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ABSTRACT:  Seismic loss-assessment can play a key role in modern earthquake 

engineering. It can be a useful supporting tool, during either a design or an 

assessment/retrofit process, to predict direct and indirect costs related to a seismic event 

or scenario. The FEMA P-58 document represents a major outcome of a significant effort 

to make loss assessment procedures suitable for practical applications. Although the 

proposed procedure has been extensively calibrated and validated on numerical, 

experimental and repair/reconstruction data, actual repair costs collected in the aftermath 

of recent earthquakes can (and should, if available) be used to assess its accuracy and 

identify the criticisms in the application to different building stocks. 

This paper deals with the actual repair costs of case study buildings damaged in the 

L’Aquila earthquake (Italy, 2009). The case studies have been selected to be 

representative in terms of structural type, reported damage and repair costs of the full 

database of RC buildings involved in the post-earthquake reconstruction process. A 

detailed overview of all the reconstruction costs is provided with focus on the repair costs 

properly grouped in meaningful categories. The study points out that the majority of the 

repair costs concerns the non-structural components and in particular the infill and 

partitions. Acceleration sensitive components also significantly contribute. The paper also 

discusses the lack of data in the FEMA P-58 database (repair costs and fragilities) for the 

building components typical of the Italian construction practice and the influence of these 

components in on the total repair costs.  

1 INTRODUCTION 

The Performance Based Earthquake Engineering (PBEE) approach represents a potentially useful 

framework to assess the seismic performance of constructions in seismic prone areas. Since its original 

proposal in the FEMA 273 report (ATC 33, 1997), the PBEE approach addressed seismic assessment 

of existing reinforced concrete (RC) buildings at different performance levels depending on the 

different seismic hazard and the design of effective retrofit solutions. Since then, the Pacific 

Earthquake Engineering Research Center (PEER) formalized the PBEE in a more robust methodology 

involving four stages: hazard analysis, structural analysis, damage analysis, and loss analysis 

(Deierlein et al., 2003). The entire process has the scope to quantify the decision variables which 

measure the seismic performance of the facility in terms of greatest interest to stakeholders, whether in 

dollars, deaths, downtime, or other metrics (Porter, 2003). 

The approach proposed by the FEMA P-58 consists of a full development of the PBEE framework to 

make it suitable for practical applications. The performance, at a system level, in terms of risk of 

collapse, fatalities, repair costs, and post-earthquake loss of functionality can now be estimated and the 

development of a computer tool, named Performance Assessment Calculation Tool (PACT) (ATC 58, 

2012a), allows practitioners to deal with a complex framework. Although the primary scope of the 

FEMA P-58 project has been successfully addressed, further developments are still needed.  
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Recent seismic events in L’Aquila, 2009 and Christchurch, 2011 pointed out the weakness of existing 

and modern buildings, the main sources of vulnerability and the repair costs. The large reconstruction 

processes in the aftermath of these events has provided a unique window of opportunity to collect 

actual reconstruction costs for a multitude of case studies. Nowadays, the availability of such data 

represents a unique occasion to compare actual reconstruction costs, with FEMA P-58 predictions. 

However, the differences in the building construction systems between North America and other 

nations are significant and this may limit the application of the current FEMA P-58 approach to 

different building stocks.  The present paper examines the reconstruction costs of four case studies of 

RC buildings damaged by the L’Aquila earthquake, 2009. The selection of case studies from the full 

database, the damage detected on the buildings and relevant repair costs are illustrated in detail. The 

total repair costs are grouped in different classes according to the FEMA P-58 methodology. The 

limitations for further applications of the FEMA P-58 approach to the Italian RC building stock are 

discussed with reference to the influence in terms of repair costs of each component. Directions for 

further research are also outlined. 

