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1. [bookmark: _Toc391364352][bookmark: _Toc391384805][bookmark: _Toc3297872][bookmark: _Toc391364353]Introduction
This review is based on a contract (Selection #1256836) between NIGGG-BAS and the World Bank.
Review of the reports of the project “#1249310 Probabilistic seismic risk assessment and seismic safety improvement recommendations for pre-1990 multi- family housing structures in Bulgaria and broader Europe Central Asia region” is done. 
The structure of the review is based on the individual components - as the deliveries are organized in the project:
· Component 1 – PSHA of Bulgaria, 16 Oct 2018, Revision B, Document ref. 391356 /R1/B;
· Component 2 - Exposure and vulnerability data, 16 Nov 2018, Revision B, Document ref. 391356 / R2 / B;
· Component 3 - Probabilistic and deterministic seismic risk assessment, 09 Nov 2018, Revision B, Document ref. 391356 / R3 / B;
· Component 5 - Improvement of current Technical Audit templates in Bulgaria, 07 Dec 2018, Revision B, Document ref. 391356 / R5 / B;
 The review is performed by a team of three specialists as follows: 
· Professor, DSc, Dimcho Solakov – Component 1. 
· Associate Professor, PhD, Stela Simeonova – Component 1.
· Associate Professor, PhD, Eng. Dimitar Stefanov – Component 2, 3 and 5.

2. REVIEW OF COMPONENT 1 - PSHA OF BULGARIA
The objective of the Component 1 “PSHA of Bulgaria” is to summarize the methodology, the associated assumptions and the findings of the hazard analyses performed for Component 1 within project Probabilistic seismic risk assessment and seismic safety improvement recommendations for pre-1990 multi-family housing structures in Bulgaria and broader Europe Central Asia region (Section #1249310). The project has been initiated by the World Bank and the Global Facility for Disaster Reduction and Recovery (GFDRR).
The main task of the Component 1 “PSHA of Bulgaria” report is to prepare PSHA for Bulgaria, together with deterministic scenarios for five major cities to be used in the next stages of the project. The purpose of the PSHA and DSHA studies presented in the report is to supply the input data needed for the probabilistic and deterministic seismic risk assessment within the current project. The presented PSHA is based on a number of assumptions and simplifications for ground conditions and is tailored for seismic risk assessment of a portfolio of a specific building type across Bulgaria. The results, however, could be suitable for portfolio seismic risk assessment of other types of buildings and infrastructure in the country.
The PSHA analyses are based on the seismotectonic model built as part of the state-of-the-art project for Seismic Hazard Harmonization in Europe, SHARE (http://www.efehr.org/en/home/).
The seismotectonic and ground motion models used for the scenario earthquakes were the same as in the PSHA. The selection of the scenarios was discussed and agreed upon with the hazard experts from BAS.
The analyses were run with OpenQuake (https://github.com/gem/oq-engine), an open-source engine, developed by the Global Earthquake Model (GEM) foundation. 
The PSHA modelling and analysis process was performed in the spirit of SSHAC Level 1 (Senior Seismic Hazard Analysis Committee, U.S.NRC) recommendations for expert elicitation and treatment of uncertainties due to different opinions and interpretations.
The characterization of the areal sources, the faults, the point sources and the background seismicity were based on the SHARE project, which is well documented, provides explicitly the full list of required source parameters and is with open access (http://www.efehr.org/en/home/ and http://www.share-eu.org/node/52).
The following two modifications were introduced in the SHARE project source model.
1. The first modification concerns the geometry, areal extent and activity rate of the Vrancea intermediate-depth subduction source. In the SHARE model, Vrancea-intermediate (VI) source is modelled with four sources covering very wide area but having moderate activity rates per unit area. One of the sub-sources of Vrancea reaches the Bulgarian border to the south implying that an intermediate depth earthquake of Mmax=7.6 could potentially occur some 12 km from the city of Ruse. The seismological observations, from both historical and instrumental periods (SHARE and ROMPLUS catalogue) indicate that the intermediate-depth earthquakes around the tip of the Vrancea mountain arc are clustered in a region 150-250km to the north of the Danube river. Moreover, the Romanian national PSHA mapping project BIGSEES (http://infp.infp.ro/bigsees/default.htm) proposes a much smaller region with high activity rate per unit area for the Vrancea seismic source. Based on that, for this source the relevant parameters (geometry, magnitude-frequency distribution, earthquake depth distributions) proposed by BIGSEES (Pavel, et al., 2016) were used in the current report. After further discussion and information exchange with the Romanian colleagues, the depth-dependent MFD for Vrancea intermediate earthquakes was approximated with depth-independent MFD. Due to its large distance away from the Bulgarian territory and moderate maximum magnitudes, the shallow crustal Vrancea sub-source VC was ignored. Instead, the shallow crustal sources defined by SHARE within and close to Bulgaria were included, since they would have much stronger influence. Details on the assumptions and justification of the analysis choices are provided in Appendix E.
2. As a result of collaboration with the hazard experts from the National Institute of Geophysics, Geodesy and Geography of the Bulgarian Academy of Science BAS, another change was introduced to the modelling of the MFD for the areal source ID BGAS226, near which the capital, Sofia, is situated. In the SHARE project, the source BGAS226 is defined with a=2.7 and b=0.8 with annual rates of earthquakes N(M≥4.4) = 0.151 and N(M≥6.0) = 0.0079. The opinion of the experts from BAS is that the activity rates assigned to this source in the SHARE project are not consistent with the actual seismological observations. Their written recommendations are attached in Appendix D.
