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Abstract 
Pre-movement time consists of recognition and response in a fire incident situation and comprises 
the interval between the time at which the alarm signal is given and the time at which the decision is 
made and the person starts evacuation.  To manage designing safe buildings the prediction of pre-
movement time is an important part in the fire engineering work because of the performance-based 
Building Code of Australia. To be able to predict the pre-movement time, international guidelines 
was used as a tool.  

These guidelines are based on research done in other countries than Australia and it is not known 
whether they are valid and reliable within Australia. This project was initiated with the purpose to 
test empirical data from Australia against the international guidelines. It aimed to compare measured 
times in offices to those predicted by the guidelines and to see how behaviour and actions impact on 
the time and whether they are consistent with the guidelines.  

Two drills were attended where the time was measured for the first few occupants to start to move 
and the last ones to start to move. Comparison was made with a commonly used guideline from the 
British Standard institute called PD 7974-6:2004. The result showed that for one office the time was 
slightly shorter than the predicted while the other one was slightly longer.  

The participant’s behaviour was studied by means of a post-evacuation survey. It dealt with subjects 
like physical position, interaction with people around, feelings and actions performed before leaving 
the building. Results regarding behaviour and actions did not give any significant results since the 
data set was small. The evaluation of the work process has provided suggestions for future studies in 
the field. 

This study may be seen as a pilot study showing that more research needs to be done to be able to 
validate the use of international guidelines within Australia. Conclusively, it was hard to get 
companies to agree with participating in the research due to shortage of time but it was not hard to 
get single persons to answer the survey at each location. 
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Sammanfattning 
Beslut- och reaktionstid vid utrymning på grund av brand är intervallet mellan tidpunkten då 
larmsignal är given till tidpunkten då beslut är taget och en person påbörjar utrymning. För att som 
brandingenjör kunna designa säkra byggnader är det viktigt att kunna bedöma och förutse tid för 
beslut och reaktion vid alternativa lösningar. Att göra analytisk dimensionering är ett vanligt 
förekommande arbete då BCA (Building Code of Australia) bygger på funktionsbaserade regler. För 
att förutse och bestämma beslut- och reaktionstiden används vanligtvis internationella riktlinjer.  

Riktlinjerna är baserade på forskning gjord i andra länder än Australien och det är oklart om dessa är 
giltiga och trovärdiga inom landet. Det här projektet initierades med avsikten att jämföra praktisk 
data med dessa. Det syftar till att jämföra uppmätta tider vid utrymningar av kontor och de utifrån 
riktlinjer angivna tiderna. Detta för att utreda hur beteende och handlingar påverkar tiden och hur 
detta överensstämmer med beteende så som det är beskrivet i riktlinjerna.   

Två utrymningsövningar var tillgängliga och ligger till grund för studien. Tiden mättes från det att de 
första få personerna började röra sig mot en utgång  och till det att de sista få började röra sig mot 
en utgång. Jämförelse gjordes med riktlinjer publicerade av British Standard institutes (PD 7974-
6:2004). Resultatet visade att för det ena kontoret uppmättes en något längre tid än den förutsedda 
och för det andra kontoret en något kortare.  

Datainsamling över beteende gjordes med hjälp av en enkätundersökning som fylldes i efter 
utrymningen. Den behandlade ämnen som fysisk position, interaktion mellan personer, känslor och 
utförda aktiviteter före personerna lämnade byggnaden. Resultat för beteenden och aktiviteter gav 
inget underlag för signifikansprövning eftersom datamängden var för liten. Utvärderingen av 
arbetsgången har givit förslag inför framtida studier inom området.  

Denna studie kan ses som en förstudie som visar att vidare studier behöver utföras för att det ska 
vara möjligt att validera tillförlitligheten i internationella riktlinjers användande inom Australien. 
Avslutningsvis kan det konstateras att det var svårt att få företag att ställa upp på att delta i studien 
på grund av tidsåtgång men på de ställen där utrymningarna genomfördes var det inte svårt att få 
enskilda personer att ställa upp. 
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1 Introduction 
In fire engineering building design, a common procedure is to estimate evacuation times to relate to 
time for tenability conditions. Evacuation time consists of different parts where the pre-movement 
time is seen as harder to predict and thus important to gain additional knowledge about since it 
depends on human behaviour. This time span could therefore vary a lot depending on for example 
occupancy.  

Guidelines are often used to predict the pre-movement time but the guidelines used in Australia 
today are often based on international research. Since pre-movement is important to predict it is 
also important to validate the use of international guidelines within Australia. A certain, commonly 
used guideline called PD-7974-6:2004 is in focus in this study. 

1.1 Background 

1.1.1 BCA 
The Building Code of Australia, BCA, is the uniform set of building regulations in Australia. The 
Australian Building Codes Board produces and maintains the BCA on behalf of the Australian 
Government and the State and Territory governments. The BCA allows the nation to achieve 
consistent regulations concerning health, safety, amenity and sustainability within buildings. The BCA 
comprises two volumes and additional appendices. The appendices cover variations for different 
states and further additions. The regulations include technical provision for design and construction 
regarding structure, fire resistance, access and egress, services and equipment and energy efficiency. 
Health and amenity are also important aspects in the BCA.  

The BCA is performance based. A performance-based code enables flexibility in design and materials 
and advantages to perform adapted designs and this may also lead to lower costs. Regulations are 
built on a main objective. The objective aims to state a function to achieve a certain goal. This could 
be for example safety in a certain aspect for occupants of a building. Fire safety design is one of the 
disciplines regulated in the codes. The objective is followed by a functional statement and 
performance requirements. Performance requirements are the only mandatory part of the BCA. They 
can either be met by Deemed-to-Satisfy or an Alternative solution or a mix of these. The Deemed-to-
satisfy way allows application of appropriate acceptable methodologies or construction practice. 
Alternative solutions on the other hand, allow different solutions as long as they comply with the 
performance requirements. To determine whether they do it or not it has to be verified in 
accordance to a method described in BCA. This can either be proven by evidence, compared with a 
deemed-to-satisfy provision or be approved by expert judgement.  Evidence could for instance be 
calculations.  

Regarding evacuation during emergencies, including fire, the BCA has an objective and some 
functional statements. Under Section D, Access and Egress in BCA one can find following for egress: 
“The objective of this section is to safeguard occupants from illness or injury while evacuating in an 
emergency” (ABCB, 2010). Deemed-to-Satisfy designs for different types of buildings are then 
described. To meet the Performance Requirement by an Alternative solution the evacuation time 
needs to be calculated.  
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1.1.2 Evacuation and pre-movement time 
Evacuation time is the time it takes for occupants to reach a safe place from the moment when they 
hear a fire alarm.  In the design situation a fire engineer often needs to predict two times called ASET 
and RSET. ASET denotes the “Available Safe Escape Time” and corresponds to the calculated time 
between ignition and time when the condition of safe egress is exceeded. RSET is the “Required Safe 
Escape Time” denoting the time it takes between ignition and occupants to reach a safe area. To 
ensure occupant’s safety the RSET should be shorter than the ASET. Accordingly, the available time at 
tenable conditions exceeds the time it takes for occupants to reach a safe place. This extra amount of 
time is called Margin of safety.  

The SFPE (Society of Fire Protection Engineers) handbook of Fire Protection Engineering presents a 
clear overview of the egress time.  

 

Figure 1. The egress model according to SFPE handbook (Proulx, Evacuation Time, 2008).  

Evacuation time consists of two main parts; pre-movement time and the movement time. Movement 
time is the easier one to predict since it depends on walking speed and distance to an exit. The pre-
movement time is the interval between the time at which the alarm signal is issued and the time at 
which the decision is made and the person begins to move (Proulx, Evacuation Time, 2008). 

The pre-movement time in turn, divides into recognition and response time. Recognition time starts 
when the alarm starts (or a person in some way gets cues of fire, for example visible cues or a spoken 
message) and is the time it takes to understand and associate the alarm with fire. The response time 
is the time it takes to make a decision to move towards an exit. The response time normally includes 
a number of different activities. The pre-movement time depends on human behaviour and different 
persons may respond in different ways. Examples of such activities are collecting personal 
belongings; investigate cause for the alarm and gathering family members. The activities may also 
differ depending on type of building and type of occupancies involved. 
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1.1.3 Predicting pre-movement time at design   
According to Frantzich, (Bengtson, Jönsson, & Frantzich, 2005), the knowledge of what people 
actually do during fire incidents is pretty good and most of the research is done in residential 
buildings. The missing parts are how the actions are connected with time. Most research is based on 
interviews and surveys but the time it actually takes to start to move is still poorly investigated.  

