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Background: Hospitals are highly vulnerable to fire because of the presence of vulnerable
people (patients, medical staff, and visitors), expensive equipment, and the ignorance and lowrisk perception of occupants. Injuries caused by fire can result in life and financial losses and
can disrupt the performance of a hospital. Fire risk assessment is an effective way to assess
vulnerability, capacity, and capability. This study aims to evaluate the risk of fire and identify
the effective factors and their contribution to a hospital.
Materials and Methods: This cross-sectional study was conducted using the Fire Risk
Assessment Method for Engineering (FRAME) in the equipment room of a hospital in Qazvin,
Iran. The fire risk was first calculated by using the related formulas in Excel software. Then,
the influential factors and their contribution to the overall risk were determined to perform
corrective measures for reducing the risk.
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Results: The numerical value of risk for the building and its contents, occupants, and activities
were 2.075, 3.315, and 2.481, respectively (>1), indicating its unacceptable level. Factors
affecting the potential risk level for the building and its content and occupants were fire load,
venting, and access. Regarding the acceptable risk level, the activation factor was identified as
an influential factor in all domains. The highest contribution in the potential risk level for the
building and its content and occupants was related to the fire load factor (1.6). In the acceptable
risk level, the highest contribution was related to the activation factor (0.4).
Conclusion: The FRAME method can also identify effective factors and their contribution
to the overall fire risk of medical centers such as hospitals to help develop plans and special
measures to reduce the risk.

* Corresponding Author:
Vida Zaroushani
Address: Department of Occupational Health, School of Public Health, Qazvin University of Medical Sciences, Qazvin, Iran.
E-mail: v.zaroushani@qums.ac.ir

