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Objective: One of the neglected aspects of emergency evacuation studies is the
relationship between exit design and human behavioral patterns. The primary objective of
this research is to identify the most significant behavioral patterns exhibited during
emergency evacuation in residential high-rise buildings in Tehran and to optimize exit
design in residential tower lobbies based on these behavioral characteristics.

Method: Data collection was conducted using survey research, field investigations, case
study analysis, experimental testing, modeling, and simulation techniques. Both
quantitative and qualitative methods were employed for data analysis. The independent
variables included exit door width, spacing between exit doors, and the number of exit
doors, while the dependent variable was the time and quality of complete occupant
evacuation (with quality assessed in terms of reduced crowd density near exits). The study
was carried out in two main phases. In the first phase, behavioral patterns of residents
during evacuation were examined through questionnaires and experimental tests conducted
in a case-study building (Saman Residential High-Rise Complex). In the second phase,
modeling and simulation techniques were used to analyze and evaluate the performance of
emergency exits under different scenarios involving congestion, obstruction, crowd
density, and evacuation movement patterns.

Results: The results indicate that insufficient training and limited prior experience
contribute to inappropriate occupant behavior during fire emergencies. Key behavioral
characteristics observed in Iranian residential high-rise buildings include prolonged pre-
evacuation times, reluctance to leave the building, exiting stairwells at different floors,
route changes during evacuation, and collective movement patterns with varying distances
among different population groups. The findings further demonstrate that introducing
staggered evacuation intervals improves both evacuation speed and quality, highlighting
the advantages of phased evacuation over total evacuation scenarios. In addition, the
presence of elevator lobbies and corridors was found to reduce evacuation efficiency and
slow occupant movement.

Conclusions: This study identified the most important behavioral patterns associated with
emergency evacuation in residential high-rise buildings. A pre-evacuation time model
tailored to Iranian residential conditions was developed and compared with internationally
recognized models. Furthermore, an innovative hybrid approach based on fuzzy logic was
proposed to estimate occupant movement speeds according to their physical
characteristics. The research also evaluated the optimal placement of exit doors within
residential lobbies under various scenarios involving population peaks, phased and total
evacuation strategies, and different obstacle configurations in front of exits, ultimately
providing optimized design solutions for improving evacuation performance.
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Introduction
Previous research and practical experience indicate that emergency response teams can

directly manage only a limited portion of a fire incident, estimated at 10-20% of the overall
emergency situation (National Research Council, 2006). Therefore, risk reduction can be
achieved through two complementary approaches: improving the safety performance of
existing buildings and enhancing understanding of occupants’ behavioral patterns and their
interaction with egress system design.

Given the increasing occurrence of fire incidents associated with inadequate compliance
with safety standards, understanding residents’ responses during emergencies has become
essential for improving evacuation efficiency and life safety in high-rise residential buildings.
Accordingly, this study addresses two questions: (1) What are the most significant behavioral
patterns exhibited by occupants during the evacuation of high-rise residential buildings in
Tehran? and (2) How can egress doors in residential tower lobbies be optimally designed to
accommodate these behavioral patterns and improve evacuation performance?

A key factor affecting evacuation performance is pre-evacuation time, defined as the
interval between the onset of an emergency and the initiation of evacuation. EXxisting
evacuation models often insufficiently account for human behavioral characteristics when
estimating this parameter, leading to inaccuracies in total evacuation time calculations.
Moreover, most available empirical evidence has been derived from North American and
European studies, highlighting the need for context-specific research on evacuation behavior
in Iranian high-rise residential buildings.

Method
This study adopted a mixed-methods approach combining survey research, field observations,

case-study analysis, empirical experiments, and computer-based modeling and simulation.
Both quantitative and qualitative methods were used for data collection and analysis.

The independent variables included egress door width, distance between exit doors, and the
number of exits, while the dependent variables were evacuation time and evacuation quality,
measured in terms of crowd density and congestion near exits. Evacuation is influenced by
both human and environmental factors. Occupants’ physical, psychological, and behavioral
characteristics affect their responses during emergencies, while building design and spatial
configuration influence movement patterns and evacuation efficiency. Time serves as the key
link between these human and physical dimensions. Two main approaches were used to
evaluate evacuation performance: empirical experimentation and computer simulation.
Empirical experiments provide valuable insights into actual human behavior, crowd
dynamics, and interpersonal interactions but are limited by practical constraints such as
restricted scenario testing, participant awareness, and data-collection challenges. In contrast,
computer simulation enables the analysis of numerous scenarios under controlled conditions
and offers advantages including flexibility, extensive data analysis, lower cost, and greater
efficiency, although it cannot fully capture the uncertainty and complexity of human behavior.