A further problem with predicting the pre-movement time is the amount of factors affecting the 
decisions and reactions. The definition of the situation as a fire and the perception is likely to affect 
the pre-movement time. An attempt to manage this problem has been made by Kuligowski (2009). 
She mapped how different factors tend to increase or decrease a person’s perception of fire cues and 
the interpretation of these factors. Examples of the results are: 

• If a person has experience with fire, the likelihood of perceiving a cue increases and the 
interpretation to define the situation as a fire increases and to define the risk to self or 
others increases. 

• If a person is in the age category ‘older adult’ the likelihood of perceiving a cue decreases 
whereas the interpretation to define the risk to self or others increases.  

• If a person perceives a time pressure, then the likelihood of perceiving a cue decrease, the 
interpretation to define the situation as a fire decreases and to define the risk to self or 
others increases. 

A number of factors are developed in a similar way in a table. It includes occupant’s pre-event 
factors, occupant-based factors and cue-based factors (Kuligowski,2009).  

To predict pre-movement time in alternative solutions, knowledge about human behaviour and 
factors affecting the time is required. Guidelines are available to assist in predicting the time. 
According to the NFPA (National Fire Protection Association) Life Safety Code all sources used for 
predicting response time must be documented (NFPA, 2009). They refer to a guide called SFPE 
Engineering Guide of human behaviour in fire. In the guide methods for calculating movement time 
are presented and there is information about human behaviour.  No model for calculating 
recognition and response time is presented (SFPE Task Group on Human Behaviour, 2003). No other 
proposals for relevant literature are given in NFPA Life safety code.  

The SFPE handbook of Fire Protection Engineering is another source of information within this field 
where a table of delay times from actual fires is presented. The table can be used to provide a view 
of pre-movement times but is not recommended to use for design since the situation can vary in too 
many ways from the specific case studies reported. The number of occupants or the type of 
occupancy can for example be different. (Proulx, 2008) 

British Standards Institute has developed a guideline that according to its comprehension is one of 
the most used guidelines. It is called PD 7974-6:2004. Since literature presents different evacuation 
times for example an office compared to a museum but it might be the same movement time it is 
obvious that differences exist. This difference must be dealt with during design of alternative 
solutions. Knowledge and awareness as well as guidelines might be a necessary part to be able to 
handle the different parameters that affect pre-movement time. 
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1.2 Objectives and aims 
The aim of this research was to determine whether the times presented in the guideline PD 7974-
6:2004 are applicable to buildings in Australia. To satisfy the aim, evacuation drills were 
observed.  The objective was to answer the following questions: 

• How do the pre-movement times at the drills differ from the pre-movement times presented 
in international design guides? 

• What factors may influence the pre-movement time? 

• Should pre-movement times based on international guidance continue to be used in 
Australian designs? 

1.3 Delimitations 
The observations of evacuation drills were performed between June and August 2011.  

Only evacuations because of fire are discussed. Evacuations due to other causes such as leaking gas 
or bomb threats are not addressed.  

Occupancy in focus is offices and no other occupancies have been taken in account.  

As a limitation the sound of the alarm can also be mentioned. Voice alarm systems are a common 
alarm type used for giving information about the incident and providing direction to evacuate which, 
in turn, affects response time. This has not been in the scope of this study. 

Computer modelling is a common tool for predicting evacuation times. How these handles pre-
movement time or how accurate these predictions are is seen as a secondary view of the problem 
since they are based on same studies. Computer programmes are therefore not considered in this 
study.   
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2 Literature survey 

2.1 PD 7974-6:2004 
The Published Document 7974-6:2004 is one of the most frequently used guidelines for prediction of 
evacuation times. It is published by the British Standards Institute, BSi. The latest version was 
published in July 2004 and is based on earlier versions such as the DD240: Part 1: 1997. The 
document is part six of “The application of fire safety engineering principles to fire safety design of 
buildings”. Part six is called “Human factors: Life safety strategies – Occupant evacuation, behaviour 
and condition.  

Based on human behaviour, evacuation theory and movement of people, a method for calculating a 
complete evacuation time is developed in the document. The method attempts to quantify 
evacuation times to a number of design behavioural scenarios. The method can then be used for 
different types of buildings. Different parts of the evacuation are taken into account such as times for 
walking, queuing and flow through exits. A boundary of this project is to only focus on the pre-
movement time.  

Pre-movement appears to be the most time consuming phase during evacuation. The characteristics 
of the occupants, the building and the fire involved are the three main fields affecting human 
behaviour and thus pre-movement time. 

With regard to occupant’s characteristics, two variables can be identified that affects pre-movement 
time: 

• Awareness; - occupants are sleeping or awake.  

• Familiarity; - how well occupants know the layout of the building.  

Two main variables of building characteristics: 

• Density; - how many occupants there are in a certain area. 

• Enclosure/Complexity of building; - how many rooms or how complex the area is. 

These four variables form the different categories corresponding to the design scenarios.  

Offices and Industries are classified as category A, since people are expected to be awake, they are 
often familiar with the building, they have low density of occupants and the building can have one or 
many enclosures. This can be compared with for example an airport where people’s awareness is 
lower, they are not familiar with the building, which can be complex and consists of many enclosures 
and the density of occupants is high. Airports are therefore assigned to category E, the lowest 
category. In between these two examples are hotels or hostels in category Ciii (iii stands for a more 
complicated variant of just C) and shops or cinemas in category B. A specific building can contain 
enclosures from different categories.  

Modifiers of each category are defined in order to be able to explain the building characteristics. 
There are three variables of importance for the evacuation time; the quality of alarm system (A1-A3), 
the complexity of the building (B1-B3) and the quality of fire safety management in the building (M1-
M3).  The number increases with a more complicated situation with respect to fire safety, for 
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example a manual fire alarm (L3) instead of a fully automatically (L1). B1, the simplest building type 
can be for example a small rectangular supermarket. For the management factor a better case is M1, 
which could mean trained occupants and a well-developed evacuation plan. Combinations of these 
factors are used for predicting evacuation time in a certain building.  

Pre-movement time depends primarily on the behaviour and management and less on the building 
complexity. To make an appropriate estimation for a situation, one method presented in the 
document is to study the first and last few occupants’ pre-movement times. More particularly, this is 
the pre-movement time of the first percentile and the 99th percentile of occupants.  

The different stages in evacuation might not be distinctive enough to appear one at a time. Instead it 
occurs simultaneously and cannot be handled as additional times. Therefore, a feasible approach is 
to focus on the first few and the last few occupants. In the absence of reliable data the few 
suggested standard behavioural scenarios are presented for both values for the different types of 
building categories. These categories include some different cases based on combinations of the 
different variables (BSI, 2004).  

2.2 Human behaviour 
Studies of human behaviour in fires began already in the mid-1950s and during different periods 
since then it have been a subject for research. Lately, when a performance-based approach to fire 
safety design increased, the subject has become more current again. This gives an opportunity to 
combine building codes and research of human behaviour to achieve a more accurate result in the 
prediction of pre-movement time (Shields, 2000). The pre-movement time is the part of the 
evacuation process that is most important with respect to safe evacuation of occupants of a building. 
In her report, Kobes (2010) refers to previous studies and argues that human behaviour strongly 
influences the pre-movement time ( Kobes, 2010).  

Consequently, to include pre-movement time knowledge about pre-movement behaviour is essential 
as is knowledge about other factors affecting safe evacuation. Almost all evacuations include delays 
in occupants beginning evacuation which can lead to unsuccessful evacuation. Safe evacuations are 
more likely to result from short time pre-movement times ( Kobes, 2010).  

A person goes through different stages in the evacuation process. The first stage starts with 
awareness of a danger; cues are received from alarm signals, other people or building service 
disruptions. Disruptions can for example be a movie stopping at the cinema or the light is turned on 
and music stops in a pub. In the next stage a decision-making process starts where occupants 
validate the cues and response begins. The third stage is movement to a safe place (O'Connor, 2005; 
Kobes, 2010). Cues are a prerequisite for the decision-making process and by getting information 
stress can be reduced and action can be taken. Some stress is sometimes needed to motivate 
reaction but an absence of cues is likely to increase the stress to non-beneficial levels. A beneficial 
level of stress is obtained when cues are given in a contributively way for decision-making and time 
for pre-movement time is decreasing (Proulx, 1993). 