115

January 2021, Volume 6, Number 2

F

1. Introduction

ire is defined as the rapid oxidation of materials at high temperatures with the production of heated gaseous products and the
emission of visible and invisible radiation.
Fires in residential and commercial buildings, hospitals, and small and large industries cause a
great deal of human, financial, and environmental damage annually [1, 2]. According to reports, half of the
casualties due to fires occur in buildings [3]. Examination of past fires reveals that large fires usually occur for
the first time without a tangible prognosis [4]. Among
public buildings, health care facilities, especially hospitals, are undoubtedly the places that are often controlled
by national laws and regulations. Given that the public
believes that the government is responsible for caring
for patients, hospitals’ safety is becoming more critical
and classified as sensitive and vital. According to data
from the National Fire Protection Association (NFPA)
survey in 2005, an average of more than 8000 fires occurs worldwide each year [5-7]. In hospitals, the use of
renewable energy and flammable materials and the presence of hospitalized patients and those who refer to such
places with physical and mobility limitations raise the
need to pay serious attention to fire safety in these centers [8]. Since fire accidents in hospitals are usually associated with severe damage and mortality due to their
relatively high vulnerability and low ability of residents
[9], fire safety has become one of the biggest challenges
facing designers and users [10].
National and international studies have been conducted
to investigate the safety status of hospitals. In Mirzaei
et al. study, hospitals in Ilam City, Iran, were reported
to be at category B in terms of safety, indicating moderate resilience and the need for necessary measures in a
short time to reduce the damages [11]. The safety level
of hospitals affiliated to the Social Security Organization
in Tehran in the Lari et al. study was in category C, indicating poor resilience and the need for immediate actions to protect the lives of patients and staff [12]. In examining the disaster preparedness of Virginia hospitals,
Kimberley et al., suggested replacing existing equipment with higher-safety types [13]. The World Health
Organization, in a report on the protection of hospitals
in disasters, pointed out that, due to the presence of vulnerable and disabled people in hospitals and the provision of hospital services 24 hours a day on weekdays,
these places are not quickly evacuated during accidents
[14]. This issue shows the importance of hospitals as the
main foundation of the health system in the risk response
phase, which must be safe and resistant during accidents
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[15]. The protection of human life and the human environment should be considered as a necessity in macronational and urban planning decisions [16].
Studies show that by implementing safety principles,
75% of fires can be predicted and prevented [17]. Choosing an appropriate fire safety engineering design is possible only after risk assessment [18]. The purpose of
risk assessment is to evaluate the current situation and
better understand the risks, leading to the classification
and prioritization of identified risks [19]. The Fire Risk
Assessment Method for Engineering (FRAME) is one
of the most comprehensive, practical, and transparent
computational methods for assessing fire risk in buildings [7], covering various aspects of fire such as building
function, fire load, fire separation, and fire extinguishing systems. Using the FRAME method, the risk of the
building can be objectively calculated [20]. FRAME
was adapted from a method proposed by Swiss engineer
Max Gretener in 1970 and developed by Eric De Smet.
Mahdinia et al. assessed its validity for Iranian samples
[21]. The validity of the FRAME method has been tested
in real case studies in various ways, including consistency with the safety assessment results of some buildings
performed by experts and the similarity of the influencing factors between FRAME and international fire regulations [22]. Other benefits of FRAME are the ability to
be implemented in a short time, quantifiability of risk
assessment, ability to evaluate the current status to assess the risk level before any remedial action to improve
and estimate the amount of damage [23-25]. In Shirali
et al. study, computational packages were prepared and
calculated in Excel software for the risk of building and
its equipment, residents, and activities separately in the
control room of the power plant. Because of the high value of risks for residents, preventive measures were taken
to reduce the level of risk using the FRAME method
[26]. Sayyadi et al., in fire risk assessment of the hospital buildings in Kashan City, Iran, based on the FRAME
method, found that the hospitals’ fire risk level was high
so that a fire could cause uncontrollable damages [7].
According to the 2001 Edition of NFPA Standard 805,
fire fighting strategy should be based on the timely detection and extinguishing of fires, providing a specific
degree of fire protection for the building, and fire prevention by systematic management of combustible materials and fire sources [19, 20]. By FRAME, analysis of the
results obtained from the above factors can provide appropriate solutions to deal with fire in buildings or design
of buildings under construction. Determination of the
fire risk of power plants and implementation of control
methods and preventive measures need financial costs.
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The identification of risk factors and their share in the
overall risk can be beneficial to select these methods and
measures and be considered as a weighted output in the
FRAME method. The existence of multiple sources liable to catch fire or explode, as well as medical facilities
often located in the sub-basement of the hospitals, make
it highly vulnerable to fire. A fire in this area can have irreparable consequences for the whole building. Based on
what was said, this study aims to evaluate the fire risk of
a hospital building based on the FRAME method and determine the contribution of each risk factor to providing
corrective solutions based on fire prevention principles.

2. Materials and Methods
This research is a descriptive cross-sectional study conducted in one of the hospitals in Qazvin City, Iran. We
used the Persian FRAME method, whose validity was
examined by Mahdinia et al. [17]. This method’s main
advantage lies in calculating the fire risk for three components: buildings and their contents, occupants, and
activities. This method of fire risk assessment is for indoor places and is not applicable for outdoor places. The
purpose of the FRAME is to assess the balance between
the potential risk, protective measures, and probability of
occurrence. The fire risk (R) in this method is calculated
as the quotient of the Potential Risk (P) by the Acceptance Level (A) and the Protection Level (D):
1. R=P/(A×D)
The R-value less or equal to 1 indicates that the protective measures and risk acceptance levels are equal or
greater than the potential risk level. Therefore, they are
acceptable. While the R-value greater than 1 indicates
that the potential risk is higher than the protection and
acceptance levels. So the measures taken in the field of
safety are not sufficient and, therefore, the risk is unacceptable, and the building requires intervention [23].
After getting acquainted with the different wards of the
study hospital, fire risk for the three modes of building
and its content, occupants, and indoor activities were assessed separately for the equipment room. This room is
located in the sub-basement of the main hospital building and has an entrance from the main staircase of the
floors and also an exit door to the outside. It is integrated
with the main building, and all the cooling, heating, and
electrical equipment of the hospital are located in this
room. The data were collected based on observation,
interviews, checking building’s NFPA documents, and
measurements. Then all the required formulas of the
FRAME technique were written in an Excel sheet, and a

