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Project SIGMA 

 

 

Review of: 

RELATION BETWEEN SEISMIC GROUND MOTION 

AND STRUCTURAL DAMAGES & FUNCTION LOSS 
 (Ref : SIGMA-2014-D5-119) 

 

 by : Jean B. Savy 

 May 21, 2014 

 

 
 
This is a review of the research work done by M. DiBiasio and documented in EDF Ref: SIGMA-2014- D5-119. 

This work is to be presented at the CS7 of June 4
 th

 to the 6
th
, 2014, in Cadarache, France. 

 
1. Purpose and Scope of the study 

 
The purpose of the study was to select the most appropriate, efficient and sufficient, seismic damage Intensity 

Measures (IM), with respect to its ability to predict non-structural-components (NCSs) acceleration demand. The 

first phase of the work consisted in a thorough collection, and evaluation of existing IMs, and in the second 

phase a new IM is proposed and tested on a set of three typical types of structures relevant to the SIGMA 

project. The goal of the study was to formulate this new proposed IM and to demonstrate its efficiency and its 

sufficiency. 

 

2. Review approach 
 

Most IMs present some advantages, but all are known to be very imperfect in predicting structural damages and 

a task such as the one of this study, with the premises of improvement, is very worthwhile and important. Thus 

my review concentrated on trying to answer the following questions: 

 

 Did the author(s) thoroughly examine previous work? 

 Is the overall approach to developing the new IM scientifically sound? 

 Is the proposed IM well designed? Is the demonstration of improvements valid and convincing? 

- The proposed IM Model 

- Data 

- Statistical analyses 

 Are the conclusions supported by the results of the analysis? 

 How relevant is this work in the context of SIGMA’s goals? 

 How does it relate to other WPs? 

 What future work do the authors propose, and/or could be done? 



 

Savy Risk Consulting                                                    733 Arimo Avenue, Oakland, CA 94610 
                                                                                                      (510) 502-3249 * (510) 834-1394 (Fax) 

                                                                                                                                        Jean.savy@att.net 

 Page 2 of 5 

S R C 

Savy Risk Consulting 

 Comments on the general form of the document reviewed. 

 

3. General review conclusions  
 

The reviewed study achieved the goal of introducing a potentially useful predictor of acceleration demand in 

NCSs. The arguments that lead to the formulation of the proposed IM are well constructed and well presented.  

The demonstration of its superiority over some other IMs is good but not entirely convincing. In effect, Table 6 

shows that better efficiency can still be obtained with our old friend “PGA” in certain cases of specific structures 

(The EC8 Frame test structure in this case), and certain ranges of frequencies (High frequency in this case). 

 

One possible limitation that I see in this study is in the limited choice of test structures that are used to 

demonstrate the efficiency of the proposed IM. Although the numerical test models are well constructed, and are 

well calibrated by laboratory testing, they nevertheless are limited in the range of cases they include. In addition, 

the analyses performed do not show a fully convincing case for using the proposed IM as its efficiency varies 

considerably between the three cases of structures considered, even for this limited and to a certain extent similar 

types of structures. As a matter of fact, the authors conclude that for some types of structures the proposed IM 

should or could be modified to better fit the structure. 

 

Although I think the conclusion is a bit too enthusiastic in saying that this new IM is a great improvement over 

existing IMs, because the authors did not really demonstrate its universality over many types of structures, the 

fact that it works well for a range of structures, and that it can be used for both structures and NCSs with a small 

conversion, and the fact that it can be derived easily from the information generated in a hazard study, makes it a 

real contender for general implementation, and possibly introduction in building codes. This is actually natural 

since recent developments in regulations and building codes internationally are moving in the same direction. 

 

The reviewed document is well structured and contains all the information to understand the method and the 

details of the analyses performed, but it needs editing. Detailed suggestions for editing are given in attachment, 

for the authors use. (Not given here) 

 

 

 Review of previous work: 

The review of existing work is satisfactory. It includes the most recent contributions, and is adequately 

referenced. 

 

 Overall strategy/approach: 
The general approach consists of selecting a set of the most relevant IMs published in the literature and 

test them concurrently with the proposed IM whose construction is done with sound considerations of 

structural dynamics, well documented in the report. 

 

 Proposed IM  and demonstration of improvements: 

-Proposed IM:  

The structural dynamics arguments used to identify the dominant parameters that influence the NCSs 

acceleration demand make sense and are well presented. One possible caveat is in the fact that the 

structural dynamics analyses were only linear. Although it is certainly true that the greatest acceleration 

demand for the NCSs is when the supporting structures remain linear, the fact that only linear analyses 

were performed will tend to over-predict the actual NCSs demand. This would evidently occur only for 

the larger earthquakes. For those earthquakes where the supporting structures would possibly behave 

non-linearly, the actual NCSs demand would be less than that predicted by assuming linearity. 
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-Data: 

The ground-motion dataset used is the last version of RESORCE (Akkar 2013), which is quite 

appropriate and the limitation to magnitudes greater than 4.5 and distances less than 100km is also 

appropriate. The number of remaining events is still sufficient (2045 ground-motion values). 

