161026_0000095.ACC
.MP 5.9 13.6 923 ESM 

6 

IV.T1216..HNE.D.EMSC-
20161030_0000029.ACC
.MP 

IV.T1216..HNN.D.EMSC-
20161030_0000029.ACC
.MP 

IV.T1216..HNZ.D.EMSC-
20161030_0000029.ACC
.MP 6.5 3.1 805 ESM 

6 
RSN12045_14116972_N
5036360 

RSN12045_14116972_N
5036090 

RSN12045_14116972_N
5036-UP 4.42 7.0 631 NGA 

6 
RSN277_MAMMOTH.AH_
H-XCV075 

RSN277_MAMMOTH.AH_
H-XCV165 

RSN277_MAMMOTH.AH_
H-XCV-UP 4.85 5.4 454 NGA 

6 
20120525_024450_PAR
S_x 

20120525_024450_PAR
S_y 

20120525_024450_PAR
S_z 5.07 2.7 760 GNS 

6 
20140120_025307_WAZ
_20_x 

20140120_025307_WAZ
_20_y 

20140120_025307_WAZ
_20_z 6.31 116.0 690 GNS 

6 
RSN10610_10370141_2
3084360 

RSN10610_10370141_2
3084090 

RSN10610_10370141_2
3084-UP 4.45 7.5 428 NGA 

7 
RSN9048_14151344_AL
VA2HHN 

RSN9048_14151344_AL
VA2HHE 

RSN9048_14151344_AL
VA2HHZ 5.2 17.9 682 NGA 

7 

IV.TERO..HNE.D.EMSC-
20161030_0000029.ACC
.MP 

IV.TERO..HNN.D.EMSC-
20161030_0000029.ACC
.MP 

IV.TERO..HNZ.D.EMSC-
20161030_0000029.ACC
.MP 6.5 27.9 1002 ESM 

7 
RSN9099_14151344_CIS
LRHLN 

RSN9099_14151344_CIS
LRHLE 

RSN9099_14151344_CIS
LRHLZ 5.2 37.9 499 NGA 

7 

IV.T1213..HNE.D.EMSC-
20161030_0000029.ACC
.MP 

IV.T1213..HNN.D.EMSC-
20161030_0000029.ACC
.MP 

IV.T1213..HNZ.D.EMSC-
20161030_0000029.ACC
.MP 6.5 4.4 588 ESM 

7 
RSN11501_10275733_1
3096360 

RSN11501_10275733_1
3096090 

RSN11501_10275733_1
3096-UP 4.73 19.8 646 NGA 

7 
RSN9840_51182810_54
933360 

RSN9840_51182810_54
933090 

RSN9840_51182810_54
933-UP 4.6 15.0 523 NGA 

7 
RSN10610_10370141_2
3084360 

RSN10610_10370141_2
3084090 

RSN10610_10370141_2
3084-UP 4.45 7.5 428 NGA 

7 
RSN6076_YLINDA_0540
9-H1 

RSN6076_YLINDA_0540
9-H2 

RSN6076_YLINDA_0540
9-UP 4.27 43.7 414 NGA 

7 

IV.T1244..HNE.D.EMSC-
20161026_0000095.ACC
.MP 

IV.T1244..HNN.D.EMSC-
20161026_0000095.ACC
.MP 

IV.T1244..HNZ.D.EMSC-
20161026_0000095.ACC
.MP 5.9 13.6 923 ESM 

7 
RSN11755_9069986_CIS
VDHHN 

RSN11755_9069986_CIS
VDHHE 

RSN11755_9069986_CIS
VDHHZ 4.5 33.6 699 NGA 

7 
RSN250_MAMMOTH.L_L
-LUL000 

RSN250_MAMMOTH.L_L
-LUL090 

RSN250_MAMMOTH.L_L
-LUL-UP 5.94 9.7 537 NGA 

7 
RSN10585_10370141_1
3916360 

RSN10585_10370141_1
3916090 

RSN10585_10370141_1
3916-UP 4.45 22.8 582 NGA 

7 

IT.VAL..HGE.D.EMSC-
20160824_0000006.ACC
.MP 

IT.VAL..HGN.D.EMSC-
20160824_0000006.ACC
.MP 

IT.VAL..HGZ.D.EMSC-
20160824_0000006.ACC
.MP 6 53.6 459 ESM 

7 
RSN277_MAMMOTH.AH_
H-XCV075 

RSN277_MAMMOTH.AH_
H-XCV165 

RSN277_MAMMOTH.AH_
H-XCV-UP 4.85 5.4 454 NGA 

7 
RSN939_BIGBEAR_WWN
090 

RSN939_BIGBEAR_WWN
180 

RSN939_BIGBEAR_WWN
-UP 6.46 59.1 506 NGA 

8 
RSN13357_10285533_2
3958360 

RSN13357_10285533_2
3958090 

RSN13357_10285533_2
3958-UP 4.2 6.4 423 NGA 

8 
4A.MI02..HNE.D.IT-
2009-0102.ACC.MP 

4A.MI02..HNN.D.IT-
2009-0102.ACC.MP 

4A.MI02..HNZ.D.IT-
2009-0102.ACC.MP 5.5 2.6 445 ESM 

8 RSN89_SFERN_TEH090 RSN89_SFERN_TEH180 RSN89_SFERN_TEHDWN 6.61 61.8 669 NGA 

8 
RSN603_WHITTIER.A_A
-VIR200 

RSN603_WHITTIER.A_A
-VIR290 

RSN603_WHITTIER.A_A
-VIR-UP 5.99 52.8 404 NGA 

8 
RSN11501_10275733_1
3096360 

RSN11501_10275733_1
3096090 

RSN11501_10275733_1
3096-UP 4.73 19.8 646 NGA 

8 
RSN401_COALINGA_C-
PLM270 

RSN401_COALINGA_C-
PLM360 

RSN401_COALINGA_C-
PLM-UP 5.18 9.9 458 NGA 
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8 
RSN9048_14151344_AL
VA2HHN 

