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ABSTRACT

Introduction: Rapid and safe evacuation of hospitals during emergencies is a critical issue. This study
aimed to analyze the evacuation of a three-story hospital and to evaluate the effects of evacuation routes
on total evacuation time.

Material and Methods: This descriptive-analytical study uses agent-based computer modeling to simulate
the evacuation process of a hospital with an area of 8762 square meters and 217 staff. The effects of the
variables of the width of horizontal exit routes, the dimensions of exit doors, and the obstacles in common
exit routes on the time for complete evacuation of people were examined and compared in ten different
scenarios.

Results: Findings indicated that increasing the width of horizontal routes and the dimensions of emergency
exits, along with the removal of obstacles, significantly reduced maximum evacuation time.

Conclusion: Optimizing the geometric characteristics of emergency evacuation routes, particulary
increasing exit sizes and removing obstacles, plays a key role in minimizing total evacuation time during
hospital emergencies. Such improvements can enhance the safety of occupants in critical situations.
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1. INTRODUCTION

One of the fundamental requirements for
safeguarding the lives of personnel during
emergency situation is the proper evacuation of
occupants. This necessitates the provision of an
adequate number of emergency exits to ensure the
timely, orderly and safe evacuation of individuals
from buildings and their transfer to secure
locations.

This issue is particularly significant in
hospitals as the most crucial institutions providing
healthcare services, due to the presence of specific
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hazards as well as the presence of students, patients,
individuals with disabilities, and their companions.
Individuals with sensory and motor disabilities
not only require assistance for safe evacuation
through emergency exits but may also, because of
their slower movement speed and the larger space
needed for mobility, impede the evacuation of
others.

Based on studies conducted in Iran and
worldwide, all existing theoretical and empirical
methods regarding the process of determining safe
evacuation procedures and reducing evacuation
time are influenced by three factors: the type of
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1- Collecting the
required data through
checklists and AutoCAD
drawings

2-Definition and coding
of scenarios

3- Loading data into the

software 4- Modeling

5- Preparing results

Fig. 1: Diagram of the procedure steps.

hazard, the social behaviors of occupants during
emergencies, and the architectural characteristics
of the affected space. Numerous investigations
have been carried out in locations such as schools
and classrooms, administrative and educational
complexes, stadiums, and historical markets;
however, this issue is also of significant importance
in hospitals, which present unique conditions
including the presence of individuals with varying
physical abilities.

2. MATERIAL AND METHODS

In this study, an Agent Based Model was used to
model emergency evacuation from a three floors,
96-bed hospital with 72 active beds and 217 staff.
Figl depicts the Diagram of the procedure.

Data collection
Architectural information and environmental data:
The required architectural data was obtained
through the hospital's AutoCAD map. Other
environmental data, such as the number and type
of obstacles, were obtained through a checklist
prepared by the research team and completed over
a week through field visits and discussions with
ward officials.

Demographic data

To collect this data, such as the number and
density of healthy and sick people, a second
checklist was prepared by the research team and
various information about the number of healthy
people (staff and patient companions) and the
number of patients in each ward was collected in
this way, separated by their ability to move in an
emergency situation by wheelchair or stretcher.
This data was completed for one week by visiting
the wards and checking the condition of the
patients. The types of obstacles on the emergency
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exits or routes were also examined in the field and
recorded through photographs. The location of the
obstacles was also determined on a map and their
size was recorded.

Five types of behavior were considered for
the people in the building, and for each, different
movement speeds were considered according to
the type of behavior, as shown in Table 1. The time
before evacuation for patients is 8-63 seconds and
for employees is 8-141 seconds, and the software
randomly selects a time from this time range.

Scenario Definition and Coding

After collecting the required data, scenarios
were defined for each of the specific objectives and
entered into the software. For the aforementioned
three-story building, 10 scenarios (Table 2) were
defined, which included examining the existing
situation, increasing and decreasing the dimensions
of the door and emergency exit by 10%, and
removing or considering obstacle. Each scenario
was defined by specific codes.