sample solution was first performed to ensure the accuracy of the program. After obtaining numerical values, the
formulas were re-checked to identify and correct possible errors. The final result of the calculations (R-value)
is a number without a unit. Given that safety is relative,
this number is always greater than zero (Figure 1).
To determine the influential factors and their contributions to the fire risk, the sub-parameters that increased
the R-value above 1 were identified as effective factors.
Their contribution level (weight) was obtained based on
the R-value difference between the current and standard
levels. According to Equation 1, if the score of each factor is equal to 1, the R-value will also be equal to 1. If P
>1 and A and D <1, it shows that R-value is greater than
1 and the safety is in a non-standard state (Figure 1).

3. Results
Based on the data available at the time of assessment,
the fire risk scores for the hospital building and its content, occupants, and indoor activities in the equipment
room were R=2.075, R1=3.135, and R2=2.481, respectively (Table 1). Considering that all risk scores were >1
and according to the protective measures (Table 2), the
building at all three modes had an unacceptable fire risk
level. Given that the values of fire risk calculated in all
three modes were in a range of 1.6 to 4.5 (Table 3), the
use of fire detection and extinguishing systems such as
sprinklers is essential for the equipment room. Moreover,
considering a fire risk score of 3.135 for occupants, sufficient water supplies should also be provided for this
room. Based on the calculated fire risk level for the building, the expected damage level to the building can be estimated based on Table 3. According to this table, the
building’s fire risk level (2.075) indicates that 80%-100%
of the building will be destroyed in the event of a fire.
To identify the effective sub-parameters based on the
P and P1 scores obtained from Equation 2 and 3, factors
with a score higher than 1 were considered as effective
factors:
2. P=q * i * g * e * v * z
3. P1=q * i * e * v * z
To identify effective sub-parameters based on the
scores of A, A1, and A2 obtained from Equation 4, 5, 6
and considering that A value <1 shows that the system is
at risk, the sum of the values of a, t, c, r, d in Equation 3
must be less than 0.6; therefore, sub-parameters with a
score ≥1 were identified as influential factors.
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FRAME Calculation

Buliding name: Velayat Hospital
Compartment name: Utility
Assessment Date: 09/1398
Assessor: Hazhir Kurd

Potential Risk
Total Imobile fire lodad
Total mobile fire lodad
Fire Load Factor

Mj
Mj

0
1500
1.567

m
M
T
i

0.3
0.5
400
0.702

Compartment Area
m2
Theoretical Lengh
m
Equivalent Width
m
Area Factor

A
L
b
g

1300
40
32.50
0.871

Level Number
Level Factor

E
e

0
1

Ceiling Hight
m2
Total Area of Windows in Ceiling and upper third of Wall m2
Total Aerodynamic Area of static smoke Vents m2
Capacity of Mechanical Exhaust System Nm3/h
Total Smoke Venting Area m2
Smoke Rating Ratio
Venting Factor

h

5
30.72
0
0
10.240
0.008
1.025

Average Dimension of content
Flame Propagation Class
Destraction Temprature
0C
Fire Spread Factor

Meter

K
v

Number of Cardinal Points From With Access is Possible
Vertical Distance from Access Level to the Floor...(upward) m
Vertical Distance from Access Level to the Floor...(downward) m
Access Factor

Potential Risk for the Buliding and Content
Potential Risk for the Occupants
Potential Risk for the Activities

Fire Risk

Fire Risk for the Buliding and Content
Fire Risk for the Occupant
Fire Risk For The Activity