By integrating empirical observations with simulation modeling, the study provides a
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comprehensive framework for understanding evacuation behavior and evaluating the
performance of alternative egress designs in high-rise residential buildings.

Results
The questionnaire findings from approximately 60 participants provide important insights into

the demographic characteristics and evacuation behavior of residents in high-rise residential
buildings. Most respondents were male (62.5%), and the largest age group was 50-60 years
(62.5%). Although 37.5% had previously experienced a fire or evacuation event, most had
never received formal emergency training. Regarding pre-evacuation behavior, 62.5%
estimated that they would require 5-10 minutes before beginning evacuation after becoming
aware of a fire. Similarly, 50% believed they could evacuate via stairs within 5-10 minutes,
while others anticipated longer evacuation times. The survey also revealed varying attitudes
toward elevator use. About 75% would consider using an elevator if located above the 15th
floor, whereas 25% would use one when above the fifth floor. Despite this, 87.5% stated that
they would leave their apartment immediately upon receiving an evacuation warning. During
stairwell evacuation, 87.5% reported that they would stop on landings to rest, while 12.5%
would temporarily exit the stairwell and rest on intermediate floors. Only 25% indicated that
they might attempt to return to their apartment after evacuation had begun.

The analysis identified several critical behavioral patterns affecting evacuation
performance in Tehran’s high-rise residential buildings, including delayed evacuation
initiation, extended pre-evacuation activities (such as gathering family members and
belongings), information-seeking behavior, reluctance to use elevators, collective movement
as family or neighbor groups, limited experience with fire emergencies, insufficient training
and drills, stairwell navigation errors, attempts to re-enter the building, and congestion in
lobbies and surrounding areas. Overall, the findings demonstrate that evacuation performance
is influenced not only by the physical design of egress systems but also by behavioral,
cultural, and social factors. Therefore, these behavioral characteristics should be incorporated
into evacuation modeling, emergency planning, and exit design to improve safety and
evacuation efficiency.

Conclusions
The findings of this research can be grouped into three main areas:

1. Foundations of Performance-Based Evacuation Design: The study established a
framework for data collection, simulation, and performance evaluation of evacuation systems
in high-rise residential buildings. An innovative fuzzy logic—based approach was developed to
estimate occupant movement speeds according to physical characteristics. In addition, a
Protective Action Decision Model was refined for residential towers in Tehran, providing a
basis for estimating pre-evacuation, travel, and total evacuation times.

2. Empirical Analysis of Behavioral Patterns: Using questionnaires, interviews, field
observations, and evacuation drills, the study identified key behavioral characteristics of
residents and calibrated a pre-evacuation time model for the Iranian context. Results showed
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that pre-evacuation times in Iranian residential towers are considerably longer than those
reported internationally, mainly due to limited preparedness, insufficient training, lack of
evacuation experience, and cultural factors such as gathering belongings before evacuation.

3. Evaluation of Vertical and Horizontal Egress Components: The analysis identified
several behavioral patterns affecting evacuation efficiency, including limited emergency
training, unexpected route changes and reverse movement on stairs, collective evacuation by
family and social groups, resting on stair landings, and longer evacuation times for groups
compared with individuals. The results also demonstrated that staggered evacuation intervals
improve evacuation performance, highlighting the advantages of phased evacuation over
simultaneous full-building evacuation.

Design Implications

- Egress Door Configuration: Multiple exit doors perform better than a single large exit by
improving flow distribution and reducing congestion.

- Phased Evacuation: Controlled evacuation intervals significantly improve evacuation
speed and quality and are preferable to full-building simultaneous evacuation.

- Lobby and Corridor Design: Corridors and elevator lobbies can act as bottlenecks and
should be designed to facilitate unobstructed movement.

- Scissor Stair Systems: Scissor stair configurations reduce total evacuation time by
approximately 40-50% compared with conventional stair arrangements, making them an
effective solution for high-rise residential buildings.
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500 Occupants 400 Occupants 300 Occupants 200 Occupants 100 Occupants | Saman I (10,12)
584/3 463/4 355/1 236/8 128/5 Steering
570 459 350/6 237/1 126/1 SFPE
500 Occupants 400 Occupants 300 Occupants 200 Occupants 100 Occupants Saman Il (1,3)
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1018/1 819/5 620/8 419/4 220/7 Steering
1016/9 818/4 617/3 418/9 21717 SFPE
500 Occupants 400 Occupants 300 Occupants 200 Occupants 100 Occupants S(alrgalnz)ll
578/3 462/2 351 242/4 131/3 Steering
566/3 458/1 347/3 236/6 125/9 SFPE
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