Most of the territory of Bulgaria is part of the so-called South-Balkan extensional region, which is a moderately active part of the Alpo-Himalayan seismic belt. Therefore, ground motion models for tectonically active regions were considered in the study. In addition to the shallow crustal seismicity, there is also an intermediate-depth source under the Vrancea Mountain in Romania, which requires the use of GMPEs for subduction earthquakes. 
In the report an updated set of GMPEs to take into account the latest studies performed after the completion of the SHARE project in 2014 are used. The selection process of adequate GMPEs started from a comprehensive list of available ground motion models to which a set of exclusion criteria was applied according to the similarity of the tectonic environment, clarity of the underlying datasets, frequency ranges of the predictive equations, the regression model, the definition of the prediction variables, international recognition, etc. 
Finally, a balanced logic tree from the following four ground motion models for shallow seismicity is composed: Bindi et al. (2014) with weight 0.3; Akkar et al. (2014) with weight 0.3; Abrahamson et al. (2013) with weight 0.2; Campbell & Bozorgnia (2014) with weight 0.2.
The Vrancea subduction zone is associated with the following three GMPEs: Abrahamson et al. (2016) with weight 0.34; Youngs et al. (1997) with weight 0.33; Lin and Lee (2008) with weight 0.334. Two of the selected GMPEs (Youngs, et al., 1997; Lin & Lee, 2008) were used in the SHARE and the new attenuation model is Abrahamson et al. (2016) which is nowadays commonly selected for the representation of subduction zones. Details and justifications for the screening process of the GMPEs are provided in Appendix E.
In the report the representation of the soil properties of the subgrade was defined by the engineering parameter Vs30 - time-averaged shear-wave velocity in the upper 30 m of the soil/rock profile. The Vs30 values were obtained from the USGS slope-based global map (https://earthquake.usgs.gov/data/vs30/) for each of the 264 municipality towns in Bulgaria. These values are an assumption that had to make due to the lack of nation-wide database for measured Vs30. Details are presented in Appendix E and F.
A set of deterministic scenarios for five of the largest earthquake-prone cities in Bulgaria are presented in the report. The scenario earthquakes were defined as single events with discrete sets of kinematic parameters, originating from known active faults close to the populated areas. Concerning the fact that most of the largest observed earthquakes in Bulgaria occurred before the instrumental seismological observations period a typical crustal earthquake depth of 10 km is selected for all scenario earthquakes. Two types of deterministic scenarios were defined: scenarios corresponding to the 475yrs return period with maximum magnitude according to the deaggregation of the PSHA for this return period, which is named as “design” scenario, since this return period is normally associated with the seismic design requirements; and large earthquake scenarios based on either the largest observed earthquake or the maximal seismogenic potential of the causative faults defined in the SHARE project. The definition of the deterministic scenarios and the final selection of deterministic seismic events are also discussed with the seismic-hazard experts from BAS. 
The hazard results are presented on maps and charts and are provided in tables and GIScompatible datasets. The data is intended to be fully open, available for local scientists and engineers. The output includes:
PSHA maps of Bulgaria for PGA for rock and soil ground conditions and for five return periods: 72yrs (50% PoE in 50yrs), 225yrs (20% PoE in 50yrs), 475yrs (10% PoE in 50yrs), 2475yrs (2% PoE in 50yrs) and 9975yrs (0.5% PoE in 50yrs). The ground motion return periods were selected such as to cover a wide range of probable ground motions often used in performance-based seismic design and assessment. The levels increase gradually from low intensity events with high likelihood to happen during the building lifetime, through the codified design intensities (10% PoE in 50yrs), to very rare strong beyond-design events (0.5% PoE in 50yrs), typically used for the assessment of critical infrastructure. The “generic rock” conditions correspond to Vs30=800m/s and the “soil ground” conditions to Vs30 values according to the USGS slope-based global map. All the maps are listed in Appendix A. Appendix A also contains tables with the results for six structural periods: 0.1s, 0.2s, 0.4s, 1.0s, 2.0s and 3.0s;
Detailed PSHA maps for ground surface of the eight largest cities in Bulgaria (Sofia, Plovdiv,
Varna, Burgas, Stara Zagora, Ruse, Veliko Tarnovo, Blagoevgrad) for PGA for 475 yrs return period. The Vs30 values at different locations within the boundaries of the city were defined according to the USGS slope-based global map. All maps are presented in Appendix B. 
 Mean seismic hazard curves for selected sites in each of the considered city, for generic rock conditions and ground surface and for PGA and structural periods 0.1s, 0.2s, 0.4s, 1.0s, 2.0s and 3.0s. Appendix B presents the curves for sites in the eight largest cities in Bulgaria for PGA for generic rock conditions and ground surface conditions. 
Deaggregation of the seismic hazard for selected sites in Sofia, Plovdiv, Varna, Ruse and Blagoevgrad for 475 yrs and 2475 yrs return period for PGA and structural period of 0.4s and 1.0s. The results are presented with magnitude-distance histograms in Appendix B;
Deterministic scenario maps of the five major cities with ground motion fields for the assumed ground conditions, for PGA and structural period 0.4s. The analyzed deterministic scenarios are listed in Table 2. All maps, including 15th and 85th percentile, are attached in Appendix C.
The results obtained from the current model, referred in the report as BUL18, were compared with those of the SHARE (2014) model and the Bulgarian national seismic map BAS09 (Solakov et al., 2009), prepared by BAS and included in the current National Annex of EN 1998-1:2004. Table 3 (presented in page 11) lists the PGA values for rock for the eight major cities in Bulgaria. The results from BUL18 for TR=475 yrs are comparable to those from SHARE and BUL18.for almost all cities. For 475 years return period the difference between BUL18 and SHARE is less than 15%, with the exception for Veliko Tarnovo. 