Protection Level

Acceptance Level
Qi
Qm
q

Z
H+
Hz

a1
a2
a3
a4
a5
a

0.2
0.3
0.2
0
0.3
1.000

Mobality Factor
Number of Occupants
Total exits Width m
Number of Exit Units
Number of Separate Exit Direction or Exit Paths Avalable
Evacuation Time Factor

P
X
x
K
t

3
0.27
6.33
10.550
1
0.221

Possibility of Replace the Buliding and Content
Monetry Value of the goods
dolar
Monetry Value of Buliding and Content
Content Factor

c1
Vr
c2
c

0.1
0
0.00
0.100

Environment Factor

r

0.050

Dependency Factor( table)

d

0.3

Main Activity
Secendary activity
Heating Systems
Electrical istalation
Flammable Liquids and Dusts
Activation Factor

2
0
5
1.100

P
P1
P2

1.081
1.241
0.689

Acceptance Levels for Buliding and Content
Acceptance Levels for Occupant
Acceptance Levels for Activitiest

R
R1
R2

2.075
3.135
2.481

the Fire Resistance of the Structural element
The Stractural Fire Resistance Factore
Initial Risk

Initial Risk

A
A1
A2

Fs
F0
R0

0.279
0.329
0.200

Type of Water Storage
Capesity of the water Storage
Water Distribution system
Hydrant Distribution
Pressure of the System
Water Suply Factor

w1
w2
w3
w4
w5
W

0
0
0
1
0
0.950

Guard Service
Extinguishers and Hose Stations
The Intrvension of the Public Fire Brigade
Education
Normal Protection Factor

n1
n2
n3
n4
N

2
0
0
2
0.815

Automatic Fire Detection
Water Supplies
Sprinkler System and Other Automatic Protection
The Quality of the Fire Brigade
Special Protection Factor

s1
s2
s3
s4
S

10
0
0
1.629

Fire Resistance of the Structural Element
Fire Resistance of the Oitside Walls
Fire Resistance of the Ceiling or the Roof
Fire resistance of the Inner Walls
the Average Fire Resistance
Fire Resistance Factore

Fs
Ff
Fd
Fw
f
F

90
0
60
0
52.50
1.481

Automatic Fire Detection
Means of Egress
Compartimention
Autamatic Protection
Fire Brigades
Escape Factor

u1
u2
u3
u4
u5
U

8
0
0
0
0
1.477

Physical Protection (Protection Vulnerable areas)
Organization(Disaster Planing)
Salvage Factor

y1
y2
Y

0
2
1.103

Protection Level (Degree) for Buliding and Content
Protection Level (Degree) for Occupant
Protection Level (Degree) for Activitiest

D
D1
D2

1.867
1.203
1.390

52.50
1.52
2.54

Table 1. Parameters and sub-parameters related to the frame technique

4. A=1.6 - a - t - r
5. A1=1.6 - a - t - r
6. A2=1.6 - a - c - d
Results showed that the sub-parameters that lead to the
increase in P and P1 values were common, including fire
load factor, venting factor, and access factor. Regarding

the A values (in all three modes), the activation factor
was effective and common. Considering that performing
preventive and corrective actions requires prioritization
to select the best and most effective way, by examining
the contribution rate, each parameter’s role in the obtained number can be determined. The difference in the
risk level (R) between the current state and the normal
state represents the contribution of each sub-parameter
(Table 4). As can be seen, the fire load factor had the

Table 1. The fire risk assessment results of the hospital
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Mode

Sub-parameter Value

Building and its content

P=1.081

Building and its content

A=0.279

Building and its content

D=1.867

Occupants

P1=1.241

Occupants

A1=0.329

Occupants

D1=1.203

Activities

P2=0.689

Activities

A2=0.200

Activities

D3=1.390
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R=2.075

R1=3.315

R2=2.481
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Table 2. Proposed preventive measures based on the fire risk level

