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a b s t r a c t
To date, the models developed for assessing the vulnerability of societies have only taken account of the
economic problems in the societies. Offering a model based on analytical hierarchy process and failure
mode and effect analysis logic, the current study aims to determine the factors inﬂuencing the vulnerability of a higher education center and ﬁnally deﬁnes a vulnerability index. This model divides the factors
inﬂuencing vulnerability into three categories: (1) the structure and layout of the buildings, (2) the occupants’ characteristics, (3) the controlling and warning systems. The academy community center of Science and Research Branch was assessed in terms of vulnerability. The ﬁndings indicated that the
vulnerability value relating to various sections and university buildings was higher than the acceptable
level which entailed the due attention of educational managers. The ﬁndings showed that if some parts
of the educational and administrative buildings were used for laboratory as well as for the storage of hazardous and ﬂammable materials, then the vulnerability value will be increased to 200. This highlights the
impact that the type of buildings application has on the level of vulnerability. The study has been performed in the Science and Research Branch as an educational center in Tehran during 2009–2010.
Ó 2011 Elsevier Ltd. All rights reserved.

1. Introduction
Historically, Iran has suffered from many damages emanating
from natural disasters. Given the increasing pace of population
expansion and the lack of facilities development, the damages due
to natural disasters have intensiﬁed in consequences. On the other
hand, the deterioration of damages due to natural disasters moves
abreast with those resulting from economic problems in societies
(Wei et al., 2004). The relationship between human activities and
the effects of disaster (the socio-economical dimensions of vulnerability) was extensively discussed and studied in the 70s and the
early 80s (Hewitt, 1983). In the context of disaster, the concept of
vulnerability was ﬁrst used by OKeefe et al. (1976). One of the
widely-used deﬁnitions of vulnerability is as follows: the degree
to which different classes of society are differentially at risk. As implied by the deﬁnition, there is a focus on the theories of economics.
In the early 90s, two signiﬁcant conceptual models of disaster management development were developed for purpose of clarifying
‘‘vulnerability’’: (1) capacities and vulnerabilities analysis (CVA by
Anderson (1995)), (2) pressure and release. The concept of vulnerability was described as the degree to which one is resistant against
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disaster in various areas with different economical speciﬁcations.
The analysis of the vulnerability is aimed at pinpointing the due
activities which can decrease the vulnerability of a society before
being inﬂicted by devastating events. This helps the authorities to
take effective measures to improve the conditions of society when
a disaster occurs. This study maintains that in order to analyze the
vulnerability, the traditional models consider these indices to be
based on the frequency of crises, the damages inﬂicted by the crises,
the population in different areas and their economic problems. Augmenting these parameters, one can obtain a combined index on vulnerability in a speciﬁc area. Analytical hierarchy process (AHP) can
be used in order to measure the weight of index (Wei et al., 2004;
Irasema, 2002). Nouri et al. (2010) discussed the application of conceptual models and AHP for evaluating risk purpose (Nouri et al.,
2010). Markin and Winder (2008) maintained that three parameters
namely human, physical work environment and management inﬂuence the risk. The failure of these parameters will result in the increased level of vulnerability (Markin and Winder, 2008). Sime
(1991) touched on the impact activity type, residents’ characteristics and environment has on the vulnerability value (Sime, 1991).
The same study concludes that the analysis of vulnerability is considered as one of the most important steps in the process of assessment and control of the impacts crises have. This was also accessible
by a study conducted by (Hellstorm, 2007). The same author discussed the response time and evacuation time in 2001, proposing
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that evacuation time can be divided into two categories of response
time, evacuation time and pre-evacuation time which cannot be calculated beforehand. On the other hand, pre-evacuation time is inﬂuenced by various factors (Sime, 2004). Kobes et al. (2010) has
summarized the factors contributing to the building safety and people behaviors at the time of ﬁre break-out into three categories: 1type of building 2-the people characteristics, 3-the type of ﬁre. He
demonstrated that the factors and conditions created these three
categories inﬂuence the evacuation time, building vulnerability
and ﬁnally the ﬁre break-out risk buildings face (Kobes et al.,
2010). Discussing the evacuation time in a educational center,
Wong and Cheung (2006) concludes that factors such as the exit
doors location, the aisles width and number of students in the
center inﬂuence the evacuation time (Wong and Cheung, 2006).
Martinelli et al. (2008) and Vafaeinezhad et al. (2010) deﬁnes the
vulnerability value of a building against earthquake in terms of
the type of land structure, building structure and the characteristics
of building occupants such as age, gender and their abilities
(Martinelli et al., 2008; Vafaeinezhad et al., 2010). Chu and Jinhua
Sun (2008) illustrated the assessment of ﬁre risk assessment in
buildings in terms of even tree, with factors such as ﬁre detection
equipment, ﬁre auto-extinguisher systems and manual extinguisher systems considered as important determinants (Chu and
Jinhua Sun, 2008). Drawing on UN strategy of disaster amelioration,
UNISDR deﬁnes vulnerability in terms of physical, social and economic factors, as well as environmental factors, which increase
the extent to which a society is inﬂuenced by hazards (UN/ISDR,
2004). Wisner (2002) considers vulnerability as an intrinsic characteristic of system. However, the analysis of critical system looks at
vulnerability as a risk characteristic, such as intensity and probability (Wisner, 2002). A study conducted by Colombia University in
2003 considers risk as a function of probability and intensity, deﬁning risk in the context of disaster management as a function of vulnerability and probability. Since the risk cannot be controlled to full
extent, great importance should be attached to discussions on vulnerability (Cardona, 2003). Vulnerability determines the extent to
which a society is well-prepared in terms of the approach it takes
to a risk (El Harbawi et al., 2008). Analyzing the vulnerability, one
can determine whether the risk level is acceptable or not. On the
other hand, in the context of disaster management, the extent of
vulnerability should be taken into account so as to ameliorate the
damages inﬂicted by disasters (Birkmann, 2007; Smit and Wandel,
2006). According to Tansel (1995) and Johnston (2004), vulnerability assessment can be described as a useful tool for controlling the
damages as well for improving the safety level of a society (Tansel,
1995; Johnston, 2004). Educational center, where a number of people can potentially contribute in creating of disaster with their
inconsiderate actions is expanding. The multiple laboratories and
stock warehouses, as well as the centers where people gather in
large numbers can potentially facing various crises (Nouri et al.,
2010). Educational centers are of the most important society centers
in crisis management. Although there is a lot of installed safety systems in the educational center units such as: laboratories, libraries
and stock warehouses but still many accidents are frequently reported from those areas. They have potential to cause serious injury
to personnel, major damage to equipment, structure, scientiﬁc and
invaluable documents and disruption of educational operation. The
past few decades have been witnessed major accidents along with a
number of fatalities, economic losses and damage to the invaluable
documents in educational center (Wong and Cheung, 2006). Fire in
the library of Faculty of Law in University of Tehran in 1995 burned
the invaluable historical documents. Explosion in biochemistry laboratory in Tarbiat Modarres University, Tehran Iran, 1996 resulted
in death of a person and loss of many laboratory equipments. This
study aims to offer a conceptual model and intended to determine
the factors inﬂuencing the vulnerability that an educational center