Various attempts have been made to present human behaviour in a way that improves the 
understanding of the problem. O’Connor presents a model outlining four important factors affecting 
the evacuation time. These factors are building characteristics, evacuation strategy, occupant 
characteristics and fire environment (O'Connor, 2005). Kobes' way of presenting the factors is similar 
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to this but is confined to three components. These are the characteristics of the building, the human 
and the fire. Human characteristics, in turn, are partitioned into behaviour of individuals and group 
behaviour like social features or situational circumstances.  

Individuals have three distinctions they follow in case of fire. The first distinction is whether a person 
takes the role as a leader or as a follower. Most people will take the role as a follower and will 
therefore not start taking action before a leader does. Another trait is the capacity of coping with 
stress where all occupants are able to handle different levels. Relevant cues need to be processed 
and confrontation with unfamiliar situations is likely to appear and this can affect the stress level. 
The third individual trait is the person’s belief in self-efficacy. This affects choices, feelings and how 
long one continues with an action while exposed for distractions.  

The perception of the surroundings plays a decisive role in fire response performance. An individual’s 
observational capacities to hear, see, smell and feel determine the individual’s ability to identify signs 
of danger.    

The social features describe the interaction between people, their involvement in the task they are 
doing and the attitude towards the responsibility for occupants of the building. People tend to act 
more in groups rather than as single individuals in case of emergency, particularly family members 
who keep acting like a group as long as possible. Continuing to finish the task is a common behaviour. 
For example, someone in an office tends to finish a task rather than cancel it straight away before 
leaving the building. If someone is assigned a role with responsibility for other occupants in normal 
circumstances they are often willing to continue the task and take responsibility even in case of 
emergency. This is applicable for example to wait staff, reception desk personal and department 
managers.  

Occupant’s situational characteristics concern their awareness, physical position such as standing, 
sitting or moving and their familiarity with the building. The awareness is what state of alertness 
someone have and could be reduced by drugs, alcohol or if someone’s asleep. Familiarity with the 
layout of the building may impact on the choice of escape route. Occupants knowing only one exit 
would likely use that and occupants knowing the layout well will choose exit depending on 
availability and assessment of way to the door (Kobes, 2010). Familiarity with the building seems to 
be one of the situational features that affects the pre-movement time the least.  

Type of occupancy has an impact on the pre-movement time. Comparing various occupancies, 
international studies typically show that occupants in offices have a shorter pre-movement time than 
those in residential buildings. This might depend on the possibility to get an overall view of the 
situation in an open office. Access to other people’s reactions and what is going on in the building is 
seen to support a quick evacuation.  In residential buildings, occupants in each compartment have to 
map the situation and take a decision themselves which tends to increase the pre-movement time 
(Proulx,  2008). This can also be the case in closed-plan offices where people are not able to see each 
other. Another reason for different occupancies having different pre-movement times is the 
occupant’s commitment or focal points. If someone has been waiting in a queue or waited for a meal 
they tend to wait longer before they start to move. The movement may lead to a loss of place in a 
queue or the meal they have ordered. A focal point could be the screen at a cinema. People are often 
turning their attention to the movie screen in an emergency which can be used for giving people 
advice what to do (SFPE Task Group on Human Behaviour, 2003).  
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2.3 Cultural differences 
A study addressing differences in behaviour in fires between U.K. and U.S. showed ten significant 
differences (Bryan, 2008). The study focused on the actions taken in case of fire. Questionnaires were 
provided by the fire brigade to participants at the scene of fire incidents. In U.K. 2193 persons 
answered the form and in U.S. 584 people participated. The study showed that gender differences 
gender were relative in the both countries and therefore not constitutes a cultural difference. One 
question with different response options answers to what people considered the first action is in 
case of fire. Differences in first action showed that a larger percentage of the Americans answered: 
“notified others”, “got dressed”, “got family”, “left area” and “entered the building”. The British 
population on the other hand, gave following answers as first action taken: “fought fire”, “went to 
fire area”, “closed the door to fire area”, “pulled fire alarm” and “turned off appliances”. 15 precents 
of the Americans answered that they notified others while only 8.1 precents of the British people 
said so (Bryan, 2008). This shows that differences in behaviour do exist between nations. It is also 
reasonable to assume that other countries might show corresponding results in similar studies.  

A comparative research of pre-movement time and behaviour of people in Sweden and Australia has 
been made (Andrée, 2008). The variables focused in the research were occupant’s association with 
the fire alarm, their feelings during the event, pre-movement time and group behaviour. 257 
university students participated and a total of 13 drills were made. The study was qualitative showing 
that Australians tended to interpret the situation more seriously and also experienced a higher level 
of fear than the Swedes. Differences in pre-movement time and group behaviour were not significant 
even though some differences were seen ( Andrée, 2008).  

There is limited research available on cultural differences during evacuation but there are some 
relevant parameters that are more likely to differ between countries. In the SFPE Engineering Guide 
of Human behaviour in fire they refer to organizational behaviour research. Here, social affiliation 
and role and responsibility are mentioned as factors assumed to differ (SFPE Task Group on Human 
Behaviour, 2003).   
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3 Method 

3.1 Methods for collecting data 
This project contains a literature review and a literature survey and these two was carried out in a 
similar way. The literature review gives opportunity to find out if someone has done similar research 
earlier. Table 1 shows an overview of used databases. Databases for research documents are 
provided by Luleå University of Technology, the consulting company Philip Chun & Associates in 
Melbourne and the Internet.  

Keywords used for searching was: Human behavior, fire, pre-movement time, evacuation, trial/drill 
and combinations of these words. For cultural differences following key words was used:  cultural, 
national, differences, cross-cultural, Australia, characteristics, human behavior, individual-level and 
combinations of these. Combinations could be for example evacuation drill, human behavior in fires 
or cultural differences.  

Table 1. Overview of databases for literature review.  

Database Note Type of literature 
ScienceDirect  Article 
ProQuest  Article 
Ebrary  E-books 
International Symposiums, 
IAFSS 

Papers from conferences Papers 

Scirus Free database Articles 
Scopus Good in searching within wide 

results 
Articles 

Google Scholar Finding database for further use  
Library at Philip Chun  Papers, books 
 

The review showed an absence of empirical data from Australia. Observations were decided as a 
method for study evacuation in practice. To find out occupants behavior during evacuation a survey 
was opted for.  

3.1.1 Observation 
This part is used for studying people’s behaviour in a deeper perspective. In this project observation 
of evacuation drills was chosen because there is an absence of practical data from Australia. This is 
also a reason for the absence of Australian specific guidance on evacuation behaviour. To be able to 
form an opinion and to answer the questions empirical data was seen necessary.  
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The following contacts have been used in attempt to find available evacuation drills for the research: 
 

• Metropolitan Fire Brigade, Melbourne 

 Building Inspection and Compliance Department 
 Community Education Department 
 Community Safety Central District 

 
• City Council Melbourne, Planning and Building Department 

• Personal contacts 

3.1.2 Conditions and performance 
In every drill observed the category according to the literature was evaluated. These are level 1, 2 
and 3 of Alarm, Building and Fire Safety Management. This is done to be able to compare with the PD 
7974-6:2004. The actual time it took for persons to start to move is decided by comparing their own 
estimations. Recordings from surveillance cameras was planned to be a way of measuring the time it 
took but in both cases such equipment was not available. Therefore, other methods had to be used. 
This was depending on late knowledge about the drills in combination with late information about 
the site. In the cases where drills were identified through the MFB less direct contact with the 
companies was possible.  The method was finally the time measured by a person using a timer and 
taking notes. The person measuring the time likely affected the occupants a little bit and to prevent 
that the observers acted as much as possible like a normal occupant. The MFB trainer was likely 
affecting the occupants even more and this was hard to prevent but it was likely to only affect people 
in the same part of the building and not everyone. 

3.1.3 Survey 
In this study surveys were used to question evacuees. The forms were filled in straight after the 
evacuation. The survey covered one A4 page printed double. The method is appropriate for lay 
people instead of for experts. Since everyone answered the same questions ability to compare the 
answers apply for the analysis.  