Finally, it is clearly stated in the report that the presented seismic hazard does not substitute the existing official national seismic hazard model and the seismic design parameters for the territory of Bulgaria. The results of the study should neither be used outside the realms of the project, nor as a legal document for seismic demand in design and/or assessment of structures. The PSHA and DSHA results should not be used as a replacement for site specific seismic hazard studies for design or assessment of stand-alone buildings and critical infrastructure. 
OBSERVATIONS
The PGA values given in Bulgarian Hazard Map (Solakov et al., 2009), referred in the report as BAS09 and that are presented in Tables 3 (page 11) and 4 (page 282) are reference acceleration i.e. acceleration to be used for design purposes. Each reference acceleration corresponds to a range of accelerations thus 0.11g reference acceleration corresponds to a range [0.09g -0.13g), 0.15g – [0.13g-0.18g), 0.23g – [0.18g-0.26g) and 0.32g correspond to PGA larger than 0.26g. 
The city of Plovdiv is with reference acceleration 0.23 but is close to 0.26g contour i.e. a value of 0.25g could be accepted for the city of Plovdiv. The city of V. Turnovo is on the contour of 0.18g and the PGA value for the city of Blagoevgrad is 0.28g. It is recommended these values to be considered as PGA values for BAS09. 
Appendix A – “Maps and graphs with the PSHA results for the eight largest cities in Bulgaria”
It is recommended to be explained what is given in Table 6 – probability of exceedance in 50 years.
Appendix B – “Maps and graphs with the PSHA results for Bulgaria”
The PGA and spectral accelerations for TR=475yr and TR=2475yr given in Table 4, (pages 33-47) differ from those considered in the magnitude-distance deaggregation for the cities of Plovduv, Varna, Ruse and Blagoevgrad (presented in the figures: 29 (page 158), 32 (page 160), 39 (page164) and 44 (page 167), respectively). The results will be comparable if the same sites and accelerations for hazard curves and for magnitude-distance deaggregation are used in the calculation.
It is not mentioned what kind of distance is used in magnitude-distance deaggregation – epicentral, hypocentral, rupture or RJB. The results could be significantly different for different distances. 
Appendix C “Maps and tables with the results from the Deterministic scenarios for five major cities in Bulgaria”
For deterministic scenarios Monte Carlo approach is used. The median and percentiles are evaluated on the base of 100 simulations for each of the GMPE’s. The standard deviation of the mean value evaluated by Monte Carlo is σ/√N, where  is the standard deviation of the GMPE and N is number of simulations. 
For example, for Akkar et al. (2014) GMPE =0.71 for PGA, =0.76 for spectral period 0.2, and =0.78 for spectral period 0.4. Therefore, the standard deviations of the estimated mean will be 0.071, 0.076 and 0.078 respectively. 
The errors will increase in the deterministic scenarios where median values are estimated for separate points using 4 different GMPE’s. Therefore, using 100 simulations does not ensure acceptable accuracy of the estimates. 
For example, for Sofia design scenario, North fault (Table 8, page 219), for sites 0 and 1 (site_id 0 and 1 in the Table 8) the PGA median values (med_PGA in the Table 8) are 0.32, while median values for period 0.1s are 0.63 and 0.57 respectively, for 0.2s – 0.77 and 0.67 respectively, for 0.4s – 0.64 and 0.51 respectively. The differences in spectral period values are greater than 10-20%. The differences in 85% percentiles values reach 25%. 
Another example are points 1 and 2 (site_id 1 and 2 in the Table 8) with PGA values 0.32 and 0.29 respectively. The median values for period 0.2s are 0.67 and 0.79 and for 0.4s – 0.51 and 0.65. The PGA value for point 2 is less than that for point 1 (10%), while for periods 0.2s and 0.4s the PGA values for point 2 are significantly larger than for point 1 (10-20%). The median and 85% response spectra for the consider three sites (mark by 0, 1 and 2) are presented in the figure below. 
[image: ]
Such differences could be seen in the scenarios for all the considered cities. These differences could not be related to the soil conditions. 
The above stated should be consider in the interpretation of risk results and the final conclusions.
Appendix E. PSHA of Bulgaria – details of the analysis process
Chapter 3.3 in Appendix E is not informative. USGS catalogue could not be used to test the SHARE magnitude probability density functions. The catalogue is not complete for small magnitudes (less than 4.0) for the considered region. Additionally, as it is mentioned in the report, the magnitudes are not in seismic moment magnitude scale, Mw (some of them are Ml other are Mb or Md). Using magnitudes in different scales could lead to wrong conclusions.
There are some mistakes in the last two columns of the Table 1 (page 268). The actual number of earthquakes in BGAS226 (Plovdiv) is 2 (one of them is aftershock) not 4 as reported in the table (column 8). The expected number of earthquakes (column 7) for source MKAS212 (Blagoevgrad) with magnitudes larger than 3.95 (value of 3.95 instead of 4 as minimum magnitude have to be used due to the rounding) is 9 not 8. There are no earthquakes for the source BGAS201 (Varna) in USGS catalogue while the expected number of earthquakes with Mw>2.95 is 24 and for Mw>3.95 is 3 for this source.
On the base of the data from USGS catalogue the conclusion that magnitude-frequency relations used in SHARE overestimate the observations seems to be more acceptable than the conclusion given in the report.
The results presented in Table 2 (page 273) are not representative for comparison and ranking of GMPE’s due to:
-	Extremely small number of observations.
-	Using of only one earthquake.
-	Most of the sites are with not defined site conditions.
-	Only mean value of the differences between predicted and observed values is not representative parameter for comparison. The variance should also be considered. For example, the mean value of the differences for Bindi 2014 GMPE is 1% but the scatter is large.