experiences in various crises. Eakin and Luers (2006) studied the
assessment of vulnerability in socio-environmental systems, comparing and combining various approaches taken for evaluating the
degree to which societies are vulnerable to climatic and environmental variations. The same study concludes that it is necessary
to assess the vulnerability when crises occur so that an effective
decision can be taken (Luers and Ekin, 2006).
This study has been performed in the Science and Research
Branch of IA University in Tehran during 2009–2010.
2. Methodology
This study used questionnaire to collect data on the factors
inﬂuencing the level of vulnerability and the degree to which educational centers are well-prepared to cope with disaster. The factors inﬂuencing vulnerability were divided into three categories:
(1) factors relating to building layout and building structure, (2)
the degree to which building occupants know of probable crises,
as well as appropriate reactions against crises in academy community centers, (3) the availability of detection and control devices
which are required to manage the disaster. The factors inﬂuencing
vulnerability value described in Fig. 1.
Then, the experts were consulted to derive the factors inﬂuencing each parameter. The resulting factors were weighted against
the questionnaire and the data given by the experts. Finally, the
factors weight was determined and ranked, using analytical hierarchy process. The algorithm was used in this study is illustrated in
eight steps. The procedure is as follows:
Step 1: Developing a questionnaire based on the factors contributing to vulnerability.
Step 2: Determining the weight of each factor by the experts.
The questionnaires were mailed to three experts who were
requested to assign a weight ranging from 1 to 10.
Step 3: Determining paired matrices as well as the weights of
the indices based on AHP. The paired matrices for building,
occupants, and controlling equipment are 66, 55 and 77,
respectively. Table 1 shows the results which are the weights
of inﬂuential factors in each section (Saaty, 1980). Table 1
shows the inﬂuential factors and their estimated in the parameter. Given the weights estimated for each parameter well as
the conditions of the Science and Research Complex.
Step 4: The value of IR index was calculated for each matrix
which was less than 0.1. Thus, the matrices can be said to be
consistent.
Step 5: The weighs of inﬂuential weights are added up in order
to determine the weight of the main indices. The Eqs. (1)–(3)
were used to calculate the score:

C ¼ 10
S ¼ 10
P ¼ 10

7
X
i¼1
6
X
i¼1
6
X

W iðCÞ

ð1Þ

W iðsÞ

ð2Þ

W iðpÞ

ð3Þ

i¼1

Vulnerability value

Building layout and
building structure

Occupants’ characteristics
and knowledge

Fig. 1. The factors inﬂuencing vulnerability.

Detection and
control devices
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Table 1
Factors inﬂuencing the vulnerability parameters and their weight.
Parameter

Inﬂuential factors

Indices weight (wi)

Disaster control and detection equipment (C)

Fire extinguishing equipment
Fire detection equipment
Chemicals leakage detection equipment
Disaster warning equipment
Equipment for communication with rescue and relief organizations
Exit signs and highlighted escape paths

0.284
0.171
0.153
0.185
0.076
0.131
1

Occupants’ age and physical capability
Training occupants on disaster and ﬁre extinguishing
Arranging evacuation practical exercises
The volume of people belongings in the buildings
Access to people specializing in ﬁre ﬁghting

0.151
0.204
0.105
0.302
0.238
1

The situation of exit doors and evacuation line
Building proximity to fault line and its location on the ﬂood route
The existence of inﬂammable, explosive materials in the building
The type of raw materials and internal equipment
The money value of equipment and the facilities in the building
The existence of gathering venues (auditorium, praying rooms)
The layout of building and the access to a safe place in the surrounding area

0.061
0.216
0.325
0.066
0.147
0.122
0.630
1

Total
Occupants’ characteristics and knowledge (P)

Total
Building speciﬁcations and layout (S)

Total

Step 6: The procedure below was followed to combine the
results derived from AHP section with FMEA logic. Here, a score
ranging from 1 to 10 was assigned to the weights.
 If the sum of weights of each factor is less than or equal to
0.1, the factor will be given a score of 1.
 If the sum of weights of each factor is greater than 0.1, less
than or equal to 0.2, the factor will be given a score of 2.
 If the sum of weights of each factor is greater than 0.2, less
than or equal to 0.3, the factor will be given a score of 3.
 If the sum of weights of each factor is greater than 0.3, less
than or equal to 0.4, the factor will be given a score of 4.
 If the sum of weights of each factor is greater than 0.4, less
than or equal to 0.5, the factor will be given a score of 5.
 If the sum of weights of each factor is greater than 0.5, less
than or equal to 0.6, the factor will be given a score of 6.
 If the sum of weights of each factor is greater than 0.6, less
than or equal to 0.7, the factor will be given a score of 7.
 If the sum of weights of each factor is greater than 0.7, less
than or equal to 0.8, the factor will be given a score of 8.
 If the sum of weights of each factor is greater than 0.8, less
than or equal to 0.9, the factor will be given a score of 9.
 If the sum of weights of each factor is greater than 0.9, the
factor will be given a score of 10.
Step 7: Given the results derived from step 6 and drawing on Eq.
(4), the weights of building, occupants’ characteristics, and controlling equipment are multiplied. This yields the V.V. index.