2 OVERVIEW OF THE FEMA P-58 

The FEMA P-58 approach for seismic loss-assessment of buildings (ATC 58, 2012a, 2012b) 

implemented a component based approach to characterize the vulnerability of structural and 

nonstructural components to damage (fragility), as well as the potential casualties (loss of life, or 

serious injury requiring hospitalization) repair costs and repair times (consequences) associated with 

this damage. In particular, the repair cost, presented in dollars, necessary to restore a building to its 

pre-earthquake condition, or in the case of total loss, to replace the building with a new structure of 

similar construction. The repair time, in weeks, necessary to repair a damaged building to its pre-

earthquake condition. Vulnerable building components are categorized into fragility groups and 

performance groups. Fragility groups are sets of similar components that have similar: construction 

characteristics, including details of construction, details of manufacture, and installation techniques; 

potential modes of damage; probability of incurring these damage modes, when subjected to 

earthquake demands; and potential consequences resulting from damage. Performance groups are 

subsets of a fragility group that will experience the same earthquake demands in response to 

earthquake shaking. 

2.1 Component performances 

A summary list of fragility groups available for identifying and defining the vulnerable components 

and contents in a building is reported in Table 1. The demand parameter assigned to a fragility group 

is the one that best predicts the occurrence of the potential damage states with the least amount of 

uncertainty. For most structural systems (e.g., shear walls, braced frames, steel and concrete moment 

frames), and for many nonstructural components, storey drift ratio has been selected as the best 

indicator of potential damageability. Floor acceleration and floor velocity are also commonly used for 

finishes, services and furniture. 

As shown in Table 1, the component, the construction systems and adopted materials are typical of the 

United States building stock. This is the case of structural components (classified based on US 

standards) and non-structural components. For instance, the partition system commonly adopted in the 

Mediterranean area (i.e. hollow bricks) is currently not available in the original database. However, 

other sources of data have been developed by the scientific community and can be easily integrated in 

the framework by using the Fragility Specification Manger tool available in the PACT. 

The fragilities of several components are currently not available (n.a.) or under development. Most of 

them, such as nonstructural components as the door systems, sanitary equipment, rain water drainage 

and exterior finishes, in the author opinion, may strongly influence the loss-assessment results. 
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2.2 Repair costs 

Repair costs are commonly associated to a list of repair actions. However, controversial is the concept 

of the repair actions needed to address the damage repair. This often leads to have number of 

uncertainties affecting the final reconstruction costs. A clear description of the repair actions is needed 

for all the methodologies object of this study because minor differences in the repair measures may 

lead to a significant gap in the actual vs. estimated repair costs. 

Table 1. Summary of the fragility groups and components for typical RC buildings. 
Group Component Type EDP 

A Substruct. n.a. n.a. n.a. 

B 

Shell 

RC moment frames 

(organized in  

beam-column  

subassemblies) 

ACI 318 or ASCE 41/06 compliant  and not-

compliant frames designed for high, moderate or low 

seismic hazard, also classified by failure mode:  

beam-yielding or joint failure 

Drift 

ACI 318 or ASCE 41/06 compliant  and not-

compliant columns and breams designed for high, 

moderate or low axial load, also classified by failure 

mode: Flexural yielding and shear 

Drift 

RC shear walls 

Classified as function of the aspect ratio, number of 

reinforcement layers, presence of flanges or bounda-

ry elements 

Drift 

RC flat slab-column 

connection 

Classified on the amount of slab shear reinforcement 

and presence of drop panel 
Drift 

Exterior enclosure 

Cold formed steel or light wood frame with wood or 

gypsum panels, wood walls or pre-casted concrete 

panels 

Drift (in plane) 

Floor accel. 

(out-of-plane) 

Exterior window sys-

tems 

Curtain walls and storefront classified by type of 

glass, layer thickness, aspect ratio, glass-to-frame 

spacing, sealant  

Drift 

Exterior doors n.a. n.a. 

Roof elements 
Tiles, chimney and parapets (insulation is currently 

n.a.) 
Floor accel. 

Exterior finishes n.a. n.a. 

C 

Interior 

Partitions Gypsum panel, different heights, type of connection Drift 

Interior doors n.a. n.a. 

Stairs Steel or concrete cast-in situ or precast Drift 

Wall finishes 
Gypsum, wall paper, ceramic tiles, marble, wood 

panels 
Drift 

Floor finishes 
Raised access floor seismic or non-seismic, damage 

for flooding 
Floor accel. 

