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ABSTRACT

Introduction: Fire safety in healthcare centers is crucial due to the limited evacuation capacity of the
occupants and the necessity of not disrupting the operation in these centers. In this study, the fire risk
of a public hospital was evaluated using the Fire Risk Assessment Method for Engineering (FRAME).
Additionally, the factors affecting fire safety in the hospital were analyzed quantitavely, and fire control
strategies were presented.

Material and Methods: First, the fire risk assessment checklist was filled in all the hospital departments.
Then, the values of the factors affecting fire safety were obtained. In the next step, the fire risk for the
building, occupants and activities were estimated using Excel software-FRAME. Finally, control strategies
and intervention measures were presented based on the value of these factors.

Results: In the hospital under study, 22% of the departments posed an undesirable fire risk to the building
and its property. On the other hand, 90% of the departments had risk levels that were undesirable for
the occupants. The results of the initial risk (RO) showed that a balance between potential fire risk and
risk acceptance can be established by implementing manual fire extinguishing systems and automatic
detectors in all departments.

Conclusion: ased on the condition of the hospital studied, a balance between potential fire risk level and
risk acceptance level was not established. Therefore, there is a need for fire control measures, especially
fire safety measures for the occupants. The results of this study can be useful for readers and experts in
interpreting fire risk assessments and presenting detailed control measures based on the risk assessment
and the value of the parameters.
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1. INTRODUCTION

According to the National Fire Protection
Agency of the United States (NFPA), between
2011 and 2015, 5,750 fires occurred in hospitals in
the United States annually. Fires in hospitals are
occurring frequently and potentially catastrophically
around the world. On the other hand, in the hospital,
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patients have poor mobility and require assistance to
evacuate. As a result, fire in hospitals can have more
casualties than any other building types. Hospitals
have expensive equipment; consequently, fire can
result in significant financial losses. Therefore, fire
safety plays a crucial role in hospital management
and safety, and risk assessment and management
to identify fire hazards and accurately choose fire
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intervention and control strategies are essential for
fire prevention.

Among the firerisk assessment methods, the Fire
Risk Assessment Method for Engineers (FRAME) is
the result of a 30-year search for a practical tool for
designing appropriate fire protection for buildings;
This is a comprehensive approach to fire risk
assessment and includes the fire risk of activities
in addition to fire risk quantification for buildings
and property, and occupants. In this study, one of
the educational and medical hospitals of Birjand
city was assessed using the FRAME method. In
addition, critical parameters that influenced the
fire safety were analyzed, and effective precaution
on fire safety has been presented according to the
fire risk assessment and coeflicients of parameters.

2. MATERIAL AND METHODS

The current study, which is descriptive, applied,
and analytical, was carried out at a hospital in 2023.
31 departments and 196 wards on the ground and
first floors of this hospital were evaluated.

The purpose of the fire risk assessment was to
determine whether the balance between threat,
protection and exposure was achieved given the
conditions in this hospital. The chosen method
calculated all of the factors affecting fire safety, such
as fire load, fire spread, area factor, evacuation time
factor, and venting factor. Potential risk levels (R),
risk acceptance (A) and protection level (D) were
calculated based on these factors for buildings,
occupants and activities according to the equations
presented in Table 1. To determine the potential
risk level, the worst fire scenario was considered in
all three dimensions.

3. RESULTS AND DISCUSSION

The results of the fire risk assessment are shown
in Table 2. In the facilities, kitchen, operating
room and laundry departments, the fire risk was
estimated to be higher than 1 for the building and
occupants. Additionally, the fire risk for occupants
in all departments was higher than 1, with the

exception of the emergency room, MRI, and
property warehouse.

Based on the obtained results, the facilities,
kitchen, operating room and laundry had an
unfavorable fire risk for the building and occupants.
In these departments, initial fire risk level was
calculated between 0.23-1.93, according to the Table
2. As a result, between 20-50% of these departments
would be destroyed during a fire, and the hospital
building would suffer the most damage in the event
of a fire at the facilities department. In similar studies
of fire risk assessment in hospitals, The facilities
department has been one of the most fire-prone
and dangerous areas. In this study, fire risk level for
occupants in 90% of the departments was obtained
undesirable. In some departments, similarly, the fire
risk for activities was also higher than 1, due to the
dependence of activities on equipment and property.
In most departments, the fire spread was estimated
to be between 1-1.2. Based on the information
obtained from this factor, it was possible to estimate
the heat release rate (HRR), which ranged between
125-250 kW/m?2 in the event of a fire breakout. The
access factor was determined to be greater than 1 in
over 30% of the departments, indicating restricted
access for firefighting team. The access factor in all
departments except the emergency department,
property warehouse, MRI and waste disposal was
higher than 1; this is because the hospital building
was a large one-story building that did not have
enough exit routes.

