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Abstract  

Since earthquake is one of the most dangerous natural phenomena, it is necessary to be prepared for the negative 
consequences of the earthquake in advance. It is very important that healthcare facilities must continue to provide 
service during and after an earthquake. Therefore, this study focuses on designing a data warehouse model for the 
earthquake risk assessment of healthcare facilities which are needed much more than other public buildings phys-
ically. The proposed design utilizes a fact constellation schema model and take a public legislation containing 
principles regarding identification of risky buildings. This solution can provide a repository for data regarding 
earthquake risk assessment from different operational systems and play a key role in supporting critical decision-
making process. 

Keywords: Data warehouse, data management, multidimensional data model, data mining, decision sup-
port systems, business intelligence and analytics 

1. Introduction 

Earthquake is one of the most dangerous natural disasters which causes not only damages to buildings 
but also a great number of deaths and injuries because of building collapses.  Although it is not possible 
to prevent this natural phenomenon itself, various technological developments and approaches show 
that many of deaths and injuries are preventable. Turkey has been exposed to major and destructive 
earthquakes for centuries [1]. 92% of the country is under the risk of earthquake, thus, the earthquake 
risks may affect the 95% of the population in the country. Although public authorities make legislative 
efforts, the quality of building stock in Turkey is not at the desired level for such disasters yet [2]. 
Because of that, earthquake is a critical threat for people living in this country. It is clear that, healthcare 
facilities have higher risks than other types of buildings due to their high importance [3]. Thus, assessing 
healthcare facilities is quite necessary for disaster preparedness process.  

Turkey is among the top 10 OECD countries in terms of total physicians, hospitals number and hospital 
beds, etc. [4]. These rankings indicate that, Turkey has an important health infrastructure among the 
developing and developed countries. Health services are currently provided by over 65.000 healthcare 
facilities, including hospitals, family practice centers, clinics, laboratories, emergency medical service 
stations, etc. These healthcare facilities are constructed by Ministry of Health or used by renting. For 
instance, there are over 40.000 private clinics and family practice centers in Turkey, however the most 
of them are not constructed by Ministry of Health itself.  On the other hand, approximately 650.000 
healthcare professionals serve healthcare at such a large number of healthcare facilities [5]. Together 
with patients, millions of people are constantly served by these personnel in the healthcare facilities. 
However, there is insufficient evidence for the overall systematic assessment of these facilities in terms 
of earthquake preparedness. Therefore, a systematical perspective is considered to be needed for earth-
quake risk assessment of the healthcare facilities. 

Risk assessment of buildings is a complex process which relies on a series of evaluation criteria with 
multiple parameters. To manage this process with massive amounts of data from various sources, a 
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comprehensive data warehouse model is needed. Data Warehouse (DW) term can be defined as multi-
dimensional databases that involve large amount of data [6]. Data warehouses have major features such 
as integrated, subject-oriented, time variant and nonvolatile support for decision making [7]. It provides 
architectural tools for decision makers in order to organize, understand and use their data to make stra-
tegic decisions [8]. In addition to these, many enterprise information systems utilize data warehouses to 
enhance business intelligence and analytics by implementing diverse data mining techniques [9]. 

Based on the aforementioned benefits, data warehouses can become the repository for complex process 
of earthquake risk assessment for buildings. Therefore decision makers can make faster and better deci-
sions on urgent improvement works for earthquake countermeasures. In this context, the study aims to 
design a data warehouse model for earthquake risk assessment of healthcare facilities in Turkey. A fact 
constellation schema model is devised based on a public legislation. 

The rest of the paper is organized as follows: Section 2 provides an overview of the background of data 
warehouses and related works. Section 3 presents the proposed data warehouse design with details of 
the methodology and sample queries. Finally, Section 4 presents concluding remarks and future work 
directions. 

2. Background 

2.1. Data Warehouse 

Data warehouses have been almost indispensable for decision support systems, data mining, business 
analysis, forecasting and business intelligence since “Business Data Warehouse” term took part in the 
literature in 1988 [10]. Data warehouses are data management systems that are designed for specific 
purposes. By using specific queries and analyzing tools in a more efficient way, data warehouses provide 
great convenience both for IT professionals and end users. One of the most important features of data 
warehouses for business intelligence that integrated and purposive data are stored rather than detailed 
and individual ones [11]. Therefore, it is possible to have higher performance, safer, more reliable, more 
retrievable and more manageable systems. 