relevant ﬁlled-out checklist. Then a questionnaire was administered to tap the knowledge, belief and performance of the university occupants who were divided and assessed into three
categories of professors, students and employees (staff). 1234 subjects were randomly selected. Given the obtained results and
drawing on the method offered in this study, the weight of each index was estimated. Finally the vulnerability value was calculated
followed by decision-making regarding whether these scores are
acceptable or not. The subjectivity which inﬂuences the quality
of evaluation is considered as one of the main bottlenecks in the
process of vulnerability evaluation. This method can make up for
this shortcoming, limiting the subjective contributions to evaluation. Consequently, it offers an accurate evaluation in educational
contexts. A great concern in vulnerability assessment is the potential impact of the personal judgment and attitudes of the assessor
which results in various assessments of a single vulnerability value. In this article, attempts are made to determine the potential
degree of inﬂuence of each parameter underlying the vulnerability
utilizing the AHP method as an original and pioneering application
at this stage of the study of vulnerability assessment. Also, the proposed model may pave the way for reducing the contaminating effect of assessor’s personal judgments and enhance consistency of
assessment of the factors inﬂuencing vulnerability in educational
centers by various individuals.

V:V ¼ S  P  C

Having a student population of 20,000, the Science and Research Complex located in northern part of Tehran was studied.
Sitting on the Moradabad and Farahzad ﬂood basin, this Center is
situated along a fault in north eastern part of Tehran. Fig. 2 shows
the Science and Research Branch location.
The complex is comprised of seven buildings, three of which are
used for educational purposes, covering classrooms, libraries and
administrative sections. The remaining four buildings are allocated
to academic affairs and laboratories. The heating system is comprised of a central heating system and the cooling system is comprised of absorbing chillers. The buildings in which administrative
and educational affairs are run are comprised of the classrooms in
various dimensions and capacities. These buildings are different in
terms of ﬂoor number and the area. Basic Science building in which
most science majors and some technical and environmental majors

ð4Þ

where V.V. is the Vulnerability value, S the building layout and
structure score, Pbuilding occupants score, and C disaster detection and controlling equipment score.
Step 8: The V.V. index less than or equal to 100 counts as an
acceptable score. The V.V. scores greater than 100 counts as
unacceptable score, entailing the corrective and control
measures.
In the next step (in case study), the conceptual model of vulnerability value assessment was administered in one of the largest
educational center afﬁliated to the Islamic Azad University of
Science and Research Branch in Tehran. The checklist was used
as the main data collection instrument. Each parameter weight
was estimated using the assessment method, as well as the

3. Results
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Fig. 2. Science and Research Branch location.

Table 2
Occupants’ characteristics and knowledge regarding the disaster.
Occupants’ criteria

Buildings
School of
Humanities

S*
Age/physical suitable
Fire ﬁghting training
Practical training for evacuation and disaster (maneuver)
Personal belongings in building
People trained in ﬁre ﬁghting

US**

⁄
⁄
⁄
⁄
⁄

School of
Basic
Science
S

US

⁄
⁄

S

US

⁄
⁄
⁄

⁄

School of
Management

⁄
⁄
⁄
⁄

Laboratory
#1 Building

S

US

⁄
⁄

Complex
Building
Laboratory
S

⁄
⁄
⁄

US

⁄
⁄

S

US

⁄
⁄
⁄

⁄

Plasma and
Physics
Laboratory
Building

Metallurgy
Laboratory
Building
S

US

⁄
⁄
⁄
⁄
⁄

⁄
⁄
⁄
⁄

*

S: Suitable: young/occupants’ ﬁre ﬁghting training program/practical training exercises/lack of personal belongings in building (major document/lab-tap/child room)/
access to people trained in ﬁre ﬁghting.
**
US: Unsuitable: elder/lack of occupants’ ﬁre ﬁghting training program/lack of practical training exercises/personal belongings in building (major document/lab-tap/child
room)/no access to people trained in ﬁre ﬁghting.