Lights and Ceilings Suspended ceilings and pendant lights Floor accel. 

D 

Services 

Elevators and Lifts Classified based on age of installation Floor accel. 

Plumbing 
Cold, hot, waste, steam, chilled water including 

pipes and bracings 
Floor accel. 

Sanitary equipment n.a. n.a. 

Rain water drainage n.a. n.a. 

HVAC 
Chillers, towers, compressors, fans, control panels 

and air units 
Floor accel. 

Fire protection Sprinkler pipes, drops Floor accel. 

Electrical 
Transformers, switcher, control panels, units, gen-

erators, emergency lights 
Floor accel. 

Communication & secu-

rity  
n.a. n.a. 

E Equip. and 

furnishing 

Movable furnishings 

and accessories 

Office stations, bookcases, shelves, electronical de-

vices, cabinets 

Floor accel. or ve-

locity 

F 
Special constr. 

and demolition 
Storage racks Floor accel. 

In the FEMA P-58 approach the repair costs include consideration of all necessary activities to return 

the damaged components to their pre-earthquake condition. They do not include work associated with 

bringing a non-conforming installation or structure into compliance with newer criteria. Repair costs 

are based on the repair measures outlined for each damage state. Because most of the repairs are not 

standard work found in cost estimating guidelines, they have been collected in cooperation with 
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engineering consultant familiar with collateral work and costs. Generally speaking, the repair 

measures include: removal or protection of contents adjacent to the damaged area; shoring of the 

surrounding structure (if necessary); protection of the surrounding area (e.g., from dust and noise) with 

a temporary enclosure; removal of architectural and mechanical, electrical, and plumbing systems, as 

necessary, to obtain access for the repair; procurement of new materials and transportation to the site; 

conduct of the repair work; clean-up and replacement of contents. General contractor mark-up is 

included in the cost estimates. Repair costs were developed based on construction cost estimates 

computed for a reference location in the United States (Northern California) at a reference time 

(2011), neglecting uncertainty in contractor pricing strategies or construction cost escalation. 

When a large quantity of the same type of work is necessary, contractor mobilization, demobilization, 

and overhead costs can be spread over a larger volume of work, resulting in reduced unit rates. For 

each damage state, repair costs are described with reference to the maximum and minimum costs 

related to the lower and upper quantities, respectively.  

The cost of accessing the damaged area to conduct repairs will affect repair costs. The influence of the 

floor height, access restrictions, presence of hazardous materials is accounted using macro-factors 

adjusting the repair costs. 

3 ACTUAL REPAIR COSTS 

3.1 The L’Aquila database 

The reconstruction process after L’Aquila (2009) earthquake has been a unique occasion to collect the 

reconstruction costs at large scale. The reconstruction process was supported by the Italian 

Government using public resources and the technical and financial review provided by a team of 

expertise properly set up to oversee the projects and relevant funding applications. A detailed 

description of the reconstruction policy, the regulation and an overview of the database of 5,775 

residential buildings damaged by the L’Aquila earthquake is reported in Di Ludovico et al. (2016a,b) 

The result of the usability assessment carried out in the immediate aftermath of the earthquake 

represented a first criterion to classify the buildings. According to the AeDES form (Baggio et al., 

2007), the damaged building stock was organized in 6 categories named with a letter (from A to F) 

which directly reflects the damage severity. The usability rating of the 5,775 buildings was: 3,546 (i.e. 

62%) buildings had a usability rating of B or C and 2,211 (i.e. 38%) buildings had an E rating. The 

data related to 2,529 RC buildings (about 44% of the database) located in L'Aquila municipality are 

summarized in Table 2.  

Table 2. Summary of L’Aquila database of RC buildings in the L’Aquila municipality. 

