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Abstract: Building fire disasters have caused severe injuries and loss of life in addition to significant
property damage that can amount to billions of dollars annually. Much research efforts have focused on
ways to save lives and reduce property damages during building fire incidents. The main reason for death
during fires is smoke as occupants either do not have enough time to evacuate from a smoke-filled
building or make a wrong decision due to their unfamiliarity with evacuation paths. Building owners and
managers need to develop effective emergency evacuation plans. These plans must include a training
program for all occupants to facilitate a safe building evacuation in the event of a fire. However,
conventional evacuation training through seminars, workshops, and fire drills may not be useful as they
do not provide occupants with the sense of urgency associated with an emergency, resulting in less than
desirable reactions to an incident. The purpose of the study discussed in this paper is to create a fire
hazard immersive training system for buildings that simulates real incidents and provides scenarios for
evacuation. In this system, a 3D building model is used along with a virtual reality platform to provide an
immersive environment. The fire and smoke were mathematically simulated using a computational fluid
dynamics method. They are then used to develop a virtual reality training environment. The system will
then be used to evaluate participants' awareness of how they should behave during a fire incident.
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1 INTRODUCTION

The importance of studying fire safety is that fire disasters cause fatal injuries and loss of life in addition to
significant property damage that can amount to billions of dollars annually. In 2017 there were 1,319,500
fires were responded by the public fire department in the United States that resulted in 3,400 death,
14,670 injuries and around $23 billion in direct property loss (Evarts 2018). NFPA 2018 research shows
there is a fire death every 2.5 hours and fire injury every 36 minutes in 2017. The rate of death and injury
from fire is high since a fire outbreak is mostly unexpected. Also, Ren et al. (2008) said that there are two
reasons occupants do not evacuate the building in time include an inappropriate layout of the building
structure and the wrong choice due to fear or unfamiliar with building layout. During fire incident
occupants usually, make a mistake by taking the wrong decision to evacuate the building or may choose
the long path to exit from the building due to the stress from the emergency (Meng and Zhang 2014).
Almejmaj (2017) stated in his study that cultures have an effect on pre-movement time and reactions
when they hear the fire alarm, which led to a late evacuation from the building during a fire incident. It is
hard to predict human thinking during a fire emergency incident. The learning and training of fire safety
play a critical role in affecting the human response to the fire alarm. The study results indicate that people
who had fire drill experience in the past were calmer and are more able to make the right decision than
those who did not have any training (Almejmaj et al. 2017).

The fire drilling, training and educating classes are the best way to overcome these and reduce the
number of deaths and fatal injuries. Many regulations and fire safety organizations require conducting fire
training for the occupants from time to time to make occupants familiar with the evacuation process and
the locations of fire exit doors. However, this training did not give the trainees sufficient sensation of the
dangers since occupants tend not to take them seriously (Silva et al. 2013). Cao et al. (2019) conducted
virtual experiments on a group of people, among which half of them were asked to evacuate due to fire
emergency and the rest half left normally. The results show that the group under the fire emergency takes
a long time to find the exit. Besides that, fire drilling training and life training have disadvantages such as
high cost, limited repetitiveness, and inherent danger (Ren et al. 2008). Also, fire drilling is not always an
ideal solution since occupants may not be available when the training is planned and the drills need
significant efforts for preparation.

On the other hand, classrooms training is another solution, but it is not sufficient (Smith and Ericson
2009). The information learned from a classroom environment are not kept well since fire safety
information are not used regularly and the trainees tend to forget. To retain the information longer
requires life training. This approach is costly and less safe for nonprofessionals. This could be an
alternative to overcome challenges in training occupants for fire emergency, but they are not the best.
This approach is costly and less safe for nonprofessionals. Immersive virtual reality (IVR) technology
provides a virtual, but immersive, environment. For fire emergency training, it can safely bring the trainees
closer to the dangers posed by fire and smoke than other delivery methods. IVR is a new approach that
makes the fire emergency training relatively easy and cost-effective.

2 THE PROBLEM

Building owners and managers need to develop effective emergency evacuation plans. These plans must
include a training program for all occupants to facilitate a safe building evacuation in the event of a fire.
The conventional evacuation training approach such as classroom training and drilling, and live fire
training are not the best way to implement and to improve occupants’ safety perception (Smith and
Ericson 2009). The availability of the resources is what determines the availability of classroom training
and live fire training (Barowy 2010). Live training exercises are performed in groups only, instead of
individually. Moreover, live fir training requires mobilization of resources and it stops all regular activities
at the location where it takes place (Silva et al. 2013). For example, if a fire drill training is to be
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implemented in an education building, it will affect classes activities. For hospitals, the disruptions can be
even more severe.