are taught has been built in six ﬂoors and humanities building in
which most humanities majors are taught has been built in seven
ﬂoors. Management building in which management and economics majors are taught has been built in two ﬂoors. All the buildings
are equipped with an auditorium the biggest of which is located on
the 6th ﬂoor of Basic Science School. The laboratory and workshop
complex is comprised of four buildings one of which houses the
chemistry, agricultural, biochemistry and physics laboratories in
two ﬂoors. The Plasma Physics Laboratory building with four ﬂoors

is also used for educational and administrative affairs, though most
sections are used for plasma physics and nuclear experiments.
Metallurgy workshop is mainly used for hydraulic, welding, foundry and machinery work. There is a 4-ﬂoor building in laboratory
complex. The ﬂoors 2, 3, 4 are applied for administrative and educational affairs purposes covering technical vocational ﬁelds. The
ﬁrst ﬂoor houses the electronics and electricity laboratories, as
well as computer site. The checklist was used to investigate the level of vulnerability. Table 2 shows the occupant checklist and the
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Table 3
Building speciﬁcations and the layout of the Science and Research Complex.
Building criteria

Buildings

The situation of exit doors and evacuation line
Building proximity to fault line and its location on the ﬂood route
The existence of inﬂammable, explosive materials in the building
The type of raw materials and internal equipment
The money value of equipment and the facilities in the building
The existence of gathering venues (auditorium, Mosque)
The layout of building and the access to a safe place in the surrounding
area

School of
Humanities

School
of
Basic
Science

School of
Management

Laboratory
1 Building

Complex
Building
Laboratory

Plasma
and
Physics
Laboratory
Building

Metallurgy
Laboratory
Building

S*

S

S

S

S

S

S

US**
⁄
⁄

US
⁄
⁄
⁄

⁄
⁄
⁄

⁄

⁄

⁄
⁄
⁄

⁄

⁄

US

US

⁄
⁄
⁄
⁄

⁄
⁄
⁄

⁄
⁄
⁄

US
⁄
⁄

⁄

⁄
⁄
⁄
⁄
⁄

US
⁄
⁄
⁄
⁄
⁄
⁄
⁄

⁄
⁄

US
⁄
⁄
⁄
⁄

⁄
⁄
⁄

*

S: suitable/suitable width of stairs/the suitable arrangement of equipment/the low value price of equipment/the lack of gathering venues/access to a safe place.
US: unsuitable/narrow staircase/door facing inward/the unsuitable arrangement of equipment/the high money value of equipment/the existence of gatherings venues/no
safe place.
**

Table 4
Disaster detection and control equipment in buildings.
Control criteria

Buildings

Fire ﬁghting devices
Fire detector devices
Chemical leakage detector devices
Alarm devices
Communication with rescue organization
Warning signs

School of
Humanities

School of
Basic
Science

S*

S

US**

⁄
⁄
⁄

US

⁄
⁄

⁄

S

US

⁄
⁄
⁄

⁄
⁄
⁄

⁄
⁄

School of
Management

Laboratory 1
Building
S

⁄

S

US

⁄
⁄
⁄
⁄
⁄

⁄
⁄

⁄

US

⁄
⁄

Complex
Building
Laboratory

⁄

Physics
Laboratory
Building
S

⁄
⁄
⁄
⁄

US

⁄
⁄

Metallurgy
Laboratory
Building
S

⁄
⁄
⁄
⁄

US

⁄
⁄
⁄
⁄
⁄
⁄

*

S: availability of ﬁre extinguisher/availability of automatic ﬁre extinguisher/the availability of chemicals leakage detector devices/availability of alarm/access to intranet
system and communication with rescue organization/availability of warning signs.
**
Us: the lack of ﬁre extinguisher/lack of ﬁre detectors/lack of chemicals detectors/lack of alarm/lack of intranet system for communication with rescue organization/lack of
warning signs.

resulting data. Table 3 shows the resulting data on building layout
and Table 4 shows the resulting data on disaster detection and control equipment.
Fig. 3 shows the resulting data on people’s knowledge level, belief and performance, making it clear that most occupant of the
university lack unacceptable level of score with most people having little knowledge in this regard. The occupants of buildings, in
which environmental science, civil engineering, mechanical engineering and architectural major are taught, enjoy a higher level
of knowledge and conﬁdence than those of other occupants of
buildings. Fig. 3 shows the average score obtained by occupants
of the university. As the table shows, the employees gaining a score