Fire Safety Level

R0<1

Measures

Acceptable

Protection system with manual fire extinguishing equipment,
General firefighting support,
Water supplies,
Extra protection for occupants and activities
Automatic fire detection,
Water supplies,
Extra protection for occupants and activities

1-1.6
1.6-2.7

Unacceptable

Sprinkler system

4.5–2.7

Water supplies,
Extra protection for occupants and activities

R0 >4.5

Preventive measures to reduce the risk level

highest contribution to the obtained number of P and P1,
followed by access and venting factors. Regarding A,
A1, and A2 values, the activation factor had the highest
contribution to the fire risk with a numerical value of 0.4.

4. Discussion
This study was conducted using the FRAME method to assess fire risk in three domains of building and
its content, occupants, and activities in the equipment
room of one of the hospitals in Qazvin, Iran. Also, this
study intended to identify influential risk factors and
determining their contribution to fire risk. The factors
that led to the harmful increase of P and P1 values were
common, including fire load factor, venting factor, and
access factor. Regarding the acceptable risk level (in
all three domains), the influential factor was the activation factor. Fire load factor had the highest contribution
to increasing the fire risk, followed by activation and
access factors. In Shirali et al. study in 2014, fire risk

for the occupants of a thermal power plant was at the
highest level, followed by fire risk level for the building
and its contents; both were at the unacceptable range
according to the FRAME method. The reasons were
the location of the control room at a level higher than
the ground level and the impossibility of access to it
for fire extinguishing, and the lack of an automatic fire
alarm and extinguishing system [26]. In Aslani et al.
study, the equipment and laundry rooms had the highest
fire risk numbers due to their theoretical length, high
area, and poor accessibility. Fire risk in all rooms in
their study was unacceptable for occupants due to lack
of attention to emergency exits, lack of fire detection
and alarm facilities, and automatic fire extinguishing
system. This finding is consistent with our results. The
main reason is the presence of flammable materials,
including flammable gases (urban gases) and liquids
(diesel) required for boilers in the hospitals, although
hospitals are in low-risk groups in terms of fire load and
sources of ignition. By considering a separate space for

Table 3. The expected level of damage to the hospital building in the event of a fire

Expected Damage Level (%)

R

<10

Up to 1

10-20

1-1.3

20-30

1.3-1.5

30-50

1.5-1.7

50-80

1.7-1.9

80-100

>1.9
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Table 4. The contribution rate of influential fire risk factors