-	The USGS Vs30 velocities (column 6) are used in the computations but they are not in accordance of the Site class (column 5). For example, for lines 4 and 5 the site conditions are “Rock” and Vs30 are less than 400.
It is not clear what means “BUL2018/SHARE” in the legend of the figures 36 and 37 (page 283). It can be assumed (concerning the explanation on page 322 “The ratio DSHA/PSHA at each point is obtained by the following equation (DSHA-PSHA)/DSHA*100) that in the case:
BUL2018/SHARE = (BUL2018 value-SHARE value)/SHARE value. 
Regardless of the meaning of “BUL2018/SHARE” if the values of BUL2018 and SHARE are equal “BUL2018/SHARE” has to be 0. The hazard values for 2475 years return period for the cities of Veliko Tarnovo and Ruse are the same (Table 4, page 282) while in the Figure 37 “BUL2018/SHARE” is larger than 5%. 
The SHARE hazard values for the city of Burgas are larger than BUL2018 hazard values (Table 4, page 282) but it is in the same range of “BUL2018/SHARE” values (between 5% and 15%) as the cities of Plovdiv, Veliko Tarnovo and Blagoevgrad for which SHARE hazard values are less than BUL2018 hazard values. 
In general, the values given in Table 4 (page 282) are not in good agreement with the results presented in Figures 36 and 37.
These observations make the comparison non-informative.
Appendix F. DSHA of five large cities in Bulgaria –details of the analysis process
In Chapter 3 “Scenario Earthquakes for Sofia “, part 3.2 “Description of the Largest Earthquakes in the Area” is written:
19 December 1866 Mw=5.89
There is little information on this earthquake. The epicentral macroseismic intensity is estimated as Io=7 with observed intensities in the order of I=6 (Glavcheva (2014), .
This citation is not correct. In Glavcheva (2014), is written “…some are erroneously localized on the territory of Bulgaria (1444, 1660, 1759, 1832 and 18 Dec. 1866)”.
It should be clearly stated that the strongest earthquake occurred near Sofia in 19th century is the 1958 earthquake. At Sofia (at that time small town) damages were wide-spread and serious. Detailed information for impact of the 1858 earthquake on the town of Sofia is available in Watsov (1902) and Ambraseys (2009).
In Chapter 5 “Scenario Earthquakes for Varna” part 5.2 “Description of the Largest Earthquakes in the Area” is written: 
31 March 1901 Black Sea Mw=7.2 earthquake
The earthquake is also known in Bulgaria as the Balchik earthquake.
For this reason, the 1901 earthquake is associated with the Balchik fault. In the scientific literature, the earthquake is known as “Shabla earthquake” and it is associated with the Shabla fault system in NNE-SSW direction (that is defined by numerous seismic profiling undertaken in the Black Sea) separating the Moesian Platform from deep part of the West Black Sea back-arch marginal riftogenic basin. The eastern periphery of the Moesian platform is marked by a broad transitional zone where the platform succession has been down faulted to the east during the Middle Cretaceous opening of the Western Black Sea Basin (Tari et all. 1997).
The legend in Figure 14 (page 332) is not informative. What is the meaning of symbols marked both by figures and letters?
[bookmark: _GoBack]As a conclusion, the observations are of minor importance concerning the goal of the study and the results could be used as input data needed for the probabilistic and deterministic seismic risk assessment within the frame of the project

3. [bookmark: _Toc3297874]REVIEW OF Component 2 - Exposure and vulnerability data
[bookmark: _Toc391367382]Component 2 consists of two basic tasks: 
· Development of georeferenced exposure database for large-panel buildings;
· Development of fragility and vulnerability curves of exemplary typologies to describe the probability of damage to them and associated loss in earthquakes.
The exposure data is built through a compilation and crosscheck of information from a variety of statistical and technical sources and satellite imagery, together with site visits in the four largest cities in Bulgaria.
The second task is to develop fragility functions for the representative structural typologies and to build corresponding vulnerability functions through damage-loss correlations.
The “Report for component 2” consists of a main text, where the methodology and the assumptions are summarized, and 8 attachments with all the results in terms of maps, tables and graphics. In fact, attachments “D” and “E” are independent technical reports.
[bookmark: _Toc3297875]3.1. Georeferenced exposure database for large-panel buildings
Details on the development of the exposure data are presented in Appendix D “Exposure database for Bulgaria”. 
The division of "Building, Structure, Section and Unit" is very appropriate in order to synchronize the different sources of information. Аll possible sources of information are considered – technical audits, census data, maps and Cadastre plans, visual inspections and satellite images. The more precised and detailed is the input data for the building stock, the more accurate will be the assessment of the seismic risk. 
The classification is done in two levels. The first level consists of nine architypes based on criteria like building layout, ratio of the length of the walls (load-bearing and walls with openings for doors and windows) in the two directions, seismic or non-seismic original design, plan irregularity, number and area of the units per section, and, indirectly, material types and period of construction. On the second level, these nine architypes branched out in 100 structural typologies according to the number of storeys and the number of sections. Each of this structural typology is associated with its own fragility curve. 
Generally, the classification of the building stock is done properly, having in mind the vulnerability assessment. 
 A very good impression is made by the in-depth analysis of the input exposure data (collected from different sources), including manual counting. The data are not only reprinted but carefully examined and analyzed in view of their reability and relevance.
Special attention is paid to the cities Sofia and Plovdiv, for which the exposure data is built with resolution at a neighbourhood-level, which is a substantial improvement over the available datasets on the building stock in Bulgaria. With more time and resources available, the exposure data base could be further improved and extended to the entire building stock in the country.
The database contains information about:
· The type and distribution of the large-panel buildings in Bulgaria;
· The replacement value of the structures, their current condition that may affect their response in earthquakes;
· The number of people and households living in them and any relevant socio-economic aspects.