80
70
60
50
40
30
20
10
0

Score <10
Score10_12
Score >12

67
59

44
31

25

29
20
12

professor

less than 10 outnumber other people in the university, implying
the insufﬁcient knowledge the university employees have of disaster. In sum, the results show that most occupants of the university
lack the sufﬁcient knowledge regarding disaster.
Table 5 shows the results of study on the different parameter of
vulnerability value based on the model offered in the IA University
Science and Research Branch. As the table shows, Plasma Physics
Laboratory has the highest indicator of vulnerability due to the
storage of explosives and hazardous materials as well as the
unsuitable layout of Plasma and Physics Laboratory building followed by Complex Laboratory, Metallurgy Laboratory and Basic
Science buildings respectively, due to the existing inﬂammable
and explosive materials, as well as the gathering venues in the
buildings.
Fig. 4 shows the results of vulnerability level based on the model offered. As the ﬁgure shows, Plasma Physics laboratory building
has the highest level of index followed by Metallurgy Laboratory
building and Laboratories Complex building.

student

4. Discussion

13

employee

Fig. 3. The average score of occupants’ knowledge, attitude and practice in disaster
situation.

Evaluating the vulnerability in security sector, Johnston (2004)
maintains that characteristics of people and residents exposed to
risk account for the main factor inﬂuencing the vulnerability. This
study uses checklist to estimate the level of vulnerability by examining the areas. This is similar to the method used in current study
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Table 5
Measurement of different parameter of vulnerability based on the model offered in the proposed Campus.
Index

Building layout/equipment
Resident (knowledge,
individual characteristics)
Control and detection
equipment

Buildings
School of
Humanities

School of
Basic Science

School of
Management

Laboratory 1
Building

Complex Building
Laboratory

Plasma and Physics
Laboratory Building

Metallurgy
Laboratory
Building

4
9

8
5

4
9

7
5

9
5

10
9

8
9

3

5

3

5

5

5

5

Fig. 4. Results of vulnerability number based on the model offered.

in that the characteristics of people in society are taken as an
important parameter inﬂuencing the level of vulnerability. People
mobility in time of disaster and evacuation time following a ﬁre
break-out count as another parameter inﬂuence the level of vulnerability. This parameter, in turn, is inﬂuenced by different factors, the most important of which is the volume of properties
and assets in the affected building (Kobes et al., 2010). Present
study has also taken account of the same parameter namely volume of properties and assets as an important factor inﬂuencing
vulnerability of educational centers. Offering a model on the basis
of a set of factors inﬂuencing the layout and structure of buildings
which have been included in the present study, Martinelli et al.
(2008) as well as Schonwiese et al. (2003) and Emanuel (2005)
estimated vulnerability on the basis of economic problems in a
society whereas the present study maintains that vulnerability is
inﬂuenced by factors beyond the economic domain, dealing with
other factors as well (Schonwiese et al., 2003; Emanuel, 2005;
Martinelli et al., 2008). Chow (2003) proposed that the new buildings layout needs to be designed in such a way that the time
needed for evacuation buildings is reduced. This, in turn, reduces
the vulnerability (Chow, 2003). However, if the vulnerability were
assessed based only on economy parameters according to
Martinelli et al. (2008), in the case of School of Management and
Basic Science the vulnerability value of these two Schools would
have been higher than the acceptable value. While, in reality the
vulnerability value in both Schools were less than acceptable value.
Thus, the obtained results by the model offered in this study were
found more accurate than those obtained by the model offered by
Martinelli et al. (2008).

5. Conclusion
The assessment model offered in this study proved to satisfactorily assess the vulnerability of an educational center. Given
highly motivated employees in academy community centers, the
society can encourage them to participate in training course on
disaster management, hence promoting the society preparation
when a disaster occurs. The ﬁndings indicate that many

parameters, including building structure, people and detection
and control devices inﬂuence the vulnerability of buildings. The
building where expensive hazardous materials and equipment
are kept can have a higher vulnerability value. Building used for
educational purposes, where there is no hazardous material, is
subject to less vulnerability. If the same buildings are equipped
with laboratory and warehouse, the vulnerability will increase.
The laboratories in which the employees are trained in the ﬁelds
of disaster management and ﬁre extinguishing, will experience a
reduced probability of vulnerability.
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