The design of the survey was made based on the human behaviour part in the literature survey. To 
ensure a high rate of respondents an objective was to make the survey short and with response 
options at each question. Framing, interpretation and layout was also seen as important to ensure 
participation. A copy of the survey is to be found in Appendix A.  

Another survey was made for the trainers at the MFB. The survey was meant for three persons to fill 
in. The survey concerned the time at drills as well as peoples’ behaviour. Since the trainers have been 
witnessed many different drills they were assumed to have knowledge important for this search. 

3.1.4 Complimentary data collection 
A fire incident in a building in the city of Melbourne occurred during the time when the project was 
running. This seemed to be a rare but very good opportunity to obtain pertinent data. The ensuing 
morning contact was taken by a visit in the building, where the security staff was contacted. Since 
they were not allowed to give any information about anything in the building the building manager 
was tried to be reached. The different companies who are tenants in the building were reached both 
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by phone and by personal visit. The survey was transformed into an electronic version using Google 
Documents. This was aimed to be sent out to occupants in the building.  

3.2 Data analysis 
The collected data can be categorised after its level of measurement. Different variables categorized 
are subject for different methods of analysis. In the collected data two main categories are present, 
nominal and ordinal scales.  

In general the data collected is seen as a relatively small data set and normal distribution cannot be 
assumed. This enables certain and partly limited test methods for analysis. More advanced statistical 
methods would have been possible if individual pre-movement times had been possible to measure. 
Simple descriptive statistics and graphical evidence is used for gaining understanding about 
occupant’s response. Because of the small data set it is not possible to say if results are significant or 
by coincidence but it might show trends and valid result for the actual data. 

3.3 Object description and preconditions 
Two drills in offices were attended, providing data for this report.  

3.3.1 Brisbane 
The first evacuation drill was performed in a three storey building in Brisbane. Different companies 
occupied the levels but a coordinated drill for all levels was performed. The companies accomplish 
one drill annually to develop their procedures at evacuations.  

Each level of the building was relatively small and there were no more than approximately five 
persons present on each level. The building is equipped with local fire alarms only. The most 
convenient way of doing the drill was therefore to let a fire warden walk through the building telling 
people to evacuate because of fire. The cue that made occupants to evacuate in this case was thus a 
verbal message.  

Timing for the different levels was measured by one person on each level. The observer started the 
timing when the fire warden gave the announcement. Notes of the time were taken when the first 
ones started to move and when the last ones started to move. To disrupt the work as little as 
possible, the staff had been told about the drill in advance. The weather this day was sunny and the 
temperature was 22°C. The drill was performed at 3.00 pm 28th of July. The weather could have an 
impact on for example what people brought when they left the building. The survey was filled out by 
the occupants at the assembly area outside the building. To fill in the surveys straight afterward was 
seen as important to be able to collect right information. Information about behaviour and actions 
under such small time lap could probably be forgotten soon after the event otherwise. Everyone 
except four persons filled it in and that gave 15 complete surveys.  

The building can be categorised in accordance to PD 7974-6:2004. All levels have fire safety 
management level of M2 since they have fire wardens and they have some procedures but the 
wardens are not always present. The alarm system is local sounders and the only way to announce 
the incident to other levels would be to tell them in personally. This corresponds to category A3 
normally. However, the category in the actual drill observed is likely to be A1 since announcement 
assumes to be quick between levels in case of fire and pre-movement times are likely to be short. 
The differences of the levels are the layout. Level two consists of a large open office with almost no 
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enclosures. At the other levels the layout are some few enclosure but are anyway to be seen as a 
simple layout. These categories are then used for reading a table and get a predicted pre-movement 
time for the specific building. Table 2 shows the predicted result from PD7974-6.  

Table 2. The Brisbane office’s different categories and their pre-movement time according to PD 7974-6:2004. 

Level Category First occupants Occupant 
distribution 

Ground and one M2 B2 A1* 1 minute 2 minutes 
Two M2 B1 A1* 1 minute 2 minutes 
*Assumptions have been made for A1.    

The fire warden that commenced the message to evacuate was working at level two and the priority 
for performing the drill seemed to be weak. The motivation in his announcement was therefore a bit 
low. Level two contained occupancies within building consultant and these occupants work to some 
degree with fire protection. They were affected both by the warden’s presence and the fact that they 
work with fire safety regularly in their work.  

3.3.2 Cheltenham 
The second drill was performed in a chemical company in Cheltenham outside Melbourne. This drill 
was found through MFB and they had training during the day ending with an evacuation drill. The 
site was comprised of two buildings; one with the office and one with a laboratory. The laboratory 
also included an administrative part. Since this company handles chemicals it has a higher level of 
safety management and administers four evacuation drills annually.  

This building does not have an automatic fire alarm but an alarm covering both buildings can be 
started manually by staff members. The alarm includes an alert signal and an evacuation signal. 
During the drill the alert signal sounded before the evacuation alarm.  

A trainer from MFB measured times during the drill. Notes at time for start of alarm, response and all 
clear was taken. The drill was to some degree unannounced. There were five occupants in the 
building that had not got the announcement. Some people in the building were contractors and not 
aware of the emergency routines.  

The drill was performed at 1.00 pm, 3rd of august and the weather this day was sunny and about 
22°C. The survey was filled in outside at the assembly area by all evacuees which in this case were 18 
persons. Occupants from both the buildings assembled at the same point.  

Categorisation of the two buildings according to the PD 7974-6:2004 is shown in Table 3 below. The 
category is based on their routines in fire safety management which exists but fire wardens are not 
always present. The both buildings are rectangular and can be seen as having a simple layout with 
some enclosures. The alarm type is local but can manually be started to sound in the both buildings. 
The pre-movement time is shown for the first few occupants and the occupant’s distribution which 
means when the last few occupants have evacuated.  
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Table 3. The Cheltenham office’s category and pre-movement time according to PD 7974-6:2004. 
 
Level Category First occupants Occupants distribution 
Office and Laboratory M2 B2 A1 1 minute 2 minutes 
 

Cheltenham had at the time for the evacuation drill a manager that was about to end his 
employment with the company. The safety management had for a long time been kept at a minimum 
required level. The trainer from MFB gave theoretical and practical education and provided 
information for the company to develop and improve the fire safety routines. The same MFB trainer 
was afterwards convinced that the company never would go further or implement the new 
recommended routines and improvements. This was partly due to the leaving manager and the 
culture of the company, according to the trainer at MFB.  
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4 Results 

4.1 Surveys evacuation drills 

4.1.1 Brisbane 
Pre-movement times were measured at the three different levels. The time it took for the first few 
occupants to move, the last few occupants to move and when the level was completely evacuated 
was measured. A person at each level measured the time with a simple timer. All occupants used the 
main entrance door and used the connecting stairwell. “Completely evacuated” refers to the time 
when occupants leaves the office and enters the stairwell. 

Table 4. Result of measured times in Brisbane.  

Level First few occupants to 
start move 

Last few occupants to 
start move 

Completely evacuated 

Ground floor 38 sec 58 sec 58 sec 
First level 2 min 20 sec 2 min 50 sec 3 min 
Second level 25 sec 35 sec 50 sec 
Combined time 25 sec 2 min 50 sec 3 minutes 
 

Since surveys were filled in without possibilities to connect them to a specified level, a single 
combined time for the whole building was assumed. That is the shortest time for the first few 
occupants anywhere to move and the longest time for the last few occupants to move.  The time for 
complete evacuation was then, consequently, the longest time for any occupants to evacuate the 
building.  

The answers from the 15 surveys are shown in appendix B and a summary of the answers is given 
here. Four persons did not fill in both sides of the survey and these were deleted from the data set 
since they were incomplete.  

The most common age range was 21-35 years old and the next most common was to be older than 
50 years. There were nine females and three males and three persons with unknown gender. The cue 
that made people evacuate was a verbal message and everyone knew it was a drill. The most 
common number of tasks that people did before they evacuated was one and the most common 
thing to do was stopping task right away and the second most common was to evacuate 
immediately. Some people were giving directions to others to evacuate and some continued the task 
or waited for further instructions.  

Occupants were asked to estimate the time it took before they started to move. This was estimated 
to times between 0 minutes up to 5 minutes. One and two minutes were here the most common 
estimations.  