In conclusion, the exposure data is professionally obtained, with a deep understanding of the features of the panel buildings, resulting in a reliable exposure database for the further determination of vulnerability and seismic risk.
The results are provided in terms of maps, tables, charts and GIS-compatible datasets and, as part of the Open Data commitment, they will be made fully open and available for local scientists and engineers and the public.
[bookmark: _Toc3297876]3.2. Fragility and vulnerability curves of exemplary typologies
Details on the development of the fragility and vulnerability functions are presented in Appendix E “Analytical fragility and vulnerability functions”. 
The damage states used in the project are based on principle to the homogenised reinforced concrete (HRC) scale. The description of the damage associated with each damage state is modified to consider the particularities of panel buildings - discontinuity of the load bearing system and discrete connection of the panels through dowels. The description of the expected performance in terms of habitability is based on ASCE 41-13 (ASCE/SEI 41-13, 2014) and the risk for injuries/fatalities at each damage state is based on FEMA P-58-1 (FEMA P-58-1 ATC, 2012). This is reasonable approach because the existing damage scales ussualy do not cover the panel buildings. So it is inevitable to do some modifications.
The main characteristic of the large panel buildings is the discontinuity of their structural system where all structural elements are connected via "point" connections in the form of grouted in-situ dowels. That is why the damage of the dowels and the panels need to be assessed separately.
Storey drifts are used as main earthquake demand parameters (EDPs) to monitor/control the exceedance of a Limit State (LS), i.e. the transition between damage states (DS). The storey drift in a large panel building is a combination of the relative displacement of the dowels and the panels. The two drifts are monitored separately, and the maximum equivalent storey drift of each component is used to trigger the exceedance of a limit state.
The damage-to-drift relation for the dowels is defined based on the experimental data from tested scaled specimens in UACEG – Sofia (Orlinov R., 2015). The damage-to-drift relation for the panels is defined based on FEMA P-58-1/BD -3.8.8 Damage States and Fragility Curves for Low Aspect Ratio Reinforced Concrete Walls (FEMA P-58-1 ATC, 2012). 
 Drifts resulting from the relative displacement of the dowels and the panels are calculated separately and used to assess the total damage at each storey via damage indexes (DI). This approach is reasonable and allows taking into account the response of dowels and panels. Finally, there is a table describing the damage state to damage index relation for the whole building with corresponding description of damages and occupancy / reparability. 
The nonlinear models consider explicitly the finite connectivity between panels through detailed models of the dowels. The software used LS-DYNA allows for the non-linear behavior of materials (concrete and steel) and friction between the panels. The developed three-dimensional numerical models are fully adequate to the real structures. Numerical validation of precast wall connection panels is done to ensure the proper characteristics of the numerical model. The behaviour of the dowels is studied in detail for reliable numerical outcome.
The structural capacity curves are used for the calculation of the analytical fragility functions. They are derived from the force-displacement curves obtained from the FE analysis together with the defined damage limits in terms of drifts for the dowels and the panels separately.
A comparison of the obtained story drift profiles shows a significant difference between the typologies considered. This difference can be interpreted as different types of seismic response, indicating that the studied typologies are very well selected and indeed reflect significant differences in the real structures.
One of the most responsible parts of the project is the development of fragility functions. All available fragility functions assigned to large-panel buildings are based on experts' judgement and/or analogy with RC shear wall structures and all large-panel building types are generalised in one structural typology – for example Bulgarian participation in project RISK-UE. This is the main reason why the team had to proceed to develop own fragility, corresponding to the separate typologies. Generally, two main type fragilities are used:
· Structural fragility;
· Fragilities for out-of-plane failure of facades.
All fragility functions use as EDP the Peak Ground Acceleration (PGA) and assumed to be with log-normally distribution with median capacity Am and log standard deviation β.
The median capacity for each damage state is estimated using the capacity curves derived from the non-linear FE models and applying to them the procedure of the Capacity Spectrum Method (CSM) provided in FEMA 440. The procedure is adapted to account for the typical modes of failure of the large panel buildings.
The uncertainty in the fragility functions is adopted from the recommendations by FEMA P-58-1. The composite log standard deviation (equal for both X and Y direction) β was calculated as the root mean square of the log-standard deviations for different components of aleatory variability β r (i.e. apparent randomness) and epistemic (model) uncertainty β u.
Five types of consequence models are used for the derivation of the vulnerability functions: 
· loss due to structural damage;
· loss due to facade damage;
· loss due to damage of content;
· need for temporal or permanent relocation of occupants;
· injures and casualties.
At each damage state the loss ratio is represented by a mean value and a coefficient of variation. The Consequences models are based either on calculations performed for the purpose of the project, or on recommendations by Hazus FM or FEMA P-58-1.
Several assumptions are used to determine the losses, which are fully acceptable in terms of the practical results for the seismic risk assessment. 
The vulnerability curves used to perform the risk analyses are evaluated from the associated fragility and consequence models to the respective asset/taxonomy/component.
The absolute losses are then estimated from the product between the Loss Exceedance Ratios and the cost values for the asset from the exposure model.
The overall approach to the assessment of the seismic fragility and vulnerability is fully consistent with the basic principles and concepts of the FEMA P-58-1 namely: to develop fragility functions for the representative structural typologies and to develope corresponding vulnerability functions through damage-loss correlations.
The main strategy for determination of seismic risk is to use the seismic hazard results. This is a modern approach which is widely used worldwide. 