The preparation of conventional training needs time, effort, and budget, which limits of live training.
Classroom training required qualified instructors (Barowy 2010). In addition, the regulation of the
government and safety organization such as the National Fire Protection Association (NFPA) recommend
avoiding some of the fuel material, such as pressure treated wood, rubber, plastics, and straw or hay
treated with pesticides in fire training. However, these types of materials could be found in any building.
The new approaches that employ virtual reality could avoid government regulation and recommendation
made by the safety organization. It creates a virtual environment like the real fire scene that can be used
repeatedly to train building occupants.

3 VIRTUAL REALITY

Many researchers attempt to develop new technologies that provide more extensive options with fewer
limitation on regulations, safety, and resources. The game engine is the most popular simulation software
recently to implement simulated fire experiments. The virtual environment created looks like the actual
environment and can simulate scenarios of fire that gave the users the sensation of a real fire. Virtual
reality (VR) is a simulation of an environment in 3D and allows the user to interact with the content of that
environment (Behzadi 2016, and Li et al. 2018). VR technology can be divided in general into two main
categories which are immersive and non-immersive (Vergara et al. 2017). The immersive VR is that the
user immerses entirely in the virtual environment and can interact with virtual elements. Also, it can be
divided into two subcategories based on the visualization tools, including the head-mounted display
(HMD), and the cave automatic virtual environment (CAVE). On the other hand, in the non-immersive
type, the user can only visualize through.

The VR application in the recent decade considered from researchers particularly for dangers
experimental or in experiments that impossible to have a subject in a real event (Smith and Ericson
2009). The use of the VR training is exciting for the participants. The participants are also nowhere near
any dangers in case of software failure during a VR training.

4 METHODOLOGY

The proposed system is to develop users’ training modules to improve their perception of fire safety and
how to act during a fire incident. To develop and validate the training system, the study methodology is
divided into three main stages as shown in Figure 1. In stage A, the system will be created from the 3D
building model to develop the scenes of the experimental setup. The college building 3D model will be
created and converted into the Unity 3D software. The fire and smoke motion and spread out will be
mathematically simulated using a computational fluid dynamics method and then converted into the fire
scenarios in Unity 3D. In stage B, a pilot evaluation will be developed after a small sample of participants
are recruited with approved human subjects compliance protocols. Finally, in stage C the scenarios will
be finalized based on the experience from the pilot study, and a sufficient sample of human subjects will
be recruited to evaluate the effectiveness of such training.
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Figure 1: The proposed methodology framework diagram
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6 THE EXPERIMENT DESIGN AND EXPECTED RESULTS — WORK IN PROGRESS

In this fire safety study, users are immersed in a virtual environment with virtual fire and smoke to study
their reaction, behaviors, time of egress, and finding way in a fire incident. The goal of this study is to train
the building occupants to evacuate safely in case of a fire incident. The study will have pre-quiz and post-
quiz to evaluate the experiment. The experiment should not take a long time, due to the high stress level
of the participants, although participants will adapt to the virtual simulation (Meng and Zhang 2014).

This study will focus on answering several questions related to building fire safety. The data that will be
collected will include information on users’ knowledge about fire safety prior to training and after training.
Additional information will include necessary basic data such as age, gender, and level of education to
assess the impact of training on participants. The expected experimental results include an evaluation of
the participants’ perception and increased awareness about how they should behave during a fire
incident.

The study is currently underway. The 3D model of the college building was created with doors and
windows. model has been converted to the game engine platform see Figure 2. We are currently
simulating the fire and smoke using fire dynamics simulation (FDS) see Figure 3. The results from these
simulations will then be used to create fire and smoke scenarios in the virtual reality environment

Figure 2A: The 3D model external view

Figure 2B: The 3D model internal view
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Figure 3: The ignition fire and smoke distribution

7 CONCLUDING REMARKS

This study will focus on the fire safety of an educational building to evaluate fire planning. 3D model
immersive virtual environment is being used in conjunction with mathematically simulated scenarios using
a computational fluid dynamics method to model the fire and smoke motion and spread. The participants'
behavior will be recorded and analyzed to improve their fire perception in egress. The ultimate goal from
this study is to develop; training modules that can increase users’ awareness of safety around fire
incidents and to teach how to evacuate safely.
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