Usability 

rating 
Damages 

N. 

buildings 

Cost limit (€/m2) for 

strengthening* 

Mean Actual 

repair cost 

(€/m2) 

Mean Actual 

total cost 

(€/m2)** 

B 

Usable building after 

short-term countermeasures  

(limited structural damage,  

severe non-structural damage) 
1598 

150 

local strengthening of critical 

structural and non-structural 

members 

183.76 217.76 

C 
Equal to B but damages located in a 

limited portion of the building 

E 

Unusable building (high structural or 

non-structural risk, high external or ge-

otechnical risk) 
447 

400 (or 600 in specific cases) 

 strengthening until at least the 

60% of Italian NBS**** and no 

more than 80%. 

532.9*** 925.80 

E-B 

(with high non-structural risk and slight 

structural damages) 
200 

250 

local strengthening of critical 

structural and non-structural 

members 

342.35*** 525.25 

Edem  

(demolition and reconstruction) 
284 

1680 

demolition and reconstruction 
n.a. ≈ 1200.00 
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* the maximum grant allocated by the government for strengthening measures (including VAT, charges for the design and technical 
assistance of practitioners); 

** the mean total cost does not include the VAT; charges for the design and technical assistance of practitioners are included; 

*** Repair cost, fully covered, includes repair and finishing works relevant to strengthening interventions (not considered in the cost limit 
for strengthening). 

**** the Italian %NBS is computed as the PGAcapacity/PGAdemand where PGAdemand is determined according to Italian current seismic code (MI, 

2008; CS LL PP, 2009); 

In particular, Table 2 reports the building usability rating and the relevant meaning, the number of 

buildings in each category, the cost limit imposed by law for strengthening interventions, the mean of 

the actual unit repair costs, the mean of actual total unit costs for each category (i.e. the actual grant 

per square meter allocated by the government for repair and strengthening works according to funding 

request computed by practitioners engaged by owners). Note that in this table the data concerning the 

buildings rated A (Usable building, slightly damaged), D (Building to be re-inspected due to atypical 

damage), F (Unusable building from external risk alone) were omitted because not subjected to repair 

measures or included in other categories after a more detailed assessment. 

The buildings rated E were later subject to a further classification based on more detailed seismic 

assessments. Two further sub-classes have been identified: E-B includes buildings with high non-

structural risk and slight structural damages, where a local strengthening strategy may solve most of 

the structural weakness; Edem includes the buildings which need to be demolished because of 

dangerous structural weaknesses, high residual drift, local or global collapse or economical 

inconvenience in the structural retrofit respect to demolition and reconstruction. It should be noted that 

for E rated building the application for funding is based on a more detailed seismic assessment 

involving global analysis on the as-built and retrofitted configuration. More details about the building 

classification can be found in Di Ludovico et al. (2016b). 

It is notable that the total reconstruction costs includes: the costs for the assessment of the building 

seismic capacity (the maximum public grant is €12/m
2
 for structural and geotechnical investigations); 

the energy efficiency upgrading costs (the maximum public grant for energy efficiency upgrading was 

€130/m
2
 of the overall building gross surface area, inclusive of VAT).  

The actual repair costs available in the L’Aquila database are inclusive of: building safety measures; 

demolition and removal including transportation costs and landfill disposal; repair interventions; repair 

and finishing works relevant to strengthening interventions; testing of facilities; technical works for 

health and hygiene improvement; technical works to improve facilities; construction and safety costs; 

charges for the design and technical assistance of practitioners; furniture moving. Because the repair 

measures included in the actual costs of L’Aquila buildings are in a way different from the ones 

reported in the FEMA P-58, a more detailed analysis of the cost estimates at the base of the funding 

applications is needed to quantify the direct damage costs. 

3.2 Case studies 

In order to have a more detailed overview of the actual repair costs and the influence of each class of 

cost on the total repair cost, four case studies have been selected from the previously described 

database of RC buildings. The case studies need to be representative of the entire database and with 

characteristics matching the mean values in terms of costs, geometry and relevant structural details. In 

order to reduce the uncertainty in the input motion, which may strongly affect the structural response 

and, in turn, the resulting damages, only buildings in the L’Aquila municipality have been considered 

(PGA in the range 0.3-0.6g). This study deals only with buildings rated E with the scope to quantify 

also the influence of structural damages (which not available or not significant in buildings with 

usability rating B or C).  