Success of the selected data warehouses approach relates how data modeling techniques are applied. As 
a logical design approach, dimensional models are usually chosen for data warehouses. As an alternative 
approach to traditional entity relationship model, dimensional models have more advantages for deci-
sion supports. In this approach, there are fact tables and dimension tables. Fact tables have numerical 
and additive measurements for specific requirements of a business. Dimension tables are created for 
defining business entities. Dimension tables are linked with fact table with their primary keys [12]. By 
this approach, it is aimed to obtain easier structures for end users and to have more efficient queries. For 
this reason, less tables and relations are preferred with less joins in queries [13].  

The most demanded and well-known methods for applying multidimensional modeling are star schema, 
snowflake schema and fact constellation schema. Star schema is created by linking a series of dimen-
sional tables which generally consist of embedded hierarchies around a fact table. Star schema has one 
large central table which is called fact table. The fact table is linked with smaller dimension tables. The 
dimension tables surround the fact table. The fact table may be linked with numerous dimension tables 
by one to many relationships in star schema [13]. In snowflake schema, dimension tables are linked to 
another dimension table without being linked directly to the fact table [14], [15]. Thus, snowflake 
schema differs from star schema with including more hierarchies rather than only one hierarchy. The 
third dimensional model which has more than one fact table is called fact constellation schema. This 
schema can be considered as a combination of two or more star schemas. One of the typical features of 
the fact constellation schema is flexibility. The fact constellation schema has more than one fact tables. 
These fact tables share several dimension tables. Although modeling process is more complex than the 
other models, the complexity brings to ability to have more accurate outputs [16]. This model is also 
called galaxy model in the literature. 
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2.2. Related Work 

Before starting the design process, different dimensional data warehouses and their design aspects were 
reviewed. The review on current literature has showed that the data warehouses are raising their own 
significance by creating more effective decision-making tools in order to support end user queries.  

Different solutions have been proposed so far for data warehouses, most of them based on disaster man-
agement. Asghar et al. [17] introduced a business intelligence system that links dimensions of business 
intelligence and processes together, for providing a good decision support, for disaster management 
organization as a case study. Their data warehouse model has three main fact tables and two dimensions 
tables. According to the validated experimental results of the study, proposed business intelligence sys-
tem performs for decisions on disaster management efficiently.  

Panrungsri and Sangiamkul [18] applied a business intelligence model for disaster management area by 
applying a case study. They design and develop a data warehouse with multidimensional model for 
severity analysis disasters in risk areas. The aim of the study is to have a business intelligence concept 
by improving data quality and exposing to better decision making for disaster management. It is men-
tioned that the proposed data model with fact constellation schema can enable agility capacity for busi-
ness intelligence technology in disaster management processes.  

Permana et al. [19] has recently proposed a date warehouse for disaster management. The proposed data 
warehouse in this research was designed as a snowflake schema based on information about kind of 
disaster, place and the effect of disaster. The feature of Online Analytical Processing (OLAP) for disaster 
report can be a significant tool for decision makers in order to manage future risk of the disasters. In 
another recent study, a web-based assessment software has been developed in order to describe risk 
priorities of concrete buildings [20]. In this study, a rapid assessment method issued by the Ministry of 
Environment and Urbanization was employed.  

Sarı and Türk [21] has built a database to investigate building damages caused by earthquakes in Turkey. 
They measured the building qualities and illustrated in proposed Geographical Information System 
(GIS). The aim of this study was to determine the earthquake risk levels of buildings in selected area. 
Building data were created in accordance with the Federal Emergency Management Agency (FEMA) 
approach in this research. The data were obtained from the municipality and transferred to GIS environ-
ment. Then the vulnerability and quality levels of buildings were determined in Sivas Municipality City 
Information System in a possible earthquake. 

Considering the studies mentioned above, although especially in recent years, several research studies 
have relied on many different data models in disaster management, there has not been any prior study 
that mainly focuses on building a comprehensive data warehouse model for earthquake risk assessment. 
In this regard, designing a data warehouse focusing on earthquake risk assessment of buildings can 
significantly contribute to relevant literature. 