Mode

Sub-parameter

Current State

Standard Level

Contribution Rate

Fire load factor

P=1.567

P=1

0.567

Venting factor

P=1.025

P=1

0.025

Access factor

P=1.100

P=1

0.1

Activation factor

A=1

A=0.6

0.4

Fire load factor

P1=1.57

P1=1

0.57

Venting factor

P1=1.025

P1=1

0.025

Access factor

P1=1.10

P1=1

0.1

Acceptance level for occupants

Activation factor

A1=1.00

A1=0.6

0.4

Acceptance level for activities

Activation factor

A2=1.00

A2=0.6

0.4

Potential risk for building and its content

Acceptance level for building and its content

Potential risk for occupants

diesel and emergency cutoff valves for the gas pipelines
outside the equipment room, it is possible to reduce the
amount of fire load contributing to the existing fire risk.
In Mahdinia et al. study (2012), the radiology wards
and clinics of the study hospital had the highest fire risk
for occupants. The influential factors were the location
of the radiology ward in the sub-basement of the hospital, the movement of smoke upwards, and the problems in entering and exiting the radiology ward [21]. In
the evaluation of a part of Hartford Nursing Center, the
highest levels of risk for occupants were reported, whose
main reasons were the high density of people and the
high level of infrastructure without internal sub-division
with cavity barriers [27]. In the Šakėnaitė study, the fire
risk of the building and its contents in the office building
understudy was 0.61, which was within an acceptable
range due to low traffic and adequate infrastructure of
the building [28]. In Sarsangi et al. and Mahdinia et al.
studies, the level of building fire risk was within an unacceptable range for the pediatric ward of the study hospitals due to the impossibility of movement of children in
the pediatric ward, non-consideration of building safety
principles (including exit routes), lack of fire alarm and
extinguishing system, and location of some wards in the
upper floors [7, 21]. The fire risk of the building and the
contents of the Hong Kong Airport was found to be acceptable in a study by Ng because of the installation of
a sprinkler system in all areas and the observance of fire
safety regulations during the construction of the airport
building [29]. In this study, the fire risk level of activities
according to the relevant formula in which the fire load
factor and the moveable fire load were not involved was
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less than 1 and acceptable. This finding highlights the
effect of fire load.
Fire load is divided into two categories of movable and
fixed fire loads. Our results showed that in the equipment room, which was located on the sub-basement of
the hospital building, the effect of fixed fire load was
low, while movable fire load was very effective. Movable fire load is assessed according to the NFPA standard in relation to the amount of heat generated by the
equipment and devices in the event of a fire in the area.
Since the diesel stored in the corner of the equipment
room and the gas pipelines for the boilers could be a
great source of heat load generation, they were placed
in the OH2 / NFPA OH GP2 category. Because of the
high movable fire load and also considering the location
of the study unit, in case of a fire, it can have irreparable
consequences for other medical wards in the hospital. Its
location must be changed so that possible accidents in
this high-risk room do not threaten the safety and health
of other sectors. A fire risk assessment was performed
on the equipment and installations of Jam Hospital by
Javidfar et al. showed that despite the high safety of the
powerhouse, the fire risk was moderate.
For the safety of hospital facilities, equipment, and
their safety are more critical, and venting factor is the
most important criterion of facility fire. Regarding the
venting factor, the three factors of movable fire load,
ceiling height, and smoke venting ratio are influential.
With an increase in the ceiling height, smoke layer thickness increases. The fire itself helps the smoke to find a
way out. The presence of static and dynamic smoke ex-
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haust systems, as well as windows and smoke outlets in
the upper third of the wall, reduces the risk of fire. There
was no ventilation system in the study facility room, and
the ratio of the existing area for smoke discharge to the
area of the room was very low (0.008).

Funding

Moreover, the venting factor value was more than 1.
This means that the room fills with smoke in a short
time. Experiments have shown that adequate ventilation
can be provided if the smoke ventilation area is 1%-2%
of the floor area. If the facility room area is 1300 m2, a
ventilation area of 13-26 m2 is needed [27]. The area for
the study facilities was 10.240 m2 and is necessary to be
increased by at least 2-16 m2.
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In our study, the movable fire load and venting factor
were more effective in the fire risk. The Pareto principle
applies to these factors. It means that many problems
arise from a small number of factors, and by controlling
them, the problem can be solved at a lower cost. The
third factor that increased the potential fire risk for the
building and occupants was the access factor which indicates limited access and problems of the fire brigade in
accessing the fire level. Suppose firefighters have limited
access to the fire, the access factor increases, which increases the potential risk for the fire. When comparing
old buildings with no accessible space and new buildings with accessible space around them, the importance
of the access factor becomes even more apparent. Building configuration is vital for fire fighting interventions.
Access factors along with the area factor are essential
elements in building configuration [27]. Therefore, the
construction of new hospitals should be done in accessible locations so that access to the hospital from different geographical directions be possible and firefighters
can intervene in emergencies.
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One of the disadvantages of the software designed by
Mehdinia et al. was the inability to select actions that significantly reduce the level of risk. So we suggested that in
future studies, the possibility of adding an option to select
effective parameters and their contribution rate be considered. It can help organizations in choosing more effective
control methods. It is recommended that further studies
be conducted to predict the likelihood of fire in the study
room and simulate the consequences of this accident.
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