We fully accept the authors' claims for innovation and contribution to the global earthquake engineering database. Over the last 25 years, a number of studies have been carried out in Bulgaria on the workings of the dowels of the large-scale buildings. Two Ph.D. dissertations, supported by experimental research, were developed. Despite these results, no one in Bulgaria has so far developed a three-dimensional computational model of a panel building in which to account for the nonlinear work of the panels themselves and the dowels that connect them. In this respect, the project is really pioneering. The most critical element of the model - the dowels, is validated by comparing their shear response under beyond design loads with experimental results. The level of detail of the numerical models is fundamental for the understanding of the global seismic response of large-panel buildings (sliding-friction energy dissipation mechanim) and to explain their favourable performance in past earthquakes. 
The old generation Bulgarian civil engineers firmly believed that large panel buildings are very resistant to earthquakes, but only now we have analytical and numerical evidence for this – fragility and vulnerability curves, developed for several tipologies. All this is undoubtedly a great success and a big step for earthquake engineering in Bulgaria.

Comment: The parameters of the fragility function for the explicitly analysed structural typologies are given in Table 1 in item “6.1.1 Fragility functions for structural damage”. It must be noted that the values of the parameter β (standard deviation) are the same for the last three damage states DS3, DS4 and DS5. This result is a little bit strange because it is hard to believe that the uncertainty for DS3 can be equal to uncertainty for DS5. If one compares the fragility curves with other well-known projects like HAZUS, Risk-UE, SINER-G it will be seen that β values are increasing. This makes sense from engineering point of view too.

4. [bookmark: _Toc3297877]REVIEW OF Component 3 - Probabilistic and deterministic seismic risk assessment
The risk analyses are performed based on the results from the probabilistic and the deterministic seismic hazard, the exposure data and the fragility and the vulnerability curves for structural and non-structural assets for each of the identified typologies.
The risk analysis is performed both probabilistic for the country and deterministic for 5 major cities. The risk analysis itself is run with the OpenQuake engine. Additional routine is developed to automatically prepare the set of input files, to interpret the results in a comprehensive format and to tackle the limitations of the opensource software.
Probabilistic and scenario seismic risk and damage analyses are performed in terms of structural, non- structural, and content damage/loss.
The output of the risk analysis is in terms of direct monetary loss (repair and replacement cost), interpreted also from the point of view of the exposed values, casualties, and habitability of the affected buildings (period for reoccupation). The results are presented in graphics, tables and maps.
The risk assessment is based on ASTM E2026 - 16a (Standard Guide for Seismic Risk Assessment of Buildings) and ASTM E2557 - 16a (Standard Practice for Probable Maximum Loss (PML) Evaluation for Earthquake Due-Diligence Assessment).
The team trie to perform a validation of the results from risk and damage analysis output with the information found on the impact of historical seismic events. It turns out that the available information for large-panel buildings is scarce and the statistics on damage observed after earthquakes is incomplete. Due to this, the validation is performed more qualitative, rather than quantitative. Practically there is no information for collapsed large panel buildings from the same type as in the project. 
There is a special item “Assumptions and limitations” with good explanation for chosen working hypothesis. All assumptions concerning the material strength and quality of construction (average construction quality, lack of widespread material degradation processes in the dowels and lack of widespread unauthorized structural interventions) are reasonable. There is an attempt to analyze the effects of degraded conditions, which is good from practical point of view. 
All assumptions concerning repair costs are fully acceptable for situation in Bulgaria.
The results of probabilistic seismic risk analysis confirm the high seismic resistance of the large panel buildings observed in past earthquakes. The collapse risk is rather low, in the range of 0.1-0.6% for most of the territory of Bulgaria. Even for the municipalities with highest collapse risk the valuev are below 1% in 50 years. 
One important fact of this project is that the seismic induced damage on large panel buildings can have significant socio-economic impact for the affected households. Sofia is the largest city in Bulgaria with a very big concentration of the population - informally over 2.3 million people. That is why the results obtained are very important for overall assessment - Sofia contains approximately 25% of the Bulgarian building stock of large panel buildings but contributes for more than 40% of the seismic induced direct monetary losses aggregated for Bulgaria. The mean monetary loss for a return period of 475 years is estimated to be 800 million Euro which is about 1.7% of the GDP of Bulgaria.
The results for façade panels are valuable and to some extent unexpected. The facade damage can range from failure of individual panels on a single floor to failure of all panels on the facade. The probability of significant facade damage is comparable to the probability for moderate structural damage, but the repair cost for the facades is expected to be higher if done properly. The monetary losses associated with damage on the facades at design earthquake level (10% in 50 years) are estimated to be about 40% of the total direct monetary losses.
The results from the project give the answer for the question: what is the most dangeros typology. This is done by disaggregating the expected monetary losses corresponding to a design basis earthquake for the riskiest cities to a structural architype level. The structural architype Classics in its high-rise version (above 6 floors) contributes for over 50% of the losses, with over 30% coming from the most common 8th floor buildings. This architype includes the nomenclatures that are the most common large panel buildings in Bulgaria. The main reason for the higher vulnerability of this structural typology is in the structural plan with only one wall in longitudinal direction which leads to reduced redundancy in the lateral load resistance system.
The key findings in item 6.1 are fully acceptable, especially that the Bulgarian large panel building typologies are expected to have low probability for collapse and for life threating injuries, being probably one of the safest buildings from life safety perspective. The direct monetary losses due to seismic induced damage from a "design" earthquake could be significant, and potentially very harmful for the financial stability of the city councils and the households of approximately one fifth of the Bulgarian municipalities. Direct monetary losses from damage on large panel buildings in Sofia from a design basis earthquake can be in the range of 1.5-2% of the GDP of Bulgaria.