3. Building Data Warehouse 

This study is based on principles of identification of risky buildings which are published by Turkish 
Environment and Urban Ministry [22]. This legislation includes calculations to classify buildings in 
terms of earthquake risk levels by considering certain parameters. These parameters affecting the risk 
assessment of buildings are as follows:  

- Structural system type; 
- Number of floors; 
- Visual quality; 
- Soft storey / weak storey; 
- Vertical irregularity; 
- Heavy overhang; 
- Torsion effect; 
- Short column effect; 
- Construction Regularity; 
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- Ground slope; 
- Earthquake danger zone. 

Each building is assessed according to three sub assessment calculations which are called as negativity, 
ground system and structural system. For negativity calculation, each building is given a value according 
to certain eight parameters as shown in Table 1. Buildings are given 0, 1 or 2 value according to the 
negativity parameter detection case. Supposing that; if the visual quality of the building is determined 
as ‘good’, then the negativity value of “Visual Quality” parameter will be 0. If it is determined as ‘mod-
erate’ or ‘poor’, then the parameter value will be 1 or 2, respectively. As a result of negativity parameter 
assessment, each building will have eight parameter values for eight negativity parameters on aggregate.     

Table 1 Negativity Parameter Values (Ni) 
 Case 1 Case 2 

No Negativity  
Parameter 

Parameter  
Detection 

Parameter 
Value ( Oi ) 

Parameter  
Detection 

Parameter 
Value  ( Oi ) 

1 Visual Quality Good 0 Moderate (Poor) 1 (2) 
2 Soft Storey No 0 Yes 1 
3 Vertical Irregularity No 0 Yes 1 
4 Heavy Overhang No 0 Yes 1 
5 Torsion Effect No 0 Yes 1 
6 Short Column Effect No 0 Yes 1 
7 Construction Regularity Detached 0 Attached 1 
8 Ground Slope No 0 Yes 1 

Each negativity parameter has negativity parameter score according to the number of floors of the build-
ing as shown in Table 2. For instance, if a building has 5 floors, then the negativity score of visual 
quality will be measured as -25 for that building. To put it another example; if a building has 7 floors, 
then the negativity score of torsion effect will be -10 for that building. 

Table 2 Negativity Parameter Scores (NPi) 

Number 
of 

Floors 

Visual 
Quality 

Soft 
Storey 

Vertical Ir-
regularity 

Heavy 
Overhang 

Torsion 
Effect 

Short 
Column 
Effect 

Construction Regularity 
Ground 

Slope Same Different 

Center Side Center Side 

1,2 -10 -10 -5 -10 -5 -5 0 -10 -5 -15 -3 
3 -10 -20 -10 -20 -10 -5 0 -10 -5 -15 -3 
4 -15 -30 -15 -30 -10 -5 0 -10 -5 -15 -3 
5 -25 -30 -15 -30 -10 -5 0 -10 -5 -15 -3 

6,7 -30 -30 -15 -30 -10 -5 0 -10 -5 -15 -3 

Overall, Ground System Score (GSS) and Structural System Score (SSS) are measured for each build-
ing, as shown in Table 3. Supposing that, a building has 3 floors, and it was built on a ground which is 
defined as danger zone 1. Then the GSS of that building will be measured as 80. Similarly, if the same 
building was built as reinforced concrete shear wall frame, then SSS of that building will be measured 
as 85. Otherwise, SSS will be measured as 0 for that building.  

Table 3 Ground and Structural System Scores 

Number of 
Floors 

Ground System Score (GSS) Structural System Score (SSS) 

Danger Zone 
Reinforced 
Concrete 

Frame (RCF) 

Reinforced Con-
crete Shear Wall 
Frame (RCSWF) 

I II III IV   
1,2 90 120 160 195 0 100 
3 80 100 140 170 0 85 
4 70 90 130 160 0 75 
5 60 80 110 135 0 65 

6,7 50 65 90 110 0 55 
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Total Score: Total Score indicates what the final assessment result of specific building is and gives 
information about calculated performance point. The collected data is evaluated, and a total score (TS) 
is calculated for each building. Total scores are used to determine the risk priorities of the buildings as 
well. Thus, Total Score in our model is calculated for each building as seen in Equation 1: 

                                                     Total Score=GSS+ ∑ (𝐍𝐍𝐢𝐢 ∗ 𝐍𝐍𝐍𝐍𝐢𝐢)𝟖𝟖
𝒊𝒊=𝟏𝟏  +SSS                                                       (1) 

where GSS represents ground system score of building, SSS reflects the structural system score of build-
ing,  Ni denotes the value corresponding to the ith negativity parameter of building and  NPi refers to the 
score corresponding to the ith negativity parameter of building. In this equation, 𝑖𝑖 is set from 1 to 8 
reflecting negativity parameters that are shown in Table 1. 