-Statistical analysis: 

The statistical analysis is well conducted, and the choice of the Spearman Ranking test is a good one as 

it does not assume normality in the data, unlike the often used Pearson’s test. 

 

 The conclusions 

The conclusions are based on a subjective interpretation of statistical  results, basically by a visual 

inspection of standard deviation values (table 6) for conclusions on efficiency, and use of the Spearman 

rank correlations test for sufficiency (table 7). The authors note that in spite of their preference for the 

proposed IM as exhibiting the highest number of bins (in Table 6) where standard deviation is the 

lowest, there are a good number of cases where they are not. Particularly for the case of the EC8 Frame 

test structure. So, in my view, the statement of superiority in efficiency should be somewhat tempered. 

At a minimum, Table 6 shows that different IMs work best for different supporting structures and 

different ranges of frequencies. But one thing that makes the proposed IM more powerful is that, 

recognizing this fact, the R value can be adjusted to the specifics  of the supporting structure, and 

possibly to the type of NCSs. 

 

 Relevance to SIGMA 

The document does not have a discussion on the relevance of this work to SIGMA. However, I believe 

that it is very important and could be used extensively in the future. EDF’s stock of buildings and special 

facilities is limited in types and the IM definition could be adjusted for each type and therefore allowing 

for better prediction of the NCSs demand. 

 

 Contextualization, relation to other WPs 

There was no attempt to relate this work with tasks in other WPs, or other tasks within WP5, such as the 

generation of design time-histories for specific return periods.  

 

 Future work 

The next step should be the testing of this approach on real structures… if and when the demand data 

become available. 

 

 

4. Detailed comments  
 

Executive Summary 

 No comments. 
 

Summary 

 No comments. 

 
1. Introduction 

 As mentioned above, the linear analysis of the structures precludes possible non-linear degradation for 

larger earthquakes. This assumption of linearity would be fine if it were confirmed.  How much 
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difference would that make is not clear, but it would be worth doing at least a 

few non-linear calculations to find out. A linear calculation will possibly lead to much greater NCSs 

acceleration  

 

 

demand than a non-linear calculation. A non-linear calculation will have the effect of de-correlating the 

ground-motion with the NCSs demand. The prediction with a linear model will likely be over-estimated.  

 

2. Intensity Measure for NSCs acceleration demand 

 It is stated on page 10 that the ASAR(f1) is particularly efficient for non-linear structures. What is the 

(missing) reference to support this statement? 

 

 The extension of eq. 7 to eq. 8 for NCSs appears naturally and is well supported. 

. 

3. Comparative Analyses 

 The descriptions of the test structures, the numerical models and the dataset are appropriate. 

 

4. Results 

 The choice of using the Spearman rank correlation test is good to test the sufficiency of IM with respect 

to MW, Rhyp or VS30. A minor comment is that the equation given in the report applies only to data where 

ranks are all distinct. This does not seem to be our case, since many magnitude values will be clustered 

in equal values, and this is possibly also true for VS30. In those cases, the weight of each couple should 

be given a value such that the cluster has weight one, and not each couple. I suppose the calculations 

where done with a standard software (SAS, SPSS, NCSS or the like), and this is done automatically 

then. Otherwise the formula given in the text should be updated. 

 

 On page 17, section 4.2, it is stated: 

“The results of the comparative statistical analysis about the IMs' efficiency are presented (Table 6) with 

respect to the 2,045 records composing the four ground-motions bins. These results do not show 

significant discrepancies with the results obtained with respect to the four ground-motions bins taken 

one-by-one (Appendix, Tables 9-12).” 

This is not really a fair statement in regard to the information shown in Table 6. Although the table 

shows a good agreement of E-ASA67 for the TC3 structure and for high frequencies in the SMART 

structure, it does not show a similar good agreement for the low frequency range of SMART, and not a 

good agreement for the EC8 FRAME. 

It would be more realistic to say that this IM works well for a range of structures but has limitations. 

Furthermore the three structures selected do not represent a universal range of structures and that 

remaining space of structures has not been tested. 

It is appropriately noted that PGA works best in some cases. 

 

 Page 22 section 4.4 E-ASAR Optimum: 

Same comment as above. The selection of 67% from a visual inspection of Table 8, does not seem to be 

67% as an obvious optimum. In fact among the 12 cases shown in the table, only 1 has 67% as the best 

choice, 200% appears to be the best in 4 cases, 40% in 5 cases, 80% in 2 cases, and 100% in 1 case, and 

150% in 2 cases (Total more than 12 because of 3 equal values). 

Rather, it is the explanations given below the table that give a fair statement of how this value was 

selected. It therefore appears that the 67% is not really supported by the analysis, but rather subjectively 

by practical considerations, albeit quite appropriate. 
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This indicates that more research should be done to better develop impartial and 

objective arguments and criteria, based on real data to support the choice of R. 

 

 Page 22, equation 11: 

Unless I completely misinterpreted eq. 7, and eq. 8, it seems that eq. 11 should be: 

From eq. 7, replacing f1 by 1.67.f1, 

 

         E-ASA67(f1) = 1.5 ASA40(1.67.f1) 

 

5. Conclusions 

 No additional comments. 