The criteria assumed for the case study selection are: total and repair costs matching the mean values 

of each category; age of construction and number of floors representatives of the class with highest 

number of buildings (generally this category has a mean total cost close to the mean value of the full 

database). The selected buildings are listed in Table 3. Figure 2 shows a view of the buildings along 

with details of detected damages. The selected buildings are one: 3-storey building constructed in the 

1982-1991 for the E-B class (ID 12915) and one 4-storey building, 1982-1991, for the E class (ID 

13915). The same criteria have been adopted to select one building rated E but demolished for 
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financial inconvenience of the retrofit solutions (ID 14490). Furthermore, one more case study (ID 

16557) with reconstruction costs significantly higher than the mean value has been selected to identify 

the source of such increase in the costs. All selected buildings had a structural system with RC 

moment resisting frames and structural regularity in plan and elevation in order to avoid particular 

cases where the reconstruction costs have been affected by irregularity in the structural performances. 

A summary of the selected case studies is presented in Table 3 along with the total unit repair, retrofit, 

investigation tests and energy efficiency upgrade costs (i.e. unit costs are referred to the building total 

surface). The seismic structural safety index pre and post ( ante and post, conceptually similar to the 

%NBS adopted in the NZSEE2006 guidelines (NZSEE, 2006), but calculated as the ratio of the 

anchoring peak ground acceleration related to the design acceleration spectrum according to Italian 

current seismic code (MI, 2008) and the minimum anchoring peak ground acceleration such as to 

determine building conventional collapse) the repair and strengthening intervention and the main 

retrofit technique are also reported in Table 3. 

 

  

E-B (ID 12915) 

 

E (ID 13915) 

 
 

Edem (ID 14490) Ehigh (ID 16557) 

 

Figure 1 - Selected case study buildings damaged during the 2009 L’Aquila earthquake. 

 

Table 3. Summary of the selected case study buildings. 

        Actual costs (€/m2) 

ID 
Constr. 

age 
Rate Storeys 

ante
** 

(%NBS/100)
 

post
** 

(%NBS/100)
 

Retrofit 

technique 

Total 

area (m2) 
Total Repair Retrofit Tests 

Energy 

efficiency 

12915 82-91 E-B 3 0.613 - FRP 417 514.53 453.42 49.13 11.99 - 

13915 82-91 E 4+1* 0.421 0.751 Base isolate. 719 839.41 396.79 352.91 9.92 79.80 

14490 72-81 Edem 4 0.617 1 Dem.+Rec. 534 1226.82 - - 10.65 - 

16557 72-81 Ehigh 4 0.303 0.601 RC jacket 1090 1287.73 852.71 338.27 6.50 90.25 

* the +1 indicates that the selected buildings has a one floor basement; 

** the seismic structural safety index  is conceptually similar to the %NBS adopted in the NZSEE2006 guidelines. 
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3.3 Cost classes 

In order to have a measure of the actual repair costs for the reference case studies, the actual cost 

estimates have been closely studied. A general overview of the total reconstruction costs, with details 

of the different contributions including the actual cost of strengthening, energy efficiency, in-situ 

investigations, design and technical assistance and other significant costs is reported in Table 4. The 

details on the actual costs of each of the reconstruction actions allow to identify the influence of each 

measure on the total costs. For instance, the building rated Ehigh (with a cost of reconstruction 

significantly higher than the mean value) has a higher cost due to the significant cost of repair 

measures employed at the exterior space adjacent to the building. These measures are not considered 

in the FEMA P-58 approach, which is a building-specific methodology, and they will be not 

considered in the subsequent discussion. 

Focusing on the repair costs directly related to the seismic damage, a detailed list of the actual cost for 

each component is proposed in Table 5. The same component groups proposed in FEMA-P-58 

approach have been used to make the data suitable for application in the methodology. The actual 

repair costs for each component presented here include all the repair actions needed to restore the final 

product to the pre-earthquake conditions. At this stage, they do not include the costs of design and 

technical assistance and building administrator cost (reported in Table 4). The latter need to be 

properly distributed on the different reconstruction measures in order to match the criteria of the 

FEMA P-58 approach.  