The main aim of this method is to have general overview for the buildings as rapid as possible, therefore 
broader and more detailed assessment methods can be applied based on data that are gathered from this 
method if needed. 

The next sub-sections describe the methodology of the proposed informative database along with its 
architecture for building data warehouse, logical model schema and sample SQL queries. 

3.1. Methodology 

There are four architectural processing stages as illustrated in Figure 1.  In the first stage, data extracted 
from various databases are loaded into the staging area [11]. Then data are stored in data staging area 
for the purpose of cleansing, scrubbing, fixing data errors and transforming into a more normalized 
standard. In this process, it is necessary for dropping and merging tables, creating or removing columns. 
The third processing stage is data transferring into the data warehouse. [23] In the last stage, stored data 
in data warehouse are analyzed and then used for purpose of query, reporting, data mining and decision 
support to feed end users. 

 
Figure 1 Architecture for Data Warehouse Framework 

When designing data warehouses, multidimensional data modeling approaches have been used more 
often. These approaches enable to store data in a more systematical way. Moreover, they also make the 
data more useful for operations such as business intelligence, OLAP (On Line Analytical Processing) 
and data mining processes [15]. 

Based on the aforementioned issues, the proposed data warehouse is constructed by integrating multiple 
sources such as relational database systems of Ministry of Health and other public database systems. 
Finally, the architecture of data warehouse is designed to provide information from historic perspective 
and nonvolatility.  

3.2. Data Warehouse Design 

The proposed data warehouse has been designed in MS SQL database system. It contains 10 tables and 
11 relationships. It contains two facts, Fact_Risk_Assessment and Fact_Facility_Negative_Parame-
ter_Evaluation tables. Each fact table has primary keys and foreign keys for connecting to the dimension 
tables and a number of measures. The proposed fact constellation schema for “Earthquake Risk Assess-
ment Data Warehouse” is shown in Fig-2. 
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In the model, it is assumed that all data are cleared, converted to the appropriate format and normalized 
during the implementation phase. Attributes of the fact and dimension tables are indicative. More attrib-
utes can be included in the data warehouse, containing appropriate amount of data for decision-making. 
Therefore, they are not included in this work for simplification purposes. 

In the given dimensional table, it is aimed to collect to identify all healthcare facilities in "Dim_Facility" 
table so as to analyze the facilities. ‘FacilityID’ serves as the primary key of the “Dim_Facility” table, 
which is the unique ID that is provided for each facility and it includes all other information related to 
the facility. In the “Dim_Facility” table, there are many attributes such as ‘Facility_Name’, ‘Ad-
dress_ID’, ‘Facility_Type’, ‘Number_of_Floors’, ‘Indoor_Area’, ‘Number_of_Beds’, ‘Num-
ber_of_Emergency_Beds’, ‘Care_Level’, ‘Building_Ownership’, ‘Establishment_Year’, ‘Danger 
Zone’ and ‘Service_Status’ that identifies healthcare facilities separately. The “Dim_Facility” table is 
also referencing to “Dim_Address” table which stores specific data of related facilities such as address 
name, district name, city name, seismic zone, population, etc. 

“Fact_Facility_Negative_Parameter_Evaluation” represents a part of assessment results and it is directly 
related to principles published by Ministry of Environment and Urbanization. ‘Facility_ID’, ‘Date_ID’, 
‘Auditor_ID’, ‘Negative_Parameter_ID’ and ‘Negative_Parameter_Value’ are primary keys of the fact 
table.   It has many to one relationship to two dimension tables; “Dim_Negative_Parameters” and 
“Dim_Negative_Parameter_Value” dimensions.  These two dimensions store various assessment 
measures and possible values for each parameter that are published by Ministry of Environment and 
Urbanization. It also refers to ‘Dim_Date’, ‘Dim_Auditor’ and ‘Dim_Facility’ dimension tables in order 
to answer of the following questions such as ‘When did the assessment occurred for each facility?’, 
‘Who did assess for each facility?’ and ‘Which buildings were assessed?’. Therefore, “Fact_Facil-
ity_Negative_Parameter_Evaluation” table is an assessment table in which each result is related to a 
specific facility. Moreover, the fact here is negative parameter score by date, by auditor, by negative 
parameter and by negative parameter value. 