 

 

 

 

Respectfully submitted, May 21, 2014 

 

Jean Savy  

 



REVIEW ON BEHALF OF SIGMA PROJECT 

 

Reference: SIGMA-2014-D5-119 

Title: Relation between Seismic Ground Motion and Structural Damages & Function Loss. Part 2: 
Acceleration-sensitive Equipment. 

Author: M. Di Biasio 

 

Reviewer: Philippe Renault (supported by Luis A. Dalguer) 

Date: 26.05.2014. 

 

Review comments: 

The author proposes a new ground motion intensity measure (IM) to predict horizontal acceleration 
demand of non-structural components (NSCs) attached to the main structure. This new IM (named E-
ASAR) is a modification of the recently IM ASAR proposed by the same author (De Biasio et al, 2014) 
and developed to predict structural demands of the main structure.  The main modification with 
respect to ASAR is that the new IM is represented as the average spectral pseudo-acceleration over 
the dominant frequency interval, in which the lower bound of this interval is the fundamental 
frequency of the main structure, and the upper bound is a percentage (R) of this fundamental 
frequency. An optimum value R = 67% is found after a numerical sensitivity analyses. This proposed 
E-ASAR sounds promising to assess damage of NSCs.  In general the report reads well, the goal and 
the scope are well defined. I just have some minor comments that I think would be beneficial to be 
addressed to improve the quality of the report. 

 

1) The author develops a comparative statistical analysis (with other IMs) by estimating the efficiency 
and sufficiency for each IM. Though the idea sounds good, well done and very informative to verify 
the performance of the proposed IM with respect to other IMs, the comparison is not fair and not 
symmetric with respect to the others IMs. This is because the other IMs were not designed to predict 
the demand of NSCs but for the main structure (actually most of the IMs listed in the report are used 
to predict deformation demand and not acceleration demand). In that sense it is expected that the 
proposed IM (E-ASAR) should be by character better than the other IMs to predict demands of NSCs, 
as shown in the report, but it does not automatically mean that the proposed  E-ASAR performs 
better than other IMs designed for the same purpose. This aspect should maybe be discussed in the 
final version of the report. The only symmetric and fair comparison would be with the λIM. Though 
λIM is not practical, the proposed  E-ASAR performs badly when compared to it. It would be good to 
estimate quantitatively how far E-ASAR is with respect to λIM. It should be noted that the term “λIM” 
caused confusion the first time I read the report, as it was understood as a multiplication of the 
parameter lambda and IM and λ is used in the previous equation. Thus, a suggestion might be to put 
“IMλ “ instead. 



2) Equation 3 defines the amplification factors αi as squares of the ratio of the frequencies. The 
report should give a brief explanation why the squares are preferred (e.g. more robust) than the 
unsquared values. 

3) How is the modal participation factors Гi of equation (1) calculated?  It is not clear to me when 
seeing the numbers in Table 2-4. Commonly engineers would talk about the modal mass 
participation factor. From my understanding the Гi would be a percentage of the contribution of each 
mode (i) to the defined target (in this case to the structural node k), then the summation of all Гi 
would be 1.0. I may be missing something, so I think in the report need to be clearly explained how Гi 
are calculated and what are the meanings of the obtained results.  

4) In Chapter 3.3 ‘’Load and Demand Parameters’’ (second block) are the frequency ranges defined, 
in which the NSCs acceleration demand  is calculated. Is the rage 8 to 10 Hz correct? I ask it because 
the corresponding NSCs fundamental frequency for this rage is 10Hz (see next two lines and tables 2-
6, 8). This is no consistent with the other ranges and their respective hypothetical NSC fundamental 
frequencies, i.e., the hypothetical NSC fundamental frequency is supposed to fall in the mean of the 
frequency range. 

5) Within the conclusions or maybe earlier in the discussion it should be highlighted why the 
separation in four magnitude and distance bins does not significantly impact the result of the study: 
Up to my understanding this is because the new intensity measure is thought to relate to non-
structural components which are susceptible to high frequency motion. The high frequency motion is 
not so sensitive to the selected bins and thus, there is no obvious dependency. The reader might be 
interested in this more clear explanation, as from experience on the evaluation of the main structural 
components it is expected to get some dependencies on M-R bins and the risk assessment methods 
sometimes also benefit from fragility curves derived on M-R bins. 

It the same way it might be worth to shade some light on why the CAV (or S-CAV) is not performing 
well for this specific evaluation. CAV is indirectly related to the velocities of an event which is 
governed by low frequency behavior. Again, here we are looking for the NSCs which are affected by 
the high frequency content and thus, is becomes obvious why CAV would fail as a good indicator for 
this case.  

6) Editorial comments: Acronyms such as FRS, EDP (eq. 9), PGA and others should to be defined 
earlier before using in the text. Even though the meaning of them may be obvious, for formality and 
clarity of whatever document they need to be defined. 

The figure 1 should get a label of what is represented on the horizontal and vertical axes (SA vs. 
frequency). Furthermore, the central dashed line should at least get the label “f1“ on the horizontal 
axis so that it is consistent with the text. 

 

 