Evacuation time is one of the most critical
parameters in fire safety, especially for the risk
acceptance level. Furthermore, this factor is very
important in evaluating fire safety in buildings,
in which the available safe egress time (ASET)
should be greater than the required safe egress time
(RSET) during the worst-case scenario. Acceptance
risk level in most departments was less than 0.8;
this means RSET is estimated to be high and fire
risk for occupants will be high. In order to improve
the level of acceptance risk, it is necessary to take
control measures to improve the evacuation statues

Table 1: Fire risk calculation equations for property, occupants and activities

building and contents P=qgXxixgxexXxvXz
Pp=qXxiXexvXxz

P,=qgqXiXeXvxz

occupants
activities

A=16—-a—-t—c
Al=16—-—a—-t—r
A2=16—-a—-c—d

D=WxXNXSXF
D, =NxU
D, =WxNXSXY

At the level of potential risk, fire load (q), fire spread (i), area factor (g), level factor (e), Venting factor (v) and access factor (z) are effective.

At the risk acceptance level, activity factor (a), evacuation time factor (t), environmental factor (r), content factor (c) and dependency factor (d) are effective.
In the protection level, water supply factor (W), normal protection factor (N), escape factor (U), special protection factor (S), fire resistance factor (F) and salvage

factor (Y) are effective.
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Table 2: Fire risk for the property, occupants and activities in different departments

department initial fire risk
Facilities 1.93
Kitchen 1.20
Operating room 1.10
Laundry 1.37
Waste disposal 1.03
Post NICU 1 1.04
Post-NICU 2 1.09
NICU 1.18
Laboratory 1.38
ICU1 1.35
ICU 2 1.30
Pathology 1.02
Endoscopy 1.19
Angiography 1.06
Radiology - CT scan 0.29
Pharmacy 0.47
Maternity hospital 0.39
LDR 0.39
Poison department 0.30
Special surgery inpatient 0.98
Education 0.82
Library 0.65
Administrative department 0.82
Pediatrics 0.4
General Internal medicine 0.38
Internal medicine specialist 0.35
Infectious 0.39
Property warehouse 0.26
MRI 0.22
Emergency room 0.23
of occupants.

According to the results, many departments
in the studied hospital had a potential risk that
was higher than the risk acceptance level for
both occupants and property. Therefore, control
measures and precautions are suggested to reduce
fire risk; separating fire sources from the existing
fire load in department is the best strategy to
lower the potential fire risk and increase the risk
acceptance level. The most common sources of fire
in hospitals are chemicals and electrical equipment.
Compartmentation is one of the most cost-effective
risk reduction measures, as it can minimize
financial losses by limiting the spread of fire. The
use of combustible materials, such as medical
gases, along with electrical equipment is classified
under electrical regulations because switchboards
and electrical equipment can produce sparks and
have hot surfaces. On the other hand, minimum
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property occupants activities
1.612 3.199 1.473
1.207 2.413 0.802
1.223 2.509 1.042
1.158 1.959 0.980
0.723 1.764 0.687
1.097 1.764 1.109
1.158 1.541 1.122
1.106 1.541 1.107
0.527 1.524 1.586
0.460 1.521 1.112
0.656 1.521 1.107
0.723 1.509 1.687
0.249 1.508 1.487
0.223 1.461 1.042
0.564 1.341 0.922
0.582 1.317 1.600
0.270 1.316 1.224
0.279 1.316 0.544
0.406 1.243 0.973
0.499 1.210 1.665
0.546 1.091 0.792
0.527 1.080 1.586
0.435 1.056 1.420
0.809 1.066 1.039
0.520 1.060 1.903
0.825 1.057 1.016
0.682 1.013 1.021
0.356 1.008 0.273
0.279 0.941 1.244
0.216 0.941 0.973

fire load should be used in hospital buildings. A
balance between potential risks and the level of risk
acceptance is established through the use of fire
protection and control tools. For this purpose, it
is recommended to install automatic fire detectors
and manual fire alarms with full coverage in all
departments. It is also recommended to install
navigation guide boards, floor number indicators
in the stairwells, exit signs, and main door exit
signs in all departments.

4. CONCLUSIONS

The Fire risk level for occupants, buildings and
activities is affected by many factors. Therefore,
it is important to identify, evaluate and control
these factors in health care buildings. The fire
risk assessment method for engineering is a
comprehensive and complete method to assess the
fire risk for such buildings.
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