The most common item to bring when evacuating was personal belongings but most occupants did 
not bring anything at all. Most occupants could see other people at the time when they were told to 
evacuate. It was slightly more common not to discuss with others about the evacuation than to do it. 
All occupants, except from two, were sitting down at the time for the verbal message. 
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Many people replied that they were responsible for others in the building and most of them knew 
each other well. There was no one that did not know what to do but some was more confident in 
what to do than others. No one felt worried. To the question about waiting for further instructions 
and if they were one of the people to take action first the answers were very varying. It was a good 
mix in the range 1-5 on agreement. 

4.1.2 Cheltenham 
The evacuation time was measured by a trainer from MFB. The time when the alarm was issued to 
the moment when a fire warden gave clear sign was measured. This is a longer time period but 
includes the pre-movement time. The time measured for all occupants to evacuate was 2 minutes. 

The results from the surveys can be found in appendix B. The survey was filled in by 18 persons and a 
summary of the results are given here. This data set is from now on seen as 17 surveys since one 
survey showed invalid answers in several cases. For example the person answered he thought it was 
a fire and that he knew about in advance which is an unlikely combination. The time estimation and 
number of tasks showed that the person had not answered the survey in a correct way.  

The most common age range was 36-50 years old and the next most common was two ranges, over 
50 years old and 21-35 years old. Four persons did not answer what gender they were but except 
from two of them who answered that question, everyone was males. Everyone heard the alarm that 
was commenced by a warden. Five persons did not know about the drill in advance and one thought 
it was a fire and not a drill.  

The most common number of tasks done before evacuating was two. Most common answers were 
stopping task right away and evacuating immediately. Other common tasks to do before evacuating 
were giving directions to others or wait for further instructions. Four persons investigated the cause 
of the alarm and one person also gathered equipment such as fire extinguisher. A fire warden is easy 
to identify in the results since this person performed seven tasks and this included doing something 
in another room and giving directions. The fire warden checked all rooms before evacuating as last 
person out. 

At the actual time, no warden was present in the office building but another person took some 
responsibility and also checked the visitor book.  

Occupant’s estimated time for starting to move was between 25 seconds and five minutes. Most 
common answer was that it took one minute to start move.  

Almost none of the evacuees brought anything while leaving their workplace. Everyone, except two 
persons saw other people when the alarm started. Only five persons discussed with others before 
evacuating. Approximately half of the occupants were sitting and the rest was standing when the 
alarm went off. 

Answers to the question about responsibility for people in the building showed an even distribution 
of the options. Some people answered that they did not know the others in the building well but 
most of the occupants knew each other.  

To the questions if people knew what to do, if they waited to see what others did and if they felt 
worried was very varying. It included all different answer options. To the question if they were one of 
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the first ones to take action the answers varied a lot as well but tended to be of a higher grade than 
the previously mentioned questions. 

4.1.3 Differences between the two evacuations 
The two drills showed some differences. Brisbane had, compared to Cheltenham: 
 

• younger population 

• more women 

• People were to a larger degree sitting at the time for the alarm compared to corresponding 
in Cheltenham that was standing.  

• No one felt worried at all.  

• More people discussed before evacuating. 

4.2 Other results 
An attempt was made to contact evacuees after a large office building in the city of Melbourne. The 
building had a small fire incident that made approximately 2000 people evacuate (Levy, 2011). Even 
though a lot of time was spent to try to reach people that had been taken part in the evacuation the 
only result occurring was zero surveys filled in. This was according to reception staff of the 
companies in the building because they were not in any means allowed to send a survey to their staff 
and they were too busy to have time to fill it in. Five companies were stationed in that building.  

4.2.1 Surveys MFB 
The survey to the trainers at the MFB was addressed to three persons. One survey was filled in. This 
was not used for further analysis.  
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5 Data analysis 
 
The analysis is basically based on the results of the surveys filled in at the two evacuation drills in 
Brisbane and Cheltenham. Analysis of the result will focus on finding how the behaviour and time 
from the drills are corresponding to the literature. The literature is both the PD-7974-6:2004 and the 
result of the literature survey. Result of the analysis is discussed and then presented in the following 
conclusions. The questions aimed to be answered are: 

• How do the times at the drills differ compared to the times presented in international design 
guides? 

• What factors may affect the pre-movement time?  

• Should pre-movement times based on international guidance continue to be used in 
Australian designs? 

5.1 Time 
To answer the first question about how the times at the drills differ compared to the guideline a 
table shows the predicted and measured times and also a column over the time estimated by 
occupants.  

Table 5. Comparison between times for the two evacuation drills at Cheltenham and Brisbane.  

Time Predicted      
(Guideline) 
 

Measured 
First few 
occupants 

 
Last few 
occupants 

Estimated 
First few 
occupants 

 
Last few 
occupants 

Cheltenham 2 min - 2 min* 20 s 5 min 
Brisbane (combined) 2 min 25 s 3 min 0 min 5 min 
Brisbane Ground floor 2 min 38 s 58 s   
Brisbane first level 2 min 2 min 20 s 3 min   
Brisbane second level 2 min 25 s 50 s   
*Time measured until complete evacuation. Real pre-movement time is calculated to be 1 minute 
and 40 seconds.  

Table 5 shows the pre-movement times for the evacuation drills due to the guideline, the measured 
and the by occupants, estimated time. It should be noted that the time measured at Cheltenham 
includes movement time within the building which means that the actual pre-movement time is 
shorter than two minutes. By calculating a movement time and subtracting that from the measured 
evacuation time an approximate time for the pre-movement will be found. The distance within the 
building can be approximated to be 25 meters when assuming a walking distance from the centre of 
the building. Assuming a walking speed of 1.3 m/s (Bengtson, Jönsson, & Frantzich, 2005), this would 
give a reduction of 20 seconds of the evacuation time of 2 minutes. The calculated pre-movement 
time will therefore be 1 minute and 40 seconds instead of 2 minutes. Cheltenham shows therefore a 
shorter pre-movement time than predicted. 

The estimated time in Cheltenham was slightly higher than the actual time. The estimation by 
occupants in Brisbane was almost the same but more similar to the actual time it took. The measured 
time in Brisbane was slightly longer than the presented time in the guideline. It differed by one 
minute.  
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Taking in account that pre-movement time comprises recognition and response time, the measured 
time at the Brisbane office could be expected to be even shorter in this case. This is because 
recognition time can be expected to be very short when the cue is a verbal message. Occupants don’t 
have to go through the stage of recognising the alarm which means occupants experience the stage 
of decision-making almost from start. Also the decision-making stage is supposed to be very short in 
a situation like this since everyone was told what to do, in this case to evacuate the building. 

The estimated time is dependent on every single person's experience; it may not be an accurate 
measurement of the time it actually took. It can be seen that only a few persons answered that it 
took about 5 minutes. These answers are in every case belonging to someone who accomplished 
many tasks before evacuating. In two cases the tasks included call from a landline, giving directions 
to others and do something in another room. It’s therefore likely that these are the fire wardens. See 
Figure 11 for a complete overview of performed tasks. The other few persons may have been helping 
the wardens to search the building or had some responsibility that required extra actions before 
evacuating. Excluding these answers the result would be 0 – 2 minutes for Brisbane and 20 seconds – 
2 minutes in Cheltenham.  

Conclusively, of the measured times, one time is slightly shorter than the predicted while the other is 
slightly longer than the predicted. This means that any tendencies in difference cannot be seen. The 
estimated times are in range longer but the exclusion of fire wardens and three people helping them, 
most occupants experienced the time it took pretty similar to the actual time.  

5.2 Factors affecting the time 
The behaviour and actions taken during the evacuation might also say something about how the time 
differs. An attempt to see how human behaviour during the drills corresponds to the literature 
survey will be done. Since a trial situation never can be regarded as a real situation some analysis is 
more relevant and interesting than other. Some analysis might show result that is applicable for all 
situations independent of whether it is a drill or a real situation.   

In the surveys some people left blank answers. These are removed from the analysed dataset when 
the analysis concerns that question. As far as possible all answers are used.  

Factors are identified in the previous research that likely affects the pre-movement time in a 
negative or positive way. Positive way means that it might be behaviour or an action that accelerate 
the evacuation. Affect in negative way means that it is likely a reason for delays of the evacuation. 
Comparison between actions and circumstances at the drills and these factors from the literature 
survey is shown in Table 6 below.  
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Table 6. Comparison of factors that might affect the pre-movement time in either a positive way or a negative.   