The second fact is “Fact_Risk_Assessment” table. ‘Facility_ID’, ‘Date_ID’ and ‘Auditor_ID’ are pri-
mary keys of the fact table. It is connected to three dimension tables; “Dim_Date”, “Dim_Auditor” and 
“Dim_Facility”.  The fact table depicts the assessment scores which would gather all related earthquake 
risk assessment parameters of healthcare facilities by facility, by date and by auditor. It may be possible 
not only to obtain total risk assessment scores of the healthcare facilities, but also to carry out wide range 
of analyzes on related data in the model by using business intelligence, data mining, integration tech-
niques and various queries.    

3.3. Sample Queries 

This section includes sample queries that would run on the proposed data warehouse. Sample queries 
are presented in Queries 1-5. These queries illustrate how simple extracting statistical information from 
the proposed data warehouse model is. The sample queries can be performed for various decision pro-
cesses and they are correspondingly extendable. 

a) How is the distribution of healthcare facilities which are in the first-degree seismic zone according to 
the risk assessment score countrywide? 
This query combines data from buildings where in the most dangerous areas of the country. The query 
is significant for having statistical data analysis based on facility, city and district. 
b) How is the distribution of the health facilities in İstanbul according to the risk assessment score in the 
last ten years? 
This query can be used to extract assessment score of buildings where in selected city and selected time 
period. Even if the query seems to have complexity, it is easy to express by performing five join opera-
tions in the fact constellation schema.   
c) How many people will not be able to benefited from the healthcare facility which has the highest risk 
assessment score if it is damaged by an earthquake in the district? 
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In this query, a possible situation based on a scenario is considered. The query mentions the possible 
threat if the building which has the highest risk score cannot be used owing to an earthquake by showing 
affected population. 
d) How is the distribution of attached and rented healthcare facilities which are in the first-degree seis-
mic zone according to negative parameter score? 
Earthquake threat may be higher for attached buildings in the most dangerous zone. Therefore, in this 
query, it is aimed to obtain assessment scores ordered by negative parameter scores and grouped by 
facility name. 
e) What is the average number of risk assessment scores changes for number of floors of healthcare 
facilities countrywide? 
This query considers the average risk assessment scores grouped by number of floors. It has an im-
portance for having a general idea about the relationship between number of floors and risk level of the 
buildings. This query is thought as significant from the point of prioritizing risky buildings.  

 
Figure 2 Proposed Fact Constellation Schema 
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Query 1 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 

SELECT Facility_Name AS 'Facility Name', City_Name AS 'City', 
District_Name AS 'District', Total_Score 'Risk Assessment Score' FROM 
Fact_Risk_Assessment  
INNER JOIN Dim_Facility ON 
Fact_Risk_Assessment.Facility_ID=Dim_Facility.Facility_ID 
INNER JOIN Dim_Address ON 
Dim_Facility.Address_ID=Dim_Address.Address_ID 
INNER JOIN Dim_District ON 
Dim_Address.District_ID=Dim_District.District_ID 
INNER JOIN Dim_City ON Dim_District.City_ID=Dim_City.City_ID  
WHERE Seismic_Zone=1 ORDER BY Total_Score DESC 

 
Query 2 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

SELECT Facility_Name AS 'Facility Name', Total_Score AS 'Risk 
Assessment Score' FROM Fact_Risk_Assessment  
INNER JOIN Dim_Facility ON 
Fact_Risk_Assessment.Facility_ID=Dim_Facility.Facility_ID 
INNER JOIN Dim_Date ON Dim_Date.Date_ID=Fact_Risk_Assessment.Date_ID 
INNER JOIN Dim_Address ON 
Dim_Facility.Address_ID=Dim_Address.Address_ID 
INNER JOIN Dim_District ON 
Dim_Address.District_ID=Dim_District.District_ID 
INNER JOIN Dim_City ON Dim_District.City_ID=Dim_City.City_ID  
WHERE City_Name='İstanbul' and Year BETWEEN 2010 AND 2020 
ORDER BY Total_Score DESC 