Significant damage and out-of-plane failure of facade panels due to a "design" earthquake is considered a credible scenario. The contribution of the facade damage is estimated to be in the range of 30-50% of the total direct monetary losses. So far no one in Bulgaria has paid much attention to the vulnerability of facade panels. It turns out that they could not only cause significant economic losses, but also the invested funds under the rehabilitation (national energy efficiency program) - the new window frames and the thermal insulation on the facades - are questioned.
Another important issue that has been addressed is aging. Large panel buildings are subjected to more rapid aging compared to classical reinforced concrete structures. In particular, the steel connections of the facade panels can be prone to accelerated corrosion. Sensitivity study of the effects of widespread corrosion of facade connections based on probabilistic seismic risk analysis of Sofia and Plovdiv shows that estimated monetary losses can increase with more than 40% from a design basis earthquake (475 years return period) and to double the expected loss from a smaller, but more likely to happen earthquake. These results can serve as a motivation for organizing periodic inspection of the endangered connections in the future and, if necessary, to organize campaign for their upgrading. Such preventive activity would obviously have a positive impact on seismic risk.

Comment: The number of victims and injured persons is given as a percentage of the total number of inhabitants of the city concerned, which makes interpretation of results somewhat difficult. There are also no maps of the spatial distribution of the injured people. Such maps typically apply to seismic risk projects because they carry important information for local authorities. Territorial distribution of the injured persons makes it possible to quickly assess available capacities in the nearest hospitals and allow local authorities to plan measures for rapid and adequate response.

5. [bookmark: _Toc3297878]REVIEW OF Component 5 - Improvement of current Technical Audit templates in Bulgaria
An in-depth analysis of the existing Technical Audit process in connection with the National Energy Efficiency Program (NEEP) has been carried out. The writing fully corresponds to the truth, which regrettably puts the question of seismic sustainability largely formal and with a preliminary known answer. The Technical Audit template requires assessment of the seismic safety of the audited building, but there is no accompanying official manual or guideline for implementation. Large-panel buildings are not covered by any specific guideline for implementation of the technical audit. 
There is no dedicated national entity that has the capability and capacity to control the quality the structural assessment component of the Technical Audit (TA) and the consistency between the TAs over the country.
The statement that the current procedures in Bulgaria for seismic assessment of structures are ineffective and incomplete and do not provide a consistent overall methodology for evaluation of the vulnerability of seismically deficient structures, which includes also the large-panel residential buildings, is correct. 
In the report is very well explained that Ordinance N°5 for Technical Audit and Passportization of buildings (Наредба N5, 23.01.2007) contains a chapter with provisions for assessment of the conditions of existing buildings, in which a clause addresses the structural seismic resistance by comparing two very ambiguous and meagre parameters - “actual structural capacity” and “reference nominal structural capacity”. This fact confirms the statement that seismic savety is not a “priority issue” in this document.
The objective of component 5 is to make pragmatic recommendations for the improvement and extension of the current technical audit process as an tool for preliminary seismic assessment of the structure and the non-structural components of large panel buildings (LPBs).
Special attention is paid to the applicability of a simplified Rapid Visual Screening RVS procedure, which would not require detailed engineering analysis and specialised computation. This procedure is important because of:
· The engineers do not have suitable software for realistic seismic analysis of panel buildings. Widely used comersial software is not able to account the most significant features of panel building (the discontinuity of shear walls and work of joints);
· The reality is that a large number of buildings must be rapidly assessed (like campaign with NEEP). It is not possible to make assessment for a very long period of time.
The findings in the project establish the basis for the development of such a procedure. In view of the possibility for the integration of the screening (rating) process and interventions for pre-earthquake structural improvements into the on-going NEEP, the suggested measures are classified into short-term and long-term recommendations.
The authors correctly concluded that the main sources for potential deficiencies and deviations in the material quality are attributed to the dowels and the facade connections which are based on in situ labour. The following aspects of large panel buildings are not addressed in the current Technical Audit process: specification of types and minimum number of tests to assess concrete quality, concrete strength, reinforcement quantity and potential corrosion in rebars for dowels and material properties and potential corrosion in facade connections.
The relation between all stakeholders in NEEP is clarified very well and the conclusion is that structural engineers do not have other option except for positive seismic safety assessment.
The regulatory analysis (mainly Ordinance 2, Ordinance 5 and Eurocode 8) rightly concludes with the conclusion that there is currently no clear and unambiguous procedure to legally regulate the seismic assessment of existing buildings (in particular large-panel buildings).
An important conclusion is that the significant defect of Ordinance N2 are Art.5 and Art. 6, related to seismic assessment of existing buildings, which allow for a “positive seismic safety grading/assessment” if the structure complies with the historical design codes at the time of construction. 
The current generation of Eurocode 8, Part 3 is also rather difficult for direct application. According to available information this part will be signicantly improved in the second generation of Eurocode 8.
Examples of best international practice are reviewed in the component 5 for useful ideas that could be adapted and implemented. Obviously the working team spend a lot of time to study and summarize these procedures, having in mind the situation in the country, code base and usual practice. The final conclusion is that none of the documents reviewed can be directly applied to the seismic assessment of panel buildings, simply because such structural types are not addressed at all. Even though the official guidelines or standards specifically developed to analyze the seismic vulnerability of large panel buildings are not found, some ideas from c FEMA P-154 RVS and ASCE 41-31 could be used as the starting point for the development of such procedure.
After careful consideration of all collected information, the authors are formulated three main directions for practical action: strengthening the organisational capacity and control of the technical audit process, improvement of the technical audit template and strengthening the regulatory environment by developing structural design codes and guidelines to support seismic assessment of existing buildings. The main aspect of the recommended change is the introduction of Project Management Unit (PMU) / Project Implementation Unit (PIU) or a Technical Support Organisation (TSO) contracted directly from the Bulgarian Development Bank that will provide quality control of the technical audit and will trigger the payment based on approval of the service. This suggestion can be assessed as good and logically correct. 