Factor Brisbane Cheltenham 
Effect on pre-movement time: Negative  Positive Uncertain Negative Positive Uncertain 
Individual behaviour       
Role as a leader or follower       
Feeling, here worried       
Group behaviour, Social 
features       
Interaction, here discussion       
Responsibility for others       
Continuing task       
Situational features       
Awareness       
Physical position       
Building/occupancy 
characteristics       
Open or closed office area       
TOTAL 3(2) 2 3(4) 0 5 3 
 

As seen in Table 6, this could explain some of the difference in measured time between the two 
drills. At both places all occupants had a high level of awareness, were awake and heard the 
alarm/message, which is as expected for offices. All buildings taking part in the experiment have 
more or less open office areas where occupants can see each other. 

5.2.1 Individual behaviour 
Brisbane did show a longer pre-movement time than Cheltenham. Cheltenham showed some 
positive factors. The median for “I was one of the first ones to take action” was higher than the 
median for “I waited to see what others did”. The literature survey showed that most persons tend 
to act like followers but there is no reason to not believe in the result from Cheltenham so this might 
have add positive effects on evacuation time.  

By having a closer look at the figures below it can be seen that Cheltenham had a larger amount of 
answers on the agreeing side for taking action first than on the disagreeing side. Brisbane have 
almost same amount of answers on agree side but not as many strongly agree but on the disagree 
side Brisbane shows a lot more answers.   
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Figure 2. How occupants graded the statement "I was one of the first ones to take action".   

As shown in  Figure 2, Cheltenham had a lot more answers on the disagreeing  side while Brisbane 
have more on the agree side. This means that Brisbane to a larger extent waited to see what others 
did. This is interpreted as positive on the time in Cheltenham which means it supports the shorter 
measured time.  

 

Figure 3. How people graded the statement "I waited to see what others did".  

It is worth making a comment about the feelings. Occupants were asked whether they felt worried or 
not after the alarm.  
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Figure 4. Percentage of answers to the graded question "After the alarm I felt worried".  

In Brisbane no one felt worried, which is expected since it was a drill they knew about in advance. In 
Cheltenham on the other hand, the range was 1-5 and the median was 3. There were four persons 
that answered "partly agree" or "strongly agree". Out of these four persons one did not know about 
the drill in advance and thought it was a fire. A second one was identified as a warden and maybe the 
responsibility and extra tasks to be performed might have caused this feeling.  

In general, these four occupants did not seem to have a certain factor in common but rather 
individual reasons for feeling worried. Three were males (one did not answer on gender), three did 2-
3 tasks but the warden did six things, three did not discuss with others what to do and three were in 
the age range of 21-35 years old. Since it is not the same three persons but instead a good mix it is 
hard to say what characterises a worried person. Further questions in this specific subject or a larger 
number of participants in the study would maybe have given an answer.  

One person of these four did not know the others well, did not know what to do after the alarm and 
strongly agreed to the statement "I waited to see what others did". Some of the occupants in 
Cheltenham were contractors and had just arrived to the building a few days earlier. This could 
maybe be the cause for this single person’s statements and uncertainty in the situation might be 
reasonable for feeling worried. Another explanation to respondents to feel worried could be if the 
level of management is badly implemented in combination with being in a large building containing 
chemicals. If the announcement of the drill had been done long in advance or in a non-satisfying way 
may also be reasons for feeling worried. It remains unclear whether this has a positive or a negative 
effect upon the evacuation time. It could be negative if it makes people more confident of what to do 
but it might have the opposite effect if the stress enhances the decision-making process and thus 
contributes to a faster evacuation.   

By changing perspective looking at persons within the age range under 36 years old in Cheltenham 
(Figure 5) it can be seen that three out of six persons strongly agreed that they felt worried. Two 
persons did not answer the question and the last one strongly disagreed with feeling worried.  It was 
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found earlier that the same population performed the highest average number of tasks before 
evacuating. This can be seen in a subsequent part of the analysis in Figure 13.  
 

 

Figure 5. Graded answers of "I felt worried" in the age range under 36 years old persons in Cheltenham.  

A common feature among these people is that they had left one or more answers blank. For example 
only two of six answered what gender they were.  

5.2.2 Group behaviour and social features 
In total 81% of all survey participants saw others at the time for the alarm due to the open offices. In 
Brisbane 73% saw other people at the time for the alarm. In Cheltenham 88% saw others. 

Out of this 81% that saw others, Figure 6 shows how many that discussed with people around before 
evacuating. 

 

Figure 6. Percentage of all occupants that discussed with others before evacuation provided that they saw others.  

It can be seen that most people did not discuss with others at all, even if they saw each other. Of 
these occupants that saw others, 38.5% discussed what to do with people around them before 
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evacuating. Half of these were women. Both genders seem then to have the same need to discuss if 
they discuss with people around before evacuating. It is likely to guess that people would have 
discussed to a greater extent if it was a real fire.  

The effect upon time is still uncertain, since discussion can be a reason for shorter times if it is used 
as a part of the decision-making process. In this case though, when most occupants knew about it in 
advance it might lead to longer times because it is not an alternative in this decision-making to do 
much else than evacuate. The survey did not cover what the discussions concerned so it is hard to 
say if it likely gave longer or shorter pre-movement times. 

In emergencies, people act more like a group than as individuals. What matters here are 
responsibility for other people and how well people in the building knew each other. By comparing 
Figure 7 and Figure 8 it is seen as probable that the evacuees felt more responsible if they knew the 
others. The columns are higher for the partly and strongly agree options in both diagrams. This 
means most people knew each other and felt responsible. Two combinations of answers were 
deviant compared to the others. They show one person who did not know the others but 
experienced responsibility for others in the building and one person who know the other very well 
but don’t have responsibility.  

 

Figure 7. Percentage of occupants that felt different levels of responsibility for others.  
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Figure 8. Percentage of occupants that felt different levels of how well they knew the others in the building.  

As Kobes mentions in her report; someone having responsibility for others is often willing to continue 
to take responsibility even in case of emergency (Kobes, 2010). A comparison of actions between all 
occupants and those answering 4 or 5 at the statement “I have responsibility for other in the 
building”, is shown in the figures below.  

 

Figure 9. Tasks performed by persons that partly or strongly agree that they have responsibility for others in the building.  

Figure 9 shows the tasks done by persons agreeing they have responsibility for others. The tasks 
done are similar as for the entire populations as can be seen in Figure 11. The diagram below 
compares the percentage of responsible person’s tasks with the entire population’s tasks. By 
comparing the green and blue columns, respectively, two slightly dominant differences can be seen. 
The first dominating column is “stopped task right away”, where responsible persons in Brisbane to a 
greater extent stopped their tasks right away. The second difference is the green columns showing 
how responsible persons in Cheltenham in greater extent gave directions to others. This seems like a 
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more consistent compared to the literature survey but both these differences must be seen as likely 
to depend on coincidence as to be a real behaviour in real cases. The other tasks did not show any 
differences.  

 

Figure 10. Responsible persons compared to entire population in different tasks performed after the alarm.  

No one answered that they continued their task at the time for the alarm in Cheltenham, compared 
to Brisbane where four persons (26%) did. This supports that Cheltenham had a shorter pre-
movement time.   

 

Figure 11. Frequency of performed tasks after the alarm.  

The most common tasks were to “stop task right away” and “evacuate immediately”. These two 
alternatives seemed to have been interpreted as almost the same. Stopped task right away can still 
mean that other tasks could have been made, compared to evacuated immediately that excludes 
further actions. Stopped task right away does not itself lead to longer pre-movement times in the 
same way as other tasks. Therefore the next figure, Figure 12, shows ranges of actions. The third 
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most common task was “giving directions to others” and “waited for further directions” in Brisbane 
and Cheltenham respectively. This supports the measured time reasoning in Table 6 since “evacuated 
immediately” were more common in Cheltenham.  

In total, occupants in Brisbane did 30% less tasks than the occupants in Cheltenham. The actions 
“called from a landline” and “gather equipment” can be back tracked to be tasks done by wardens. 
“Other” was done by a person in the building without a warden in Cheltenham and the action was 
“checked the visitor sign in book”. 

The fact that the people in Brisbane did fewer tasks does not support the reasoning in Table 6 since 
they had a longer time. The actions taken must then have taken longer time to perform but 
considering the fact that they had fewer persons on “stopped task right away” and “evacuated 
immediately” it can still be a reason for the time results.  
 