Loading into the software, modeling and preparation
of results

After defining the scenarios, the data was
loaded into the software and modeling was
performed. After modeling, the resulting outputs,
which showed the duration of the evacuation in
each scenario, were compared with each other.

3. RESULTS AND DISCUSSION
Determining the effect of horizontal emergency exit
route width on hospital evacuation time

There is a direct relationship between increasing
the width of horizontal exit routes and reducing the
evacuation time of users in times of crisis. With a
10% increase in the width of the exit route in the
C2D101 scenario, the evacuation time was reduced
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Table 1: Types of behaviors examined

1.19 1.19 1.19

Speed of movement

Table 2: Defined scenarios

Moving with a Number of healthy
wheelchair or stretcher and sick people

Fixed in scenarios

by 25 seconds compared to the C1D101 scenario,
which corresponded to the existing state. In other
words, the reduction in evacuation time was 2.85%.

By reducing the width of the path by 10% in the
C3D101 scenario, the evacuation time increased
by 117 seconds compared to the C1D101 scenario.
In fact, the evacuation time increased by 13.32%.
Reducing the width of exit pathways tends to
cause crowding, which leads to collisions among
people or with patient transport equipment, and
consequently increases overall evacuation time.

Byincreasing the width of emergency exit routes,
factors such as the absence of high congestion in
front of doors, fluidity of movement, and the easier
passage of personal transport equipment such as
wheelchairs and stretchers will cause the impact of
the C2D101 scenario to become apparent.

Determining the effect of emergency exit door
dimensions on hospital evacuation time

Three scenarios were examined to determine
the effect of emergency exit dimensions on
evacuation time. The obtained numbers showed
that by increasing the dimensions of the emergency
exits, such as the case examined in the C1D201
scenario, compared to the existing C1DI1O1
case, the evacuation time was reduced from 878
seconds to 805. It can be said that the reduction
in evacuation time by increasing the dimensions
of the emergency exits is 8.31 percent. In fact, it
can be said that as the door becomes larger, the
compression effect disappears quickly [20].
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In the C1D301 scenario, where the dimensions
of the emergency exit door are considered to be
10% smaller than the existing one, the evacuation
time is increased by 300 seconds compared to
the existing one, that is, 34.16%. This increase in
evacuation time can occur due to problems related
to the passage of patient transport equipment that
has dimensions larger than the dimensions of the
emergency exit door.

Determining the impact of obstacles in common
emergency exit routes on hospital evacuation time

Considering the results obtained from modeling
five scenarios in two modes without obstacles and
by placing obstacles that were previously measured
and their locations were marked on the map, it can
be seen that the maximum evacuation time in the
scenarios without obstacles decreased, compared to
the scenarios in which the obstacles on the routes
were removed.

Obstacles in the path make it more difficult for
patient transport equipment such as wheelchairs
and stretchers to pass and move, and by reducing
the width of the path, the capacity of the path for
this equipment and people to pass is reduced.
Therefore, these obstacles increase evacuation time.

4. CONCLUSIONS

What affects the evacuation time in a building
are three factors: the width of the horizontal
emergency exit routes, the dimensions of the
exit doors, and the obstacles in the common
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exit routes. According to the results, although a
general relationship between these parameters
and evacuation time cannot be imagined but the
results showed that by increasing the width of
horizontal paths and the dimensions of emergency
exit doors and removing obstacles in the paths,
the maximum evacuation time in emergency
situations is reduced, with the greatest reduction
in evacuation time related to the scenario of
increasing the dimensions of the exit doors. Also,
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reducing the width of horizontal paths and the
dimensions of emergency exit doors and adding
obstacles increased the maximum evacuation
time, with the largest increase related to the
scenario of reducing the dimensions of exit doors.
Therefore, it can also be concluded that the effect of
changing the dimensions of emergency exit doors
on the maximum evacuation time in emergency
situations was greater than the other two modeled
parameter.
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