RSN9048_14151344_AL
VA2HHE 

RSN9048_14151344_AL
VA2HHZ 5.2 17.9 682 NGA 

8 
RSN112_OROVILLE_D-
EBH000 

RSN112_OROVILLE_D-
EBH090 

RSN112_OROVILLE_D-
EBHDWN 4.7 6.0 427 NGA 

8 

IV.T1244..HNE.D.EMSC-
20161026_0000095.ACC
.MP 

IV.T1244..HNN.D.EMSC-
20161026_0000095.ACC
.MP 

IV.T1244..HNZ.D.EMSC-
20161026_0000095.ACC
.MP 5.9 13.6 923 ESM 

8 
RSN12652_14403732_1
2092360 

RSN12652_14403732_1
2092090 

RSN12652_14403732_1
2092-UP 4.11 6.3 407 NGA 

8 
IV.RM03..HNE.D.IT-
2009-0102.ACC.MP 

IV.RM03..HNN.D.IT-
2009-0102.ACC.MP 

IV.RM03..HNZ.D.IT-
2009-0102.ACC.MP 5.5 0.3 512 ESM 

8 
RSN9388_14155260_CIP
ERHHN 

RSN9388_14155260_CIP
ERHHE 

RSN9388_14155260_CIP
ERHHZ 4.88 28.4 418 NGA 

8 
RSN4069_PARK2004_JA
CK-90 

RSN4069_PARK2004_JA
CK360 

RSN4069_PARK2004_JA
CK-UP 6 9.1 576 NGA 

8 
RSN12279_40194055_B
BRIBHLN 

RSN12279_40194055_B
BRIBHLE 

RSN12279_40194055_B
BRIBHLZ 4.23 4.4 490 NGA 

8 

IT.SIG..HGE.D.EMSC-
20161026_0000095.ACC
.MP 

IT.SIG..HGN.D.EMSC-
20161026_0000095.ACC
.MP 

IT.SIG..HGZ.D.EMSC-
20161026_0000095.ACC
.MP 5.9 45.6 689 ESM 

9 RSN226_ANZA_TVY045 RSN226_ANZA_TVY135 RSN226_ANZA_TVY-UP 5.19 5.9 618 NGA 

9 RSN225_ANZA_PFT045 RSN225_ANZA_PFT135 RSN225_ANZA_PFT-UP 5.19 12.2 725 NGA 

9 
IV.RM05..HNE.D.IT-
2009-0102.ACC.MP 

IV.RM05..HNN.D.IT-
2009-0102.ACC.MP 

IV.RM05..HNZ.D.IT-
2009-0102.ACC.MP 5.5 20.5 617 ESM 

9 

IT.PCB..HGE.D.EMSC-
20160824_0000006.ACC
.MP 

IT.PCB..HGN.D.EMSC-
20160824_0000006.ACC
.MP 

IT.PCB..HGZ.D.EMSC-
20160824_0000006.ACC
.MP 6 10.7 655 ESM 

9 
RSN119_OROVILLE_D-
OR6035 

RSN119_OROVILLE_D-
OR6125 

RSN119_OROVILLE_D-
OR6DWN 4.7 4.8 549 NGA 

9 
RSN45_LYTLECR_DCF09
0 

RSN45_LYTLECR_DCF18
0 

RSN45_LYTLECR_DCFD
WN 5.33 18.4 667 NGA 

9 
RSN112_OROVILLE_D-
EBH000 

RSN112_OROVILLE_D-
EBH090 

RSN112_OROVILLE_D-
EBHDWN 4.7 6.0 427 NGA 

9 
RSN9071_14151344_AZ
PFOHLN 

RSN9071_14151344_AZ
PFOHLE 

RSN9071_14151344_AZ
PFOHLZ 5.2 12.8 763 NGA 

9 
20130721_050940_MKB
S_20_x 

20130721_050940_MKB
S_20_y 

20130721_050940_MKB
S_20_z 6.58 49.6 1000 GNS 

9 
RSN4069_PARK2004_JA
CK-90 

RSN4069_PARK2004_JA
CK360 

RSN4069_PARK2004_JA
CK-UP 6 9.1 576 NGA 

9 
RSN9332_14155260_CI
CFSHLN 

RSN9332_14155260_CI
CFSHLE 

RSN9332_14155260_CI
CFSHLZ 4.88 25.0 444 NGA 

9 
RSN12279_40194055_B
BRIBHLN 

RSN12279_40194055_B
BRIBHLE 

RSN12279_40194055_B
BRIBHLZ 4.23 4.4 490 NGA 

9 

IT.ASP..HGE.D.EMSC-
20160824_0000006.ACC
.MP 

IT.ASP..HGN.D.EMSC-
20160824_0000006.ACC
.MP 

IT.ASP..HGZ.D.EMSC-
20160824_0000006.ACC
.MP 6 31.4 436 ESM 

9 
RSN414_COALINGA_D-
CSU000 