Table 4. Summary of the actual total reconstruction costs divided in categories. 

 Actual costs (€) 

Action E-B E Edem Ehigh 

Damage repair 172296.2 197594.6 115044.7 203160.3 

Seismic strengthening 7843.2 221958.8 241320.6 291941.2 

Repair for strength. - 26091.9 128924.1 134960.5 

Health and hygienic improvement - - - - 

Energy efficiency - 50560.5 36745.9 76283.4 

Struct. and geotech. investigation 5000.0 7190.0 5609.5 7087.0 

Geological investigations - 5243.3 5243.3 13978.0 

Design and technical assistance 29505.5 56628.6 105804.3 59048.6 

Building administrator - 10432.8 10569.5 19600.0 

Works external to the building - - - 238000.0 

VAT 23915.0 63032.9 75478.3 110164.3 

Total 238559.8 638733.5 724740.3 1154223.2 

 

The total repair costs do not match with the data reported in Table 4 because they have been modified 

accounting for the combination of repair and strengthening measures. In particular, the total repair 

costs reported in Table 5 are lower than those reported in Table 4 because they have been discounted 

for the portion of the costs shared with the other categories (e.g. the fixed costs of building safety 

measures, the installation of construction site). 
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Table 5. Summary of the actual repair costs. 

  Actual costs (€) 

 Component E-B E Edem Ehigh 

B        

Shell 

Beam-column joint - 2348.7 13792.4 - 

Infills 41630.7 15477.0 20078.7 33172.0 

Windows 13634.3 10409.9 3144.5 13153.9 

Doors 1960.6 9086.8 - 3561.8 

Roof and chimney 1434.9 16259.3 825.9 19503.9 

Wall finishes to exterior - 18960.7 - 32467.4 

C          

Interior 

Partitions 42156.8 13056.2 - 48102.6 

Stairs 1490.6 663.7 - - 

Wall finishes to interior - 14359.5 - - 

Raised Access Floor 44188.5 15813.5 3052.3 4996.6 

Independent Pendant Lighting 2665.3 1863.3 4078.7 - 

D        

Services 

Plumbing (cold, hot, waste water) 8930.9 15128.8 13504.4 3568.8 

Sanitary equipment 3249.8 2971.0 6986.9 667.3 

Rain water drainage system 1030.4 6621.2 137.6 - 

Electrical system 9954.4 6074.1 5012.9 935.3 

Communication & security 2862.8 758.1 8459.5 - 

 External works - 14909.0 - 7115.8 

 Total repair cost 175190.0 164760.7 79073.8 167245.3 

4 DISCUSSION 

The influence of the component categories outlined in Table 5 on the total repair cost can be assessed 

using the ratio of the component repair cost to the total repair cost. For the selected case studies, the 

ratios are presented in Figure 3a for the following component categories: structural components, infills 

and partitions (including windows, doors, interior and exterior finishes), other non-structural 

components (floors, roof and chimney, lights), services and exterior works. The components are 

grouped in categories slightly different than those proposed by the FEMA P-58 (see Table 5) in order 

to separate the structural and non-structural component and make a distinction between infill walls 

(drift sensitives and commonly severely damaged by earthquakes) and other non-structural 

components (acceleration sensitive) as proposed by Aslani and Miranda (2005). 
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Figure 2 - (a) Ratio of the component repair costs to the total repair cost; (b) cost ratio of components 

included in the FEMA P-58 database. 
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Figure 3a points out that the influence on the repair cost of non-structural components and services 

(the sum of repair cost for infill and partitions, services and other non-structural components) is very 

high ranging from 99% in the case of the building rated E-B (by definition with slight structural 

damages) to the 80% for the building rated Edem. In the latter case, although the building has been 

demolished, the cost of repairing the structural components is still marginal respect to the total repair 

costs. However, this result should be analyzed in the context of a low-to-medium intensity earthquake, 

such as the L’Aquila 2009.  

