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Abstract. Many fires in buildings have indicated that behavior of occupants in
period of pre-movement is important for the survival. Pre-movement time and
pre-movement behavior are currently referred as most important factors during
evacuation. The objective of this study is to identify the factors that influenced
pre-evacuation time of occupants during an actual fire evacuation and to
quantify the factors. This study proposes three kinds of factors influencing the
human behavior in the event of fire in period of the pre-movement, which are
fire characteristics, building characteristics, human characteristics. Through
simulating fire scenes of building interior, this study will investigate occupants’
performance in the period of pre-movement. This paper is part of the study,
which is to construct interaction scenarios of building interior in fire.
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1 Introduction

Some research indicated that in real evacuations pre-movement time exhausted even
more than 20 minutes [1, 2, 3].The pre-movement time is very more important to
escape to a safe place. Furthermore, incident analyses have indicated that there is a
connection between a delayed evacuation and a high number of fire deaths or injuries,
particularly in residential buildings and hotels [4]. Therefore, pre-movement time and
pre-movement behavior are currently referred as key aspects of the evacuation
process. In order to achieve a more accurate assessment of the life safety during a fire,
a better understanding of occupant behavior during evacuation is required. The
objective of this paper is to identify the factors that influenced pre-evacuation time of
occupants during an actual fire evacuation and to quantify the factors by stating how
much pre-evacuation time was gained or lost due to each factor. Since fire response
performance is dependent upon the external environment in which an individual is
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present, the research for fire prevention measures should be the interaction between
human behavior and the characteristics of the external environment. To obtain
adequate fire response performance, this study will investigate occupants’
performance in fire in the simulating building interior. This paper is part of the
research, which is to construct interaction scenarios of building interior in fire.
Further investigation will be conducted based on these circumstances.

2 Methodology

Based on previous research [5, 6, 7, 8, 9], this study proposes three kinds of factors
influencing the human behavior in the event of fire in period of the pre-movement.
These are as followers: fire characteristics, building characteristics, human
characteristics. The first factor is the nature of fire. And the second factor is
physically environment which occupants’ behaviors are carried out. The two factors
are external. The third factor is human nature and is internal factor.

2.1  Building Interior Characteristics

Some research indicated that occupants would stay in home or hesitate to escape from
the house, which means that in real evacuations pre-movement time exhausted from
five minutes to over 25 minutes [1, 2]. So, one aim of this study is to explore when
and how occupants exit the home. Without detailed data about the information that
occupants act their behaviors in home while hearing fire alarm, it is important to
design the interior characteristics. First, this study presumed that the ordinary family
had a two-bedroom apartment located in the middle of high-building. The layout of
one floor is shown in figure 1. The interior of the apartment will vary on five
parameters according to situation, which are furniture, communication tools, property,
and kids and the aged.

2.2  Behavioral Scenarios

Based on previous research, this study proposed that four types of characteristics of
the occupants should be investigated, which were demographic information,
personality, risk perception, and fire experience.

Demographic Information

Demographic information collects educational level, age, family composition,
dwelling house and so on. The participants would be divided into different groups
according to different attribution (See Table 1).
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Fig. 1. The layout of one floor

Table 1. People groups

Gender Age Family composition Dwelling house

Without a child (less than 6 Not more than
Male <30 years old) and without an old two-bedroom
person (more than 65 years old)  house

With less than 3 children and At least three
old persons (totally) bedroom house

With not less than 3 children
and old persons (totally)

Female 30-50

>50

mobility

Normal
person

Reduced
motility

Personality

Personality includes influenced by others, stress resistance and self-efficacy [10, 11,
12]. In the event of fire, most persons follow others. While others escaping they will
take action. Another personality trait influencing decision-making is stress resistance.
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While fire happens occupants’ capacity for processing information is exceeded, so the
level of psychological stress will rise. The third trait is self-efficacy. The trait
influence occupants’ selection, duration and effort while the occupants encounter fail,
difficulty or disaster.

Risk Perception

Risk perception is the subjective experience that persons capture the features of the
accidents and recognize the severity of risks [13, 14]. Persons have different
responses in terms of the different perceived cues. And even the same cues presented,
people are likely to respond in different ways [15]. The reason is that persons’ actions
vary based on the cues perceived, interpretations of the situation, and the decisions
[16]. Based on the decision making, occupants will perform the actions. According to
previous research [17, 18, 19], this study proposed a questionnaire to investigate risk
perception and behaviors in everyday life including five dimensions such as safety
and health risk, finance investment risk, entertainment risk, ethical risk and social
communication risk.

Fire Experience

Relevant experience is another important characteristic [20, 21]. Commonly, less-
endowed members will benefit from the efforts of the more experienced members to
bring them to escape, presumably a reason they keep with them. Fire experience of a
person includes fire disaster experience, evacuation drills, fire training or other
emergency training.

2.3  Fire Characteristics

This factor is the nature of the fire itself. A fire is a process of combustion of
materials. With the fire growing the critical factors of the fire are perceived by the
occupants. Perceptible characteristics can be sub-divided into elements which can be
seen, smelt or heard [22]. And the fire growth rate is another important characteristic
in determining fire fatality, since many fatal incidents are characterized by rapid fire
development after its initial discovery [23].The fire alarm system is designed as an
emergency alarm communication system. The emergency alarm communication
system has the capability to provide automatic pre-recorded messages upon receipt of
an alarm signal indicative of a fire emergency. In terms of previous researches, this
study proposes four types of characteristics, which are fire’s growth rate, emergence
of flame and smoke, fire alarm, and fire location in the building (Table 2).

Table 2. Related fire characteristics

Fire’s growth rate  Flame and smoke  Fire alarm Fire location
Low A little No Upstairs
Middle Some Vague messages Downstairs

Fast A lot of Clear messages
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3 User Performance

The important issues taken into consideration in this system for simulating occupant
evacuation in virtual environment include: navigation, interaction in the virtual
environment, investigation participants’ thoughts while escaping in the virtual
environment (Fig 2).

The participants can navigate freely in the virtual environment as if they walk in
the real interior. The navigation is controlled by a mouse. When the user clicking the
left button and moving left or right, they will move in that direction in the virtual
environment. And moving up and down they can look up and down. Besides
navigation, other interactions are also allowed while picking up objects within the
virtual environment. While participants picking up the objects, the environment
would respond the activities. The objects include furniture, firefighting equipment,
properties, and communication tools and so on. After participants completing
interactions, questionnaire would turn up that reflecting participants’ thought while
interacting.

Fig. 2. Visualization of Flame and Spreading smoke in the virtual interior

In order to identify the factors that influence pre-evacuation time and behavior of
occupants, the evacuation routes and evacuation time are calculated.
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