 

Figure 12. Ranges of tasks performed by a percentage of the occupants. 

 

Figure 13. Average number of tasks per person subdivided in different age ranges and gender. 
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According to Figure 12 it was most common at both locations to do 1-2 tasks. Doing 3-4 or 5-7 tasks 
were more common in Cheltenham than in Brisbane. This can be compared to Figure 13 that shows 
the average number of tasks made by each person. It is similar number of tasks done by men and 
woman and also in the different age ranges. The only exception that can be seen is that persons 
younger than 36 years old in Cheltenham performed a higher number of tasks per person.  

5.2.3 Situational features 
Another reason for a slightly longer pre-movement time in Brisbane could be the fact that all 
occupants were in a sitting position. In Figure 14 it can be seen that in Cheltenham 41% of the 
occupants was not sitting, compared to only 13% in Brisbane, where two occupants were walking.  

 

Figure 14. Physical position of occupants at the both locations.  

A review of analysis helps to answer the question; "What factors may impact on pre-movement 
time". Things that seems to have increased the pre-movement time in this case and that could be 
reasons for the difference between the drills are likely: 

• Waiting for further directions. In Brisbane were more people waiting for further directions as 
compared to Cheltenham.  

• Continuing task. That might be a reason for increased time in Brisbane.  

• Responsibility. People seem to do more tasks and wait longer before they evacuate.  

Shorter time might depend on: 

• Position. Standing and walking instead of sitting.  

• Taking action first, instead of waiting for further directions.  

The most likely reason for Cheltenham to show shorter pre-movement time can be the fact that they 
are practising evacuation more often. Since the occupancy includes handling of chemicals they 
perform drills four times a year. This might in this case be the reason for them to agree with "I was 
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one of the first ones to take action" to a larger extent than those in Brisbane. If they have practised it 
might be an easier step to evacuate without waiting for others or process decision-making too long. 
This hypothesis is also supported by Figure 15 where it can be seen that more occupants in 
Cheltenham to a greater extent agreed with the statement "Immediately after the alarm: I knew 
what to do". 

 

Figure 15. How well occupants felt that they knew what to do when the alarm was issued.  

By this it can be seen that having wardens helping during evacuation is a good idea that can help to 
decrease pre-movement time.  

The question that deals with if the pre-movement time predicted based on international guidelines is 
to be continued to be used in Australian fire engineering building design. The answer is that further 
studies must be done to see significant results to be able to answer the question completely. As seen 
in the two drills here the time for these offices is close to what the guideline says. There is no reason 
for not continue to use it but there is neither anything that says that it is reliable enough. To predict a 
corresponding reliable time in all cases and to gain confident in the design concerning this further 
studies are needed.  
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6 Discussion 

6.1 Time 
Measuring the time at the drills was seen as very important. Since none of the buildings had 
surveillance cameras and since none of the drills was planned solely for the research purpose it was 
hard to find a good way of measuring the time. The way the time was measured in Brisbane was 
appropriate since it provided a specified time for each level. It was clearer by seeing that it actually 
was a bit of time difference even if the levels were small. The fact that three times were measured 
would have given an even better outcome if the surveys were prepared to collect information of 
occupant’s location in the building. Due to different reasons such as a standard survey used in all 
occasions it was not possible to gain such information. Cameras for observation would have been an 
improvement that would have given much more particular results and enable possibilities to 
measure individual times. Since the drills was announced to the writer a short time in advance and 
the execution was often not known until the same day it was hard to prepare with own cameras or 
other methods for measuring time.  

When looking at the times in the two cases it is hard to know what “the first few” and “the last few” 
are. In both drills there were few participants and the response was quick. This has probably slightly 
affected the accuracy in the measurements. On the other hand, since the time is very short and the 
number of persons was small it was possible to have an overview over the situation and that might 
have increased the accuracy. The predicted time was derived by using the PD 7974-6:2004 in an 
equivalent way as it would have been used in a real design situation.  

In Brisbane the measured time can be discussed. Ground level showed a longer time than the other 
levels. Since no observation was done inside the office on that level it is hard to tell if the measured 
time exactly corresponds to the pre-movement time. The verbal message was likely perceived by 
different persons at slightly different times. Thus, it could possibly be shorter than measured. The 
motivation to evacuate because of a verbal message could also be disputed regarding accuracy. The 
building had few occupants and these seemed to know each other well. When they got this verbal 
message they might have reacted very different than if it would have been a real fire incident.  

In Cheltenham the measured time was until everyone had left the buildings. This means that it was 
slightly longer. A calculation was made to see how long the pre-movement time might have been. 
Assumptions about walking speed, distance, and occupant location were made.  

The willingness of the companies to take part in the research was weaker than expected. Even if the 
research itself did not impact very much on time or required any special resources from the 
companies it was hard to get allowance for participating. It seems like the general attitude is that 
everything that costs time for the companies is an issue. Also in one case, with the large office 
building that had a real fire, is was a safety issue that they did not want their staff to fill in surveys 
and they could not by any means allow to sending out a survey to everyone. Several levels in the 
actual building were occupied by the government and that makes it more understandable that they 
cannot provide information to single project without planning and permissions in advance. In the 
building at least four other companies were located and even if they were all private it was 
impossible to get them to assist with filling in surveys. The survey was transformed in to an electronic 
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version to make it even easier. This is to be considered in future studies to ensure data collection and 
to customise the method and material for such situations.  

6.2 Human behaviour and actions 
According to Kobes it is common that occupants continues task instead of stopping it right away 
(Kobes, 2010). In these two situations it was more common to finish the task right away. In Brisbane 
some few continued with their tasks. A reason that most people finished might be knowledge of the 
drill in advance. It is also likely that people could have acted differently in a larger building. It takes 
no great effort to leave such a small building.  

The most frequent outcome occurring when analysing the data set is that no differences can be seen 
or however it is presented or compared few deviations or correlations can be seen. This is primarily 
because of the size of the data set. When dividing populations into subgroups it involves only a few 
persons, sometimes less than a handful. This matter is certain a reason for the difficulties with 
drawing any conclusions or even see weak tendencies. A tendency to be satisfied and seen as a 
tendency is often shown in a more clear way than difference by one person when comparing actions 
or behaviour. This was also the reason that any conclusions about culture and Australians could not 
be drawn.  

In Cheltenham, some people were contractors and they were, according to a conversation after the 
drill, understood to have another nationality than Australian. In Melbourne where the project was 
mainly running a lot of different nationalities are found and it can be worth thinking about. What is a 
normal mixture of people in Australia? If the guidelines are valid in Melbourne, does that mean it is 
also valid in other cities in Australia where the mix of people might be completely different?  

One of the buildings in Cheltenham included a laboratory which can be argued how valid it is to 
assume it to be like an office. In this case all occupants saw others except from two and that indicate 
a very open area and since a visit in the building was done by the writer it was decided to be an 
accepted assumption. The work in the laboratory seemed to include time at the desk as well and 
large areas seen in the building existed of offices.  

6.3 Evaluation of method and survey 
The interpretation of the questions seems to be good in general but some questions might have been 
interpreted in different ways. The question “I have responsibility for others in the building” was put 
as a sub statement after “Normally...” and was meant to be interpreted as “I have responsible for 
others as a part of my job or included in my work tasks” but it seemed instead to be interpreted as 
their own perception of how much responsibility they should have for their fellows around them. In 
the analysis the interpretation has been assumed as the latter one.   

The method could be improved to in some way gain understanding in the reasons for differences. If 
differences would be seen it might be hard to analyse what the reasons are. To make for example 
interviews with occupants afterwards reasons for actions and feeling could be found. Furthermore, 
including a person in the research group with a background in psychology could be an improvement.  

Another improvement to this study is to have a larger data set and in an early stage evaluate the 
possibilities to reach people. Drills could be booked in an early stage and surveys can in that case be 
made more suitable for the situations. It can for example be valuable to design the survey according 
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to if the drills are announced or unannounced. It can also be added information about occupant’s 
location in the building to get a better understanding. The survey was in this case prepared as a 
standard one and it was valuable to keep it similar for all occasions in order to be able to compare 
the results. It was also necessary to hold it constant since the drills came up without much time in 
advance and especially with less information about it in advance.  