 
Query 3 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 

SELECT  Facility_Name AS 'Facility Name', District_Population AS 
'Population' FROM Dim_City 
INNER JOIN Dim_District ON Dim_District.City_ID=Dim_City.City_ID  
INNER JOIN Dim_Address ON 
Dim_Address.District_ID=Dim_District.District_ID 
INNER JOIN Dim_Facility ON 
Dim_Facility.Address_ID=Dim_Address.Address_ID 
INNER JOIN Fact_Risk_Assessment ON 
Fact_Risk_Assessment.Facility_ID=Dim_Facility.Facility_ID 
WHERE  Total_Score=(SELECT MAX(Total_Score) FROM 
Fact_Risk_Assessment) 

 
Query 4 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 

SELECT Facility_Name AS 'Facility Name', City_Name, 
SUM(Negative_Parameter_Score) AS 'Score' FROM 
Fact_Facility_Negative_Parameter_Evaluation  
INNER JOIN Dim_Facility ON 
Dim_Facility.Facility_ID=Fact_Facility_Negative_Parameter_Evaluation.F
acility_ID 
INNER JOIN Dim_Address ON 
Dim_Address.Address_ID=Dim_Facility.Address_ID 
INNER JOIN Dim_District ON 
Dim_District.District_ID=Dim_Address.District_ID 
INNER JOIN Dim_City ON Dim_City.City_ID=Dim_District.City_ID 
WHERE Seismic_Zone=1 and Building_Ownership='Rent' and 
Negative_Parameter_Value_ID BETWEEN 7 AND 10 
GROUP BY(Facility_Name) ORDER BY SUM(Negative_Parameter_Score) ASC 
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Query 5 
1 
2 
3 
4 
5 

SELECT Number_of_Floors AS 'Floor', AVG(Total_Score) 'Risk Assessment Score' 
FROM Dim_Facility  
INNER JOIN Fact_Risk_Assessment ON 
Fact_Risk_Assessment.Facility_ID=Dim_Facility.Facility_ID 
GROUP BY Number_of_Floors ORDER BY AVG(Total_Score) DESC 

4. Conclusion 

Earthquake is the fact of life. However, it is known that most of Turkey’s cities are considered at mod-
erate or high risk of a major earthquake. With the country becoming ever more urbanized, risk reduction 
for earthquake is getting a significant long-term problem especially for public authorities who are re-
sponsible for taking precautions for the risks of earthquakes. In case of a major earthquake, it is more 
important for healthcare facilities to survive among public buildings. Previous studies highlight that 
prioritization should be paid to healthcare facilities. For this reason, there is an urgent need for a com-
prehensive and systematic assessment of healthcare facilities.  In this regard, this study proposes a data 
warehouse model for assessing risk levels of healthcare buildings in terms of earthquake. 

The data warehouse was proposed by taking legislation for risky buildings published by Turkish Envi-
ronment and Urban Ministry into account. The fact constellation schema model and a multi-dimensional 
data modeling approach are utilized in the proposed data warehouse. A set of queries were used to 
illustrate the simplicity of extracting information from the proposed data warehouse. The proposed data 
warehouse involves an informational database whose data can be extracted from existing operational 
databases. As far as we know, this study is a first attempt to design a data warehouse for earthquake risk 
assessment of buildings. It serves a valuable reference for future research in the development of the fact 
constellation schema for similar purposes. The proposed data warehouse also allows decision makers 
and policy makers to have more control on the buildings’ structural status and risk level in advance. 

This paper can be extended in several directions in future research. First, the proposed data warehouse 
was not implemented, and its performance was not evaluated. In this manner, future research work can 
focus on the implementation of the proposed design with real data from healthcare facilities. Thus, it 
can be put into practice and it is possible to compare its performance with a conventional database. 
Further, it may be useful to adapt the proposed solution to buildings in other domains. Finally, further 
research might extend the proposed data warehouse design to make it fully compatible with the legisla-
tions from different countries.  
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