RSN414_COALINGA_D-
CSU090 

RSN414_COALINGA_D-
CSU-UP 5.77 9.8 617 NGA 

9 
RSN1698_NORTH392_VI
R200 

RSN1698_NORTH392_VI
R290 

RSN1698_NORTH392_VI
R-UP 5.28 19.1 404 NGA 

10 RSN226_ANZA_TVY045 RSN226_ANZA_TVY135 RSN226_ANZA_TVY-UP 5.19 5.9 618 NGA 

10 

XO.AM05..HNE.D.EMSC-
20161026_0000095.ACC
.MP 

XO.AM05..HNN.D.EMSC-
20161026_0000095.ACC
.MP 

XO.AM05..HNZ.D.EMSC-
20161026_0000095.ACC
.MP 5.9 15.5 824 ESM 

10 
RSN13357_10285533_2
3958360 

RSN13357_10285533_2
3958090 

RSN13357_10285533_2
3958-UP 4.2 6.4 423 NGA 

10 
RSN12519_51207740_N
CCRHHNN 

RSN12519_51207740_N
CCRHHNE 

RSN12519_51207740_N
CCRHHNZ 4.1 0.4 481 NGA 
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10 

IT.AMT..HGE.D.EMSC-
20160824_0000006.ACC
.MP 

IT.AMT..HGN.D.EMSC-
20160824_0000006.ACC
.MP 

IT.AMT..HGZ.D.EMSC-
20160824_0000006.ACC
.MP 6 1.4 670 ESM 

10 
RSN386_COALINGA_A-
SKH270 

RSN386_COALINGA_A-
SKH360 

RSN386_COALINGA_A-
SKH-UP 5.09 0.3 480 NGA 

10 
RSN116_OROVILLE_D-
OR7180 

RSN116_OROVILLE_D-
OR7270 

RSN116_OROVILLE_D-
OR7DWN 4.7 0.8 515 NGA 

10 
IV.RM03..HNE.D.IT-
2009-0102.ACC.MP 

IV.RM03..HNN.D.IT-
2009-0102.ACC.MP 

IV.RM03..HNZ.D.IT-
2009-0102.ACC.MP 5.5 0.3 512 ESM 

10 
RSN3719_WHITTIER.B_
B-NYA090 

RSN3719_WHITTIER.B_
B-NYA180 

RSN3719_WHITTIER.B_
B-NYA-UP 5.27 22.1 412 NGA 

10 
RSN9388_14155260_CIP
ERHHN 

RSN9388_14155260_CIP
ERHHE 

RSN9388_14155260_CIP
ERHHZ 4.88 28.4 418 NGA 

10 
RSN399_COALINGA_C-
OLF270 

RSN399_COALINGA_C-
OLF360 

RSN399_COALINGA_C-
OLF-UP 5.18 6.7 474 NGA 

10 
RSN12279_40194055_B
BRIBHLN 

RSN12279_40194055_B
BRIBHLE 

RSN12279_40194055_B
BRIBHLZ 4.23 4.4 490 NGA 

10 
RSN4064_PARK2004_DO
NNA-90 

RSN4064_PARK2004_DO
NNA360 

RSN4064_PARK2004_DO
NNA-UP 6 4.3 657 NGA 

10 
IV.RM14..HNE.D.IT-
2009-0102.ACC.MP 

IV.RM14..HNN.D.IT-
2009-0102.ACC.MP 

IV.RM14..HNZ.D.IT-
2009-0102.ACC.MP 5.5 7.2 755 ESM 

10 
RSN9332_14155260_CI
CFSHLN 

RSN9332_14155260_CI
CFSHLE 

RSN9332_14155260_CI
CFSHLZ 4.88 25.0 444 NGA 

Table 5: Selected records at rock (record set 15 for PGA) with causative parameters 
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7.1. Hazard consistency verifications of the bedrock 
ground motions 
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Figure 42: Hazard consistency checks for the PGA (SA [0.01s]) set 
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Figure 43: Hazard consistency checks for the SA (0.1s) set 
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Figure 44: Hazard consistency checks for the SA (0.26s) actual SA(0.25s) set 

 