Suggestions for changing and refining the Technical Audit template are well-grounded as a result of the overall view of the problem from different perspectives. A simplified RVS procedure for consistent application across the country should be included as mandatory for the Technical Audit. Since the LPBs are characterised by a rather specific seismic response, an RVS form could be developed especially for them with predefined parameters. Obviously the RVS procedure is a critical point in the whole idea. Without this procedure will be imposible to realize the plan.
The team concluded that a key aspect is also the independent control as part of the assessment process, which is correct and important from practical point of view. Currently, there is no national body for independent control of the technical audits which should be responsible for the quality of seismic assessment and technical passportization of the existing buildings in Bulgaria, including the LPBs.
[bookmark: bookmark22]An important part of the project are recommendations for improvement of the seismic assessment process of existing buildings. They can be summarized as: removal of the Art.5 and Art.6 in Ordinance N2; enforcing the use of Eurocode 8 for assessment and retrofit of existing buildings with public funding; development of a Rapid Visual Screening procedure; development of supplement guidelines to support the use of the Ordinance N2 and EN 1998-3 for seismic assessment of large-panel buildings; and develop practical guidelines to support the use of Eurocode 8, Part 3.
Removal of the Art.5 and Art.6 in Ordinance N2, that allow seismic resistance to be justified based on compliance with historic design codes, generally is acceptable as a short term change. But not immediately before the other supporting documents are ready (the RVS procedure mainly). 
[bookmark: bookmark23]The concept for Practical Rapid Visual Screening (RVS) procedure is developed as philosophy in 10 steps. Starting with definition of clear performance objectives, group the large panel buildings in structural types, define the validity range, list critical structural deficiencies, list critical non-structural deficiencies, set up the basic scores for the structure, prescribe modifiers, set up scores for facade and non-structural elements, prescribe parameters to account for site-specific hazards and finally concluding section. 
The last chapter of component 5 contains action plan - a list of actions that could be undertaken to address the recommendations for the improvement of the seismic assessment of large-panel buildings and the part in the Technical Audit associated with it. 
The Action Plan needs to be highly appreciated for the following reasons: firstly, the types of activities are clearly outlined; secondly, an idea of the possible organization of the whole process (response parties, involved parties) is given; thirdly, activities are grouped by priorities (short, long, medium term).
Our only remark is to the recommendation "Remove or modify § 1.2. "(3) in the Ordinance amending and supplementing Order No. 2" with timeframe - immediate and importance - critical. We believe that only the removal of the cited texts will not solve the problem without the other activities being carried out. Only this activity has the status "immediate", which means there will be a period of time during which these texts have been canceled, but nothing new is yet available. This should not be allowed, as it will produce a „vacuum" in the legal framework.

6. [bookmark: _Toc3297879]Final conclusion
The goals set by the team at the beginning are summarized as follows:
· Risk assessment (damages, losses, fatalities, homelessness) due to seismic events for the existing stock of the multi-family large panel residential buildings in Bulgaria; 
· Develop a strategy that would enable improvements in the structural safety with respect to the local peculiarities and limitations;
· Advise on the improvement of the existing building survey procedure undertaken as part of the on-going Energy Efficiency Program.
After reviewing the whole project, it can clearly be stated that the goals have been fully achieved despite the relatively short deadline of one year.
The most important achievments of the project can be summarized as follows:
· Analysis of the input exposure data (collected from different sources), including manual counting. The data are carefully examined and analyzed in view of their reability and relevance;
· Special attention is paid to the cities Sofia and Plovdiv, for which the exposure data is built with resolution at a neighbourhood-level, which is a substantial improvement over the available datasets on the building stock in Bulgaria;
· The nonlinear models consider explicitly the finite connectivity between panels through detailed models of the dowels. The software used LS-DYNA allows for the non-linear behavior of materials and friction between the panels. The developed three-dimensional numerical models are fully adequate to the real structures;
· Developing fragility functions for the representative structural typologies and corresponding vulnerability functions through damage-loss correlations. This is definitely done for the first time in Bulgaria and is a really substantial achievement for Bulgarian earthquake engineering;
· The results of probabilistic seismic risk analysis confirm the high seismic resistance of the large panel buildings observed in past earthquakes. The collapse risk is rather low, in the range of 0.1-0.6% for most of the territory of Bulgaria. Even for the municipalities with highest collapse risk the valuev are below 1% in 50 years;
· The results from the project give the answer for the question: what is the most dangeros typology. This is done by disaggregating the expected monetary losses corresponding to a design basis earthquake for the riskiest cities to a structural architype level. The structural architype Classics in its high-rise version (above 6 floors) contributes for over 50% of the losses, with over 30% coming from the most common 8th floor buildings;
· Significant damage and out-of-plane failure of facade panels due to a "design" earthquake is considered a credible scenario. The contribution of the facade damage is estimated to be in the range of 30-50% of the total direct monetary losses. So far no one in Bulgaria has paid much attention to the vulnerability of facade panels;
· The authors are formulated three main directions for practical action: strengthening the organisational capacity and control of the technical audit process, improvement of the technical audit template and strengthening the regulatory environment by developing structural design codes and guidelines to support seismic assessment of existing buildings.

The final evaluation is positive, the work has been done at a highly professional level. A modern approach is implemented, combined with the use of sophysticated software for modeling and analysis of panel buildings. Different issues (technical, normative, social, organizational) are analyzed in depth and from different perspectives. The results obtained are of particular importance for Bulgaria and a possible extension in the future will be very useful for Bulgarian engineering practice.
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