Further results are pointed out analyzing the repair costs non-structural components. In particular, the 

repair costs of infills and partitions, commonly built with hollow clay bricks in the Mediterranean 

area, ranges between the 30% and the 80% of the total repair cost. It should be also noted that the 

hollow clay brick infills and partitions are currently not included in the FEMA P-58 database and the 

available components (made of wood panels or gypsum) significantly differs both in terms of 

mechanical performances and repair costs. This result is of paramount importance in order to conduct 

proper loss-assessment estimations on the Italian building stock with the FEMA P-58 procedure. A 

FEMA P-58 compatible procedure to include hollow clay bricks infills and partitions in the loss-

assessment framework has been recently proposed by (Cardone and Perrone, 2015). Although the 

considered repair measures and the related costs account for all the complimentary works (including 

the finishes, plumbing and electrical systems), a validation, based on actual repair costs, is still needed.  

The other non-structural components and services (both acceleration sensitives), also play an 

important role in the repair costs in the range of 20% to 50% of the total repair cost. Similar results 

were also founded by Aslani and Miranda (2005) and Bradley et al. (2009)  for case study buildings 

typical of the North America and New Zealand. The amount of repair costs related to the acceleration 

sensitive components is still significant whilst the repair cost of plumbing and electrical system can be 

attributed to the repair of infill and partition wall (it is worth noting that in the Italian construction 

systems they are commonly installed within the infill walls (Cardone and Perrone, 2015). This may 

limit the application of simplified seismic performance assessment procedures which, generally, 

provide only estimations of the drift demand at the floor levels. 

Figures 3b outlines the impact in term of total repair costs of the components included or not in the 

current database of the FEMA P-58 approach with reference to actual repair costs of the selected case 

studies. The percentage of the components currently not available is equal or higher than those 

available and further research efforts are needed to make the procedure suitable for application to the 

Italian building stock. In particular, considering that hollow bricks and partitions, and the incorporated 

plumbing and electrical systems, (the 30 to 80% of the total repair cost) can be considered using the 

data provided by (Cardone and Perrone, 2015), the components that still need to be included in the 

methodology are: sanitary equipment (2-8% of the total cost), rain drainage systems (0.6-4% of the 

total cost), communication and security systems (1-10%). 

5 CONCLUSIONS 

The paper deals with the analysis of repair costs collected in the aftermath of the recent L’Aquila 

earthquake (Italy, 2009). Basing on case study RC buildings properly selected to be representative of 

the L’Aquila database, an overview on the impact of the actual repair costs on the building 

reconstruction is provided. The actual repair costs of the different components are grouped in 

categories in compliance with the FEMA P-58 procedure. The component repair costs are analysed in 

detail and some conclusions on the influence of the repair actions on the total cost have been derived. 

In particular: 

- The majority of the repair costs concerns the non-structural components. This is also due to the 

low-to-medium intensity of the L’Aquila, 2009 earthquake; 

- The repair cost of the hollow bricks infills and partitions represents the 30% to 80% of the total 

repair cost. This ratios may also increase if the plumbing and electrical systems are counted in the 

costs (they are commonly incorporated in the infill walls in the Italian construction practice); 

- A high percentage, more than 50%, of the building components typical of the Italian construction 
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practice (e.g. hollow brick infill walls, doors or windows, sanitary equipment, rain drainage, 

among many others) are not currently available in the FEMA P-58 approach or they still need a 

validation. This may require a further research effort aimed at characterizing their performance 

level and repair costs to extent the FEMA P-58 methodology to different building stocks. 

- Acceleration sensitive non-structural components play an important role in the repair costs. This 

needs to be considered in the development of simplified seismic assessment procedures. 

The authors want to specify that, due to the limited number of data considered, this conclusions cannot 

be extended to the full database of L’Aquila buildings, but are useful to identify the direction for 

further researches. In particular, increasing the number of case studies, proper statistical evaluations on 

the repair and retrofit costs can be addressed and may be adopted to calibrate the FEMA P-58 cost data 

for the Italian building stock. This research work can and aim to be extended to other building stocks 

where large reconstruction processes took place after a major earthquakes, as in the case of the 

Canterbury earthquake sequence, in order to validate the application of the FEMA P-58 procedure for 

loss-assessment and predictions. 
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