The participating was good; everyone at both locations was taking part and was willing to contribute 
with information and experiences. This is interesting to compare with the building that had a real fire 
case. No one of the respondents at Brisbane or Cheltenham had any problems with participating and 
it is likely that people would have offered to participate if they would have been asked personally but 
their companies did not make it possible to ask single persons.  

During the project objectivity was tried to be achieved as far as possible. Since it is a qualitative 
analysis it is inevitable to not add personal reflections. This is likely to some degree affecting the 
result but was aimed and tried to not do so. The validity of the project got automatically a bit lower 
than preferred because of the number of drills.  

 

6.4 Suggestions for future research 
• Larger data sets to enable significant results.  

• Changes of the survey. If a small data set is expected it could be advantageous to ask 
questions about few subjects and instead go deeper into this. Interviews might be a good 
complement.  

• Prepare and organise so evacuations are known in advance. The survey could then be 
prepared for the upcoming situations.  

• Involve persons with different disciplines in the research group. Such as the fire brigade or 
someone with psychology background.    

• Look at other variables. For example could impact of education or profession on pre-
movement time be studied.  

• This project was about offices. There are a range of other occupancies to evaluate according 
to pre-movement time. In the PD 7974-6:2004 occupancies like shops, restaurants, hotels 
and others are still in the need to be validated.  
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7 Conclusions 
 
The result obtained in this project was not enough for drawing conclusions for validating the 
guidelines used in design. The main reason for this is lack of data. Lack of data is basically caused by 
the difficulty to find evacuation situations and therefore persons to attend the study.  

This study can be considered as background for continuing work. By improving the method and 
continue the work within this subject it might be possible to validate the literature and guidelines 
against real evacuations in fire situations.  
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Appendix A - Survey 
You have just taken part in a scheduled evacuation drill.  I am a student in fire protection engineering 
at Luleå University of Technology, Sweden. I would appreciate if you could assist me by taking 2-3 
minutes to complete this short survey.  

Your assistance will help us design safer buildings in Australia. 

 

Age   < 20 21-35  36-50   > 50  

Gender Male Female 

 

 
1. I heard the alarm Yes No 

If no, what made you evacuate? 

_____________________________________________________________ 

2. I thought it was:  a drill a fire 

 

3. I knew about the drill in advance: Yes No 

 

4. What did you do after the alarm, before you started to move to the exit?            
(Select all that apply) 

    Yes No 

Evacuated immediately     

Continuing task (finished work)    

Stopped task right away     

Investigate cause of alarm     

Calling someone from a landline    

Collecting/doing something in another room   

Gathering fire equipment (fire extinguisher, flashlight...)   

Giving directions to others to evacuate    

Waited for further directions     
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Other, please state: 

______________________________________________________________________ 

5. I estimate, I took about ……………….. minutes between hearing the alarm and    
starting to move.  

6. What did you bring, if anything, when leaving the building? (Select all that 
apply) 

  Yes No 

Extra clothes (coat, scarf...)    

Other personal belongings     

Work material    

Other, please state: 

_______________________________________________________________________ 

7. When the alarm started I could see other people: Yes No 
 

8. Did you discuss what to do with people   Yes  No  
around you before deciding to evacuate?   
 

9. In what position were you when the alarm started? (Select only one option) 

    Yes No 

Sitting      

Standing      

Walking around     

Other, please state: 

_____________________________________________________________________ 

10. To what degree do you agree with following statements?  

Normally,  Strongly Disagree Strongly agree 

 I have responsibility for people in the building.  1 2 3 4 5 

 I know the others in the building well.  1 2 3 4 5 
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Immediately after the alarm,      Strongly Disagree Strongly agree 

 I knew what to do. 1 2 3 4 5 

 I waited to see what others did. 1 2 3 4 5 

 I felt worried. 1 2 3 4 5 

 I was one of the first ones to take action.  1 2 3 4 5 

 

Thanks for participating! 
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Appendix B – Raw Data 
 

 

 

Brisbane Actions before evacuating
Age Gender Heard alarm Drill/fire Knew in advance task 1 task 2 task 3 task 4 task 5 task 6 task 7 task 8 task 9
36-50 female told drill yes evacuated immediately stopped task
21-35 told drill yes continued task
21-35 told drill yes evacuated immediately stopped task waited for direc.
21-35 female told drill yes evacuated immediately stopped task giving directions
21-35 female told drill yes another room giving directions
< 20 female told drill yes continued task call landline another room giving directions
> 50 female told drill no evacuated immediately stopped task
21-35 male told drill yes evacuated immediately
> 50 male told drill yes evacuated immediately
36-50 male told drill yes evacuated immediately continued task stopped task giving directions waited for direc.
21-35 female told drill yes continued task
< 20 female told drill yes evacuated immediately stopped task giving directions waited for direc.
> 50 female told drill yes evacuated immediately
21-35 female told drill yes evacuated immediately stopped task giving directions
> 50 told drill yes evacuated immediately stopped task

Bring when leaving the building
Nr of tasks Est. Time (min) Bring 1 Bring 2 Bring 3 Bring 4 saw others discussed position responsible know others knew what to do waited worried action first

2 1 clothes no no sitting 5 4 3
1 ? yes no sitting 1 1 1 1 1 1
3 0 clothes yes no sitting 5 5 5 5 1 3
3 5 yes yes sitting 4 3 4 5 5
2 5 pers belongings yes yes sitting 3 4 3 3 1 2
4 5 fire hat yes no walking 3 3
2 2 yes yes sitting 3 5 3 4 1 4
1 1 yes yes sitting 3 3 4 3 1 3
1 1 pers belongings no yes sitting
5 2 pers belongings yes yes sitting 5 4 5 5 1 3
1 1.5 no no sitting 4 4 4 2 1 1
4 2 yes no walking 3 5 3 3 1 4
1 1 pers belonginwork matl sitting 5 5 5 5
3 0.25 yes no sitting 5 4 3 4 2 2
2 yes no sitting 5 5 5 1 1 4
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Cheltenham Actions before evacuating
Age Gender Heard alarm Drill/fire Knew in advance task 1 task 2 task 3 task 4 task 5 task 6 task 7 task 8 task 9
> 50 male yes drill yes evacuated immediately stopped task giving directions
21-35 yes drill yes evacuated immediately stopped task
21-35 yes drill yes evacuated immediately
36-50 male yes drill yes evacuated immediately stopped task giving directions
36-50 male yes drill yes evacuated immediately stopped task
21-35 yes drill no evacuated immediately stopped task inv. cause another room check book giving directions waited for direc.
36-50 male yes drill yes evacuated immediately stopped task
> 50 female yes drill no evacuated immediately stopped task waited for direc.
21-35 male yes fire no evacuated immediately stopped task giving directions
36-50 male yes drill yes evacuated immediately stopped task
> 50 male yes drill yes evacuated immediately stopped task
21-35 yes drill yes evacuated immediately stopped task inv. cause waited for direc.
36-50 male yes drill yes evacuated immediately stopped task waited for direc.
> 50 female yes drill yes stopped task waited for direc.
36-50 male yes drill no evacuated immediately stopped task
> 50 male yes drill no evacuated immediately stopped task waited for direc.
21-35 male yes drill yes stopped task inv. cause call landline gather equ giving directions waited for direc.

Bring when leaving the building
Nr of tasks Est. Time (min) Bring 1 Bring 2 Bring 3 Bring 4 saw others discussed position responsible know others knew what to do waited worried action first

3 0.5 lunch no no standing 4 4 5 1 1 3
2 1 yes no sitting 3 2 1 5 5 3
1 1 yes no sitting 5 5 1 1 4
3 1 yes no standing 4 4 4 1 3 2
2 0.5 yes no standing
7 5 yes no sitting
2 5 yes no standing 1 3 4 4 3 3
3 1 yes yes sitting 4 3 5 4 3 3
3 1 yes no standing 5 1 5 2 5 3
2 1 yes no sitting 4 4 4 1 4 4
2 1 pers belongings yes no sitting 5 5 5 1 2 3
4 1 pers belongings yes yes sitting 1 1 2 2 2
3 1 no no standing 3 4 4 1 1 3
2 0.33 yes yes sitting 3 5 5 3 3 5
2 1 yes yes sitting 1 5 5 1 1 5
3 2 yes no sitting 4 4 4 3 1 3
6 2 yes yes standing 5 5 5 3 5 4


